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Abstract 

 

Maintaining a stable standing position and body orientation are fundamental 

tasks to perform everyday activities and ensure the quality of life. The ability to control 

these conditions can be damaged by various conditions, for example rheumatologic 

diseases, muscular diseases, aging, vestibular diseases and others. For that reason is 

important to know how the postural control reacts to different situation and how is 

affected by different anomalies like those that were mention before.  

The main goal of this project is to define the normal population pattern of up-

right standing position using posturography and electromyography (EMG). A protocol 

was developed for achieve this goal and 39 healthy subjects participated in the study. 

An extra 10 subject diagnosticated with anquilosant spondylitis took part in the study. 

Results obtained on this study were very interesting. It was concluded that right 

Rectus Abdominis played an important role in maintaining the upright standing posi-

tion, by its constantly activation along the conditions of the protocol. Analyzing center 

of pressure (COP) and EMG parameters, it was concluded that visual feedback has an 

important role in maintaining the postural control. By analyzing the 10 extra subjects, it 

was concluded that EMG is an essential tool in order to compare the two groups and 

identify differences.  

Keywords: Posturography, Electromyography, Postural Control, Balance, Anky-

losing Spondylitis. 
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Resumo 

 

Manter o equilíbrio e a postura corporal são tarefas fundamentais para realizar 

atividades cotidianas e garantir a qualidade de vida. A capacidade de controlar estas 

condições pode ser danificada por várias razões como por exemplo, doenças reumato-

lógicas, doenças musculares, envelhecimento, doenças vestibulares, entre outros. De-

vido a isto, é importante perceber como reage o sistema de controlo postural a diferen-

tes destabilizações e a diferentes anomalias que poderão ser surgir neste sistema. 

O objetivo principal deste estudo é definir o padrão normal da posição ortostáti-

ca utilizando a juntando a posturografia com a electromiografia (EMG). Um protocolo 

foi desenvolvido de maneira a atingir este fim, e 39 indivíduos saudáveis participaram 

no estudo. 10 sujeitos extra, diagnosticados com espondilite anquilosante participaram 

também no estudo. 

Os resultados obtidos neste estudo foram bastante interessantes. Concluiu-se que 

o Rectus Abdominis desempenha um papel fundamental na manutenção da posição 

em estudo, devido à sua constante actividade durante todas as tarefas realizadas du-

rante o protocolo. Analisando os parâmetros do centro de pressão (COP) e de EMG, 

concluiu-se que o feedback visual tem um papel importante na manutenção do contro-

lo postural. Ao analisar os 10 sujeitos extras, concluiu-se que o EMG é uma ferramenta 

essencial para a comparação dos dois grupos e identificar as diferenças entre eles. 

Palavras-Chave: Posturografia, Electromiografia, Controlo Postural, Equilíbrio, 

Espondilite Anquilosante. 
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1. Introduction 

 

In this section of the document, a brief description of the themes that were ad-

dressed in the project is made.  

This chapter is divided in three different parts: motivation, objectives and disser-

tation structure.  

Regarding motivation, brief introduction to the present study and the importance 

of the same are done. In objectives, the main goals of the study are described. Finally 

yet importantly, dissertation structure of the structure of the present document is pre-

sented.   

1.1. Motivation  

With all the tasks that daily life requires, body position is still evolving and 

changing. The upright standing position is one of the positions that is controlled by the 

postural control system and is one of the most important positions for ensuring a good 

quality of life [1]. It is perceived by many that maintaining this position is a task that 

does not require much effort however, it is known that maintaining the upright posi-

tion is a task, that requires the coordination of many different systems, for example, the 

motor system, sensory system and the central nervous system [2][3]. This ability to 

maintain the correct posture can be affected by many different factors, and therefore 
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subjects with problems in posture have a higher risk of falling and have a decreased 

quality of life [4][5]. 

In order to maintain a correct posture and equilibrium, the correct functioning of 

the muscles used by the posture and balance systems is very important. Trunk muscles 

have an important role in maintaining postural control and stability, with the coordina-

tion between them ensuring the correct posture of a subject [6][7]. However, there were 

not found many studies using electromyography (EMG) at trunk level in order to 

evaluate postural control system, with most of the studies found on lower limb EMG 

[8]. For this reason, an opportunity for innovation in field of posture and balance con-

trol arose. 

In order to evaluate postural control and equilibrium changes, researchers com-

monly use a noninvasive technique called posturography.  Posturography is not a re-

cent technique of postural analysis, with studies dating back to 1970, using force plat-

forms as the preferred instrument to evaluate the posture and balance [2].  

Through force platforms, center of pressure (COP) can be extracted. This is de-

fined as the representation of all the vertical forces in the platform, done by the human 

body in order to maintained balance. The analysis of this metric can provide a better 

understanding regarding the adjustments of the human body performs in order to not 

suffer a fall [2][9]. 

Over the years, posturography has been used as a comparison of tools. It is very 

common to compare a group of people with pathology with a group without patholo-

gy, comparing groups of subjects with different age range, or comparing genders. 

However due to the lack of standardization of posturography tests, there are too many 

different conclusions and opinions in the literature regarding this type of test 

[10][11][12][13].  Without a standard protocol or gideline, different tests are done with 

a different number of repetitions and different time acquisition, leading to a big variety 

of signal parameters, which could lead to misinterpretation of the results [10][12][14].  

Taking into consideration all the previous information, the need for the evalua-

tion of posture and consequently its standardization arises. By standardizing not only a 

protocol but also the normal values for posture in a healthy population, it is possible to 

use these values in a clinical environment to help identify occurrences of compare it in 

a clinical setting, with pathologies that can create impairments regarding the mainte-

nance of posture.  
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One of the factors that can cause postural changes is rheumatologic diseases. One 

type of rheumatologic disease is rachialgia, and it is estimated that 80% of actual socie-

ty suffers from this type of disease [15].  

One example of rheumatologic disease is ankylosing spondylitis (AS). This is a 

chronic rachialgia that affects about 1% of the world's population. Patients with this 

pathology start to show symptoms as young as 24, the average age for the diagnose of 

this disease. This disease is characterized by the fusion of the various vertebrae of the 

vertebral column, with these patients presenting a rigid spine with little freedom of 

movement [16]. For this reason, causing difficulties in the posture of the patient and 

difficulty in maintaining the balance of the same [16][17].  

During the realization of this project, the opportunity arose to compare healthy 

subjects with patients suffering from ankylosing spondylitis. Through this comparison, 

the main goal of the study, the development of a normative basis for posture in healthy 

subjects, can be validated. 

This project falls within the scope of Biomedical Engineering and aims to develop 

a normative basis, based on posturography and EMG, for a group of healthy subjects. 

This project was developed at FCT-UNL, more specifically in the Biomedical Engineer-

ing Laboratory of the Department of Physics. The acquisition of the data was per-

formed at the FCT-UNL Physics Department. 

Besides the analysis in a group of healthy individuals, it was also possible to 

evaluate a group of individuals with ankylosing spondylitis, using the same protocol 

used on the group of individuals without pathology. The acquisition of data regarding 

the pathologic individuals was performed at the Chronic Diseases Research Center 

(CEDOC).  

For the acquisition of the data it was use a force platform and an EMG apparatus. 

Both the force platform and the device to acquire the electromyographic signals (Bi-

osiganlsPLUX) were made available by the company PLUX. 

 

1.2. Objectives 

The main goal of this thesis is the development of a normative basis combining the 

techniques of electromyography and posturography. For that purpose, this project 

aims to achieve the following goals: 
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 Definition of the biomechanical and electrophysiological parameters to be 

analyzed; 

 Development and optimization of protocol for the acquisition of biome-

chanical and physiological parameters;  

 Validation of the protocol in laboratory context; Acquisition of data in a 

sample of people without pathology; 

 Analysis of biomechanical and electrophysiological parameters and corre-

lation of data demographic;  

 Development of a clinically relevant normative database for a sample of 

subjects without pathology;  

 Elaboration of the posture profile of the person without pathology, in the 

standing positions; 

 

With the development of this study, the opportunity arose of the evaluation of a 

group of subject with ankylosing spondylitis. 

 

1.3. Dissertation Structure 

The present Master's thesis consists of five sequential and interlinked chapters (in-

cluding chapter 1), where it is presented the theoretical fundaments, methodology of 

the study, their results and discussion. The document is structured as follows: 

 Chapter 2 addresses some basic concepts of postural control and equilibri-

um, muscle activation, EMG, and posturography 

 Chapter 3 describes a review of some studies already performed regarding 

postural control, both at the electromyography level and at the posturog-

raphy level. 

 Chapter 4 describes the instruments, the protocol and data analysis. 

 Chapter 5 describes the main results of the study. 

 Chapter 6 describes the discussion results obtained on the present study. 

 In Chapter 7 summarize the main conclusions regarding the work devel-

oped and some aspects that can be taken into account in future projects. 
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2. Theoretical Background 

In this chapter, important theoretical concepts will be introduced in order to un-

derstand the basis of the study. In brief way themes like postural control and balance, 

factors that can interfere with the postural control and, the instruments used to evalu-

ate postural control and posture, will be addressed.  

 

 2.1 Postural Control and Balance  

Posture is defined as a state of equilibrium between muscles and bones in order to 

maintain the human body joints in a correct position [18][19][20].  There are two types 

of body posture: static body posture and dynamic body posture. Static body posture is 

considered the state of equilibrium of the human body during quiet position, for ex-

ample during upright standing position. In the other hand, a dynamic body posture is 

considered the state of equilibrium of the human body during some type of body mo-

tion [20].  

Balance is a distinct concept from posture however, they are related. By maintain-

ing a correct posture the human body can balance itself and not suffer a fall. Balance is 

defined as the ability of the human body to control the center of mass within the limits 

of stability. Although the center of mass is within the limits of stability, is normal, even 

in a quiet position, that there is some body oscillation [19][21]. 

The postural control system is the system that control posture and balance. It co-

ordinates information from various systems, such as the motor system, the sensory sys-

tem (visual system, vestibular system, and somatosensory system) and the central 

nervous system [2][3][22]. These three systems are especially important.  

2 
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The sensor system is responsible for receiving the outside stimulus. After received, 

the sensor system sends the information to the central nervous system. This has the 

task of decoding the information and transmits it to the motor system. When the in-

formation arrives at the motor system, the muscles have the task of responding accord-

ingly to the stimulus. In posture control, this response is responsible for the stabiliza-

tion of the person's center of mass. Maintaining a stable standing position and body 

orientation are fundamental tasks to perform everyday activities and ensure the quali-

ty of life [12][23].  

The postural control system has two main functional goals: postural equilibrium 

and postural orientation. Postural equilibrium concerns to the stabilization of the cen-

ter of mass of the human body so that even if there is an outside stimulus destabilizing 

it, the center of mass is maintained in the limits of stability.  Postural orientation in-

volves the coordination between all the sensory systems and motor system so that the 

human body is always aware where it is in space and what is around it [2][21][24]. 

Upright standing position is an equilibrium position that is controlled by the pos-

tural control system. By the coordination between all systems, the human body can 

stand in an erect position without suffering a fall [25].  

Trunk muscles have an important role in maintaining posture and stability dur-

ing upright standing position. These are always slightly activated during standing in 

order to compensate the gravity force effecting on the human body. The coordination 

between them ensures the correct posture of the subject [7][26]. According to Bergmark 

[27], there are two important groups controlling trunk posture and movement. The first 

group is directly attached to the lumbar vertebrae and can provide spinae segmental 

stability. In this group of muscle, lumbar multifidus, transversus abdominis and the 

internal oblique muscle are included. The second group is responsible for trunk 

movement and produces the torque of the torso. This group, unlike the previous one, is 

not directly attached to the lumbar spinae. The main goal of this group is provide gen-

eral trunk stability. Rectus abdominis, external oblique and thoracic erector spinae 

muscle are part of this group. It has been shown that different postures may lead to 

different muscle activation [28]. 

2.2 Factors related to changes in posture and balance 

There are many reasons that may cause changes in posture and balance. Neuro-

biological problems in the peripheral or central nervous systems may cause some dam-

age in the motor control system. Also, the vestibular system can be damaged, causing 

problems to the balance of the person.  Or even muscle weakness caused by some mus-
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cular diseases. Age plays an important role as well [4][5]. The following topics are re-

lated to the factors that have the bigger impact in changes in posture and balance.   

 

 2.2.1 Aging 

For maintaining a correct postural balance, the coordination between different 

systems is required. However, with aging, many systems can be damaged and with 

that, come complication to maintaining balance. Is it widely known that older people 

suffer from multiple impairments such as multi-sensory loss, muscle weakness, ortho-

pedic constraints, or cognitive difficulties.  

One of the systems that is very important in maintaining balance and postural 

control is the sensory system [29]. This system is also one of the most damaged systems 

in older persons. Like it was said before, this system works as a receptor of outside in-

formation. If there is some damage in the receptor system, the overall response to the 

outside stimulus is delayed or nonexistent. When compared to younger subjects, older 

subjects have longer postural responses, and consequently, have a higher body oscilla-

tion [29][30]. 

With aging, muscular weakness also increases, increasing the difficulty for the 

muscles to produce stronger responses that can maintain the balance of the subject. As 

a result, older people have higher risks of falling and have a decreased quality of life, 

making more difficult to perform everyday activity [31][32]. Figure 2.1 represents wall 

the impairments that aging carry along. 

  

Figure 2.1 - Important resources for maintaining postural stability and balance. Older 

subjects have higher risks of damaging one of these resources, making it more difficult to 

maintain a correct posture and ensure the quality of life (Adapted from [30]).  
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Hageman et al. [33] performed a study where the main goal was to verify the dif-

ferences on postural control measures in two groups of subjects with distinct ages. The 

younger group had ages between 20 and 35 years old, while the older group had be-

tween 60 to 75 years old. In total, 48 subjects were analyzed. The study showed that 

older subjects demonstrated bigger amplitudes in body oscillation and longer reactions 

durations when compared with younger subjects.  

 

 2.2.2 BMI  

The body mass index (BMI) is a measure of relative weight that has in considera-

tion the mass and the height of the subject (kg/m2).  From the BMI calculation, the sub-

ject is underweight, overweight or if the subject is normal range (see Figure 2.2) [34].  

 

 

Figure 2.2 - Weight vs height plus the BMI classifications and boundaries. (Adapted 

from [34]). 

Some authors consider that a higher BMI and higher body proportions may lead 

to some postural adjustments and consequently a higher difficulty to maintain balance. 

However, there were not found many studies related to the relationship between BMI 

and changes in postural control [35]. 

In a study performed by McGraw [36], 20 young boys with an age between 8 and 

10 years were evaluated. 10 of the boys were obese and 10 were not obese. The author 
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concluded that obese boys had higher body oscillation amplitudes compared to not 

obese boys. The authors suggested that higher BMI and higher body proportions cause 

more instability and more difficulties in maintaining balance.     

 2.2.3 Physical Activity and Exercise   

Physical activity is any body movement that can produce energy expenditure. 

Activities such as walking, heavy house working, gardening, swimming or dancing are 

considered physical activities. On the other hand, exercise is a planned activity for the 

purpose of improving or maintaining components of fitness [37]. 

It is proved that maintaining an active life style improves the overall quality of 

life, by increasing muscle strength, bone density, and functional ability. As a result, the 

practice of sports improves balance and postural stability, prevents some injuries, and 

reduces the risks of falling [37]. 

 2.2.4 Diseases on Postural Control Systems    

Like it was previously mentioned, the postural control system requires the coor-

dination between other different systems: sensory system, central nervous system 

(CNS) and motor system. Due to this fact, any changes or disturbance in any of these 

systems can cause difficulties in balance and changes in postural control [38].      

The visual system, somatosensory system, and vestibular system are subsystems 

of the sensory system. The coordination between the inputs that arrive at these subsys-

tems allows for body awareness in relation to itself and the environment. The percep-

tion of outside stimulus or perturbations is essential to keep balance and prevent falls. 

However, there are some types of diseases that can cause impairments in the function-

ing of these [39]. 

Issues at the level of the peripheral vestibular system can cause dizziness [40]. 

Vestibular system problems are the most common issue that can cause disturbances in 

body balance, with almost 50% of these disturbances being cause by them [40] [41]. 

Regarding the visual system, it is known that the human body uses it to have the 

perception of the world around it. From visual images that arrive at the human eye, the 

brain uses this information to predict the shape, size, color and even if the object is 

moving or not. It that information, the human body can adjust his movement accord-

ing to what is surrounding it [25][42].   

There are two types of visual impairments that can affect our perception of what 

is around it: space agnosia and movement agnosia. Space agnosia occurs when the sub-
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ject has difficulties recognizing a 3-dimensional shape. Movement agnosia occurs when 

the subject has difficulties seeing an object moving. The subject can tell that the object 

moved but could not see it move it. Both of these diseases cause impairments in under-

standing what is around it. Because of that, the response to a disturbance may not be 

the best applied [42]. 

