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Foreword

The 5th Conference on Advancements of Medicine and Health Care through Technology - MediTech2016 took place in Cluj-
Napoca in October 12–15, 2016. The Conference aimed to provide opportunities for Romanian and foreign professionals
involved in basic research, R&D, industry and medical applications to exchange their know-how and build up collaboration in
one of the most important fields of science and technology - medical engineering.

MediTech is intended to be an international forum for researchers and practitioners interested in the advance in, and
applications of biomedical engineering to exchange the latest research results and ideas in areas like hardware and software
technologies, medical devices, biosignal and image processing, biomaterials, biomechanics, telemedicine, etc. The importance
of this kind of scientific events was proven by the interest of the prestigious researchers from Romania and abroad who decided
to take part in the 5th edition of MediTech. Moreover, we were honored to receive the visit of Prof. Kang-Ping Lin, Secretary
General of IFMBE.

All papers submitted for presentation went through a review process and were evaluated by two reviewers. The papers
chosen to be presented at the conference were accompanied by manuscripts to be published in these Proceedings.

We would like to kindly thank the members of the Scientific and Organizing Committees for their hard work and dedication
and we hope that they will continue supporting MediTech.

MediTech2016 Conference Chair
Professor Nicolae Marius Roman
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I.  INTRODUCTION 

Gray-scale ultrasonography (US) is the first way of 
detecting focal liver lesions, but with lower specificity in 
establishing their etiology. Typical hemangiomas at US are 
hyperechoic, well defined masses, without peritumoral rim, 
without Doppler signal [1], but there exist also atypical forms 
(especially if the tumor is grafted on chronic liver disease-
CLD): heterogeneous and/or hypoechogenicity hemangio-
mas, or with hyperechoic rim. Preoperative US, although 
sometimes their etiology is difficult to establish as gray-scale 
US has low specificity in characterizing liver tumors [2]; in 

such cases,  complementary explorations like: liver scintigra-
phy, angioscintigraphy, contrast-enhanced CT and MR, or 
even invasive methods (puncture-biopsy, diagnostic laparos-
copy) with  histological examination, are mandatory. Alt-
hough the typical aspect of hemangioma at US is of nodular 
hyperechoic, well defined mass, without peritumoral rim, 
without Doppler signal [1], there exist also atypical forms: 
heterogeneous and/or hypoechogenicity hemangiomas, or 
with hyperechoic rim [3]. 

The aims of our study were to establish in liver hemangi-
omas possible correlations between tumoral and liver echo-
genicity; tumoral size and presence of chronic liver diseases 
(CLD); presence of peritumoral rim- tumoral and liver echo-
genicity, tumoral size and presence of CLD. "

 

II.  MATERIAL AND METHODS 

The study involved in the experiment group 270 patients 
(156 women, 114 men), aged 25-81 years, with the presump-
tive diagnosis of benign liver tumor masses, established by 
ambulatory US, hospitalized at the Emergency Hospital 
"Prof. Dr. Octavian Fodor" and 2nd Medical Clinic Cluj-Na-
poca between 2006-2015. There were found 352 liver masses 
in these 270 patients, 30 of them having concomitant other 
tumor tumors, and 52 being with multiple hemangiomas (he-
mangiomatosis). 

The control group consisted of 60 patients (38 women, 22 
men), aged 36-82 years with malignant hepatic tumors. Their 
diagnosis at admittance consisted of hepatocellular carci-
noma (HCC) (12), metastasis (7), cholangiocarcinoma (3), 
hemangioma (2), hamartoma (1), tumor of unknown etiology 
(28) and the rest in other  extra-hepatic pathologies. 

Investigation of patients in this retrospective study was 
performed using ultrasonographs Logiq 7 (GE, USA), 
Si2000 Sonoline with transducers having 3,5MHz (for pre-
operative diagnosis) and 7,5MHz frequency (for intraopera-
tive diagnosis), tomographic scintillation SPECT Orbiter 
Siemens camera, computed tomography (CT) and magnetic 
resonance imaging (MRI), along with clinical  and biological 
examination. 

All patients (both the experiment and the control group) 
underwent abdominal US examination in gray scale and color 
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Doppler. Most of the patients (56%) underwent at least 2 
types of imaging investigation in order to establish the final 
diagnosis. Planar liver scintigraphies and SPECT with sul-
phur-colloid (n=211), „in vivo” labeled-RBC scintigraphies 
(n=189) and liver angioscintigraphies (n=184) were per-
formed. 72 patients underwent CT (1 native and 71 with con-
trast) and 28 MRI with contrast. Diagnostic laparoscopy was 
performed in 15 patients, surgical resection in 22, US-guided 
puncture-biopsies in 42 and histological examination in 69 
patients. The final diagnosis was established based on the re-
sults of all these investigations corroborated with clinical and 
biological examinations.From the statistical point of view, in 
order to establish possible associations between echogenicity 
of the tumor and the liver, respectively tumor's size and the 
presence of liver diseases, we used the statistical software in 
order to obtain the Hi-square test and Fisher's exact test, co-
efficients of contingency and Cramer's coefficients; p val-
ues<0.05 were considered to have statistical significance. Es-
timation of possible association between the presence of 
hypo-/hyperechoic peritumoral rim and tumoral and liver 
echogenicity, tumoral size and the presence of CLD was done 
through the same tests and correlation coefficients mentioned 
above.  

III. RESULTS  

US parameters in the 270 patients finally diagnosed with 
hemangioma revealed the features shown in Table 1. 

There have been identified hemangiomas ranging in size 
from 0,3-24cm at US. Hemangiomas were located in the right 
lobe (298), left lobe (115), caudate lobe (4) and in both lobes 
(80).  

As shown in Table 1, the presence of hyperechogenicity 
and homogeneous structure inside the tumor is not a univer-
sally valid criterion in the diagnosis of hemangioma. 
The typical image of well-defined (94.81% of cases), hy-
perechoic mass (81.48% of cases), without Doppler signal 
(54.07% of cases), was detected in most hemangiomas 
(Fig.1). Hypoechoic masses (Fig.2) associated with the pres-
ence of a heterogeneous structure and hyperechoic rim raised 
problems of differential diagnosis in 7 cases, requiring sup-
plementary investigations. Out of all 274 cases with US-
presumption of hemangiomas, 270 patients proved to have 
finally hemangiomas, 3 HCC (and coexistence with one he-
mangioma in one case), 1 cholangiocarcinoma and coexist-
ence with metastases (from gastric carcinoid); in 21 cases it 
was not possible to differentiate US from other tumors (1 li-
poma, 1 pheochromocytoma, 1 area of calcification, 3 metas-
tases, 2 regenerative nodules, 2 focal nodular hyperplasias, 3 
patchy areas of steatosis, 6 HCC, 2 hemangiosarcomas). Co-

existence with other masses was found in 30 (11.11%) pa-
tients: simple hepatic cysts (17), fatty-free areas (4), focal 
nodular hyperplasia (3), HCC (2), patchy areas of steatosis 
(2), hepatic hydatid cyst (1) and metastasis of gastric car-
cinoid (1). 

