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Abstract: The paper authors envisage the integration of advanced solutions of textile materials and 
electronic sensoring systems for the development of a new multi-functional electro-textile structure to 
be used in human medicine and healthcare, specifically in monitoring sleep movements of patients 
with neurodegenerative disease such as Alzheimer and Parkinson’s. In this context, the present 
research work aims the development of a new technological solution that allows not only to assess 
sleep quality, but also to establish a link between the nocturnal movements (body area, number of 
movements, direction, intensity) of demented patients and their polysomnographic recorded data. For 
this purpose, the authors developed an electroactive textile system, in order to acquire biomechanic 
information during the patients’ night rest. The collected data will be statistically processed to verify 
any relation between night movements and the stage of sleep, and also between body movements 
and the recordings from the electrodes placed on the legs (used in polisonography).  
Keywords: Smart Textiles, Electrotextiles, Sleep Quality, Biomechanics, Polysomnography, 
Alzheimer, Parkinson. 

 
 

1. INTRODUCTION 
 
Sleep literature review highlights its major importance to maintain a good physical and 
mental health. This is clearly visible in multiple studies conducted by numerous research 
teams around the world. As example we can cite: Carskadon, Acebo, Richardson, Tate & 
Seifer, 1997; Fallone, Acebo, Arnedt, Seifer & Carskadon, 2001; Ficca & Salzarulo, 2004; 
Fredriksen, Rhodes, Reddy & Way, 2004; Iglowstein, Oskar, Jenni & Remo, 2003, Millman, 
2005; 2006:  Peppard et all; 2007: Rajaratnam et al;  2008:  Phillip et all; 2009:  Wagner et 
all; 2010: Flagga et all; 2011: Peever  et all; etc..Table 1, show us the huge variety of sleep 
disorders and presents their most common classification in accordance with international 
parameters [1]. 
 
1.1. Public Health Context  
  
Neurodegenerative diseases, namely, Parkinson´s and dementia syndromes such as 
Alzheimer affect a large part of the population due a longevity increase in the past recent 
years. These diseases have no cure yet, therefore, it is important to emphasize the signals or 
symptoms that occur in the pre-clinic period which may lead us to an earlier diagnosis and to 
a premature therapeutic. Moreover, the monitoring of these signals or symptoms throughout 
the clinic evolution might be beneficial for the improvement of the quality of life of the patients 
and their caregivers and families.  
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Table 1. International Classification of sleep disorders 

DYSSOMNIAS 

INTRINSIC SLEEP 
DISORDER 

Psychophysiological Insomnia, Sleep Perception Disorder; 
Idiopathic Insomnia, Narcolepsy, Hypersomnia Recurrent 
Idiopathic and Post-Traumatic Insomnia; Central and 
Obstructive Apnea Syndrome, Central Alveolar Hypoventilation 
Syndrome, Sleep Periodic Movements, Restless Legs 
Syndrome; Intrinsic and nonspecific Sleep disorders. 

  
EXTRINSIC SLEEP 

DISORDERS 

Inadequate Sleep Hygiene, Altitude and Adjustment Insomnia; 
Insufficient Nocturne Sleep Syndrome, Disturbance of sleep 
initiation due to lack of usual associations; Food Allergy 
Insomnia; Food-Night Management Syndrome; Hypnotics 
Sleep Depend Syndrome, Stimulants, Alcohol and Drugs; 
Extrinsic Nonspecific sleep disorders 

 SLEEP DISORDERS 
RELATED WITH 

CIRCADIAN RHYTHM 

Jet Lag Syndrome, Shift Changing Syndrome, Irregular sleep-
awake cycle pattern; Advance/Delay Sleep Phase Syndrome; 

PARASOMNIAS 

AWAKENING DISORDERS 
Sleepwalking; Night Terrors; Confusion upon Awakening 
Disturbances 

SLEEP-WAKE 
TRANSITION DISORDERS 

Fall Asleep Myoclonus disturbances; Rhythmic Head 
Movements (Jactatio 

capilis); Sonoloquia; Night Cramps.  

PARASOMNIAS IN  
REM SLEEP 

Nightmares, sleep paralysis; REM behavior disorders, Painful 
Erections, REM sick sinus syndrome. 

OTHER 
PARASOMNIAS 

 Enuresis; Abnormal Sleep Swallowing; Paroxysmal Nocturne 
Dystonia; Other. 

ASSOCIATED WITH MEDICAL AND PSYCHIATRIC DISEASES 

ASSOCIATED WITH 
PSYCHIATRIC DISORDERS 

Affective Disorders, anxiety disorders, Psychoses, Panic 
Disorders, Alcoholism. 

ASSOCIATED WITH 
NEUROLOGICAL 

DISEASES 

Dementia, Parkinson Disease, Other Degenerative and 
Neuromuscular Diseases; Epilepsy Sleep Related, Headache 
Sleep Related 

ASSOCIATED WITH 
OTHER DISEASES 

Cardiac Arrhythmias; Nocturne Angor Pectoris, Chronic 
Obstructive Pulmonary Disease, Nocturne Asthma, 
Gastroesophageal Reflux, Peptic Ulcer, Others. 