Finally there is the somatosensory system. This system differs from the rest of the 

sensory systems. Receptors are not localized in just one part of the body. Instead, they 

are all over the human body. The information gathered by these receptors is divided 

into four different categories: temperature, touch, body position and pain. Two of these 

are especially important in postural control: body position and touch. The receptors 

can gather this type of information from skin, muscles, tendons, connective tissues of 

joints and in the walls of the internal organs [25]. 

In the absence of information from the receptors described above, movement is 

impaired. One type of disease that can cause loss of sensibility in the peripheral body 

extremities is peripheral neuropathies. Patients that suffer from this disease may not 

have sensibility in foot plantar zone [25]. Therefore patients have big difficulties in 

standing in an upright standing position with their feet together and their eyes closed, 

due to the fact that these patients do not have information about foot plantar zone 

when they close their eyes [25]. 

CNS is the bridge between the arrival of the outside stimulus at the sensor sys-

tem and the muscular response of the motor system. The coordination between the 

three system described above, ensures that when the information arrives at CNS, this 

system can send the appropriate response to the motor system [42].  

One example of a disease in CNS is multiple sclerosis (MS). MS is a chronic in-

flammatory demyelinating disease of the CNS and is characterized by the loss of mye-

lin of the axons. By demyelinating, MS affects the ability of the brain cells and brain-

stem to communicate with each other. Therefore patients that suffer this condition can 

experience changes in the sensory system, muscular fatigue or muscular spasms, being 

more likely to have problems moving and controlling their posture [43].  

The last step in the chain of maintaining postural control is motor response by 

the motor system. The musculoskeletal system is part of this system and has an im-

portant role in maintaining posture and balance. Lesions on the musculoskeletal struc-

tures can bring some perturbations in maintaining balance and posture [22][44]. 

Rheumatologic and orthopedic disorders can bring lesions on the musculoskele-

tal structures and therefore problems with balance. This type of disorders at lower 
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limbs levels can be associated with arthrosis or ligament injuries at knee or ankle lev-

els. Spinal disorders can also cause major complication in posture and balance. The 

musculature in the spinal zone has a crucial importance because these muscles have a 

double function: motor effector and sensory captor. Spinal complications normally it is 

accompanied with pain. Experiencing pain at the level of the spine can be an impair-

ment in maintaining a correct body posture and consequently maintaining the center of 

mass within the limits of stability [22]. 

Regarding all the systems mentioned before, it cannot be considered that one of 

them is more important than another. All systems have their role in the postural con-

trol and damage in one of them can bring impairments in maintaining a correct posture 

and balance [42] [44].     

 

  2.2.4.1 Ankylosing Spondylitis  

Rheumatologic Diseases are disorders characterized by inflammation that may 

appear in various tissues: joints, ligaments, bones and muscles and even some internal 

organs. Redness, swelling, and pain are characteristics that are present in the inflam-

matory tissues. These types of disorders can cause loss of function in the inflammatory 

tissues, that could lead to impairments in perform daily life activities and difficulties 

performing some movements [45]. 

When the spine is primarily affected it is called spondyloarthropathies [45]. An-

kylosing spondylitis is a type of rheumatologic disease. This disorder is characterized 

by chronic inflammation in the spine area. Vertebrae of the spine fuse together, form-

ing a rigid spine with little freedom of movement. Patients who suffer from this disor-

der present a kyphotic position. As a result, these patients present a poor posture and 

have impairments in maintaining balance [16] [46]. 

The loss of balance linked to this condition is caused due to the inflammatory 

process in the spine tissues (joint and muscles). This inflammation causes stiffness in 

the spine and that impairs the ability of the patients to balance themselves when there 

is a sudden change of posture [16]. 

 



12 

 

2.3 Instruments used to analysis of postural control 

 2.3.1 EMG                

Musculoskeletal structures have an important role in maintaining balance. Some 

authors consider that the first step in assessing postural control is to evaluate the motor 

system and all the musculoskeletal tissues that evolve it. Pain, restriction of joints 

range of motion, and muscle weakness can influence the human body equilibrium po-

sitions by restricting the necessary movements that are required to achieve balance 

[38].  

Regarding muscle activation, this can be evaluated by a technique called EMG. 

EMG sensors can provide an indirect measure about muscle activation, and by that, it 

can be seen if there are some abnormalities in the muscles in evaluation [47].   

 In order to understand EMG signals, the basic comprehension of muscle activa-

tion and the way muscle generate bioelectric signals is needed. The human motor sys-

tem has to coordinate outside and inside information in order to perform a diverse 

range of tasks such as regulate force outputs, maintaining an upright position, moving, 

and gesture [48]. 

To begin to understand how the motor system works, the smallest functional unit 

must be explained. The motor unit is defined as the conjugation between the cell body 

and dendrites of a motor neuron (alpha motor neuron), the axon and its multiple 

branches (synaptic innervation), and the muscle fibers innervated by those branches 

(see Figure 2.3). The alpha motor neuron is where the summation of all the inputs ar-

rives. The activation of the fiber muscles is the last step of the chain of muscle activa-

tion. The number of motor units in the human muscle it may vary between 100 and 

1000, dependent of the area of the muscle [48][49]. 
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Figure 2.3 - Graphical representation of a motor unit (Adapted from [49]). 

    

The ability a muscle has to contract or relaxed is explained by the semy-

permeable membrane model. This model explains the permeability of the muscle fiber 

membranes have to certain ions such as sodium and potassium. When the muscle is 

relaxed, an ionic equilibrium between the inner and outer space of the muscle cell is 

maintained. This equilibrium is called resting potential of the muscle fiber membrane, 

and that is equivalent to a difference in potential of approximately of -80 to -90 mV 

[49]. This difference in potential is maintained by the ion pump and results in a nega-

tive intracellular charge compared to the outside of the cells. When a stimulus arrives, 

the cells of the muscle fibers are excited and the ion pump opens, letting sodium ions 

flow in. The diffusion characteristics of the muscle fiber membrane are briefly modified 

and a positive intracellular potential occurs. This process is called depolarization [49]. 

Briefly after, the membrane returns to the initial state by a process called repolarization 

(see Figure 2.4).      
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Figure 2.4 - Illustration of the depolarization and repolarization cycle within the excit-

ed muscle cells (Adapted from [49]). 

 

The changes between ions in the muscle cell membrane create an electric sig-

nal called action potential (see Figure 2.5). The sum of the all action potential that 

occurs in a muscle is what it can be measured by the sensors of EMG (see Figure 2.6) 

[48][49]. 

 

Figure 2.5 - Illustration of an action potential signal (Adapted from [49]). 
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Figure 2.6 - Recruitment of the different motor units in a muscle and the resulting sig-

nal recorded by EMG surface sensors (Adapted from [49]). 

 

EMG is a valuable technique used to measure electromyography potential 

through surface electrodes. The contraction of the striated muscles causes electrical 

stimuli to be released, which is detected on the surface of the skin by the superficial 

electrodes [50]. EMG is used in the scientific community for various purposes, such as 

rehabilitation, progress assessment, treatment planning, project research, among others 

[51]. 

The electromyographic signal is an extremely complex signal (see Figure 2.7), 

which can be affected by a number of reasons, such as anatomy and muscle physiolo-

gy, electrode placement, and acquisition equipment, so  it is important to correctly po-

sition the electrodes and correct handling of the instrumentation, in order to reduce the 

possibility of artifacts in the signal [49]. 
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Figure 2.7 - Illustration of a raw EMG signal regarding 3 periods of time contraction 

(Adapted from [49]). 

 

In the analysis of a set of electromyographic data, there are important parameters 

that can give us fundamental information about the functioning of the musculoskeletal 

system, or even about the correct use of the device/electrodes. These are peak-to-peak 

amplitude, mean amplitude, frequency, duration of activity, signal shape, phase, sig-

nal-to-noise ratio, time to reach peak value among others [49].  

There are many factors impacting the EMG signal quality. Some of these factors 

will be discussed in the following sections. 

Tissues Characteristics: In general, human body tissues are a good electrical 

conductor. However, this electrical conductivity can vary due to the type of tissue. 

Stiffness, thickness, and temperature are all factors that can influence the type of signal 

that EMG technique can capture. Fat tissue is a type of tissue that can negatively influ-

ence the ECG signal quality.. Fat tissue has a lower conductivity and therefore the sig-

nal that we capture has lower amplitude compared with a signal capture in a zone that 

does not have much fat tissue (see Figure 2.8) [49]. 
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Figure 2.8 - Influence of thickness below the electrodes and the raw EMG signal in 

both cases (Adapted from [49]). 

 

External noise: Nowadays, we are surrounded by electrical equipment, and 

some can influence the EMG signal. Especially when the ground electrode is not cor-

rectly placed, the surface electrodes can be more easily influenced by the signal of the 

others electrical equipment [49]. 

 

Electrodes: The quality or type of the electrodes can also influence the raw EMG 

signal. If the electrodes are always disconnecting, the signal is contaminated with oth-

ers signals. Also, the incorrect placement of the electrodes can influence signal quality. 

If the electrodes are placed incorrectly, they can be properly checking another muscle 

or ever another physiologic signal. This can be minimized by check all the equipment 

before starting any acquisition [49]. 

 

Changes in the geometry of electrodes placement and muscle site: The distance 

of the electrode placement to the muscle that we are being evaluating can also influ-

ence the raw EMG signal. When the human body does any sort of dynamic movement 

the placement of the electrodes can change and the signal can be distorted [49]. 
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 2.3.2 Posturography 

Posturography studies have been carried out since the 1970s, using force plat-

forms to acquire the data and to assess postural control [2]. 

Posturography is a noninvasive method which use force platforms, to indirectly 

evaluates postural control. There are two types of posturography: dynamic posturog-

raphy and static posturography. Dynamic posturography focuses on assessing the pos-

ture of an individual when he or she is in motion. In contrast, static posturography is 

characterized by the evaluation of postural control in positions that do not require 

much movement, such as standing position and sitting position [4]. This project focus-

es on static posturography. 

COP is the most used parameter in posturography studies. This is defined as the 

representation of all dynamic done by the human body in order to maintained balance 

[2] [13]. The forces exerted on the platform summarize the set of forces that the indi-

vidual exerts in order to control his posture. 

COP measures can be divided in to two different directions: antero-posterior 

(sometimes designated as y direction) and medio-lateral (sometimes designated as x 

direction). Furthermore, COP measurements can be seen in two different forms: sta-

bilogram and the stabilogram diffusion plot. The normal stabilogram is the representa-

tion of one of the direction of COP represented during a time series. Stabilogram diffu-

sion plot is the map that represents the antero-posterior direction versus the medio-

lateral direction (see Figure 2.9) [12].  

 

 

Figure 2.9 -  Illustration of both representative ways to show COP measurements. (A) 

Diffuse Stabilogram and (B) Normal Stabilogram. 
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Through the COP analysis, there are numerous important measures for the as-

sessment of postural control: the amplitude of the COP trajectory, the standard devia-

tion of COP trajectory, the total area of COP trajectory, COP frequencies, and the veloc-

ity of the COP. 

 COP Amplitude: The reach of the COP trajectory is a measure that is 

used to estimate the performance of the individual in the relation to pos-

ture control and balancing [12]. The amplitude of the displacement of the 

COP is defined by the difference between the maximum value and the 

minimum value of the trajectory. It is assumed that an individual who has 

a large reach on his or her COP trajectory has some difficulties in control-

ling his or her posture or needs to make some adjustments to maintain 

stability [2]. It is important to note that this parameter should be used in 

terms of comparison [9]. 

 COP Velocity: COP velocity is a measure that estimates the amount of ac-

tivity spent on stability control. This parameter is defined as the total dis-

placement of the COP within a certain period of time. This is a good indi-

cator of postural control. The higher the COP speed, the greater the trajec-

tory performed during the considered period of time, and the greater the 

difficulty in maintaining postural stability [2]. 

 Standard Deviation of COP trajectory: This is a measure that gives the 

dispersion of COP trajectory in comparison of the mean value of the tra-

jectory. Evaluating this value along the COP array can give information 

about the adjustments of the human body during some type of destabili-

zation [12]. 

 Total area displacement: Total area is the value that can give information 

about the total displacement of the COP trajectory. A bigger area is asso-

ciated with bigger a need to adjustment movements in order to main-

tained balance [12].  

 COP Frequencies: Analysis of the frequency spectrum is useful technique 

for measuring balance stability. Some studies suggest that each sensor 

system has a bigger contribution in a specific range of frequencies. How-

ever, the conclusions about this topic vary. Due to the fact that the power 

spectrum of frequencies has a range so small, a more exploratory analysis 

of this is done. Peak frequency, mean frequency, median frequency, and 

frequency at 80% of the power spectrum are analyzed. In literature, it is 

considered that the frequency at 80% of the power spectrum is the one 

that better represents the changes in balance and in postural control [12]. 
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The COG, in the other hand, cannot be measured directly through the data ac-

quired by the platform. COG and COP are directly related, and often can be confused 

[2]. 

Small changes in the COG cause changes in the COP. When there is an external 

stimulus to destabilize the balance, the COG can pass the stability limits, causing 

changes in the forces exerted on the platform. That said, it is to be expected that there 

will be a bigger displacement of COP when comparing with the COP displacement in 

an equilibrium position [2] [9]. 

Although COG and COP are very important parameters in the posturography 

study, COP is the most used because it is considered the most relevant for the study of 

postural control [2].  
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3. State of Art 

In this chapter, the state of arte of both EMG and posturography will be present-

ed. It is important to be aware of what has already been done in the past, so that the 

gaps in this type of studies can be fulfilled. 

 

3.1 EMG Studies 

EMG is a technique with a long history. In 1790, Galvani, managed to correlate 

two important topics in the EMG: muscle contraction and electricity. He discovered 

that contraction was possible through electric signals produced in the muscle [49]. 

However, it was only in 1800 that the first device that detected muscle activity was in-

vented. After many years and much contradiction, in 1930 EMG began to be used in 

clinical studies, such as the diagnosis of muscular anomalies. Along the years, EMG 

has been gaining popularity, and nowadays it is used for several studies in the most 

diverse areas [49]. 

As mentioned in the introduction, muscle control and their proper functioning 

are two of the most important factors in postural control. However, there are not many 

studies with EMG at the trunk level. Most of the studies focused on lower limb EMG 

[18]. 

Nonetheless, the importance of EMG in assessing postural control and balance is 

recognized. In Ghasemzadeh et.al [47], a study is described in which the objective was 

to predict the risk falling of a group of subjects. It was concluded in this study that it 

3

3

2 
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was not possible to predict the risk of falls only with the COP parameters. It was neces-

sary to resort to the EMG and to evaluate the musculoskeletal system. 

O’Sullivan et.al [28], performed a study were the main goal was to verified the 

importance of the trunk muscle along different positions adopted by the human body. 

One of those positions was the upright standing position.  

Regarding standing position with was concluded that the maintenance of stand-

ing position is achieved through the activation of the anterior abdominal musculature, 

more specific the activation of Rectus Abdominis [28]. In the same study, it was also 

concluded that the muscles inserted on the lower back, have little or none activation 

during quiet standing position [28]. 

One of the impairments of the study reported by the author was the lack of pos-

tural standardization within the aims of the study. Therefore, the author had some dif-

ficulties in the comparison of his study with others [28]. 

Although this study was not correlated with posturography tests, this had some 

interesting conclusion about standing positions and muscle activation of trunk muscles 

during the performance of this position.      

 

3.2 Posturography Tests 

Posturography is not a recent technique for postural analysis. Since the 1970s, 

force platforms have been used for the evaluation of postural control and balance [1], 

although this was not always the case. Prior to the existence of force platforms, health 

professionals assessed postural control and balance by performing observable or 

countable tasks, such as the length of time that an individual can sustain on one leg [5]. 

However, with the emergence of force platforms the assessment of postural control has 

become easier. 

Traditionally, posturography tests include two essential conditions: double 

stance with visual feedback and double stance without visual feedback [22]. However, 

over the years, new tasks complementary to those previously described, have been im-

plemented.These tests aim to replicate an everyday situation, causing some destabiliza-

tion in order to perceive how the individual under study reacts.  

Through the force platform the COP trajectory is measured, and analyzing this, it 

is possible to evaluate the postural control. For this, several protocols were developed, 

each depending  of the aim of the study [52]. 
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 In Loughran et. al., [52] a simple protocol is described, with some tasks devise to 

represent some perturbations experienced in the daily life routine. This protocol pre-

sents 4 tasks: 

1. Upright standing position, with arms along the body, and with visual 

feedback; 

2. Upright standing position, with arms along the body, and without visual 

feedback; 

3. Upright standing position, with arms along the body, and with visual 

feedback. Foam surface is included; 

4. Upright standing position, with arms along the body, and without visual 

feedback. Foam surface is included. 

The foam surface is placed on top of the platform (see Figure 3.1), so as to cause 

some destabilization in the postural control system. This test is a traditional test that 

was done even before the existence of force platforms, called "foam and dome". How-

ever, the force platform was used in order better analyze postural adjustment of the 

subjects in the study [52]. 