Table 1 US parameters in hemangiomas 

Gejqigpkekv{  
-high 220 
-low 41 
-isoechoic 6 
-mixt 3 
Gejquvtwevwtg  
-homogeneous 189 
-heterogeneous 81 
-calcifications 4 
Fgnkokvcvkqp  
-clear 256 
-imprecise 3 
-polycyclic 10 
Rgtkvwoqtcn"tko  
-hyperechoic 7 
-hypoechoic 5 
Fqrrngt"ukipcn"  
-absent 146 
-weak 11 
-present 26 
-central 1 
-peripheral 7 
-central+ peripheral 1 
-spotted-like 11 
-arterial type - 
-venous type 6 
-mixed type 6 

 

 
Fig.1 US: typical hemangioma  

4 I. Grigorescu et al.
 

 IFMBE Proceedings Vol. 59  
  

 



 

 
Fig.2 US: atypical hemangioma 

Absence of Doppler signal (146/157), spotted presence 
(11/157) were identified in all hemangiomas located in the 
right lobe (157), the left lobe being difficult to explore due to 
artifacts produced by the cardiac cycle; in one case, exacer-
bated and tortuous vascularisation pattern (arterial and ve-
nous type) rose the suspicion of neoplasia, but puncture-bi-
opsy confirmed the diagnosis of hemangioma. 

There were identified multiple hemangiomas in 52 cases 
(19.25%), their increased echogenicity and multicentricity 
raising problems of differential diagnosis with liver metasta-
ses. 

Table 2 US characteristics of hemangiomas grafted on normal liver and on 
different CLD 

 

Hemangiomas  on: normal liver steatosis+ NASH + 
chronic hepatitis (al-
coholic+ viral) 

cirrhosis 

hyperechoic      126 45 28 
hypoecoic       17 16 3 
isoechoic        2 3 0 
mixt        2 0 0 
homogeneous      114 5  
inhomogeneous       38 65  
hypoechoic rim        2 2 1 
hyperechoic rim        3 3 0 

Legend: NASH- nonalcoholic steatohepatitis 

Of all 17 cavernous hemangiomas, US described 14 
(82.35%) as such, two of them being thrombosed, and in one 
case as atypical cavernous hemangioma.  

Out of 270 patients explored by US, we detected 52 cases 
of hemangiomatosis, 17 cavernous hemangiomas, 213 hy-
perechoic masses (being grafted in descending order on: 
chronic hepatitis, cirrhosis, and normal liver, steatosis and 

NASH), 39 hypoechoic masses (with maximum percentage 
on: steatosis and NASH, followed by cirrhosis, normal liver, 
chronic hepatitis) and 5 isoechoic and 2 with mixed echo-
genicity (hypo- and hyperechoic) (Table 2). 
When comparing echogenicity and echostructure of heman-
giomas, we observed differences between the 2 groups of pa-
tients, namely those without liver disease and those with 
CLD. Also, the presence/absence of peritumoral and rim's 
echogenicity according to the size of hemangioma are shown 
in Table 3.  
Diagnosis of hemangioma was suspected only in 93.70 % 
(253/270) cases of all patients with final diagnosis of heman-
gioma, the rest being diagnosed by US as: lipoma (1), metas-
tasis (3), tumors of unknown etiology (5), regenerative nod-
ule/HCC (1), steatosis, patchy steatosis (1),  focal nodular 
hyperplasia (1), pheochromocytoma (1), benign tumor with 
arterial-venous shunt (1), malignancy (2), and in one case US 
did not detected any mass (isoechoic). 

Table 3 Tumoral and rim's echogenicity according to the size of hemangi-
oma 

Hemangiomas:  size≥2cm size<2cm 
hyperechoic 136 77 
hypoechoic 30 9 
isoechoic 5 0 
mixt 2 0 
with hypoechoic rim 4 1 
with hyperechoic rim 6 1 

 
The presence of hypoechoic rim was described in 4/220 

cases (0.018%) of histologically proven hemangiomas. The 
hyperechoic rim was present in 14.89% of the cases (repre-
senting 7/47 patients). There were no differences regarding 
the predominance of peritumoral hypoechoic rim in the two 
subgroups of hemangiomas grafted on normal liver and CLD 
(Table 4); the predominance of hyperechoic rim was ob-
served in iso- and hypoechoic hemangiomas. The peritu-
moral rim depending on the size of the hemangioma was 
more commonly seen in hemangiomas ≥2 cm, but without 
any statistical significance.  

Hi-square test of independence finds no association be-
tween tumor echogenicity and hypoechoic rim in patients 
with hemangiomas (χ2 =1.125 < 7.81, p=0.650); but it 
showed that there was only moderate association between hy-
poechoic rim and hyperechoic tumor in patients without he-
mangioma (p=0.004). Fisher 's exact test shows that there ex-
ists moderate association between hyperechoic rim and 
hypoechoic hemangiomas (Cramer coefficient=0.37, 
p=0.001) and between hyperechoic rim and isoechoic heman-
giomas (p<0.05).  

The association between the presence of the hypoechoic 
rim and hepatic echogenicity or tumor size is shown in Table 
4.  
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Table 4 Correlation of hypo- and hyperechoic rim with hemangioma’s 
echogenicity and size, echogenicity of liver and presence of CLD 

 

Criteria: 
 

hypoechoic 
rim 

hyperechoic 
rim 

Gejqigpkv{"qh"jgocpikqoc   
hyperechoic 5/270 1/270 
isoechoic 0 3/270  
hypoecoic 0 3/270  
mixt 0 0 
Gejqigpkv{"qh"nkxgt   
normal 4/270  5/270  
increased 1/270  2/270  
Uk|g"qh"jgocpikqoc   
< 2cm 1/270  1/270  
> 2cm 4/270  6/270  
Rtgugpeg"qh"ENF   
yes 3/270 4  
no 2/270  3  

Legend: CLD- chronic liver diseases 

Fisher's exact test shows no association between liver 
echogenicity and hypoechoic rim (p=0.205) or hyperechoic 
rim (p=0.273) of hemangiomas. Fisher's exact test shows no 
association between hemangioma size and hypoechoic 
(p=0.659) or hyperechoic rim (p=0.427) of hemangiomas.  

Presence of steatosis/nonalcoholic steatohepatitis (NASH) 
in 69 images from our study revealed the following patterns 
of hemangiomas: hypo- (16/69 cases), isoechoic (2/69 cases) 
and heterogeneous (51/69 cases). 

The association between the presence of the hyperechoic 
rim and tumoral size and the presence of CLD is shown in 
Table 4. Fisher's exact test shows no association between the 
presence of underlying CLD and hypoechoic (p=0.328) or 
hyperechoic (p=0,468) rim.Statistical parameters of the US 
method used in the diagnosis of hemangiomas are shown in 
Table 5.  

Table 5 US sensitivity, specificity, positive and negative predictive laues 
in the diagnosis of hemangioma 

 US diagnosis of hemangioma: 
 Presence of CLD Size of hemangioma 
 No (n=155) Yes (n=115) <2cm (n=95) ≥2cm (n=175) 

Ug"*'+ 94.48 
 (90.08-97.75) 

94.78 
 (88.99-98.06) 

98.95 
 (94.27-99.97) 

92.57 
 (87.63-95.99) 

Ur"*'+ 94.12 
 (83.77-98.77) 

84.21 
 (72.13-92.52) 

94.87 
 (82.68-99.37) 

85.51 
 (74.96-92.83) 

RRX"*'+ 98 
 (94.27-99.59) 

92.37 
 (86.01-96.45) 

97.92 
 (92.68-99.75) 

94.19 
 (89.57-97.18) 

PRX"*'+ 85.71 
 (73.78-93.62) 

88.89 
 (77.37-95.81) 

97.37 
 (86.19-99.93) 

81.94 
 (71.11-90.02) 

Legend: Se-sensitivity, Sp-specificity, PPV-positive predictive value, NPV-
negative predictive value, CLD- chronic liver diseases 

US alone established the diagnosis of hemangioma in 44% 
cases and US together with scintigraphic methods in 36% 
cases; other imaging and invasive techniques (contrast-en-
hanced-US, computed tomography, magnetic resonance, 
puncture-biopsy, diagnostic laparoscopy, histology) were 
necessary to corroborate with the previous methods in the rest 
of 20% patients. Figure 3 shows the methods used in 
corroboration, being both imaging and invasive, that 
contributed to the final diagnosis of hemangioma. 