 
Sleep disorders are a notorious presence among neurodegenerative diseases, they are 
multifactorial and include nocturia, depressive symptoms, motor disturbances and the usage 
of medication beyond the disease itself, originating organic alterations into serotoninergic, 
dopaminergics and cholinergic neurons in the cerebral trunk, contributing to alter the 
ascendant activation system [4, 5]. Furthermore, they can be predictors of the disease itself: 
sleep disturbances, including low amplitude, less robust rhythm, and delay in the peak of 
activity were factors detected by wrist actigraphy, which led to predict the development of 
minimum cognitive deficit or dementia in normal women and in a group of persons interned in 
elderly nursery homes [8]. On the other hand sleep quality control, in patients with 
neurodegenerative diseases, supported with quantitative data may represent a substantial 
improvement for assessing this parameter [6, 7], comparatively with the subjective survey 
methodology, unanimously recognized as unreliable, even in normal subjects [9].   
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These kinds of diseases have a tremendous impact on motor skills (slow but continuous loss 
of mobility) and in the mind status (confusion, disorientation and total alienation) originating 
great dependence, and in the end, a total loss of autonomy. For these reasons it is very 
complicated to perform sleep studies in specialized laboratories or in hospital, due to their 
constant agitation and the presence of technical equipment which includes fixation elements, 
notably, the ones concerning to E.C.G. and actigraphy system.  
A significant improvement of this situation would be the chance of monitoring the sleep 
parameters of these patients in their own environment, without associating too much 
equipment or elements that might interfere physically with the patient, which is precisely that 
technological solution we wish to develop. 
 
1.2. Sleep Studies – Polysomnography  
 
Polysomnography is the medical term used to define a continuous recording process of 
various physiological functions during an extended time period. For a standard sleep study, 
we normally collect data from brain electrical activity, muscular electrical activity, heart 
electrical activity, electromuscular activity generated by the eye, thoracic-abdominal 
breathing movements, oral and nasal flow, blood oxygen saturation, and cardiac beats. 
FERRO (2005) [2, 3]. 
Nocturnal, laboratory-based polysomnography (hereinafter PSG) is the most commonly used 
test in the diagnosis of  sleep disorders, PSG consists of a simultaneous recording of 
multiple physiologic parameters related to sleep and wakefulness and this is performed with 
three different sets of devices: E.E.G (electroencephalography), E.O.G. (electrooculography) 
and E.M.G. (surface electromyography). For the E.E.G. two central channels and two 
occipital channels, with ear references as an adjunct to help identify sleep latency and 
arousals were used.  Two E.O.G. channels will be used to monitor both horizontal and 
vertical eye movements. Electrodes are placed on the right and left outer canthi, one above 
and one below the horizontal eye axis. Evaluation of the eye movements is necessary for two 
it reasons: the first one is for documentation of the onset of rapid eye movement (REM) 
sleep, and the second one is to note the presence of slow-rolling eye movements that usually 
accompany the onset of sleep. One EMG channel (usually chin or mentalis and/or 
submentalis) is used to record atonia during REM sleep or lack of atonia in patients with 
REM-related parasomnias. Another EMG recording (2 electrodes) will be obtained from the 
anterior tibialis muscle (right and left), since this is the normal pattern for assessing limb 
movements during sleep. Recordings will be performed with a portable polysomnographic 
device in the selected patients’ homes, in order to produce minimal derangements in their 
sleep. The recording system will be placed simultaneously with the bioelectrical device and 
both systems will record simultaneously. 
 
2.  MATERIALS AND METHODS 
 
2.1. Research Team 
 
The research team is comprised by two entities from the University of Beira Interior: The 
Engineering Faculty which dealt with the textile structure, electronic and telecommunication 
issues and the Faculty of Health Sciences who was responsible for the methodology and 
accompaniment of the pilot clinical trial, which took place in Sousa Martins Hospitals. Both 
teams have cooperated in the statistical analysis of the outcomes. 
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2.2. Experimental Setup  
 
This research work is the initial part of a broader and longer scientific project which aims to 
study the relationship between the anatomical position during sleep rest and some 
neurodegenerative diseases. In this primary stage we envisage the development of a new 
technological solution that allows not only to assess sleep quality, but also to establish a link 
between the nocturnal movements (body area, number of movements, direction, and 
intensity) of demented patients and their polysomnographic recorded data. For this purpose, 
the authors have developed an electroactive textile system, in order to acquire biomechanic 
information during the patients’ night rest. This kind of textile based biomedical device 
[10,11,12] is aimed primarily to the hospital segment and secondly, to home and geriartric 
markets for patient under ambulatory treatment.  
 