 

 

Figure 3.1 - Representation of the tasks that include foam surface (Adapted from [52]). 
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It is not only the protocols that have undergone changes. Also the platforms have 

been evolving, and with it, the possibility of a wide range of tests that previously 

would not be possible. In Chaudhry et.al, [9] a very different protocol as well as a very 

different platform is presented when compared to the previous ones. In this study, the 

NeuroCom Balance Master platform was used, and a protocol called Sensory Organi-

zation Test (SOT) was performed. 

 The device consists on a moving platform, a visual evolvement that also moves, 

and a harness to avoid unnecessary falls (see Figure 3.2) [9] [53]. The NeuroCom Bal-

ance Master device performs the evaluation of postural control. At the end of each task 

it is demonstrated on the computer screen the evaluation that the individual had in the 

accomplishment of that task [9]. 

 

The six tasks of the protocol are described as follow: 

1. Visual feedback, fixed platform and fixed evolvement; 

2. No visual feedback, fixed platform and fixed evolvement; 

3. Visual feedback, fixed platform and moving evolvement; 

4. Visual feedback, moving platform and fixed evolvement; 

5. No visual feedback, fixed platform and moving evolvement; 

6. No visual feedback, moving platform and fixed evolvement. 

 

 

Figure 3.2 - Representation of NeuroCom Balance Master platform (Adapted from 

[53]). 
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It is important to understand that posturography tests are performed with the 

main goal of causing some unexpected destabilization that may cause some disequilib-

rium in human body. Causing this destabilization, the examiner can perceive if there 

are any impairments regarding postural control and posture. 

  Impairments in postural control system can be caused due to different reasons. 

One of those reasons is impairments in visual feedback. 

Agostini et. al [14], studied the influence of central vision in postural control as-

sessment. Posture during target fixation and while their eyes were closed was evaluat-

ed. This author concluded that subjects swayed more under eyes closed conditions, 

when compared to eyes-open conditions. However, study conducted by Bugnarariu 

[54] said that if the standing surface is fixed, and any disturbance is inflicted, the condi-

tions eyes-closed and eyes-open do not have significant differences. In this situation, 

the somatosensory has a bigger contribution, when comparing to visual system. 

Also in Bugnarariu [54], the contribution of aging was studied. In these study 

10 young subjects participated with a mean age of 26 years old ± 5,1 years old, and an 

older sample with a mean age of 72 years old ± 3,3 years old also participated. 

The results showed a prefund influence of aging regarding postural control sys-

tem. Older subjects presented a bigger variation in COP displacement, when compared 

to younger subjects, and also a bigger difficulty to recovering from an outside stimu-

lus, especially in the presence of sensory conflicts [54].  

Taylor et. al [10], also performed a posturography test where the main goal was 

to verified if talking, time before data acquisition, and visual fixation had some influ-

ence in postural assessment. Young and older samples were evaluated during the 

study.  

The results of this study were inconclusive. It was concluded that the results 

had inconsistencies in posturagraphy tests, where the methods used could affect the 

results obtained on the study. This author also concluded that to avoid this inconclu-

sive studies, a standardized posturography testing method should be developed to 

limit these inconsistencies [10].     
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4. Methods and Materials 

This chapter has as main goals to make a brief introduction of the equipment 

used in the study, the protocol constructed for the study as well as the entire analysis 

procedure used to analyze the signals recorded. 

 

4.1 Questioner/Equipment  

Before any acquisition, the subjects in the study were asked to fill a questioner. 

The main goal of the questioner was to gather information about the subjects that may 

have an important contribution in postural control and this way characterized the 

sample. The information gathered is as follow: 

 

 Socio-demographic characteristics: nationality, profession, educational 

qualifications, marital status, and gender; 

 Biomechanical characteristics: age, height, and weight; 

 Dominant hand. 

This questioner can be consulted in appendix A. 

Regarding acquisition equipment, two main equipments were used: a force plat-

form and an EMG acquisition system.  

Displacements of the COP were recorded using a force platform from Plux (Plux 

Wireless Biosignals S.A., Portugal) (see Figure 4.1 a)). This force platform is constituted 

by 4 steel load cells and can carry a load up to 800kg (200kg per cell), sending data over 

bluetooth up to a sampling frequency of 1000Hz and a resolution of 16 bits. 

4. 2 
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EMG signals were recorded using the biosignals research kit from PLUX with 8 

channels (see Figure 4.1 b)). The acquisition module in this kit is a biosignalPlux has 8 

analog channels with a resolution of 16 bits. The data is sent wirelessly using bluetooth 

and with a sampling frequency up to 1000Hz.  

 

 

Figure 4.1 - Aquisition Equipment. a) Force platform and b) Biosignals researche appa-

ratus (Adapted from [55]). 

The sensors used were 8 emgPLUX, a EMG sensor from Plux. To connect the sen-

sors to the patient, 2 Ag/AgCL with solid adhesive pregelled electrodes were used per 

sensor (TIGA-MED Gold 01-7500, TIGA-MED GMBH, Germany). 

All signals recorded using Plux's OpenSignals and were stored in H5 files and 

processed offline using Python.  

 

4.2 Protocol  

Before proceeding to data acquisition, subjects were asked to fill the characteriza-

tion questionnaire.  

Multichannel EMG recording were recorded from four different muscles on both 

medial planes (left and right) throughout the protocol. These muscles are as followed: 

rectus abdominis (around 3 cm lateral to the midline above the umbilicus), external 

obliques (around 10 cm lateral to the midline above umbilicus and aligned with muscle 

fibers), iliocostalis (around 6 cm lateral to the midline at the L3) and multifidus 

(around 2 cm lateral to the midline at the L5) (see Figure 4.2) [56]. A ground electrode 
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was also used in the pisiform bone, in order to prevent electric noise from interfering 

with the EMG signal. 

 

Figure 4.2 - Illustration of the placement of the electrodes. A) placement of the elec-

trodes in the abdominal wall and B) placement of the electrodes in the lower back. 

Subjects lay down on a marquise for 15 seconds in a supine position in order to 

record a baseline for the muscle activity. Maximum voluntary contractions (MVC’s) 

tests are then performed on the muscles previous described. For testing the MVC of 

rectus abdominis, the subjects lay down on a marquise in a supine position with their 

hands clasped behind head. The examiner stands beside the subject’s marquise and 

stabilizes the pelvis by leaning across the patient with the forearms. At the same time, 

while the subjects were doing upright force, the examiner counters the movement by 

placing his hand on the subject’s chest [57]. For the external obliques MVC’s, the sub-

jects lift their upper body and rotate to one side, while the examiner counters the 

movement by placing his hand on the lifted elbow [57]. This task is done for both sides. 

The subjects then turn to a prone position. With their hands clasped behind the head, 

subjects do upright force and lift their upper bodies. The examiner places his arm 

across the pelvis to stabilize it and places the other hand between subject’s shoulders to 

counter the movement [57]. These tasks were performed three times.    

Derived from previous studies, nine tasks were selected to be performed in the 

platform. Regarding task 1 to 6, these tasks have either 30 seconds duration or as long 

as it could be managed. Regarding tasks 7, 8, and 9, the time that takes to complete it 

varies. Below is a description of all 9 tasks: 

1. Subjects stood on the force platform in an upright position with their 

hands hanging along the body, with visual feedback (eyes open) 

[2][28][41]; 
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2. Subjects stood on the platform in an upright position with their hands 

hanging along the body, with no visual feedback (eyes closed) [2][28][41];  

3. Subjects stood with only the right foot on the ground, with visual feed-

back[2][22]; 

4. The step 3 but without visual feedback [2][22]; 

5. Subjects stood with only the left foot on the ground, with visual feedback 

[2][22]; 

6. The step 5 but without visual feedback [2][22]; 

7. On a table, an object is placed on the left side of the subjects, at a distance 

of 15 cm beyond the length of their extended arm. It was asked to subjects 

to reach the object with their right hand[58][59][60];  

8. The same object was placed on the right side of the subjects at the same 

distance that before and it was asked for the subjects to reach the object 

with their left hand [58][59][60]; 

9. According to the dominant hand of the subject, an object was placed in 

the direction of his dominant hand at the same distance as before. Then it 

was asked for the subjects to reach the object with their dominant hand 

[58][69][60]; 

 

The study was conducted at FCT-UNL and at CEDOC. The experimental proto-

col was approved by the Centro Hospitalar Lisboa Ocidental ethical committee and all 

participants gave their written informed consent to participate in the study. The writ-

ten informed consent can be consulted in appendix B. 

 

4.3 Data Processing   

All signals were sampled at 1000 Hz (platform signals and EMG signals) and 

with a 16 bit resolution. Platform and EMG signals were recorded at the same time to 

prevent any desynchronization.   

Signal treatment and data analysis were performed using Python programming 

language, using numpy toolbox (version - 1.10.4), scipy toolbox (version - 0.17.0) in the 

python language (version python – 3.3).  

EMG signals were averaged out and then the root mean square formula was 

used to get the signal envelope. The window used was 100 samples (1 sample is equiv-

alent to 1ms) [49][61]. Each muscle RMS signal was then normalized using the maxi-
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mum value of the respective MVC. After the envelope was normalized, peak value, 

mean value, and median value were calculated for each EMG array.  Using the formu-

las from the datasheet (see appendix C), platform signals underwent a pre-processing 

phase where the raw signal was converted to a COP displacement in the antero-

posterior (AP) direction (Y direction) and medio-lateral (ML) direction (X direction). 

Then for each direction, the signal was averaged out. The mean velocity, standard de-

viation, and amplitude of the signal of each direction were calculated. Area of the total 

COP displacement was also calculated, using the convex hull algorithm and the 

Green's theorem.  

Fourier analysis was done for EMG data and COP data, using the periodogram 

function from scipy.  Peak frequency, mean frequency, median frequency, and fre-

quency at 80% of the power spectrum were calculated.  

After all analysis of the signals, the results were saved in an Excel file using 

xlsxwriter (version - 0.8.4) and openpyxl (version - 2.3.2) python toolboxes.  

All plots were constructed using Python programming language using mat-

plotlib.pylab toolbox (version - 1.10.4).  

 

4.4 Algorithms in Data Processing 

In this section some algorithms used during the realization of the study will be 

explained. 

 4.4.1 Root Mean Square (RMS) Algorithm 

This operation is based on the square root calculation and it is the most recom-

mend function for smoothing the signal. The RMS creates an envelope that involves 

the raw signal (see Figure 4.3), by using a moving window that calculates the square 

root of the data that is inside the window. It is considered that this formula provides an 

insight on the amplitude of the signal producing a waveform easily to analyze.  

[49][61]. 
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Figure 4.3 - Illustration of a raw EMG signal (blue signal) and after applying the RMS 

algorithm (red signal) (Adapted from [61]). 

  RMS is obtained using Formula 4.1 [61]: 

𝑅𝑀𝑆 = (
1

𝑆
∑ 𝑓2(𝑠)𝑆
1 )

1

2       (4.1) 

, where s is de length of the window (points) and f the signal.  

The window length is an important factor when EMG amplitude varies. Fast 

movements and slow movements should have different length windows. Fast move-

ments transcribe rapid changes in signal amplitude, so a small window length should 

be used. When EMG amplitude is slowly varying, longer window length should be 

used. However a window between 50ms to 100ms it is recommended for both cases 

[49][61].  

The length of the window has also a very important role in signal-to-noise ratio. 

The higher this ratio is, the less noise the signal has. St-Amant et.al [61] studied the re-

lation between window length and signal-to-noise ratio. This author proved that the 

bigger the window length is, the bigger is the signal-to-noise ratio. However, if the 

purpose of the study is to evaluate the EMG amplitude, a smaller window length 

should be used, since a bigger window length is produces a lower amplitude of the 

signal. 

 

 4.4.2 Maximum Voluntary Contraction (MVC) 

One of the biggest difficulties in EMG analysis is that amplitudes of EMG signal 

are strongly influenced by a big variety of factors. Signals can also vary between sub-
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jects due to each subject’s anatomy and physiology. These factors are a problem when 

the purpose of the study is comparing EMG signals from different subjects. One solu-

tion to that problem is the normalization of the signals using MVC  [49]. 

MVC normalization is a popular method that is performed before the tests trials. 

Normally this test is done by contracting the muscle in evaluation against a resistance 

force. That way it can ensure that the maximum force that a subject can do in that mus-

cle is performed.  

After having the MVC values, the test trials are normalized using the MVC value. 

That normalization is done by dividing the test trial signal by the MVC value, with 

MVC value is considered the maximum force of that muscle (100%) and the values of 

the test trials a percentage of the MVC value (see Figure 4.4) [49]. 

 

Figure 4.4 - Graphical demonstration of how the MVC normalization works (Adapted 

from [49]).     

Although this type of normalization is often used in EMG analysis, this also has 

some drawbacks, more often in subjects with pathology or subjects with a high level of 

physical activity. Also, the MVC value may not be the maxi-mum value that the subject 

could reach, and the normalization of test trials could be pass the 100% [49]. 

4.4.3 Algorithms used for total area displacement of COP signals 

For calculate total area displacement, some algorithms are needed. The convex 

hull algorithm is one algorithm that can be used for that purpose. Convex hull algo-

rithm main goal is to find the smaller polygon that a finite set of two-dimensional 

points construct [62]. After this polygon is find, the Green Theorem is used to calculate 

the area value. Green Theorem is used when the curve is a closed curve in a two-

dimensional space. This performs a double integral in the region of interest, and in that 

way provides the area value that the region occupies in a two-dimensional space [63]. 
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5. Results  

 In this chapter the most important results of the study will be presented, in the 

follow order: brief description of the statistical treatment used, a brief description of 

the subjects that participated on the study, the analysis of the EMG and COP parame-

ters for a group of healthy subjects and the relationship between each parameter and 

biomechanical variables, and at last the biggest changes between the healthy subjects 

(sample of control) and subjects with AS. 

To understand this part of the document it is important to take into consideration 

some important informations. First of all, to simplify, the following acronyms for the 

tasks are used:  

 SEO = Standing with eyes open;  

 SEC = Standing with eyes close;  

 RFEO = One leg stand, right leg and eyes open;  

 RFEC = One leg stand, right leg and eyes close;  

 LFEO = One leg stand, left leg and eyes open;  

 LFEC = One leg stand, left leg and eyes close;  

 RR = Reaching an object on the right side of the subject with his left hand; 

 RL = Reaching an object on the left side of the subject with his right hand; 

 RC = Reaching an object in front of the subject dominant hand.  

 

 

 

5. 2 
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Follow is the description of muscle’s acronyms:  

 ReR = Rectus Abdominis Right;  

 ReL = Rectus Abdominis Left;  

 OR = External Obliques Right;  

 OL = External Obliques Left;  

 IR = Iliocostalis Right;  

 IL = Iliocostalis Left;  

 MR = Multifidus Right;  

 ML= Multifidus Left. 

5.1 Statistical Treatment 

The main goal of the study is to define a normal posture of a group of individual 

without any rheumatologic pathology. For that purpose, it was considered that the 

most important parameters are the mean and peak values and the frequencies of EMG 

data, and total area, mean velocity, amplitude, standard deviation, and frequencies of 

COP data.  

For the analysis of the upright standing position the follow types of analysis 

were used: 

 Spearman Correlation Coefficient (𝝆): this statistical test allows calcula-

tion of the statistical correlation between two parameters. The correlation 

coefficient (ρ) various between -1 and 1. If this value is negative and near 

to -1 that means that the parameters have a strong correlation between 

them, however in opposite directions (indirect relation). If the value is 

positive and close to 1, the parameters have a strong correlation between 

them and various in the same direction (direct relation). This coefficient 

value is not sensitive to asymmetric distributions and heterogeny of the 

data [64]. This test was used to calculate the correlation value between 

each muscle in the same task, to calculate the correlation between each 

task in the same muscle, and for compare the relationship between BMI 

and age with the COP and EMG parameters for a group of healthy sub-

jects. 

 Wilcoxon test: Wilcoxon test is a non-parametric test to compared two 

paired groups of values. This test was used to compare different tasks in 

the same parameter, for a group of healthy subjects. This test has as a null 

hypothesis that is the median difference between the two set of values is 

zero [64];  
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 Mann Whitney test: The Mann Whitney statistical test was used to com-

pare two unpaired groups of values. This statistical test is a non-

parametric test that compares to set of values without normal distribu-

tion. This test was used to compare the group of healthy subjects with the 

group of pathologic subjects. The null hypothesis assumes that both set of 

values have similar distributions [64].  

Boxplot graphics were used to the analysis of EMG and COP parameters. This 

type of graphic representation is used to representing the median value, the inter-

quartile dispersion, and the maximum and minimum observations of a set of values. 

Values that were 1,5 times superior to the interquartile range were considered outliers. 

That means that those values could be an error measure [64].  

All the statistical analysis was done on Python (version python – 3.3) and a p-

value of 0,05 was considered to accept strong correlation. 

 

5.2 Characterization of the sample - Healthy Subjects       

EMG and posturography tests were performed in a sample of subjects without 

pathology (healthy). The characterization of the group of subjects was done according 

to the questioner in appendix A (see Table 5-1).  

Table 5-1 - Table representing the characterization of healthy subjects group. 