Fig.3 Imaging and invasive technics used in the diagnosis of hemangioma 
Legend: Scinti-scintigraphy, RMN-MRI, PBH-punction biopsy, histo-

histology, OP-surgery, laparo-diagnostic laparoscopy 

IV. DISCUSSION 

The value of different US methods (pre- and intraopera-
tory), computed tomography (CT), magnetic resonance 
(MR),  differ depending on etiology of the tumor.  US repre-
sents the first method of detection of hemangiomas.      

The issue of differential diagnosis of hyperechoic masses 
grafted on CLD is difficult, as far as it was shown that 15-
50% of focal lesions grafted on cirrhosis initially interpreted 
as hemangiomas, are actually HCC [4, 5]. The chance of pre-
existence of a vascular malformation (hemangioma) grafted 
on CLD is about 50%, but it is always necessary to corrobo-
rate with complementary methods (CT, MR, „in vivo” la-
beled-RBC SPECT) in order to exclude a HCC. Transfor-
mation of hypoechoic nodule in a hyperechoic mass can be 
explained by necrosis and interstitial fibrosis; in these cases 
is not possible to differentiate from a typical small hyperech-
oic hemangioma [6]. 

Literature mentioned the typical "low-flow" hemangioma 
in cases of hyperechoic well defined masses, without peritu-
moral rim, and the "high-flow" hemangioma, which are com-
monly hypoechoic and with atypical aspect in gray-scale US 
[7]. There have been described both qualitative and quantita-
tive differences regarding the presence of Doppler signal in 
color and Power Doppler, being cited both lack and presence 
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of increased (especially peripheral, but also central) vascular 
signal, suggestive for the diagnosis of hemangioma [8]. 

Hemangioma occurs as hyperechoic masses, which some-
times presents central thrombi, cystic areas and  intratumoral 
calcifications, due to the thrombotic formation in time, cystic 
degeneration and calcification, or intratumoral necrosis. 
These atypical features make difficult sometimes the differ-
ential diagnosis with malignant tumors [9, 10].  

A special mention concerns the hemangiomas grafted on 
steatosis, showing various aspects of echogenicity (from 
hypo, to hyperechoic) and of CT density (hyperdense-native, 
isodense-arterial phase); in these cases MR and/or histologi-
cal examination are mandatory, and sometimes fine needle 
aspiration biopsy is useful in order to clarify the diagnosis 
[9]. This might explain the 69 images from our study in pa-
tients with: steatosis/nonalcoholic steatohepatitis (NASH), 
which were hypo- (16/70 cases), isoechoic (2/70 cases) and 
heterogeneous (91,66% cases); cirrhosis with 3/21 hypo- and 
18/21 hyperechoic hemangiomas; chronic viral and toxic 
hepatitis, with 3/30 hypo- and 27/30 hyperechoic masses. 

The attempt to establish an association between the tu-
mor's echogenicity and presence of CLD, or tumor size has 
not shown any statistical significance; we found a good cor-
relation  (p = 0.001) between hyperechoic rim and hypo- and 
isoechoic hemangiomas. 

Spotted presence of Doppler signal was identified in 7% 
(11/157) of our cases, the rest of the masses in the right lobe 
being without vascular signal. The model of the spotted 
mixed type of vascularisation (both arterial and venous) was 
encountered also in literature, but in a greater proportion (14 
%) [11]. 

US is able to detect, within the 40% cases with hyperech-
oic rim in literature (where differential diagnosis with metas-
tases from insulinomas is required), atypical forms as solid 
tumors with hypoechoic areas and with the described features 
in periphery [12].  

We could establish the diagnosis of atypical hemangiomas 
in 19 of our cases, that would qualify as: heterogeneous 
(n=7), having hypoechoic inhomogeneous structure, hy-
perechoic rim, and size of 2,7-9cm (average 4,51cm); heman-
giomas with calcification (n=4) and multilocular cavernous 
hemangioma (n=8). 

Corroboration of US with dynamic CT and „in vivo” la-
beled-RBC SPECT have shown a high sensitivity, specific-
ity, and high diagnostic accuracy [13], similar to the data in 
our study. 

Limits of the study were: the impossibility of follow-up in 
all focal lesions and histopatological documentation for all, 
and the varying experience of the examiner.  

V. CONCLUSION 

Classic criteria of hyperechoic, well defined tumor and 
without Doppler signal was found in 81.85% hemangiomas, 
US proved to have increased specificity for masses <2 cm 
(94.87%) and grafted on normal liver (94.12%). Hypo- and 
isoechoic hemangiomas moderately correlate with the pres-
ence of a hyperechoic rim. No statistical correlation was 
found between the underlying CLD and the hemangioma's 
echogenicity, nor with the presence of any tumoral rim.      

Presence of hemangiomas grafted on CLD is a challenge 
for the physician, as it is important for the differential diag-
nosis with HCC or even metastases, especially when atypical 
hemangiomas are hypoechoic. A good correlation of US pa-
rameters with other imaging methods (scintigraphy, CES), in 
case of atypical features, can avoid liver biopsy and enables 
to establish a correct positive diagnosis.  
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I. INTRODUCTION  

Optical Coherence Tomography (OCT) is a high resolu-
tion, non-invasive imaging method that started to be used in 
the clinical practice in 1990s. The first application of OCT 
technology was in the field of ophthalmology and the imag-
es resembled the histological sections of the retina. Howev-
er, the pictures depict the result of the scanned tissues' opti-
cal properties,  not the tissues themselves [1]. 

OCT concept developed at Massachusetts Institute of 
Technology, at the beginning of 1990s. The first 
commercial device was made by Carl Zeiss (Jena, 
Germany) in 1996. The first OCT applications referred to 
quantitative and qualitative information about the 
peripapillary area of the retina and the coronary arteries [2]. 

OCT uses light, as opposed to ultrasonic biomicroscopy 
(UBM) that uses ultrasounds, with the aim to visualize eye 
structures. Light speed is 1 million times higher than sound 
speed. By consequence, resolutions lower than 10 μ microns 
are obtained in the posterior pole of the eye with OCT 
technology. For many years, UBM offered resolutions in the 
range of 150 μ. By using high frequencies, resolutions of 20 
μ are possible with UBM technology. The ultrasound waves 
used in UBM are markedly attenuated by the biological 
tissues and therefore, are limited to the examination of 
anterior eye structures [3]. 

OCT exam is very comfortable for the patient, as it does 
not require the direct contact with the eye. 

II. DESCRIPTION OF THE DEVICE 

A. Overview 

Spectralis is a multimodal platform that uses the confocal 
laser technology, in order to obtain color and spectral opti-
cal coherence tomography (OCT) images of the eye struc-
ture. Two different laser wavelengths catch simultaneously, 
the OCT and the fundus image of the eye [3].  