1ª PHASE – Production and optimization of the electroactive textile structure: The 
electroactive textile system consists in a textile composite structure, with the same length, 
thickness and shape of a normal mattress used in PSG tests (1,9m length, 0,9m width and 
10cm thickness). As seen on Fig.1, the mattress structure is composed by three layers. The 
textile material specifications were conceived in order to allow an easy industrial scalable 
product with reduced production costs. Among several tested technological solutions we 
chose to develop a composite structure constituted by three layers.  The first and third layers 
were built with polyurethane foam (5cm thickness each layer). The second layer - the 
sensing layer - was made with an100% polyacrylic fabric, in which electrical conductive yarns 
were embroidered in some specific places. The conductive yarns were produced by twisting 
an 100% acrylic yarn 2/30 Nm (2,3 dtex and 63mm length fibers) with an inox filament 
(1/47Nm) with a final count number of 1/11,37 Nm and 630v/m. In order to protect patients 
from contamination/nosocomial infections and to facilitate the disinfection operation, the 
mattress was covered with a polyurethane fabric and sealed with a zip. 
 

 
 

Figure 1. Detail of the electrotextile structure 
 
2ª PHASE – Integration of the electronic components: Seven sensors (tri-axial 
accelerometers ADXL345 from Analog Devices) were sewed in pre-determined areas, 
corresponding to the great anatomic zones of the human being:  neck and head zone, torso 
zone, hip zone, right arm zone, left arm zone, right leg zone and left leg zone. These areas 
are activated or deactivated on a personalized basis. Each sensor can autonomously 
indicate not only the movement intensity but also his direction. The selected used sensors 
are characterized by their light weight, flexibility, low energy consumption and low cost. This 
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movement sensors network is connected to the electrical grid and has low power 
consumption (9v) in order to allow autonomous and continuous operation. 
Directly connected to the accelerometers (through the embroidered conductive yarns) an 
electronic data Collection Module (hereinafter DCM) reads the sensors status continuously 
and individually. The gathered information is passed to a collection and processing module 
(hereinafter CPM) which allows data acquisition, processing and communication with the PC. 
The data transmission is performed in real time or through consultation or upon request by 
an operator/user.  
Simultaneously to the development of the of the electronic modules a software application 
has been built, guaranteeing the full management of the overall process and the storage of 
the collected data, allowing the generation of information that will be presented as interactive 
charts, resuming tables and graphs, for all or any particular body area.   

 

  
 

Figure 2. 
Illustration of the DCM 

 
Figure 3. 

Illustration of the CPM 

                             
3ª PHASE – Pilot clinical trial - In order to check if the electroactive structure has the same 
capabilities as the recording electrodes of the polisomnography (actigraphy) a pilot test was 
made. A preliminary medical protocol has been outlined and among the patients with the 
diagnosis of dementia followed in the neurological clinics of Hospital Sousa Martins, one has 
been selected and invited to participate. A standard PSG test was done and the normative 
data proceeding from the PSG collected. In parallel, the patient kinesiology during the test 
was also recorded by our prototype. The information provided by these two data series was 
subsequently compared.  
 
3. RESULTS 
 
The integration of the completely finished and validated electroactive textile system is 
depicted in figure 4. A fully equipped prototype has been assembled and deployed into 
hospital facilities to run the aforementioned clinical trial. A pilot test has been conducted as 
seen in figure 5. 
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Figure 4. Real scale prototype view 
(1,9mx0,9m) 

 

Figure 5. Detail of the pilot essay carried out in 
the hospital 

  
Observing thoroughly the patient´s hypnogram it is possible to confirm an evident correlation 
between the data from the actigraphy of the right leg and the data collected by the 
correspondent accelerometer of the electrotextile system for the entire exam. Considering a 
particular point in time, we can compare the information obtained by these two systems in a 
graphical way as depicted in figure 6.  
   

 
 

Figure 6. Detail of graphical data comparison between the two data series 
 

Besides checking any particular point in time, the developed control software allows us to 
compile the main statistical data collected by each accelerometer during the entire duration 
of the essay, and present it in a tabular of graphic format as depicted in figure 7 and 8.    
 

  
 

Figure 7. Statistical data of the pilot 
essay presented in tabular format 

 

Figure 8. Statistical data of the pilot 
essay presented in graphical format 
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4. CONCLUSION  
 
Based upon the preliminary results we may consider that the idea beyond this research work 
has proved to be able to be applied as a biomedical device for the local/remote monitoring of 
patients with neurodegenerative diseases. Consequently, through its continued usage, we 
might expect a strong reduction of costs for the national health care system, considering the 
avoidance of many expensive polysomnographic exams, the institutionalization of patients (in 
a hostile environment for them) and the diminishing of materials consumption and needed 
human resources. It is also very important to underline that patient’s comfort will highly 
improve for they will not need, so frequently, to leave their homes and their “safe world” to go 
out for exams. The system also provides a tighter and personnel control of the patient by his 
doctor due to the web application software, that permits data access from anywhere at any 
time in an electronic device linked to the internet.      
Our prototype, being described as an electronic “mattress” is extremely comfortable and the 
patient may even be unaware of it. For patients with cognitive deficits this is certainly an 
important feature. The simplicity of the device is non invasiveness and facility of use 
combined with the small cost of each unit and the specific population it is aimed at (currently 
consuming a large amount of resources in the SNS) gives our prototype a real value for 
money in Health evaluation and prevention. 
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