Sex Age Weight (kg) Height (m) Total Number 

of  

subjects 

Condition 

Female Mean: 

 25,4 years 

 

Range:  

18 – 53 years 

 

Standard  

Deviation:  

9,1 years 

Mean:  

60,3 kg 

 

Range:  

46 – 90 kg 

 

Standard  

Deviation:  

10,6 kg 

Mean:  

1,63 m 

 

Range:  

1,53 – 1,80 

m 

 

Standard 

Deviation: 

0,07 m 

 

25 

 

Healthy 
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Male Mean: 

 25,0 years 

 

Range:  

18 – 34 years 

 

Standard  

Deviation:  

4,6 years 

Mean:  

72,1 kg 

 

Range:  

57 – 88 kg 

 

Standard  

Deviation: 

 9,1 kg 

Mean:  

1,75 m 

 

Range:  

1,67 – 1,90 

m 

 

Standard 

Deviation: 

0,07 m 

 

14 

 

Healthy 

 

5.3 Analysis of posture parameters – Healthy Subjects 

In this subchapter, the main results regarding the definition of posture for a 

group of healthy subjects is done throughout the analysis of EMG data and posturog-

raphy data.  

 5.3.1 EMG data Results 

During data acquisition, some difficulties were encounter. The electrodes some-

times disconnected causing some interference in raw EMG signals, and this could cre-

ate some unexpected peaks. The most obvious outliers were not taking into account in 

the follow analysis. Since the maximum value could not be relied on, this was not con-

sidered important.  That said, the mean of each EMG array was calculated and it was 

consider a more reliable parameter for EMG data.  

  5.3.1.1 Analysis of the Mean Value of the EMG arrays 

For each EMG array, the mean value was calculated. It was necessary to verified 

if the mean value of each muscle EMG was correlated along each task. For that purpose 

the Spearman correlation coefficient (ρ) was used. Table 5-2 and table 5-3 show the 

spearman correlation coefficient between each task for right Rectus Abdominis and for 

left Rectus Abdominis respectively. In appendix D, the Spearman correlation coeffi-

cient for the other muscles between each task, can be consulted. 
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Table 5-3 - Spearman correlation coefficient of left Rectus Abdominis between each task. 

**p-value < 0,05.  

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand. 

Table 5-2 - Spearman correlation coefficient of right Rectus Abdominis between each 

task. **p-value < 0,05.  

Right Rectus Abdominis 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 1  - - - - - - - - 

 SEC 0,96** 1 - - - - - - - 

 RFEO 0,92** 0,96** 1 - - - - - - 

 RFEC 0,84** 0,88** 0,93** 1 - - - - - 

(ρ) LFEO 0,82** 0,89** 0,90** 0,92** 1 - - - - 

 LFEC 0,78** 0,87** 0,89** 0,89** 0,95** 1 - - - 

 RR 0,93** 0,95** 0,93** 0,86** 0,86** 0,83** 1 - - 

 RL 0,87** 0,92** 0,89** 0,84** 0,88** 0,85** 0,94** 1 - 

 RC 0,93** 0,91** 0,90** 0,82** 0,79** 0,73** 0,94** 0,87** 1 

 

 

  

 
 
 
 
 
 

        

Left Rectus Abdominis 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 
 SEO 

1 - - - - - - - - 

 SEC 
0,98** 1 - - - - - - - 

 RFEO 
0,91** 0,94** 1 - - - - - - 

 RFEC 
0,75** 0,76** 0,86** 1 - - - - - 

(ρ) LFEO 
0,78** 0,78** 0,86** 0,80** 1 - - - - 

 LFEC 
0,79** 0,79** 0,88** 0,78** 0,93** 1 - - - 

 RR 
0,85** 0,88** 0,82** 0,72** 0,76** 0,74** 1 - - 

 RL 
0,87** 0,88** 0,81** 0,75** 0,82** 0,78** 0,92** 1 - 

 RC 
0,84** 0,88** 0,84** 0,77** 0,81** 0,78** 0,94** 0,96** 1 
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As it can be seen on the tables, the spearman correlation coefficients are always 

positive and with values very close to 1. That means that the correlation between each 

task in right and left Rectus Abdominis is very strong and the positive signal means 

that the tasks have a direct relation (when increase in one task it also increase in the 

other). 

 Regarding the analysis of spearman correlation between each muscle in the same 

task, some interesting results were also observed (see appendix E). Table 5-4 and 5-5 

show the spearman correlation coefficient in SEO* and SEC*, between all muscles. 

Table 5-4 - Spearman correlation coefficient of the task SEO between each muscle. **p-

value < 0,05.  

SEO 

 ReL ReR OL OR IL IR ML MR 
 
 
 
(ρ) 

ReL 1 - - - - - - - 

ReR 0,71** 1 - - - - - - 

OL 0,49** 0,36** 1 - - - - - 

OR 0,38** 0,27 0,73** 1 - - - - 

IL 0,11 0,23 0,20 0,15 1 - - - 
IR 0,16 0,18 0,25 0,12 0,80** 1 - - 

ML 0,15 0,21 0,13 0,07 0,58** 0,67** 1  

MR 0,33** 0,24 0,32** 0,17 0,54** 0,52** 0,61** 1 

 

Table 5-5 - Spearman correlation coefficient of the task SEC between each muscle. **p-

value < 0,05.  

SEC 

 ReL ReR OL OR IL IR ML MR 
 
 
 

(ρ) 

ReL 1 - - - - - - - 
ReR 0,70** 1 - - - - - - 
OL 0,50** 0,40* 1 - - - - - 
OR 0,31 0,23 0,71** 1 - - - - 
IL 0,20 0,33* 0,16 0,14 1 - - - 
IR 0,15 0,25 0,16 0,05 0,79** 1 - - 

ML 0,16 0,28 0,13 0,06 0,52 0,60** 1 - 
MR 0,36* 0,37* 0,26 0,11 0,47 0,45 0,56** 1 

  

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Both in the SEO* task and in the SEC* tasks it can be verified a significant correla-

tion (ρ > 0,70 and p < 0,05) between the same muscle on both sides (positive correlation 

between left and right side in the same muscle). Although the Multifidus muscle do 

not have a correlation coefficient greater than 0,70 , this is statistical relevant and have 

a high correlation coefficient (ρ = 0,61 in SEO*, and ρ = 0,56 in SEC*).  

  5.3.1.2 Analysis of the frequencies of EMG 

Regarding EMG frequencies, some interesting observations were noticed. 

In the same muscles, each task was compared to all others, regarding the same 

frequency (peak frequency, mean frequency, median frequency and frequency at 80% 

of power spectrum). The Wilcoxon test was used to detect significant differences be-

tween the tasks in the conditions described before, and boxplot representation to ob-

serve the dispersion of data (see appendix F).  

It was observed that the muscles that have less significant changes between tasks 

(p > 0,05) are the Rectus Abodminis muscles (ReR and ReL). This statement is true for 

all frequencies in analysis. Through boxplot analysis it was also noticed that this mus-

cle has, in general, a similar dispersion throughout the tasks. Also, through this repre-

sentation, it can be seen that there are not major differences between mean and median 

values of the set of values, along the nine tasks. This statement is true for all the fre-

quencies in analysis.   

Figure 5.1 represents the boxplot representations throughout the nine tasks for 

peak frequency in left Rectus Abdominis (ReL).  

 

 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.1 – Rectus Abdominis Left. Boxplot representation of peak frequency values 

along all nine tasks(N=39). 

 

Regarding the muscles inserted on the lower back, it was noticed that there were 

some interesting results, especially regarding mean frequency. In this range of fre-

quency, it was noticed that Iliocostalis as well as Multifidus, present a lower mean and 

median value of frequency in RFEC* and LFEC*, when compared with the same task 

with visual feedback (RFEO* and LFEC*). 

For instance, in right Iliocostalis, the mean value of mean frequency in RFEC* de-

crease 23,6Hz and median value decrease about 28,4Hz, when compared to RFEO*. In 

LFEC*, mean value decreased about 28,4Hz and median about 22,3Hz, when com-

pared to LFEO*.  

For each frequency range in each muscle, each task was compared with the rest 

position EMG. Significant differences can be seen between each task and rest position, 

in all muscles and all frequencies ranges. Figure 5.2 represents the boxplot representa-

tion for each task, including rest position (REST), for left Multifidus for all frequencies 

range. 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.2 - Boxplot representation of left Rectus Abdominis (RL) trough out all tasks, 

including REST, regarding peak frequency (N=39). 

 5.3.2 COP Analysis 

  5.3.2.1 Analysis of COP amplitude 

COP amplitude is a normal parameter calculated in posturography tests. This pa-

rameter was analyzed in both directions along the nine tasks (see appendix G).  

In order to evaluate how the amplitude of COP behave in both direction along 

the performance of the nine tasks, mean values, standard deviation, median values 

were calculated for all the nine tasks in both directions for a group of healthy people 

(N=39). It was also important to verify the distribution of data in each task to have a 

more precise analysis. For that purpose boxplot graphs were used. The Wilcoxon test 

was used to identify the significant changes between the tasks and a p-value of 0,05 

was used.  Figure 5.3 and 5.4 represent the boxplot representation for both directions 

and for all nine tasks. 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.3 - Boxplot representation of COP's amplitude values for x direction, in each 

task (N=39). 

 

Figure 5.4 - Boxplot representation of COP's amplitude values for x direction, in each 

task (N=39). 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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After an overall analysis of boxplot graphics, differences between tasks and be-

tween directions were discovered.  

When compared with x direction, y direction presents bigger mean values and 

bigger dispersion of values overall. It was also verified that y direction has a lower 

number of outliers when compared to the x direction. However, both directions have a 

similar behavior for the same task.  

Regarding COP’s amplitude in both directions the following observations were 

done: 

 Regarding x directions, all tasks are statically different from each other 

(p<0,05) with the exception of the following pairs:  SEO*/SEC*, 

RFEC*/LFEC*, RFEO*/RR*, RFEC*/RL*, LFEO*/RR*, and LFEC*/RL*; 

 Regarding y directions, all tasks are statically different from each other 

(p<0,05), but also with a few combinations exceptions: SEO*/SEC*, 

RFEO*/LFEO*, RFEC*/LFEC*, RR*/RL*, RR*/RC*, RL*/RC*; 

 The tasks that present the greatest differences when compared to all oth-

ers are RFEC* and LFEC*. These tasks, in general, have larger data dis-

persion (large size boxplots), a larger mean value and median value, and 

a larger confidence interval at 95% (CI 95%); 

 The tasks that with the lowest dispersion of data (small size boxplot), the 

lowest mean, median and CI 95% values are SEO* and SEC*; 

 In the tasks where the subjects are supported only by one leg, it can be 

observed some obvious differences between those tasks where the exist-

ence of visual perception is present and where it is not. The absence of 

visual perception creates a greater dispersion of data, and higher values 

for the mean, median, and CI 95%.     

In the following table (Table 5-6) is represented the mean values, standard devia-

tion, median values, and CI 95% for the tasks that were considered more relevant in 

both directions. 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Table 5-6 - Mean values, standard deviation, median, and range of boxplot (lower and 

upper limits) values for SEO*, SEC*,  RFEO*, RFEC*, LFEO*, and LFEC*, for COP amplitude 

in x and y direction. 

X Direction Y Direction 

Task Mean Value 

± σ(mm) 

Median 

Value 

(mm) 

CI 95%  

(mm) 

Mean Value ± 

σ(mm) 

Median 

Value 

(mm) 

CI 95% 

(mm) 

SEO 23,4 ± 20,7 17,4 10,2 – 34,2 31,3 ± 20,3 27,2 14,4 – 41,0 

SEC 20,3 ± 13,9 17,4 9,7 – 30,0 30,8 ± 9,9 29,8 14,1 – 61,9 

RFEO 35,4 ± 18,0 28,9 19,5 – 51,6 49,6 ±  19,2 43,8 29,5 – 73,7 

RFEC 95,2 ±  46,2 84,2 35,1 – 187,9 136,5 ±  57,6 133,6 50,6 – 237,3 

LFEO 46,9 ± 36,5 33,9 17,9 – 46,0 54,2 ±  23,2 48,2 28,0 – 82,4 

LFEC 96,0 ±  45,7 83,1 28,7 – 209,7 135,2 ± 55,6 132,8 24,4 – 234,4 

 

  5.3.2.2 Analysis of Standard Deviation of COP signals 

The standard deviation was calculated for both directions, for each task in each 

healthy subject (see appendix G). 

For the analysis of standard deviation of COP signals in both directions, a similar 

analysis to COP’s amplitude was done. Boxplot graphics were done, as well as the cal-

culation of some important values of the most relevant tasks.  Wilcoxon test was used 

to verify if, between tasks, significant changes are observed. 

Through the analysis of boxplot graphics some significant differences can be seen 

between x and y directions, as well as between each task, regarding this postural con-

trol parameter (see Figure 5.5 and 5.6).  

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.5 - Boxplot representation of COP's standard deviation values for x direction, 

in each task (N=39). 

 

Figure 5.6 - Boxplot representation of COP's standard deviation values for y direction, 

in each task (N=39) 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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In an overall analysis of the graphics and values, it was observed that in the same 

tasks, y direction present bigger mean values and a bigger dispersion of values for the 

parameter in evaluation. It was also noticed that the y direction presents a lower num-

ber of outliers when compared with x direction. 

It was noticed as well that, although y direction has higher values in comparison 

with x direction, the standard deviation of COP signals have a similar behavior along 

all nine tasks, in both directions.  

Regarding COP’s standard deviation in both directions the following observa-

tions were done: 

 Regarding x directions, all tasks are statically different from each other 

(p<0,05) with the exception of the following pairs:  SEO*/SEC*, 

RFEC*/LFEC*, RFEC*/RC*, and LFEC*/RC*; 

 Regarding y directions, all tasks are statically different from each other 

(p<0,05), but also with a few combinations exceptions: SEO*/SEC*, 

RFEO*/LFEO*, RFEC*/LFEC*, RR*/RL*, RR*/RC*, RL*/RC*; 

 In the x direction, the tasks that present a greater dispersion of data and 

higher values regarding the mean, median and CI 95%, are RFEC*, LFEC*, 

and RL. For y direction, the same assertions are true for the RFEC*, LFEC*, 

RR*, RL*, and RC* tasks. 

 The tasks that present the lowest values and the lowest dispersion are SEO* 

and SEC*; 

 Regarding the tasks where the subjects are only standing with one foot, 

some differences can be seen between those that have visual feedback those 

that do not have it. The tasks without visual feedback have a greater dis-

persion of values and higher values when compared with those that have 

visual feedback. 

Table 5-7 contains the values of the tasks that were considered more relevant for 

the study of this parameter. 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Table 5-7 - Mean values, standard deviation (σ), median values, and confidence inter-

val at 95%  (CI 95%) values for SEO*, SEC*, RFEO*, RFEC*, LFEO*, and LFEC*, for COP’s 

standard deviation in x and y direction. 

X Direction Y Direction 

Task Mean Value 

± σ(mm) 

Median 

Value 

(mm) 

CI 95%  (mm) Mean Value 

± σ(mm) 

Median 

Value 

(mm) 

CI 95% (mm) 

SEO 3,4 ± 1,7 3,1 1,5 – 5,6 5,1 ± 2,0 4,6 2,2 – 8,3 

SEC 3,7 ± 2,8 3,2 1,4 – 5,6 5,4 ± 1,6 5,2 2,5 – 8,7 

RFEO 5,3 ± 1,7 4,8 3,0 – 7,3 7,9 ± 2,1 7,5 4,8 – 14,4 

RFEC 15,1 ± 8,4 12,3 6,1 – 26,8 18,7 ± 7,6 16,2 8,3 – 31,5 

LFEO 7,2 ± 4,7 5,4 3,3 – 9,9 9,2 ± 3,3 8,6 4,6 – 13,3 

LFEC 16,5 ± 9,6 13,9 3,2 – 27,9 20,5 ± 9,5 17,2 3,8 – 38,5 

     

  5.3.2.3 Analysis of Mean velocity of COP signals 

For the group of healthy subjects, the mean velocity of COP signals was analyze 

for each task in each COP direction (x direction and y direction). To analyze this pa-

rameter, boxplot graphics were constructed and important values such as mean, medi-

an, standard deviation and confidence interval at 95% values were calculated to an eas-

ier analysis. Wilcoxon test was use to compare tasks and to verify if there were statisti-

cal changes between them (see appendix G).   

Regarding this parameter, in a general way, it was not noticed significant chang-

es between tasks (p>0,05). Despite this fact, the mean velocity of COP displacement on 

y direction was considered more relevant for the study due to the fact of presenting a 

lower number of outliers when compared to the x direction. Figure 5.7 concerns to the 

boxplots of mean velocity values in y direction. 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.7 - Boxplot representation of mean velocity of COP displacement values for y 

direction, in each task (N=39). 

 

After the analysis of the boxplots the following conclusions were taken: 

 In a general way, the mean and median value for all the tasks is approxi-

mate 0 mm/s; 

 All boxplots have a low dispersion of values, that means that all values in 

the same task are very similar; 

 The tasks RL* and RC* have a bigger number of outliers when compared 

to the others. 