The principle of Spectral Domain OCT (SD-OCT) is 
based on the Fourier equation, as compared to Time Do-
main OCT (TD-OCT) that developed on the ground of in-
terferometry. In TD-OCT, an interferometer measures se-
quentially, the delay of light echoes that are reflected by the 
retinal microstructures. In SD-OCT, a spectrometer evalu-
ates simultaneously, the light reflected by retinal micro-
structures. In TD-OCT, 6 radial scans are performed, 
whereas in SD-OCT, 65.000 scans are made within an area 
of 6 mm diameter. Acquisition time is about 60 times faster 
with SD-OCT devices and the axial resolution varies be-
tween 3 - 7 μ, as compared to TD-OCT ( 10 -15 μ) [3]. 

Eye tracking function is used to neutralize the errors in-
duced by involuntary eye movements. Spectralis is able to 
detect changes within 1 - 2 microns, at the depth of 289 
microns, and it is able to filtrate and select the high resolu-
tion images, in order to identify the finest details. The auto 
re-scan function is very important for the patient's follow-
up, as it places the subsequent scans precisely at the initial 
examination site. The deep layers can be examined with the 
enhanced-depth OCT function (EDI-OCT) [3]. 

B. Investigation possibilities 

Spectralis offers the following imaging possibilities for 
the eye: spectral domain OCT (SD-OCT), infrared (IR), red 
free, fundus autofluorescence (FAF), confocal multicolor 
3D, wide field (55˚), SD-OCT for the diagnosis and moni-
toring of glaucoma, anterior segment imaging [3].  

C.  Technical characteristics 

Domain: Spectralis operates in the spectral domain OCT, 
based on the Fourier equation.  

Minimal scan speed: 40000 A-scans /second 
Laser light sources:  
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A super luminescent diode λ 870 nm acquires the images. 
IR light (λ 815 nm) allows the visualization of detailed 

images of the eye fundus. 
A green laser (λ 518 nm) ensures the obtaining of confo-

cal, 3D images of the retina, with multicolor technology. 
A blue laser (λ 486 nm) is used for identifying fundus au-

to fluorescence (FAF) and obtaining the red free images. 
The blue light makes it possible to identify fundus auto 
fluorescence, based on the fluorescent properties of 
lipofuscin. With red free light, specific structures are visual-
ized: nerve fiber layer, epiretinal membranes and retinal 
cysts. 

The simultaneous, confocal, 3D collection of the imaging 
data with three different types of lasers (red, green and blue) 
allows to evaluate various retinal layers on a single image.  

The device also offers the possibility to combine the 
above mentioned acquiring modalities, in various ways, 
according to the investigated retinal condition: IR and FAF, 
OCT and IR, OCT and FAF, OCT and red free, OCT and 
3D multicolor confocal eye fundus examination [3].  

D. Examination modules 

Anterior segment: By the use of a high resolution 3D ex-
amination lens, images with 7 μ axial resolution and 30 μ 
lateral resolution can be obtained. The scanning depth in the 
tissue is of 1.9 mm.  

Multicolor confocal 3D module: It allows the visualiza-
tion of the 3D, color image of the eye fundus, simultaneous-
ly with the transverse section through the retina. Thus, dif-
ferent retinal structures are evaluated on one single image. 
Scanning with multiple laser wavelengths allows the de-
tailed evaluation of the retinal structure: superficial, middle 
and deep retinal layers. 

Wide field module: It makes possible to view the retinal 
periphery, by OCT and fundus image, using a non-contact, 
55˚ lens. The high resolution visualization of the macula, 
optic nerve and retinal periphery is achieved in a single 
image. The scanning models are: radial 55˚ central and 
volume 55ºx25º (for the diabetic patients) /55ºx40º /25ºx5 º 
central. 

Glaucoma module: It allows the complete analysis of 
glaucoma, with the evaluation of the neuro-retinal rim, 
retinal nerve fiber layer (RNFL) and asymmetry regarding 
the posterior pole and the ganglion cell layer. 

The optic nerve head (ONH) analysis is made using the 
Bruch's membrane opening as the anatomical frontier for 
the rim. The neuro-retinal rim is measured between Bruch's 
membrane opening and the nearest point of the internal 
limiting membrane (ILM). 

During scanning, the device lines up automatically, the 
fovea with the central axis of Bruch's membrane opening. 

Future scans and sectors are placed exactly on the previ-
ous sites, which is very important for the accurate monitor-
ing of the disease progression. 

Various scans are available: 24˚ radial scan, circular 
scans with 3,5 mm/4,1 mm/4,6 mm diameter, volume scans 
of 30ºx25º/30ºx15º /15ºx15 º, circular scan of the RNFL at 
12˚, with 768 analyzed points [3]. 

III. SPECTRALIS OCT IN THE DIAGNOSIS AND MONITORING OF 
MACULAR DISORDERS 

Optical Coherence Tomography is widely used in the as-
sessment and monitoring of macular diseases. We illustrate 
the contribution of Spectralis in the clinical practice with 
selected cases from our own experience. The patients were 
included in this study in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000 and 2008.   

A. Age related Macular Degeneration (AMD) 

AMD is one of the retinal conditions that benefited the 
most from the progress in of OCT technology. The main 
advantage of the OCT imaging is the quantification of the 
retinal thickness, allowing to monitor the anti-VEGF treat-
ment efficacy in wet AMD. OCT is also able to identify the 
location of the fluid in neovascular AMD: intraretinal, sub-
retinal or sub-Retinal Pigmented Epithelium (RPE) [4]. 

According to OCT imaging, the choroidal neovascular 
membranes (CNV) in wet AMD were classified into 3 
types. In type 1 (occult neovascularization), CNV is located 
under the retinal pigmented epithelium (RPE), in type 2 
(classic neovascularization), it is located above the RPE and 
in type 3, there is a retinal angiomatous proliferation (RAP). 
In large RPE detachments, breaks in the RPE layer can 
occur. The rupture of the RPE layer appears as a clearly 
demarcated region of RPE absence, adjacent to a region of 
RPE elevation. The reversed shadow effect is identified. 
Often, especially in type 2 CNVs, the interruption of the 
RPE layer is identified. In type 2 CNV, the neovascular 
membrane is located in the subretinal space and it pene-
trates through the RPE/Bruch's membrane complex. RAP is 
a rare form of wet AMD that originates in abnormal neo-
vascular tissue from the deep retinal layers [5].  

The response to anti-VEGF therapy is translated into the 
OCT imaging, by the diminishing/disappearance of the 
intra/sub-retinal fluid and by the decrease of the PEDs size 
and of the macular thickness [2].  
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Fig. 1. Classic form of neovascular AMD 

Figure 1 presents the combined IR-OCT image of the ret-
ina in a patient with wet age related macular degeneration 
(AMD). The neurosensitive retina is detached by fluid (su-
perior arrow) originating in a fibro-vascular membrane 
under it (inferior arrow). The retinal pigmented epithelium 
(RPE) layer is irregular and disrupted in the area of lesion. 
The fluid has no reflectivity (it appears black on the black-
white image). This aspect corresponds to the classic neo-
vascular membrane which responds better to anti-VEGF 
therapy, as opposed to occult membranes which are located 
under the RPE. OCT has a major role in locating precisely 
the neovascular membrane in relationship with the RPE and 
the neurosensory retina. 

 
Fig. 2 RTM map in a patient with classic form of neovascular AMD 

In figure 2, the retinal thickness map (RTM) in the same 
patient as in figure 1, is presented. The thickness of the 
macula is significantly increased in the macular area located 
infero-temporally from the fovea. This is signalized by 
white and red colors.  

OCT is able to identify early stages of AMD, named 
drusen, as elevations and irregularities of the RPE line (fig-
ure 3). 

 
Fig.3. Drusen 

B. Vitreo-macular interface disorders 

Vitreo-macular interface disorders benefited from the ad-
vances in OCT technology, in terms of the diagnosis preci-
sion and surgical indication [3]. In figure 4, an advanced 
stage of vitreo-macular traction syndrome is presented. 
Along time, it led to the disorganization of the macular 
retina, which is dissected by liquid spaces and cysts. There-
fore, the resistance of the retinal tissue is considerably di-
minished. In this situation, the dissection of the vitreo-
macular interface, in order to relieve the traction, is risky, as 
it may lead to the break and detachment of the retina.  

 
Fig. 4. Retinal disorganization following an advanced vitreo-macular 

interface syndrome 

Figure 5 depicts the fellow eye of the same patient. Ob-
viously, the vitreo-macular traction is less advanced, but 
there are modifications of the retinal structures: the macular 
thickness is increased and a hole within the retina is identi-
fied. Surgery in this situation is indicated, in order to pre-
vent the progression of the disease. 

 
Fig. 5. Fellow eye in the same patient as in figure 3 

RTM proves the increased macular thickness and offers 
precise values for this parameter, within the macular area 
(figure 6). 
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Fig. 6. RTM for the same eye as in figure  

C. Diabetic maculopathy 

Diabetes is the main cause of visual impairment in the 
group of working age population. Maculopathy is the main 
cause of vision decrease in the diabetic patients. Progress in 
OCT technology allows early diagnosis and treatment of 
diabetic macular edema, which is crucial for vision preser-
vation [6]. The main mechanism of macular edema caused 
by diabetes is represented by the microangiopathy at the 
level of the retinal capillaries [3,6]. Figure 7 presents in-
traretinal microaneurysms (hyperreflective dots) that leak, 
as proved by the non-reflective material (liquid) elevating 
the neuro-sensory retina. 

 

Fig. 7. Diabetic macular edema 

The liquid within the neuro-sensory retina is responsible 
for the considerable macular thickening, as shown in figure 
8 (the maximal macular thickness appears of 600 μ). 

Fig. 8. Macular thickening in diabetes 

IV. CONCLUSIONS  

Spectralis is a very useful tool in the diagnosis and moni-
toring of macular diseases. A super luminescent diode (λ 

870 nm) is used to acquire the OCT images. The simultane-
ous, confocal, 3D collection of the imaging data with three 
different types of lasers (red, green and blue) allows to 
evaluate the structure of various retinal layers on a single 
image.  
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I. INTRODUCTION  

The three principal types of congenital diaphragmatic 
hernias are Bochdalek, hiatal and Morgagni’s, which is the 
rarest form. They were first described in medical literature 
in the early 18th century [1]. 

Generally, Morgagni's hernia, which is the topic of this 
case report, present early in life with respiratory symptoms. 
Adult presentations are less frequent, particularly sympto-
matic adult presentations [2]. Surgical repair is mandatory 
even in asymptomatic cases to avoid the risk of life-
threatening complications, such as bowel prolapse and sub-
sequent strangulation [3, 4]. Laparoscopic repair is the 
procedure of choice in uncomplicated cases [5]. 

In this report we present a case of a greatly successful 
laparoscopic repair by transfascial suturing with extracorpo-
real knot tying technique.  

II. CASE REPORT 

A 67-year-old female patient, known with ischemic heart 
disease, presented to the outpatient clinics at our Institute, in 
April 2015, with symptoms of intestinal subocclusion. 
About one year ago she start complain of intermittent, 
vague epigastric pain, which was aggravated mainly by 
heavy meals and associated with nausea and vomiting. She 

also noted that she’d lost 5 kg in the last 6 months. The 
patient reported no dysphagia, early satiety, dyspnea, sweat-
ing or palpitations. She denied any history of trauma as 
well.  

Physical examination was unremarkable; her vital signs 
and lab tests were within normal limits. Cardiopulmonary 
and abdominal examinations were normal as well. Chest X-
ray was normal, thus we performed a thoracic CT-scan with 
oral contrast that showed an anteromedial, retrosternal dia-
phragmatic defect of approximately 45mm (LL).  

Furthermore, the transverse colon and part of the omen-
tum were herniated into the thoracic cavity, and so the pa-
tient was diagnosed with Morgagni’s Hernia. Routine pre-
operative investigations included complete blood count, 
liver function test, electrolytes levels, coagulation tests, 
ECG and an abdominal US, all of which were normal. 

III. SURGICAL TECHNIQUE 

The operation was performed under general anesthesia 
with endotracheal intubation, the patient was placed in a 
supine, 15 degrees, anti-Trendelenburg position and the 
lower limbs were in abduction. The operating surgeon stood 
between the patient’s legs and the assisting surgeon on his 
left. 

A 2 cm supraumbilical skin incision was made, Veress 
needle was used to create a CO2 pneumoperitoneum of 12-
14 mmHg under a 1/min flow rate. Then a 10 mm optic 
trocar was introduced in a closed technique at the su-
praumbilical skin incision as a camera port. Throughout 
inspection of the intraabdominal space, a 6x7 cm anterome-
dial diaphragmatic defect was detected and the hernia sac 
was empty as the abdominal contents were spontaneously 
reduced by the time of the operation (Figure 1). After that a 
10 mm and a 5 mm trocars were inserted under direct cam-
era visualization in the right and left hipochondriums, re-
spectively, at the midclavicular lines. Thereafter we dissect-
ed and excised the hernia sac and sectioned the falciform 
ligament by electrocautery. Next, we performed 5 interrupt-
ed (1-0 silk) sutures in a U-shape manner using a Reverdin 
needle; meaning that we started inserting the suture extra-
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corporeally at a point on the skin going diagonally through 
the anterior abdominal wall and exiting at a point on the 
internal surface of the abdominal wall. Then we took the 
anterior edge of the defect and went back at another point 
alongside the first one on internal surface of the anterior 
abdominal wall but going out at the same point of skin entry 
(Figure 2). 

 
Fig. 1 - Intraoperatory aspect of Morgagni’s Hernia 

No knotting was made until all the sutures were in place, 
whilst the stitches were clamped with a grasper. The sutures 
were then manually tightened under videocamera visualiza-
tion and tied at the subcutaneous level (Figure 3). A drain-
age tube was placed in the interhepatophrenic space. Post-
operative evolution was uneventful and the patient was 
discharged on postoperative day one. 

 
Fig. 2 - Insertion of the stitches with the Reverdin needle 

 

 
Fig. 3 - Stitches in place before knotting 

IV. DISCUSSION 

Morgagni’s hernia was first described by Giovanni-
Battista Morgagni in 1761.[6] It is a rare type of congenital 
diaphragmatic hernias in which abdominal contents herniate 
into the thoracic cavity through a triangular retrosternal 
(anteromedial) diaphragmatic defect that results from failure 
of fusion of the pars costalis and pars sternalis of the septum 
transversum [7, 8]. 

Morgagni’s hernia is frequently found on the right 
(91%), most probably because the heart and pericardial 
attachment would impede its occurrence on the left [9]. A 
well-formed peritoneal sac is usually found containing the 
transverse colon and the omentum in most cases and to a 
lesser extent, the liver, stomach and the small intestine [7].  

When the defect is relatively large, significant visceral 
herniation and intrathoracic compression would lead to 
respiratory distress, strangulation, or even cardiac tam-
ponade presenting early in life, otherwise, patients usually 
remain asymptomatic until later in life and are usually diag-
nosed incidentally by chest X-ray [10]. Acute life-
threatening presentation is reported in adults as well, with 
strangulation and large bowel obstruction comprising most 
of the cases [11].  