 

  5.3.2.4 Analysis of total area displacement 

Regarding total area displacement of COP arrays, boxplots graphics were used to 

see the differences between tasks in a group of healthy subjects. For the analysis of this 

parameter, Wilcoxon test was also used. This test was used to identify statistical 

changes between tasks (see appendix G).  

 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Analyzing boxplot graphics, it can be seen some observable differences between 

tasks (see Figure 5.8).  

 

 

Figure 5.8 - Boxplot representation for total area displacement of COP signals, in each 

task (N=39). 

Regarding this COP parameter, some important observations were done: 

 There are a significant difference between almost all of the tasks (p<0,05). 

However, there are some combinations exceptions: SEO*/SEC*, 

RFEO*/LFEO*, RFEC*/LFEC*, RR*/RC*, and RL*/RC*; 

 It was observed that the tasks that present a larger distribution of values 

are RFEC* and LFEC*. These are also the tasks that present a bigger mean, 

median and CI 95% values; 

 On the other hand, the tasks that present the lowest distribution of area 

values are SEO* and SEC*. These are also the tasks with the lowest values, 

regarding mean value, median value, and CI 95% of the distribution. 

Important values regarding the tasks that were considered more important are 

presented in table 5-8. 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.   
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Table 5-8 - Mean values, standard deviation (σ), median values, and confidence inter-

val at 95%  (CI 95%) values for the most relevant tasks, for COP’s total area displacement. 

 

Area 

Task Mean Value ± σ(mm2) Median Value (mm2) CI 95%  (mm2) 

SEO 436,2 ± 1038,4 159,1 56,2 – 444,1 

SEC 289,6 ± 545,6 132,6 62,8 – 474,0 

RFEO 896,1 ± 935,7 532,7 163,8 – 955,8 

RFEC 6255,3 ± 6100,3 4001,2 807,7 – 15835,6 

LFEO 1078,8 ± 1279,2 565,1 251,1 – 1399,8 

LFEC 5111,9 ± 4591,6 3142,4 411,8 – 14915,0 

 

    5.3.2.5 Analysis of frequencies in COP signals  

 Frequency analysis was done in both directions (x and y directions). Wilcoxon 

test was used to compare tasks in the same range of frequencies for each direction. 

Boxplots analysis was also done for both directions and for each range of frequencies, 

for all the tasks (see appendix H). 

Throughout the Wilcoxon test, some interesting observations were done. For all 

frequencies in both directions, it was observed that, in a general way, there are no sig-

nificant differences (p > 0,05) between the following tasks: SEO*/SEC*, RFEO*/LFEO*, 

and RFEC*/LFEC*. 

By the analysis of boxplot representations, it was concluded that the range of fre-

quencies that are more interesting are the mean frequency and the frequency at 80% of 

the power spectrum. These ranges of frequencies were chosen for different reasons: 

mean frequency is the range of frequency here the boxplots of the tasks are more simi-

lar between each other; on the other hand, the frequency at 80% of the power spectrum 

is the range of frequency where the boxplots of the tasks are more different between 

each other. 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.9 and 5.10 are the representation of mean frequency boxplot in both di-

rections. 

 

Figure 5.9 - Boxplot representation of the mean frequency in each task for x direction 

(N=39). 

 

Figure 5.10 - Boxplot representation of the mean frequency in each task for x direction 

(N=39). 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand. 
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Regarding mean frequency, some observations were done: 

 Like it was mentioned before there was not found significant differences 

(p > 0,05) between the follow pairs of tasks: SEO*/SEC*, RFEO*/LFEO*, 

and RFEC*/LFEC*. This statement is true for x direction; 

 In x direction SEO* and SEC* are significant different in relation to all 

other. This statement is not true between SEO*/SEC* (p > 0,05); 

 In the y direction, all task are significant different between each other, 

with the exception of the follow combinations: RR*/RL* and RR*/RC* 

(p > 0,05);  

 Regarding boxplot representation of frequency in both directions, SEO* 

and SEC* are the tasks that present a bigger dispersion of data (larger 

boxplots), bigger mean, median and CI 95% values. 

Figure 5.11 and 5.12 refer to the representation of boxplot of frequency at 80% of 

the power spectrum in both directions. 

 

Figure 5.11 - Boxplot representation of frequency at 80% of power spectrum in each 

task for x direction (N=39). 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.12 - Boxplot representation of frequency at 80% of power spectrum in each 

task for y direction (N=39). 

Regarding frequency at 80% of the power spectrum, some observations were 

done: 

 In both directions, those tasks that do not have significant differences are: 

SEO*/SEC*, RFEO*/LFEO*, and RFEC*/LFEC* (p > 0,05); 

  In x direction, beyond those tasks that were mentioned before, the follow 

pairs of tasks do not have significant differences between each other: 

RFEO*/RFEC* and LFEC*/RFEO*; 

 In boxplot representations, it can be noticed, for both directions, that the 

tasks that present the lowest mean and median values are SEO* and SEC*; 

 In y directions, in the tasks of standing with just one foot, some differ-

ences can be noticed between those tasks that have visual feedback and 

those that do not have. The tasks that do not have visual feedback (RFEC* 

and LFEC*), present a bigger dispersion of data (bigger boxplot), bigger 

mean, median, and CI 95% values; 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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 For x direction, the previous affirmation is not true for both feet. The 

difference between LFEO* and LFEC* is more predominant, when com-

pared the RFEO with RFEC. For the left foot, when the visual feedback is 

not present, a bigger dispersion of data can be observed (bigger boxplot), 

and a bigger mean, median, and CI 95% values.   

5.4 Interferential Statistic 

Spearman correlation test was used to see if BMI and age have some influence in 

the parameters in the study, in a group of healthy subjects. It was considered that a 

Spearman correlation coefficient (ρ) bigger than 0,70 or lower than -0,70 was relevant, 

and the biomechanical parameters have a strong influence in the EMG or COP parame-

ter in the study (see appendix I). 

 5.4.1 BMI 

BMI values for the group of healthy subjects were correlated between each pa-

rameter. 

Regarding muscle activation, the BMI values of the subjects were correlated with 

EMG activation values, for each muscle in each task. There was not found any signifi-

cant correlation between this EMG parameter and BMI. However, it was noticed that 

the Spearman correlation coefficient was almost always positive. That means that the 

values in the evaluation are directly related to each other. When one value increases 

the other one in the other set of values in evaluation also increase. 

EMG frequencies for each muscle, in each range of frequency, along the nine 

tasks were also correlated to BMI values. For this EMG parameter it was also not found 

strong correlation between the values of frequencies and BMI. 

In concerning to COP parameters, the analysis of the correlation between each 

parameter, in each direction, along the nine tasks, with BMI values, does not show sig-

nificant correlations between them. Regarding COP frequencies, the same conclusions 

were taken, when analyzed the correlation values. 

All values for Spearman correlation (ρ) and p-values can be found in appendix I.  

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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 5.4.2 Age 

A similar analysis to BMI was done for age. The purpose was to verify if the age 

factor had a strong influence in EMG and COP parameters. 

Regarding muscle activation, it was not found a strong correlation between the 

muscle activation and age. However, some interesting founding was noticed.  

In almost every task, muscles in the abdominal wall, present a negative correla-

tion between the muscle and age values. That means that these two parameters are in-

directly related between them. When one value in one of the parameters increases, the 

other one in the other parameter decrease. 

EMG frequencies correlation analysis was not conclusive. Correlation analysis 

between this two set of values showed that there were not strong correlations between 

them. 

COP parameters analysis also showed not conclusive. COP parameters in both 

directions, as well the frequencies of COP displacement correlation not showed a 

strong correlation between the parameter in evaluation and the age of the subjects. 

All values for Spearman correlation (ρ) and p-values can be found in appendix I.  

 

5.5 Application of the protocol in clinical context – Ankylosing 

Spondylitis (AS) 

A group of 10 subjects with ankylosing spondylitis also participated in the study. 

The sample of subjects has characterized according to the acquisition questionnaire 

(see Table 5-9). 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Table 5-9 - Table representing the characterization of healthy subjects group. 

Sex Age Weight (kg) Height  

(m) 

Total 

Number 

of  

subjects 

Condition 

 

Female 

 

43 years 

 

53,4 kg 

 

1,53 m 

 

1 

 

AS 

Male Mean: 

 44,6 years 

 

Range:  

25 – 67 years 

 

Standard  

Deviation:  

14,5 years 

Mean:  

78,2 kg 

 

Range:  

68,7 – 83 kg 

 

 

Standard  

Deviation: 

 5,4 kg 

Mean:  

1,75 m 

 

Range:  

1,69 – 1,87 m 

 

Standard  

Deviation: 

0,06 m 

 

9 

 

AS  

(3 of them 

with the dis-

ease for more 

than 10 years)  

 

The group of subjects diagnosed with ankylosing spondylitis, present a mean age 

superior to the group of healthy subjects. This group is represented, almost exclusively 

by male subjects, unlike the group of healthy subjects.    

Using the Mann-Whitney test, it was possible to compare the healthy population 

described earlier, with a population that suffers from ankylosing spondylitis. Each pa-

rameter was evaluated and the comparison between populations was done.  

Regarding the mean value of muscle activation, it was noticed that between the 

muscles in the abdominal wall there was not found significant differences between the 

two populations (p > 0,05). However, in almost wall tasks significant differences were 

found between the muscles in the lower back of the two populations (p < 0,05). 

 

 

 

--------------------------------------------------------------------------------------------------------- 

* SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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In general, in the muscles inserted on the lower back, mean values and median 

values of the muscle activation in pathologic subjects are bigger when compared, with 

the same values in the healthy population (see appendix J).  

For example, it was noticed that regarding left Iliocostalis (IL) muscle, in the SEC 

task, the average of the mean values of muscular activation in the group of people with 

pathology (AS) increases about 4,84% when compared to the healthy population. The 

median value of this dataset also increases about 4,00% when compared with the 

group of healthy subjects (Figure 5.13).  

 

A scatter plot was also constructed to compare the two groups, where on the ab-

scissa axis the mean values of the muscle activation during rest for each subject in the 

group are represented, and on the ordinates axis the mean values of the muscle activa-

tion during the task for each subject in the group is represented (see appendix J).  

Analyzing this graphical representation, it was noticed that left and right Iliocos-

talis present a bigger dispersion of values in the group that present pathology when 

compared with the healthy group (see Figure 5.14). Concerning the other’s muscles it 

was not seen big differences between the two groups. 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  

Figure 5.13 - Boxplot representations of the mean value muscle activation for the task 

SEC*,  for the two population in the study (Healthy – healthy subjects and AS – Ankylosing 

Spondylitis. 
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Figure 5.14 - Scatter plot for SEC*, for left and right Iliocostalis. In blue is represented 

the healthy subjects and in yellow is represented the the subjects diagnosed with ankylosing 

spondylitis. 

  Analyzing the task SEC*, for the right Iliocostalis, it can be seen that the group 

of subjects that present pathology, present a bigger dispersion of values between them. 

On the other hand, the group of healthy subjects presents a set of values more similar 

between them. 

Regarding the frequencies of EMG arrays, in general, it was not found significant 

differences between the two populations along the all nine tasks. However, during 

rest, there was found some differences between the two groups (see appendix J). 

During rest, the muscles where were found more significant differences between 

the two groups, are left Iliocostalis and right Iliocostalis. In general, the frequencies in 

these muscles in the group of pathologic subjects, present a bigger mean and median 

values when compared with the group of healthy subjects.  

Despite the fact that the muscles that were referred above were the muscles that 

present the most significant changes between the two groups regarding rest frequen-

cies, the left and right Multifidus also present some significant differences (p < 0,05) 

regarding mean frequency and 80% of power spectrum frequency, respectively. In 

these, the mean and median values of the group of pathologic subjects also increase 

when compared with the group of healthy subjects. 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Speaking now about COP parameters, some interesting differences were noticed 

as well. 

When analyzed the two groups, in relation to COP’s amplitude in both direc-

tions, there was not found that many significant differences between them (see appen-

dix J). However, in two tasks, Mann-Whitney test identified some significant differ-

ences. Those tasks were RFEO* and LFEO*, in x and y directions respectively. 

For instance, in LFEO* the mean value increased 27,8mm when compared to the 

group of healthy subjects and increased 17,7mm regarding the median value, in rela-

tion to the group of healthy subjects. 

Standard deviation of COP signals analysis revealed that there were not signifi-

cant changes between the two groups when concerned to this parameter. The compari-

son between the two groups and the respective graphics and p-values can be consulted 

in appendix J.       

Regarding the mean velocity, there were not found many significant differences 

between the two groups, however, in some tasks, it can be seen some interesting com-

parisons (see appendix J).  

Concerning mean velocity of COP arrays in both directions it was noticed that in 

LFEO*, there were significant differences (p <0,05) between the two groups of subjects. 

Like it was mentioned before, the mean value and the median value of COP’s mean 

velocity in both direction of the group of healthy subjects, round the 0 mm/s. Howev-

er, in this task, this does not happen for the group of pathologic subjects. Regarding x 

direction, the mean value decreased 0,78 mm/s and the median value 0,77 mm/s when 

compared with the same values in the group of healthy subjects. In y direction, the 

mean value increased 0,92 mm/s and the median value increased 1,24 mm/s in rela-

tion to the non-pathologic subjects. 
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*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand. 
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Still concerning the mean velocity of COP signals, it was noticed that in the task 

SEO*, although there were not significant differences between the two groups, some 

discrepancies of values could be seen. In x direction, the mean value for the subjects 

with pathology increased 0,12 mm/s, and the median value 0,14 mm/s in relation with 

the subjects without pathology. In relation to y direction, the mean value decreased 

0,20 mm/s and the median value 0,29 mm/s. In pathologic subjects, the mean and me-

dian value of COP’s mean velocity is not 0 mm/s, like in non-pathologic subjects (see 

Figure 5.15 and 5.16). 

 

 

Figure 5.15 - Mean velocity in x direction for SEO*. Representation of both groups of 

subjects (Healthy, referring to the group of healthy subjects and AS, referring to the group 

with pathology). 

 

 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.16 - Mean velocity in y direction for SEO*. Representation of both groups of 

subjects (Healthy, referring to the group of healthy subjects and AS, referring to the group 

with pathology). 

  

  When analyzing the differences between the two groups, regarding total area 

displacement, it was noticed that only in one task, the groups were significantly differ-

ent between them (p < 0,05) (see appendix J). That task was LFEO*.  

In this task, the mean value of pathologic subjects increased about 720,73mm2 

and the median value increased about 823,69mm2, in relation to the group of subjects 

without pathology. 

On the topic of COP frequencies, it was noticed that the two groups of subjects 

do not have many significant differences between them (see appendix J). However, the 

tasks SEO* and SEC* present a significant difference between the two groups, regard-

ing mean frequency in both directions. 

In the case of SEO*, the mean frequency values of the group of subjects that have 

pathology decrease when compared with the group of healthy subject. Also, the CI at 

95% also decreases significantly (see Figure 4.17). 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Figure 5.17 - Mean frequency of COP signals in both directions for the task SEO*. A) 

Representation of boxplots for both groups in x direction; B) representation of both groups 

in y direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 --------------------------------------------------------------------------------------------------------- 

      *SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and 

eyes open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = 

One leg stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL 

= Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the sub-

ject dominant hand.  
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6. Results Discussion  

In this chapter, the most important results that were obtain will be discuss.  

The main goal of this study is to define the posture of a group of healthy subjects 

using EMG and posturography, nevertheless, a group of ankylosing spondylitis sub-

jects was also studied, in order to validate this goal.  

Although there is a lot of posturography studies done in order to compare a 

healthy population with a pathologic one, these studies are not yet standardized and 

their conclusions are not yet concordant with each other’s. Also, it is known that the 

musculoskeletal tissues have a very important role in maintaining a correct posture 

and permitting the correct movement of the human body during an outside destabili-

zation. However, there was not found studies that use EMG as an auxiliary study to 

posturography in order to analyze posture and equilibrium.  

 

   

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  

 

6. 2 
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Due to the reasons presented above, the comparison of this study with others 

done in the area has very difficult. Most of the studies only performed or posturogra-

phy or only EMG, so it was very difficult to associate both studies in one. As far as it is 

known, this is the first study that assesses extensively the posture, both at posturogra-

phy level as well as EMG level.  

The present study revealed interesting results, regarding the definition of posture 

in a group of healthy subjects, as well as regarding the comparison between healthy 

subjects and subjects with ankylosing spondylitis. And, although not many studies 

have been found that were similar to the present one, it was found some results that 

were concordant with the results of this study. 

Regarding the definition of posture in a group of healthy subjects, some results 

were found in the bibliography that corroborates the results obtained. 

Concerning to muscle activation, a study performed by O’Sullivan et al [28], 

demonstrated that during standing posture the anterior abdominal musculature has a 

very important role in the maintenance of this posture. This study referred also that the 

muscle that has the bigger contribution to maintaining the standing posture is the Rec-

tus Abdominis.  