The gold standard for the diagnosis of diaphragmatic 
hernias is barium enema. A lateral CXR can demonstrate a 
gas pattern, haustrations and even the defect in the pericar-
diophrenic angle. CT scan and MRI may be needed in more 
vague cases to confirm the diagnosis [12]. Once the diagno-
sis is made, surgical repair is indispensable due to the risk 
of the life-threatening complications mentioned earlier [3, 
4]. 

Generally, repair is performed through an abdominal or a 
thoracic approach. Laparotomy is more preferred in compli-
cated cases with strangulation and intestinal obstruction, 
however, laparoscopic repair remains the optimal surgical 
approach in uncomplicated cases [5]. 
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Numerous successful laparoscopic techniques were de-
scribed in the literature, varying mainly in terms of placing 
a mesh, primary repair of the defect, knotting and the dis-
cussion of whether to remove the sac or not. 

Intraoperatively we detected a retrosternal defect of ap-
proximately 6 cm in diameter, thus we chose to perform a 
primary repair with nonabsorbable silk (1-0) sutures placed 
in a U shape manner using Reverdin needle in a transfascial 
extracorporeal knotting technique. 

Rau [13], Huntington [14], Del Castilo [15] and Bortul 
[16] used polypropylene mesh prosthesis. Their decision is 
mostly advocated to the relatively larger defect dimensions 
(6), (4x9), (12x15), (6x10) cm respectively. There is no 
established limit regarding the indication of a mesh place-
ment, but when the defect is larger than 20-30 cm2, a mesh 
placement is substantially preferred [17]. 

Kuster [18], Vinard [11] and Fernandez [19] reported 
successful laparoscopic primary repairs with running su-
tures, in contrast, Newman [20], Orita [21] and Angrisani 
[22] choose to perform laparoscopic primary repairs with 
separate sutures. We preferred to do separate sutures be-
cause we believe and as other authors note it that separate 
suturing helps to avoid tissue tearing. Furthermore, intra-
corporeal knotting is rather challenging because of the de-
fect location in a plane parallel to the instruments, aside 
from the scanty tissue to which the defect is supposed be 
sutured to [23]. 

Whether to remove the sac or not is genuinely controver-
sial, systematic studies entailing complication risk assess-
ment are lacking. The most serious complication related to 
sac removal is fatal pneumopericardium moreover injuries 
of the mediastinal and pericardial pleura were reported as 
well [24]. However, other authors stated that sac excision is 
a crucial step that can decrease the risk of recurrence if 
performed with supreme level of precision and accuracy 
avoiding pleural or pericardial injuries [25]. 

Rau [13], Newman [20] and Fernandez [19] excised the 
sac with no complications or recurrences reported. In our 
experience we decided to defy the risks with careful, con-
fined dissection and excision of the sac with which we came 
through successfully.   

Laparoscopic repairs using staples were implemented as 
well, Smith [26] performed a primary repair while Bortul 
[16] used a mesh. Regarding recurrence after laparoscopic 
repair, a valid estimation is unobtainable due to the lack of 
follow up figures. Our experience is quite recent, therefore 
follow up data is still unavailable. 

V. CONCLUSION 

Laparoscopic repair with transfascial sutures and extra-
corporeal knot tying is a distinct, durable, easy and efficient 
approach for the management of Morgagni’s hernia. It of-
fers a successful repair with less postoperative pain and 
hemorrhage, shorter hospital stay and recovery time, re-
duced risk of postoperative infections, rapid return to regu-
lar physical activity and overall it is cosmetically preferred. 
The transfascial suturing provides an easy, fast, durable and 
efficient repair of the defect without the need for a mesh 
placement. Likewise, the extracorporeal knotting is much 
easier to execute compared to intracorporeal knotting. 
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I. INTRODUCTION  

Type 2 diabetes mellitus (T2DM) has been associated 
with abnormal cardiac autonomic function and elevated 
inflammatory markers. Heart rate (HR) variability is an 
established non-invasive measure of autonomic nervous 
function and, in subjects with diabetes, HR variability was 
able to discriminate cardiac autonomic neuropathy [1]. 
Decreased HR variability was described in T2DM [2] and 

was associated with increased risk for the development [3] 
and progression of cardiovascular disease [4].  

The autonomic nervous system dysfunction affects the 
behavior of endothelial cell. HR variability was significant-
ly inversely associated with CRP levels in healthy subjects 
[5], subjects with cardiovascular disease [6] and T2DM [7]. 
These evidences prove the relation of systemic inflamma-
tion with the function of autonomic nervous system.   

There have been described many methods of assessing 
HR variability [6]. However, the possible implication of HR 
variability evaluated during 24-hour ambulatory blood pres-
sure monitoring (ABPM), in modulating chronic inflamma-
tion biomarkers in subjects with diabetes remains to be 
elucidated. In our study, we aimed to evaluate the correla-
tions between ambulatory HR variability and coefficient of 
variance and hsCRP in T2DM and control subjects. 

II. PATIENTS AND METHODS  

The observational study included data from 86 persons. 
Consecutive T2DM subjects (n=75) were selected from 
Clinical Diabetes, Nutrition and Metabolic Diseases Centre, 
Cluj-Napoca, Romania, between July 2013 and February 
2014. The control subjects (n=11) were selected from First 
Medical Clinic, Cluj-Napoca, Romania. The subjects ful-
filled all the inclusion criteria: adults (men and women), 
Caucasian, previously diagnosed with T2DM and no diabe-
tes and no hypertension for the control group. The subjects 
were not included in the study if they had: autoimmune 
diseases, estimated glomerular filtration rate 
<30ml/min/1.73m2, malignancies, major cardiac arrhythmi-
as, unstable cardiovascular condition and secondary hyper-
tension. 

In accordance with the World Medical Association Dec-
laration of Helsinki of 1975, as revised in 2000 and 2008, 
and with the ethical standards of the responsible committee 
on human experimentation (institutional and national), the 
study protocol was approved by the Ethical Committee of 
“Iuliu Haţieganu” University of Medicine and Pharmacy 
Cluj-Napoca, Romania. All participants were aware of the 
investigational nature of the study and agreed to participate 
after providing written informed consent.  
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The study protocol, biochemical measurements and 24-
hour ambulatory HR and blood pressure monitoring have 
been previously described [8]. T2DM and its complications 
(neuropathy, retinopathy and atherosclerotic cardiovascular 
disease) were diagnosed according to American Diabetes 
Association criteria [9]. Hypertension was diagnosed when 
two blood pressure measurements repeated at two visits 
were above 140 mmHg for systolic blood pressure or above 
90 mmHg for diastolic, or the use of antihypertensive drugs 
[10]. The coefficient of variance (CV) was calculated using 
the formula [11]: . HR variability 
was calculated as standard deviation of mean HR during 
daytime, nighttime and 24-hour periods. HR dipping index 
(%) was calculated using the formula: (

. 
Statistical analyses were performed using R 2.15.1 and 

LibreOffice programs. The Kolmogorov–Smirnov test was 
used to assess the normality of all variables distribution. 
The continuous data were expressed as means +/− standard 
deviation when normally distributed or as median and inter-
quartile range when not normally distributed. The categori-
cal or dichotomous variables were expressed as percentages 
and absolute values. Group comparisons of variables were 
performed using ANOVA, chi-square and Kruskal-Wallis 
tests. The relationship between ambulatory HR and other 
variables were evaluated using Pearson or Spearman coeffi-
cient. Statistical significance threshold was considered 
p<0.05.  

III. RESULTS 

The baseline characteristics of the study participants in-
dicated significant differences in age, systolic blood pres-
sure, body mass index and waist circumference between the 
two groups. Also, hsCRP was significantly higher in the 
T2DM group than in control group (Table 1). In the T2DM 
group, the duration of T2DM 8.0(3.0-13.0) years and the 
hypertension duration was 9.0(3.0-13.0) years. 

Diabetic peripheral neuropathy was present in 50.7% of 
the T2DM subjects, while nephropathy and retinopathy 
were present in 34.7% and 33.3% of the T2DM subjects, 
respectively. Cardiovascular disease was present in 44% of 
the T2DM subjects, while hypertension was present in 88% 
of the T2DM subjects. In the T2DM group, 21.3% were 
receiving oral antidiabetic drugs and 78.7% were receiving 
insulin therapy. Treatment with β-blockers were receiving 
in 56% of the T2DM subjects, while 86.7% were receiving 
angiotensin-converting enzyme inhibitor or angiotensin 
receptor blockers, 30.6% were receiving calcium channel 
blockers and 64.0% were receiving diuretics. 

Table 1 Baseline characteristics of the study groups 

Variables Control  
(n=11) 

Type 2 diabetes  
(n=75) 

p- 
value 

Age (years) 54.1±8.0 59.6±7.3 0.027 
Male Gender (n, %) 6(54.5%) 34 (45.3%) 0.57  
Smoking status (yes, %) 5(45.5%) 13(17.3%) 0.032 
Body mass index (kg/m2) 27.3±3.7 31.5±4.4 0.004 
Waist circumference (cm) 100±9.8 109.9±10.2 0.004 
Office heart rate (beats/min) 75.6±10.2 75.9±12.1 0.93 
Office systolic blood pressure 
(mmHg) 118.2±8.4 136.3±15.6 <0.001 

Office diastolic blood pressure 
(mmHg) 76.9±6.7 81.7±10.6 0.15  

HsCRP (mg/l) 0.48±0.15 0.71±0.35 0.015 

We found no significant differences in mean daytime, 
nighttime and 24-hour HR between the two study groups. 
The daytime, nighttime and 24-hour HR variability were 
higher in control group compared with the T2DM group, 
but the statistical significance was reached only for 24-hour 
HR variability. When analyzing the CV, we observed that 
the T2DM group had lower levels compared to the control 
group, but the statistical significance was reached only for 
the 24-hour period. Nighttime HR dipping was significantly 
lower in the T2DM group compared with the control group 
(Table 2). 

Table 2 The 24-hour ambulatory HR parameters of the study groups 

Variables Control  
(n=11) 

Type 2 diabetes  
(n=75) p- value 

Mean daytime HR 75.6±5.7 73.9±8.8 0.54 
Mean nighttime HR 62.7±6.6 66.1±8.1 0.19 
Mean 24-hour HR 72.6±5.6 72.1±8.3 0.84 
Daytime HR variability 9.0±2.3 7.7±2.8 0.13 
Nighttime HR variability 5.9±2.3 5.2±2.1 0.36 
24-hour HR variability 9.9±2.1 7.9±3.1 0.041 
Daytime HR CV 11.9±2.9 10.4±3.5 0.16 
Nighttime HR CV 8.7±3.1 7.5±3.0 0.19 
24-hour HR CV 14.0±3.3 11.3±3.7 0.24 
Nighttime HR dipping 17.0(11.4; 21.4) 11.4(6.1; 15.1) 0.005 

When analyzing the T2DM group, we found that subjects 
receiving β-blockers (n=42) had significantly lower 
nighttime HR variability (4.3±1.7 vs. 5.8±2.1; p=0.001) and 
24-hour HR variability (7.5±2.5 vs. 9.0±3.0; p=0.02), and 
lower daytime HR variability (7.1±2.3 vs. 8.3±3.1; p=0.06) 
compared with the T2DM subjects not receiving β-blockers 
(n=33). Also, T2DM receiving β-blockers had significantly 
lower nighttime HR CV (6.6.1±2.7 vs. 8.7±3.0; p=0.002), 
lower 24-hour HR CV (10.6±3.2 vs. 12.2±4.1; p=0.058) and 
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lower daytime HR (9.9±2.9 vs. 10.9±4.0; p=0.188) com-
pared with the T2DM subjects not receiving β-blockers. 

The correlations of ambulatory HR variability in the 
study population are presented in Table 3. Daytime and 24-
hour HR variability significantly and inversely correlated 
with hsCRP levels, even after adjustment for age, sex, 
smoking status, body mass index and diabetes duration. 
Similar results were observed when correlating daytime, 
nighttime and 24-hour CV of HR with hsCRP. Daytime (r= 
-0.23; p=0.040), nighttime (r= -0.23; p=0.040) and 24-hour 
HR variability (r= -0.30; p=0.008) significantly and inverse-
ly correlated with hypertension duration, even after adjust-
ment for age, sex, smoking status, body mass index and 
diabetes duration. The CV of HR was not associated with 
hypertension duration. No significant results were obtained 
when assessing the correlation between mean ambulatory 
HR and hsCRP levels.  

Table 3 Correlations of HR variability in the T2DM group 

Variables Daytime HR 
variability 

Nighttime HR 
variability 

24-hour HR 
variability 

hsCRP -0.23; p=0.030 -0.04; p=NS -0.23; p=0.036 
 
Nighttime HR dipping inversely correlated with T2DM 

duration (r= -0.27; p=0.013) and hypertension duration (r=  
-0.45; p< 0.001) in the study population, even after adjust-
ment for age, sex, smoking status and body mass index.  

In the study population, subjects with diabetic peripheral 
neuropathy had significantly lower daytime HR variability 
(7.0±2.1 vs. 8.6±3.0; p=0.006) and 24-hour HR variability 
(7.3±2.2 vs. 9.3±3.0; p=0.001) compared to subjects without 
neuropathy. Also, subjects with diabetic retinopathy had 
significantly lower daytime HR variability (6.6±1.9 vs. 
8.3±2.9; p=0.007) and 24-hour HR variability (7.1±2.6 vs. 
9.0±2.9; p=0.005) compared to subjects without retinopa-
thy. Subjects with atherosclerotic cardiovascular disease 
had significantly lower daytime HR variability (7.1±2.2 vs. 
8.3±3.0; p=0.05), nighttime HR variability (4.4±1.8 vs. 
5.4±2.1; p=0.038) and 24-hour HR variability (7.4±2.3 vs. 
9.0±3.0; p=0.007) compared to subjects without atheroscle-
rotic cardiovascular disease. Similar results were observed 
when evaluating CV of HR in subjects with neuropathy, 
retinopathy and cardiovascular disease compared to subjects 
free of mentioned chronic diabetes complications. 

IV. DISCUSSION 

HR variability is considered the earliest indicator of dia-
betic cardiovascular autonomic neuropathy [12]. We found 
that daytime, nighttime and 24-hour HR variability and CV 
were lower in T2DM group compared with the control 

group, while T2DM subjects receiving β-blockers had even 
lower ambulatory HR variability and CV. Similarly, Su-
charita et al observed that T2DM subjects had lower HR 
variability using another method for assessing HR variabil-
ity [2]. However, in a study evaluating type 1 diabetes sub-
jects, the β-blockers proved a favorable effect on both auto-
nomic function and inflammation by increasing HR 
variability and decreasing CRP [13]. The immunomodulato-
ry effect of β-blockers, particularly on C-reactive protein, 
has been reported in coronary artery disease [14]. Our data 
on the direct relation between the use of β-blockers and 
decreased HR variability and CV, as shown by the reduction 
in standard deviation mean ambulatory HR confirm the HR 
decreasing effect of β-blockers.  