On the results of this study, it can be noticed that during all the tasks, in a gen-

eral way, the Rectus Abdominis muscle have always a similar value for muscle activa-

tion. That means that, during the performance of all tasks, Rectus Abdominis is always 

active in the same way, in order to maintain the upright position and the correct posi-

tion of the torso.  

Still concerning to muscle activation, it was noticed that during the tasks SEO* 

and SEC* each muscle present a similar activation in both ways regarding the sagittal 

plane. It is important to refer, that this tasks, are the tasks that required that subjects 

stay with both feet on the ground during 30 seconds without moving. 

In these tasks, in the same muscle, the left and the right side are strongly corre-

lated between them, which propose that during these tasks the left and right side work 

together to maintain a correct and stable posture.  

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Regarding EMG frequencies, it was evaluated four ranges of frequencies: peak 

frequency, mean frequency, median frequency and, the frequency at 80 % of the power 

spectrum. 

Rectus Abdominis do not present significant differences between tasks, in all 

ranges of frequencies. That corroborates the statement done before, that Rectus Ab-

dominis have an important role in the maintenance of standing positions. On the other 

hand, the other muscles present different values between each task that was per-

formed. 

Regarding lower back muscles, it was noticed that existed differences in those 

tasks where the subjects were standing only with one foot, between those that have 

visual feedback (RFEO* and LFEO*) and those that do not have it (RFEC* and LFEC*). 

The fact of not having visual feedback brings impairments in postural control and 

causes more destabilization. Those tasks that do not have visual feedback, present a 

lower mean frequency when compared to those tasks that have visual feedback. 

Still regarding muscular frequency, it was noticed that each muscle have a signif-

icant difference in each task when compared to the rest position. During rest, the sub-

jects were lay down on a marquise and not performing any type of effort in torso mus-

cles. That said, it was confirmed that when performed any task in the protocol, the 

muscle activated and respond according to the needs that the subjects have to maintain 

a correct posture and to not suffering falls. 

Regarding COP analysis, some results also corroborate with some conclusions 

found on the bibliography. 

 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 

 *SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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 Rougier [65] concluded in his study that the fact of not having visual feedback 

on the performance of some kind of task during a postural control assessment pro-

vokes a bigger variety of COP displacements. That was also verified in the current 

study. The tasks that present a bigger variety of values, in almost every COP parameter 

analyzed, were those tasks that the subjects were supported only by one foot and their 

eyes were closed (RFEC* and LFEC*). Although the task of standing with both feet on 

the ground with eyes close (SEC*) is also a task without visual feedback, this variety of 

values is not so explicit in this task. The tasks RFEC* and LFEC* are tasks that provoke 

a bigger destabilization, when compared to SEC*, because of not having only one im-

pairment. These tasks have a double impairment: the fact of not having visual feedback 

and the fact of the support is only done by one foot. 

The fact of SEC* not having as much variety of values when compared to the 

other tasks that do not have visual feedback (RFEC* and LFEC*) is also confirmed by 

the bibliography. Bugnariu [54], performed a study and concluded that, when the sur-

face is static and do not have any destabilization on it, the somatosensory have a bigger 

role in maintaining the upright position, when compared to the visual system. And 

that is the case in this study. The subjects are placed on a stable support surface with 

both feet on the ground. 

In a general way, in almost all parameters, it was noticed that the tasks SEO* and 

SEC* do not have significant differences between them. This only proved the statement 

that was done before, that when having a stable surface and not having any more de-

stabilizations occurring, the visual feedback does not have a big importance in postural 

control. 

The following pairs of tasks do not have also, a significant difference between 

them: RFEO* with LFEO*, and RFEC* with LFEC*. In this case, can be concluded that 

performing the same task with the right or left foot do not have almost any difference 

regarding the data recorded.   

 

 

--------------------------------------------------------------------------------------------------------- 

 *SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Regarding COP parameters, the parameter that stands out more, when compared 

to all others is the mean velocity of COP displacement. It was noticed that this parame-

ter have similar values between all tasks. In all tasks, this parameter is very close to ze-

ro in both directions. 

Mean velocity is the mean value of COP velocity array. That means that during 

the performance of any task, the mean velocity is close to 0mm/s. During a postural 

control assessment, the human body pretends to stay in the same position and main-

tain a correct posture in order to not fall. And that is what is occurring when the mean 

velocity is close to zero. That means that, although the human body is suffering some 

destabilizations, it can maintain a correct posture and stay almost in the same position. 

The fact of mean velocity is close to zero proved that this group of healthy subjects can 

control their posture in a correct way.   

When concerning COP frequency, and according to the bibliography, the range 

of frequency that better represent COP changes regarding postural control is the fre-

quency at 80% of power spectrum [12]. This information is in agreement with the re-

sults obtained in this study. 

The frequency at 80% of the power spectrum is that one that presents more dif-

ferences between tasks, especially in the y direction. In these, the biggest differences 

can be noticed in those tasks that are only supported by one foot, between those that 

have visual feedback and those that do not have it. Those that do not have visual feed-

back present a bigger dispersion of data compared to those that have it. 

When analyzing the EMG parameters at the same time as the COP parameters, it 

can be conclude that a bigger COP displacement also brings a bigger muscle activation. 

It can be concluded that in order to compensate the disequilibrium the muscles activate 

and provoke a response to the outside stimulus. 

All the parameters described above were correlated with BMI and age. This 

analysis was not conclusive, due to the fact that strong correlation coefficients (ρ) were 

not found. 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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This weak correlation between the parameters and BMI and age could be due to 

the fact that the sample in the study was not very heterogeneous. The subjects had a 

very close age between each other, and their height and weight were also not very dis-

persed. 

Based on the bibliography, age and BMI have a strong influence in EMG and 

COP parameters. 

Regarding muscle activity, it was expected that this had a negative correlation 

with BMI or age. A bigger BMI can be associated with a bigger percentage of body fat, 

what can influence the EMG signal negatively. Age also contributes negatively to mus-

cle activation values. Age brings impairments in movement and to muscle activation, 

so it was expected a negative contribution of this parameter. The same thing was ex-

pected, regarding EMG frequency. It was expected that BMI and age had a negative 

contribution to frequency values. 

COP parameters, on the other hand, were expected that BMI and age had a posi-

tive contribution on these parameters. With aging, comes muscle weakness and diffi-

culties in maintaining the right posture. These provoke a greater range of values in 

COP parameters. BMI also can bring impairments in posture. As it was said before, the 

BMI is associated with a bigger weight, and that said bigger difficulties in maintaining 

the equilibrium.      

   The group of subjects diagnosed with ankylosing spondylitis was used in order 

to validate the analysis done before in a group of healthy subjects. Some relevant dif-

ferences could be found between both groups.  

About muscle activation, there was not found significant differences between 

Rectus Abdominis muscles. Like it was mentioned before, these muscles have a big 

role in the maintenance of upright standing position and it was concluded that this 

muscle works in the same way in the group of pathologic subjects. However, in the 

muscles inserted on the lower back, some significant differences were found, especially 

in Iliocostalis muscles. 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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In Iliocostalis muscles, it was noticed that the subjects presenting ankylosing 

spondylitis have bigger values of activation when compared to the group of healthy 

subjects. The same thing occurs in some task in Multifidus muscle, however, the differ-

ence is not so clear. Also regarding Iliocostalis, it was seen some significant differences 

between the two groups, concerning muscle frequency during rest. During rest, this 

muscle presents bigger values when compared to the same muscle in the group of 

healthy subjects.By the previous affirmation, it can be concluded Iliocostalis muscles in 

patients with ankylosing spondylitis, are more active during the tasks and also during 

rest position.   

The fact of not having a clear difference in Multifidus muscle could be explained 

by the fact that this muscle is not a superficial muscle and is very hard to capture his 

electromyographic signal with superficial electrodes [56]. 

Regarding COP parameters, it was not found that many significant differences 

between the two groups. In some tasks and some parameter, there was found some 

differences, however, there were not sufficient to say that the two groups are statisti-

cally different. 

Although there were not found statistical differences between the two groups in 

almost all parameters, mean velocity present some interesting results in the tasks of 

standing with both feet (SEO* and SEC*). 

In these tasks, it can be noticed that the value of mean velocity is not zero like in 

the subjects with any pathology. This may suggest that these subjects have difficulties 

in maintaining the upright standing positions and have more body sway when com-

pared to the healthy population. 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 

*SEO = Standing with eyes open; SEC = Standing with eyes close; RFEO = One leg stand, right leg and eyes 

open; RFEC = One leg stand, right leg and eyes close; LFEO = One leg stand, left leg and eyes open; LFEC = One leg 

stand, left leg and eyes close; RR = Reaching an object on the right side of the subject with his left hand; RL = 

Reaching an object on the left side of the subject with his right hand; RC = Reaching an object in front of the subject 

dominant hand.  
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Concerning COP frequencies, although it was said before that the range of fre-

quencies that better represent postural changes is the frequency at 80% of the power 

spectrum, there was not found significant changes between the two groups of subjects 

regarding this frequency range. Due to this fact it can be concluded that regarding COP 

frequencies the two groups are very similar to each other and there are not an im-

portant parameter in order to compare the two groups. 

By analyzing the results, it was possible to conclude that the analysis of EMG da-

ta was very important. Without this analysis, it would not be possible to distinguish 

the group of healthy subjects with the group that presented ankylosing spondylitis.  
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7. Conclusions and future 
perspectives  

 

 

The main goal of this project was to define the normal standing posture of a 

group of healthy subjects. In order to understand the posture was necessary to evalu-

ate electrophysiological parameters as well as biomechanical parameters. It was also 

possible to evaluate a group of subjects diagnosed with ankylosing spondylitis, in or-

der to compare with the healthy posture. 

For achieve the main goal of the project, an acquisition protocol was constructed. 

This protocol was approve by the Centro Hospitalar Lisboa Ocidental committee. 

The pursuit of the main aim it was only possible due to the construction of a set 

of steps that were completed: 

 Definition of the biomechanical and electrophysiological parameters to be 

analyzed; 

 Development of a protocol for the acquisition of biomechanical and phys-

iological parameters;  

 Acquisition of data in a sample of people without pathology; 

 Analysis of biomechanical and electrophysiological parameters and corre-

lation of demographic data;  

 Development of a clinically relevant normative database for a sample of 

subjects without pathology;  

 Elaboration of the posture profile of the person without pathology, in the 

standing positions; 

7. 2 
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 Having into account that there was not found much information about this sub-

ject, this project emerges as a necessity. It is also known there are many factors that can 

cause impairments in the postural control system, it is important to define what is 

normal in order to compare to an abnormal case. 

 Having this into account, the main goal of the protocol is to assess postural con-

trol changes and to evaluate how a healthy subject behaves in some abnormal situa-

tions. Based on the data collected through the protocol, some important parameters 

were evaluated. 

 There are unlimited applications, after the normal standing position is defined, 

and one of them is application in a clinical assessment in order to evaluate pathologies 

that bring impairments in postural control.  

The construction of a simple protocol and the use of low cost instruments can fa-

cility the use of this type of tests in clinical assessment of posture disturbances. Also, 

the fact of this test has a low duration can also facility the use of this type of test in a 

clinical context. This all protocol has a duration of about 30 minutes.   

 The bibliographic review in this topic turned out scarce. There are a lot of stud-

ies using posturography in order to compare two different groups or to evaluate a 

group with pathology with a group without pathology, however, there were not found 

any study that defines the normal standing position in a group of healthy subjects. 

Regarding EMG studies, some studies were found that evaluate the standing po-

sition, however there do not go much further into the subject, or the studies were not 

done in trunk muscles. Most of the studies are done in inferior members instated of the 

trunk muscles, even though is known that the trunk muscles have an important role in 

maintaining the upright standing position. 

It was also not found studies that correlate EMG data with posturographic data, 

so the comparison between this study with others was difficult. 

In the developing of this project it was noticed that the EMG analysis bring a 

great help in order to evaluate postural control changes. Muscle activity can give us the 

information about the muscles that have a bigger contribute to postural control and 

those that do not have. 

Regarding muscle activity, it was concluded that Rectus Abdominis have an im-

portant role in maintaining the torso in a correct position in order to maintain equilib-

rium and stability. The relation between the other muscles and postural control are not 

explicit. 
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This statement is proved by the analysis of a group of subjects with pathology. 

The major differences between the two groups are between muscle activities. Without 

EMG analysis there was not found major statistical differences between the two 

groups.  

During the development of this study, some impairment were found. One of 

those impairments is related to the sample of subjects in evaluation. The sample in 

evaluation has a mean age rounding 25 years old, and a standard deviation of 9,1 years 

old, so it was only possible to evaluate a very young group of subjects and define the 

normal posture for that range of age. Due to that impairment, the influence of aging in 

postural control was not conclusive. 

During the performance of the protocol, it was also possible to understand that 

the subjects diagnosed with ankylosing spondylitis had some difficulties in some parts 

of the protocol, especially on the performance of those tasks where the subjects had to 

stand only with one foot during 30 seconds. Most of the patients could not perform the 

task until the end because of pain, or just because they were not able to perform it. 

Another impairment that was found, was regarding the MVC performance. Like 

it was mentioned before, performing MVC tests in untrained subjects or pathologic 

subjects can cause some abnormal values. This was verified in some values, especially 

in external Obliques muscles. 

At last but not least, the EMG equipment. This study was conducted during 

summer, and because of that the correct placement of the electrodes along all the pro-

tocol has difficult. The electrodes sometimes disconnected from the human body con-

taminate the data that was recorded.    

Besides all the impairments encountered during the study, it was concluded that 

this project has some interesting results and the main goal was achieved. This theme 

has unlimited applications and can be even more developed. This type of test can be 

used in so many different pathologies that can bring impairments on the postural con-

trol system.  

For the future studies in this area some recommendations can be done.  

 As it has said before this protocol has a low duration, however this dura-

tion can be even lower. Tasks of reaching can be remove from the proto-

col, due to the fact that were not consider relevant. 

 One of the impairments of this study was the low range of ages in the 

sample. So for the future projects, the application of the protocol in a big-

ger range of ages must be done. 
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 Another improvement to the study has to do with the fact of the discon-

nection of the electrodes during the acquisition of data. To counter this 

gap, a kind of band that surrounds the acquisition location can be con-

structed in order to maintain the electrodes in place during the acquisi-

tion of data. 

 During the analysis of the data, some ideas come up. It was also interest-

ing to see the time of response of muscle activity and compare to time 

that was taken until the correspondent movement in COP displacement. 

It is interesting to see if a pathologic set of subjects have a bigger response 

time when compared to a healthy population.  

Regarding the present study, it can be concluded that the main goal of the study 

was achieved and the study revealed interesting results for the scientific community in 

general, and more specific for the postural control assessments.  

This study helped to define a normal posture in a group of healthy individual, 

but this is not the end of the road. There still are so many different analyses that can be 

done and so many different parameters that can be evaluated in order to better under-

stand postural control changes. This system has some many other systems evolved, 

that the analysis of all of them is very important to fully understand the postural con-

trol system. 

The present study comes as an incentive for further studies in this area, in order 

to obtain a better understanding of the postural control system.      
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Appendix A  

 

Questionário de Caracterização da Amostra 

 

 

O presente questionário tem como principal objectivo recolher informações para 

caracterizar a amostra de um estudo científico. Este estudo visa a definir o padrão 

normal da postura erecta. Os dados recolhidos são anónimos e serão usados exclusi-

vamente para a caracterização da amostra no presente estudo. 

 

 

Código: _______ (não preencher este campo) 

 

 

1. Idade: __________ anos 

 

2. Sexo:  □ Masculino  □ Feminino 

 

3. Altura: __________ m 

 

A 
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4. Peso: ___________ kg 

 

5. Nacionalidade: 

  □ Portuguesa 

 

  □ Outra  Qual?_______________________________ 

 

6. Habilitações literárias: _________________________  

 

7. Profissão:_____________________________________ 

 

8. Estado Civil: __________________________________ 

 

9. Mão dominante:________________________________ 
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Appendix B 

Consentimento Informado 

 

 

Folha de Informação 

 

Caro (a) Senhor (a), 

 

O meu nome é Ana Mendes do Departamento de Física e realizo o mestrado in-

tegrado em Engenharia Biomédica na Faculdade de Ciências e Tecnologia na Univer-

sidade Nova de Lisboa. Gostaria de pedir a sua colaboração para a concretização de 

um estudo de investigação sob o tema “Desenvolvimento de base normativa em pato-

logias do foro reumatológico baseado em posturografia e electromiografia”. Informo 

que para a realização deste estudo será necessário a recolha de imagens da secção 

em estudo, o tronco.  

 

 

Informo que a recolha de dados será feita na FCT-UNL, recorrendo ao equipa-

mento Biosignalsplux Kit/Plataforma de forças.  

B 
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Em qualquer momento do estudo é livre de desistir, se assim o pretender. Ao 

longo de todo este processo não receberá nada em troca, visto que a sua participação 

é voluntária. Gostaria de salientar que, com a sua colaboração, estará não só a contri-

buir para a realização deste projeto de investigação, mas também para um maior co-

nhecimento na área científica, promovendo o desenvolvimento de novas metodologias 

de prevenção e diagnóstico de alterações da postura, que poderão beneficiar a socie-

dade no futuro. 

 

Todos os dados recolhidos nas etapas anteriormente descritas serão anónimos 

e confidenciais e não serão publicadas quaisquer fotografias que permitam a sua iden-

tificação. 

 

Se existirem dúvidas sobre o preenchimento correto deste questionário, por fa-

vor contacte 212948576. 

 

Confirmo que expliquei à pessoa abaixo indicada, de forma adequada e inteligí-

vel, os procedimentos necessários ao ato referido neste documento. Respondi a todas 

as questões que me foram colocadas e assegurei-me de que houve um período de 

reflexão suficiente para a tomada da decisão.  

 

 (Assinatura legível)   

____________________________________________________ 

 Data: …../…../….. 

 

 

Ao Participante  

 

Por favor, leia com atenção todo o conteúdo deste documento. Não hesite em 

solicitar mais informações se não estiver completamente esclarecido(a). Verifique se 
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todas as informações estão corretas. Se tudo estiver conforme, então, assine este do-

cumento. 

  

Declaro ter compreendido os objectivos que me foram propostos e explicados. 

Foi-me concedida a oportunidade de esclarecer todas as dúvidas sobre o assunto e 

para todas elas obtive uma resposta esclarecedora. Tive tempo suficiente para refletir 

sobre esta proposta, pelo que declaro que autorizo/Não autorizo (riscar o que não inte-

ressa) o ato indicado, bem como os procedimentos diretamente relacionados que se-

jam necessários no meu próprio interesse e justificados por razões fundamentadas. 

 

(Assinatura legível)   

____________________________________________________ 

 Data: …../…../….. 

 
 
 

Consentimento Informado 

 

 

Folha de Informação 

 

Caro (a) Senhor (a), 

 

O meu nome é Ana Mendes do Departamento de Física e realizo o mestrado in-

tegrado em Engenharia Biomédica na Faculdade de Ciências e Tecnologia na Univer-

sidade Nova de Lisboa. Gostaria de pedir a sua colaboração para a concretização de 

um estudo de investigação sob o tema “Desenvolvimento de base normativa em pato-

logias do foro reumatológico baseado em posturografia e electromiografia”, que se en-

contra inserido no projecto MyoSpa. Informo que para a realização deste projecto será 

necessário a recolha de imagens da secção em estudo, o tronco.  
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Informo que a recolha de dados será feita no CEDOC (Centro de Estudos de 

Doenças Crónicas) da Faculdade de Ciências Médicas da Universidade Nova de Lis-

boa, recorrendo ao equipamento Biosignalsplux Kit/Plataforma de forças.  

 

Em qualquer momento do estudo é livre de desistir, se assim o pretender. Ao 

longo de todo este processo não receberá nada em troca, visto que a sua participação 

é voluntária. Gostaria de salientar que, com a sua colaboração, estará não só a contri-

buir para a realização deste projeto de investigação, mas também para um maior co-

nhecimento na área científica, promovendo o desenvolvimento de novas metodologias 

de prevenção e diagnóstico de alterações da postura, que poderão beneficiar a socie-

dade no futuro. 

 

Todos os dados recolhidos nas etapas anteriormente descritas serão anónimos 

e confidenciais e não serão publicadas quaisquer fotografias que permitam a sua iden-

tificação. 

 

Se existirem dúvidas sobre o preenchimento correto deste questionário, por fa-

vor contacte 212948576. 

 

Confirmo que expliquei à pessoa abaixo indicada, de forma adequada e inteligí-

vel, os procedimentos necessários ao ato referido neste documento. Respondi a todas 

as questões que me foram colocadas e assegurei-me de que houve um período de 

reflexão suficiente para a tomada da decisão.  

 

 (Assinatura legível)   

____________________________________________________ 

 Data: …../…../….. 

 

 

Ao Participante  
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Por favor, leia com atenção todo o conteúdo deste documento. Não hesite em 

solicitar mais informações se não estiver completamente esclarecido(a). Verifique se 

todas as informações estão corretas. Se tudo estiver conforme, então, assine este do-

cumento. 

  

Declaro ter compreendido os objectivos que me foram propostos e explicados. 

Foi-me concedida a oportunidade de esclarecer todas as dúvidas sobre o assunto e 

para todas elas obtive uma resposta esclarecedora. Tive tempo suficiente para refletir 

sobre esta proposta, pelo que declaro que autorizo/Não autorizo (riscar o que não inte-

ressa) o ato indicado, bem como os procedimentos diretamente relacionados que se-

jam necessários no meu próprio interesse e justificados por razões fundamentadas. 

 

(Assinatura legível)   

____________________________________________________ 

 Data: …../…../….. 
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Appendix C 
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Appendix D 

Spearman correlation coefficient (ρ) between tasks for each muscle in 

evaluation.  

 

D 1-6 – Correlation coefficient (ρ) between each task, for each muscle in evaluation. 

**p-value < 0,05.   

 

Right Obliques 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 1         

 SEC 0,96 ** 1        

 RFEO 0,87 ** 0,87 ** 1       

 RFEC 0,80 ** 0,76 ** 0,84 ** 1      

(ρ) LFEO 0,72 ** 0,70 ** 0,77 ** 0,80 ** 1     

 LFEC 0,47 ** 0,42 ** 0,48 ** 0,65 ** 0,70 ** 1    

 RR 0,89 ** 0,87 ** 0,82 ** 0,83 ** 0,76 ** 0,55 ** 1   

 RL 0,78 ** 0,76 ** 0,69 ** 0,70 ** 0,69 ** 0,53 ** 0,77 ** 1  

 RC 0,91 ** 0,89 ** 0,83 ** 0,81 ** 0,76 ** 0,50 ** 0,87 ** 0,82 ** 1 

D 
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Left Obliques 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 
1         

 SEC 
0,99 ** 1        

 RFEO 
0,88 ** 0,87 ** 1       

 RFEC 
0,69 ** 0,71 ** 0,82 ** 1      

(ρ) LFEO 
0,86 **  0,85 ** 0,85 ** 0,79 ** 1     

 LFEC 
0,67 ** 0,65 ** 0,72 ** 0,74 ** 0,81 ** 1    

 RR 
0,83 ** 0,82 ** 0,75 ** 0,69 ** 0,87 ** 0,74 ** 1   

 RL 
0,91 ** 0,90 ** 0,82 ** 0,73 ** 0,93 ** 0,75 ** 0,89 ** 1  

 RC 0,86 ** 0,88 ** 0,76 ** 0,71 ** 0,88 ** 0,78 ** 0,87 ** 0,92 ** 1 

Right Iliocostalis 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 
1         

 SEC 
0,97 ** 1        

 RFEO 
0,79 ** 0,78 ** 1       

 RFEC 
0,61 ** 0,64 ** 0,85 ** 1      

(ρ) LFEO 
0,79 ** 0,73 ** 0,76 ** 0,55 ** 1     

 LFEC 
0,68 ** 0,66 ** 0,50 ** 0,41 ** 0,69 ** 1    

 RR 
0,70 ** 0,69 ** 0,70 ** 0,57 ** 0,69 ** 0,54 ** 1   

 RL 
0,73 ** 0,70 ** 0,72 ** 0,60 ** 0,64 ** 0,45 ** 0,82 ** 1  

 RC 0,67 ** 0,68 ** 0,65 ** 0,57 ** 0,57 ** 0,45 ** 0,77 ** 0,85 ** 1 
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Left Iliocostalis 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 
1         

 SEC 
0,98 ** 1        

 RFEO 
0,86 ** 0,84 ** 1       

 RFEC 
0,63 ** 0,63 ** 0,68 ** 1      

(ρ) LFEO 
0,75 ** 0,75 ** 0,69 ** 0,62 ** 1     

 LFEC 
0,69 ** 0,74 ** 0,65 ** 0,65 ** 0,79 ** 1    

 RR 
0,66 ** 0,62 ** 0,66 ** 0,53 ** 0,58 ** 0,60 ** 1   

 RL 
0,76 ** 0,70 ** 0,72 ** 0,48 ** 0,53 ** 0,53 ** 0,80 ** 1  

 RC 0,61 ** 0,60 ** 0,56 ** 0,51 ** 0,49 ** 0,60 ** 0,71 ** 0,74 ** 1 

Right Multifudus 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 1         

 SEC 0,94 ** 1        

 RFEO 0,74 ** 0,71 ** 1       

 RFEC 0,67 ** 0,70 ** 0,75 ** 1      

(ρ) LFEO 0,59 ** 0,60 ** 0,53 ** 0,58 ** 1     

 LFEC 0,63 ** 0,66 ** 0,31 0,41 ** 0,68 ** 1    

 RR 0,66 ** 0,71 ** 0,46 ** 0,33 ** 0,58 ** 0,47 ** 1   

 RL 0,71 ** 0,73 ** 0,69 ** 0,56 ** 0,62 ** 0,44 ** 0,80 **   

 RC 0,76 ** 0,75 ** 0,55 ** 0,34 ** 0,50 ** 0,53 ** 0,81 ** 0,74 ** 1 
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Left Multifudus 

  SEO SEC RFEO RFEC LFEO LFEO RR RL RC 

 SEO 
1         

 SEC 
0,96 ** 1        

 RFEO 
0,84 ** 0,84 ** 1       

 RFEC 
0,58 ** 0,55 ** 0,79 ** 1      

(ρ) LFEO 
0,87 ** 0,83 ** 0,78 ** 0,67 ** 1     

 LFEC 
0,78 ** 0,80 ** 0,72 ** 0,61 ** 0,83 ** 1    

 RR 
0,83 ** 0,86 ** 0,79 ** 0,60 ** 0,78 ** 0,78 ** 1   

 RL 
0,84 ** 0,76 ** 0,81 ** 0,69 ** 0,80 ** 0,69 ** 0,76 ** 1  

 RC 0,72 ** 0,76 ** 0,67 ** 0,49 ** 0,63 ** 0,64 ** 0,78 ** 0,74 ** 1 
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Appendix E 

In this chapter, spearman correlation coefficient (ρ) between muscles for 

each task performed.  

 

Table E 1-7 – Correlation coefficient (ρ) between each task, during the performance of 

the task in evaluation. **p-value < 0,05 

 

 

RFEO 

 ReL ReR OL OR IL IR ML MR 
 
 
 
(ρ) 

ReL 1        

ReR 0,68 ** 1       

OL 0,43 ** 0,24 1      

OR 0,24 0,16 0,56 ** 1     

IL 0,06 0,19 0,07 0,04 1    

IR -0,14 0,07 0,11 0,14 0,69 ** 1   

ML -0,03 0,19 -0,03 0,04 0,73 ** 0,51 ** 1  

MR 0,39 ** 0,36 ** 0,13 -0,05 0,50 ** 0,28 0,65 ** 1 

 

E 
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RFEC 

 ReL ReR OL OR IL IR ML MR 
 
 
 
(ρ) 

ReL 1        

ReR 0,73 ** 1       

OL 0,64 ** 0,53 ** 1      

OR 0,39 ** 0,29 0,73 ** 1     

IL 0,27 0,32 ** 0,30 0,23 1    

IR 0,11 0,23 0,30 0,31 0,69 ** 1   

ML 0,24 0,34 ** 0,26 0,16 0,59 ** 0,53 ** 1  

MR 0,57 ** 0,46 ** 0,54 ** 0,24 0,53 ** 0,47 ** 0,61 ** 1 

 

LFEO 

 ReL ReR OL OR IL IR ML MR 
 
 
 
(ρ) 

ReL 1        

ReR 0,64 ** 1       

OL 0,39 ** 0,40 ** 1      

OR 0,19 0,27 0,64 ** 1     

IL 0,02 0,30 0,23 0,12 1    

IR -0,07 0,15 0,22 0,09 0,44 ** 1   

ML 0,06 0,22 0,17 0,10 0,36 ** 0,46 ** 1  

MR -0,03 0,16 0,16 -0,16 0,18 0,55 ** 0,38 ** 1 

 

LFEC 

 ReL ReR OL OR IL IR ML MR 

 
 
 
(ρ) 

ReL 1        

ReR 0,62 ** 1       

OL 0,42 ** 0,42 ** 1      

OR 0,15 0,23 0,60 ** 1     

IL 0,08 0,27 0,26 0,17 1    

IR 0,10 0,28 0,12 0,19 0,39 ** 1   

ML 0,19 0,27 0,07 0,07 0,35 ** 0,41 ** 1  

MR 0,16 0,32 ** 0,31 0,19 0,41 ** 0,63 ** 0,39 ** 1 
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RR 

 ReL ReR OL OR IL IR ML MR 
 
 
 
(ρ) 

ReL 1        

ReR 0,66 ** 1       

OL 0,42 ** 0,31 1      

OR 0,35 ** 0,21 0,60 ** 1     

IL 0,00 0,17 0,08 -0,05 1    

IR -0,04 0,16 0,16 0,03 0,66 ** 1   

ML 0,31 0,39 ** 0,34 ** 0,21 0,68 ** 0,60 ** 1  

MR 0,13 0,27 0,30 0,07 0,50 ** 0,58 ** 0,57 ** 1 

 

RL 

 ReL ReR OL OR IL IR ML MR 

 
 
 
(ρ) 

ReL 1        

ReR 0,56 ** 1       

OL 0,46 ** 0,24 1      

OR 0,26 0,13 0,65 ** 1     

IL -0,04 0,12 0,06 0,09 1    

IR 0,01 0,13 0,07 0,08 0,64 ** 1   

ML 0,29 0,22 0,15 0,11 0,63 ** 0,58 ** 1  

MR 0,29 0,26 0,26 0,16 0,42 ** 0,59 ** 0,65 ** 1 

 

RC 

 ReL ReR OL OR IL IR ML MR 

 
 
 
(ρ) 

ReL 1        

ReR 0,58 ** 1       

OL 0,50 ** 0,35 ** 1      

OR 0,40 ** 0,18 0,72 ** 1     

IL -0,11 -0,04 -0,01 0,21 1    

IR 0,02 0,14 0,14 0,13 0,62 ** 1   

ML 0,15 0,21 0,16 0,25 0,58 ** 0,47 ** 1  

MR 0,30 0,28 0,44 ** 0,31 0,41 ** 0,61 ** 0,58 ** 1 
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Figure F.1 – Boxplot representation and p-values between tasks for peak frequency of 

right Rectus Abdominis. 

 

Appendix F 

In this chapter the analysis of EMG frequency for each muscle and for 

each range of frequency, along the nine tasks, for a group of healthy subjects 

will be presented.  
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Figure F.2 – Boxplot representation and p-values between tasks for mean frequency of 

right Rectus Abdominis. 
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Figure F.3 – Boxplot representation and p-values between tasks for median frequency 

of right Rectus Abdominis. 

Figure F.4 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of right Rectus Abdominis. 
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Figure F.5 – Boxplot representation and p-values between tasks for mean frequency of 

left Rectus Abdominis. 
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Figure F.6 – Boxplot representation and p-values between tasks for median frequency 

of left Rectus Abdominis. 

Figure F.7 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of left Rectus Abdominis. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Left Rectus Abdominis 



108 

 

Figure F.8 – Boxplot representation and p-values between tasks for peak frequency of 

right External Obliques. 
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Figure F.9 – Boxplot representation and p-values between tasks for mean frequency of 

right External Obliques. 

Figure F.10 – Boxplot representation and p-values between tasks for median frequency 

of right External Obliques. 
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Figure F.11 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of right External Obliques. 
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Figure F.12 – Boxplot representation and p-values between tasks for  peak frequency 

of left External Obliques. 

Figure F.13 – Boxplot representation and p-values between tasks for  mean frequency 

of left External Obliques. 
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Figure F.14 – Boxplot representation and p-values between tasks for median frequency 

of left External Obliques. 
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Figure F.15 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of left External Obliques. 

Figure F.16 – Boxplot representation and p-values between tasks for peak frequency of 

right Iliocostalis. 
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Figure F.17 – Boxplot representation and p-values between tasks for mean frequency 

of right Iliocostalis. 
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Figure F.18 – Boxplot representation and p-values between tasks for meadian frequen-

cy of right Iliocostalis. 

Figure F.19 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of right Iliocostalis. 
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Figure F.20 – Boxplot representation and p-values between tasks for peak frequency of 

left Iliocostalis. 
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Figure F.21 – Boxplot representation and p-values between tasks for mean frequency 

of left Iliocostalis. 

Figure F.22 – Boxplot representation and p-values between tasks for median frequency 

of left Iliocostalis. 
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Figure F.23 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of left Iliocostalis. 
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Figure F.24 – Boxplot representation and p-values between tasks for peak frequency of 

right Multifidus. 

Figure F.25 – Boxplot representation and p-values between tasks for mean frequency 

of right Multifidus. 
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Figure F.26 – Boxplot representation and p-values between tasks for median frequency 

of right Multifidus. 
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Figure F.27 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of right Multifidus. 

Figure F.28 – Boxplot representation and p-values between tasks for peak frequency of 

left Multifidus. 
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Figure F.29 – Boxplot representation and p-values between tasks for mean frequency 

of left Multifidus. 
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Figure F.30 – Boxplot representation and p-values between tasks for median frequency 

of left Multifidus. 

Figure F.31 – Boxplot representation and p-values between tasks for frequency at 80% 

of power spectrum of left Multifidus. 
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Appendix G 

In this chapter, the analysis regarding COP parameters along the nine 

tasks, for a group of healthy subjects will be presented. 
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Figure G.1 – Boxplot representation and p-values between tasks for COP’s Amplitude 

in X direction. 

Figure G.2 – Boxplot representation and p-values between tasks for COP’s Amplitude 

in Y direction. 
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Figure G.3 – Boxplot representation and p-values between tasks for COP’s standard 

deviation in X direction. 
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Figure G.4 – Boxplot representation and p-values between tasks for COP’s standard 

deviation in Y direction. 
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Figure G.5 – Boxplot representation and p-values between tasks for COP’s mean ve-

locity in X direction. 
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Figure G.6 – Boxplot representation and p-values between tasks for COP’s mean ve-

locity in Y direction. 
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Figure G.7 – Boxplot representation and p-values between tasks for COP’s total area 

displacement. 
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Appendix H 

In this chapter the analysis of COP frequencies along all the nine tasks will 

be presented, for a group of healthy subjects. 
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Figure H.1 – Boxplot representation and p-values between tasks for COP’s peak fre-

quency of the displacement in X direction. 

Figure H.2 – Boxplot representation and p-values between tasks for COP’s peak fre-

quency of the displacement in Y direction. 
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Figure H.3 – Boxplot representation and p-values between tasks for COP’s mean fre-

quency of the displacement in X direction. 
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Figure H.4 – Boxplot representation and p-values between tasks for COP’s mean fre-

quency of the displacement in Y direction. 
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Figure H.5 – Boxplot representation and p-values between tasks for COP’s median 

frequency of the displacement in X direction. 
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Figure H.6 – Boxplot representation and p-values between tasks for COP’s median 

frequency of the displacement in Y direction. 
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Figure H.7 – Boxplot representation and p-values between tasks for COP’s 80% of 

power spectrum of the displacement in X direction. 
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Figure H.8 – Boxplot representation and p-values between tasks for COP’s 80% of 

power spectrum of the displacement in Y direction. 
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Appendix I  

In this chapter it will be found the spearman correlation coefficient (ρ) and the 

respective p-value between the BMI/Age and every EMG and COP paramenter for a 

group of healthy subjects. 

First will be presented the correlation between the BMI and the EMG and COP 

parameters, and second the correlation between the same parameters and age. 

Next it is presented the description of the tasks performed along the protocol, 

and the muscles in evaluation. 

Tasks: 

 SEO = Standing with eyes open;  

 SEC = Standing with eyes close;  

 RFEO = One leg stand, right leg and eyes open;  

 RFEC = One leg stand, right leg and eyes close;  

 LFEO = One leg stand, left leg and eyes open;  

 LFEC = One leg stand, left leg and eyes close;  

 RR = Reaching an object on the right side of the subject with his left hand; 

 RL = Reaching an object on the left side of the subject with his right hand; 

 RC = Reaching an object in front of the subject dominant hand.  
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Muscles: 

 ReR = Rectus Abdominis Right;  

 ReL = Rectus Abdominis Left;  

 OR = External Obliques Right;  

 OL = External Obliques Left;  

 IR = Iliocostalis Right;  

 IL = Iliocostalis Left;  

 MR = Multifidus Right;  

 ML= Multifidus Left. 
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I.1 – Spearman Correlation between BMI and EMG and COP parameters 
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Table I.1.1 – Spearman correlation coefficient between BMI values and the mean val-

ue of muscle activation, for a group of healthy subjects.  
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Table I.1.2 – Spearman correlation coefficient between BMI values and Peak fre-

quency of EMG signal, for a group of healthy subjects.  
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Table I.1.3 – Spearman correlation coefficient between BMI values and Mean fre-

quency of EMG signal, for a group of healthy subjects.  
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Median Frequency of EMG  
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Table I.1.4 – Spearman correlation coefficient between BMI values and Median fre-

quency of EMG signal, for a group of healthy subjects.  
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Table I.1.5 – Spearman correlation coefficient between BMI values and frequency at 

80% of power spectrum of EMG signal, for a group of healthy subjects.  
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Table I.1.6 – Spearman correlation coefficient between BMI values and COP parame-

ters, for a group of healthy subjects.  
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Frequency at 80% of power spectrum of EMG  
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Table I.1.7 – Spearman correlation coefficient between BMI values and COP frequen-

cies, for a group of healthy subjects. Peak frequency in both directions (Peak X and Peak Y), 

mean frequency in both directions (Mean X and Mean Y), median frequency in both direc-

tions (Median X and Median Y), and Frequency at 80% of power spectrum in both direc-

tions (80% X and 80% Y) 
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I.2 – Spearman Correlation between age and EMG and COP parameters 
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Table I.2.1 – Spearman correlation coefficient between age values and the mean value 

of muscle activation, for a group of healthy subjects.  
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Table I.2.2 – Spearman correlation coefficient between BMI values and Peak fre-

quency of EMG signal, for a group of healthy subjects.  
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Table I.2.3 – Spearman correlation coefficient between BMI values and Mean fre-

quency of EMG signal, for a group of healthy subjects.  
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Table I.2.4 – Spearman correlation coefficient between BMI values and Median fre-

quency of EMG signal, for a group of healthy subjects.  
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Table I.2.5 – Spearman correlation coefficient between BMI values and frequency at 

80% of power spectrum of EMG signal, for a group of healthy subjects.  
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Table I.2.6 – Spearman correlation coefficient between BMI values and COP parame-

ters, for a group of healthy subjects.  
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Table I.2.7 – Spearman correlation coefficient between BMI values and COP frequen-

cies, for a group of healthy subjects. Peak frequency in both directions (Peak X and Peak Y), 

mean frequency in both directions (Mean X and Mean Y), median frequency in both direc-

tions (Median X and Median Y), and Frequency at 80% of power spectrum in both direc-

tions (80% X and 80% Y) 
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Appendix J  

In this chapter the results regarding the analysis between the two groups that 

participated on the study, will be presented. First the analysis regarding muscle activa-

tion and muscle frequency along all the nine tasks, and then the analysis regarding 

COP parameters, such as amplitude, standard deviation of COP signals, mean velocity, 

area and COP frequencies.   

 

J.1 - Muscle Activation 

  

J 
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J.2 - Muscle Activation during the task VS Muscle activation during rest 

 

 

 

SEO 

a) 

b) 
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c) 

d) 

Figure J.2.1 – Mean value of muscle activation during SEO (Standing Eyes Open) 

task versus mean value of muscle activation during rest. a) Rectus Abdominis Muscles; 

b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

SEC 
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d) 

Figure J.2.2 – Mean value of muscle activation during SEC (Standing Eyes Close) 

task versus mean value of muscle activation during rest. a) Rectus Abdominis Muscles; 

b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

RFEO 

a) 

b) 
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c) 

d) 

Figure J.2.3 – Mean value of muscle activation during RFEO (Right Foot Eyes 

Open) task versus mean value of muscle activation during rest. a) Rectus Abdominis 

Muscles; b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 
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RFEC 

a) 

b) 

c) 
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d) 

Figure J.2.4 – Mean value of muscle activation during RFEC (Right Foot Eyes 

Close) task versus mean value of muscle activation during rest. a) Rectus Abdominis 

Muscles; b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

LFEO 

a) 

b) 
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c) 

d) 

Figure J.2.5 – Mean value of muscle activation during LFEO (Left Foot Eyes 

Open) task versus mean value of muscle activation during rest. a) Rectus Abdominis 

Muscles; b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

LFEC 

a) 
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b) 

c) 

d) 

Figure J.2.6 – Mean value of muscle activation during LFEC (Left Foot Eyes 

Close) task versus mean value of muscle activation during rest. a) Rectus Abdominis 

Muscles; b) External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 
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RR 

a) 

b) 

c) 
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d) 

Figure J.2.7 – Mean value of muscle activation during RR (Reach Right) task ver-

sus mean value of muscle activation during rest. a) Rectus Abdominis Muscles; b) Ex-

ternal Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

RL 

a) 

b) 
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c) 

d) 

Figure J.2.8 – Mean value of muscle activation during RL (Reach Left) task ver-

sus mean value of muscle activation during rest. a) Rectus Abdominis Muscles; b) Ex-

ternal Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 

RC 

a) 
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b) 

c) 

d) 

Figure J.2.9 – Mean value of muscle activation during RC (Reach Center) task 

versus mean value of muscle activation during rest. a) Rectus Abdominis Muscles; b) 

External Obliques Muscles; c) Iliocostalis Muscles; d) Multifidus Muscles. 
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J.3 – EMG Frequency during rest 

 

 

 

 

 

Peak Frequency 

a) 

b) 
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f) 

g) 

h) 

Figure J.3.1 – Peak frequency during rest for each muscle in evaluation. a) Right 

Rectus Abdominis; b) Left Rectus Abdominis; c) Right External Obliques; d) Left Ex-

ternal Obliques; e) Right Iliocostalis; f) Left Iliocostalis; g) Right Multifidus; h) Left 

Multifidus.  
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Mean Frequency 

a) 

b) 

c) 



183 
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Figure J.3.2 – Mean frequency during rest for each muscle in evaluation. a) Right 

Rectus Abdominis; b) Left Rectus Abdominis; c) Right External Obliques; d) Left Ex-

ternal Obliques; e) Right Iliocostalis; f) Left Iliocostalis; g) Right Multifidus; h) Left 

Multifidus.  

g) 

h) 
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Median Frequency 

a) 
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Figure J.3.3 – Median frequency during rest for each muscle in evaluation. a) 

Right Rectus Abdominis; b) Left Rectus Abdominis; c) Right External Obliques; d) Left 

External Obliques; e) Right Iliocostalis; f) Left Iliocostalis; g) Right Multifidus; h) Left 

Multifidus.  

f) 

g) 

h) 
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Frequency at 80% of power spectrum 
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Figure J.3.4 – Frequency at 80% of power spectrum during rest for each muscle in 

evaluation. a) Right Rectus Abdominis; b) Left Rectus Abdominis; c) Right External 

Obliques; d) Left External Obliques; e) Right Iliocostalis; f) Left Iliocostalis; g) Right 

Multifidus; h) Left Multifidus.  

g) 

h) 
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J.4 – COP Parameters 
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Figure J.4.1 – COP parameters evaluation during SEO (Standing Eyes Open) 

task. a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s 

standard deviation in X direction; d) COP’s standard deviation in Y direction; e) Mean 

Velocity of COP displacement in X direction; f) Mean Velocity of COP displacement in 

Y direction; g) Area of COP displacement.  

f) 

g) 
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Figure J.4.2 – COP parameters evaluation during SEC (Standing Eyes Close) task. 

a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s stand-

ard deviation in X direction; d) COP’s standard deviation in Y direction; e) Mean Ve-

locity of COP displacement in X direction; f) Mean Velocity of COP displacement in Y 

direction; g) Area of COP displacement.  

f) 

g) 
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Figure J.4.3 – COP parameters evaluation during RFEO (Right Foot Standing 

Eyes Open) task. a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; 

c) COP’s standard deviation in X direction; d) COP’s standard deviation in Y direction; 

e) Mean Velocity of COP displacement in X direction; f) Mean Velocity of COP dis-

placement in Y direction; g) Area of COP displacement.  

g) 

RFEC 

a) 
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e) 

f) 

g) 

Figure J.4.4 – COP parameters evaluation during RFEC (Right Foot Standing 

Eyes Close) task. a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; 

c) COP’s standard deviation in X direction; d) COP’s standard deviation in Y direction; 

e) Mean Velocity of COP displacement in X direction; f) Mean Velocity of COP dis-

placement in Y direction; g) Area of COP displacement.  
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LFEC 

a) 

Figure J.4.5 – COP parameters evaluation during LFEO (Left Foot Eyes Open) 

task. a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s 

standard deviation in X direction; d) COP’s standard deviation in Y direction; e) Mean 

Velocity of COP displacement in X direction; f) Mean Velocity of COP displacement in 

Y direction; g) Area of COP displacement.  

g) 
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Figure J.4.6 – COP parameters evaluation during LFEC (Left Foot Standing Eyes 

Close) task. a) COP’s amplitude in X direction; b) COP’s amplitude in Y direction; c) 

COP’s standard deviation in X direction; d) COP’s standard deviation in Y direction; e) 

Mean Velocity of COP displacement in X direction; f) Mean Velocity of COP dis-

placement in Y direction; g) Area of COP displacement.  

g) 
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Figure J.4.7 – COP parameters evaluation during RR (Reach Right) task. a) COP’s 

amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s standard devia-

tion in X direction; d) COP’s standard deviation in Y direction; e) Mean Velocity of 

COP displacement in X direction; f) Mean Velocity of COP displacement in Y direc-

tion; g) Area of COP displacement.  

g) 

RL 

a) 
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Figure J.4.8 – COP parameters evaluation during RL (Reach Left) task. a) COP’s 

amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s standard devia-

tion in X direction; d) COP’s standard deviation in Y direction; e) Mean Velocity of 

COP displacement in X direction; f) Mean Velocity of COP displacement in Y direc-

tion; g) Area of COP displacement.  

e) 

f) 

g) 
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Figure J.4.9 – COP parameters evaluation during RC (Reach Center) task. a) 

COP’s amplitude in X direction; b) COP’s amplitude in Y direction; c) COP’s standard 

deviation in X direction; d) COP’s standard deviation in Y direction; e) Mean Velocity 

of COP displacement in X direction; f) Mean Velocity of COP displacement in Y direc-

tion; g) Area of COP displacement.  

f) 

g) 
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J.5 – COP Frequencies 
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Figure J.5.1 – COP frequencies evaluation during SEO (Standing Eyes Open) 

task. a) Peak frequency of COP displacement in both directions; b)Mean frequency of 

COP displacement in both directions; c) Median frequency of COP displacement in 

both directions; d) Frequency at 80% of power spectrum of COP displacement in both 

directions.  

c) 

d) 
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d) 

Figure J.5.2 – COP frequencies evaluation during SEC (Standing Eyes Close) 

task. a) Peak frequency of COP displacement in both directions; b)Mean frequency of 

COP displacement in both directions; c) Median frequency of COP displacement in 

both directions; d) Frequency at 80% of power spectrum of COP displacement in both 

directions.  
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Figure J.5.3 – COP frequencies evaluation during RFEO (Right Foot Standing 

Eyes Open) task. a) Peak frequency of COP displacement in both directions; b)Mean 

frequency of COP displacement in both directions; c) Median frequency of COP dis-

placement in both directions; d) Frequency at 80% of power spectrum of COP dis-

placement in both directions.  

d) 

RFEC 

a) 
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Figure J.5.4 – COP frequencies evaluation during RFEC (Right Foot Standing 

Eyes Close) task. a) Peak frequency of COP displacement in both directions; b)Mean 

frequency of COP displacement in both directions; c) Median frequency of COP dis-

placement in both directions; d) Frequency at 80% of power spectrum of COP dis-

placement in both directions.  

b) 

c) 

d) 
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Figure J.5.5 – COP frequencies evaluation during LFEO (Left Foot Standing Eyes 

Open) task. a) Peak frequency of COP displacement in both directions; b)Mean fre-

quency of COP displacement in both directions; c) Median frequency of COP dis-

placement in both directions; d) Frequency at 80% of power spectrum of COP dis-

placement in both directions.  

d) 

LFEC 

a) 
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Figure J.5.6 – COP frequencies evaluation during LFEC (Left Foot Standing Eyes 

Close) task. a) Peak frequency of COP displacement in both directions; b)Mean fre-

quency of COP displacement in both directions; c) Median frequency of COP dis-

placement in both directions; d) Frequency at 80% of power spectrum of COP dis-

placement in both directions.  

d) 

RR 

a) 
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Figure J.5.7 – COP frequencies evaluation during RR (Reach Right) task. a) Peak 

frequency of COP displacement in both directions; b)Mean frequency of COP dis-

placement in both directions; c) Median frequency of COP displacement in both direc-

tions; d) Frequency at 80% of power spectrum of COP displacement in both directions.  

d) 
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d) 

Figure J.5.8 – COP frequencies evaluation during RL (Reach Left) task. a) Peak 

frequency of COP displacement in both directions; b)Mean frequency of COP dis-

placement in both directions; c) Median frequency of COP displacement in both direc-

tions; d) Frequency at 80% of power spectrum of COP displacement in both directions.  

RC 

a) 
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d) 

Figure J.5.9 – COP frequencies evaluation during RC (Reach Center) task. a) 

Peak frequency of COP displacement in both directions; b)Mean frequency of COP 

displacement in both directions; c) Median frequency of COP displacement in both 

directions; d) Frequency at 80% of power spectrum of COP displacement in both direc-

tions.  
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