Daytime and 24-hour HR variability negatively associat-
ed with hsCRP levels, even after adjustment for confound-
ing factors. Our results agree with the findings of one study 
that described the inverse relationship between HR variabil-
ity and inflammatory biomarkers in support to the role of 
autonomic nervous system in determining excessive in-
flammatory reactions [7]. Decreased daytime, nighttime and 
24-hour HR variability associated with increased hyperten-
sion duration, suggesting that longer disease duration has a 
negative impact on autonomic system normal function. It is 
known that supine hypertension often coexists with orthos-
tatic hypotension in autonomic dysfunction and it is associ-
ated with end-organ damage [15]. 

We found that nighttime HR dipping inversely correlated 
with duration of T2DM and hypertension in our study popu-
lation, even after adjustment for confounders. Older age and 
longer diabetes and hypertension duration had lower 
nighttime HR dipping. The non-dipping pattern of the 
nighttime blood pressure was associated with increased risk 
for cardiovascular events [16] and related to longer diabetes 
[17] and hypertension duration. In addition, nighttime HR 
dipping was significantly lower in the T2DM group com-
pared with the control group. The findings of the present 
study suggest the possible connection between HR non-
dipping pattern and increase risk of cardiovascular events.    

Autonomic neuropathy can coexist with peripheral neu-
ropathy in subjects with diabetes. We found that the pres-
ence of diabetic peripheral neuropathy and retinopathy 
negatively correlated with daytime and 24-hour HR varia-
bility and CV. This finding suggests that the mechanisms 
involved in diabetic retinopathy development and progres-
sion might be similar to those involved in autonomic nerv-
ous system dysfunction. As previously described [4], the 
presence of atherosclerotic cardiovascular disease was nega-
tively associated with daytime, nighttime and 24-hour HR 
variability and CV.   
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V. CONCLUSIONS 

Our results suggest that 24-hour ambulatory HR variabil-
ity and coefficient of variance are significantly correlated 
with chronic inflammation evaluated using hsCRP in type 2 
diabetes and control subjects. Any speculation on 
cause/effect relationship of this two parameters is risky and 
beyond our intentions. Based on our results, we propose the 
use of 24-hour ABPM as a useful and reproducible method 
for assessing mean HR and HR variability when other more 
accurate methods are not available.  
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I. INTRODUCTION  

According to the World Health Organization, 15 million 
people suffer stroke worldwide each year. Of these, 5 mil-
lion die and another 5 million are permanently disabled. 
High blood pressure contributes to more than 12.7 million 
strokes worldwide. More than 50% stroke patients remain 
vocationally impaired and about 30% need full support for 
activities of daily living [1]. 

Mirror therapy has been seen to provide encouraging re-
sults in treatment of hemiparesis. It seems likely that this 
illusion enhances activation of the premotor and motor 
cortex in a similar way to action observation or motor im-
agery as in Figure 1 [2]. For stroke there is a moderate qual-
ity of evidence that MT as an additional intervention im-
proves recovery of arm function, and a low quality of 
evidence regarding lower limb function and pain after 
stroke [3][4]. Firm conclusions could not be drawn yet, 
that's why the objective of this study is to evaluate the clini-
cal aspects of mirror therapy (MT) interventions after 
stroke, which patients are likely to benefit most from MT, 
and how MT should preferably be applied. 

The novelty that will bring the study will attempt to cor-
relate neurophysiological aspects and hemodynamic using 
both classical and modern methods of analysis based on 
nonlinear analysis, less used today. 

 
Fig1. Patient following mirror therapy 

The paper aims to end acquisition, measurement and 
analysis parameters electrophysiology and hemodynamics 
using non-invasive methods in order to evaluate the clinical 
aspects of mirror therapy (MT) interventions after stroke. 
The complexity of the subject and the expertise and experi-
ence of the proposed team members, the project is interdis-
ciplinary - medical and technical [5] [6]. 

II. WORKING METHODOLOGY 

The objective of this study is to evaluate the clinical as-
pects of mirror therapy (MT) interventions after stroke. 

 In subjects with cognitive impairment and post shock we 
analyzed blood pressure, heart rate variability, respiratory 
rate, oxygen saturation of peripheral, fasting and effort. 
Regulating autonomic processes in the cardiovascular sys-
tem will be evaluated by the Ewing battery of tests (sample 
with slow deep breathing, active orthostatic test, Valsalva 
maneuver, BP response and BP response to standing and 
isometric contraction of the hand). Also it was also recorded 
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and EEG at rest and the challenge will be detailed observa-
tions in other papers. 

The concept of cardiovascular homeostasis is the tenden-
cy for the body to maintain a relatively regular heart rate 
(the amount of RR intervals varies within a relative range, 
as shown in Figure 2) and blood pressure regularly under 
variable environment. The heart rate is influenced, among 
others, by regulating autonomic (sympathetic and parasym-
pathetic). Experimental sympathetic stimulation reduces 
ventricular refractory period, decreases ventricular fibrilla-
tion threshold, post-potential excitatory and stimulate cardi-
ac automaticity. Vagal stimulation increases the refractory 
period, ventricular fibrillation threshold increases, decreases 
cardiac automaticity. Under normal circumstances, at rest, 
sympathetic efferent are weak; vagal activity is important, it 
reduces the heart rate to 60-70 / min. 

 
Fig.2. RR interval variation during recording 

Most secondary stroke disability is recovered in a few 
months, but others may persist for life. It should be noted 
that rehabilitation should start as soon, so a greater chance 
of recovery this early stage. Disabilities are widening or 
remain constant over time, which is why the establishment 
of rehabilitation program has to be made as soon as possi-
ble. 

The time needed for recovery after a stroke should not be 
underestimated. Studies have shown that if the recovery 
process is started and functions, the recovery of the patient 
is faster. 

Methods of rehabilitation after a stroke vary from person 
to person, but the same purpose, namely: 

- Acquiring a functional status that provide independence 
and minimal help from other people 

- Accommodating of people with physical and mental 
changes caused by stroke 

- Appropriate integration in family and community. 
The experiment will try to evaluate changes in cardiovas-

cular reactivity and response of the central nervous system 
and peripheral occurring disorders subsequent stroke. We 
achieved a correlation of various parameters obtained by 
non-invasive methods: neuropsychological tests, testing 
hemodynamic, neurophysiological, diagnostic algorithms to 
determine what can possibly lead to an early diagnosis fol-
lowed by appropriate therapeutic sanctions. 

Because a number of heart diseases may represent 
potential risk factors for stroke, interpretation of the ECG 
may show arrhythmias such as atrial fibrillation or may 
indicate acute ischemia. All patients with stroke should 
conduct an ECG as part of the initial assessment, and during 
the rehabilitation process. 

In order to correlate hemodynamic and neurophysiologi-
cal aspects we used both classical and modern methods of 
analysis based on nonlinear dynamics [7], [8]. 

RR series analysis is a standard method for estimating 
the heart rate a patient. Heart rate variability (HRV), as 
measured by ECG techniques, is used to assess vagal and 
sympathetic influences on the heart. A great variability in 
heart rate indicates that the mechanisms regulating normal 
cardiovascular functioning and decreases HRV indicates 
damage control mechanisms. Decreased HRV is a predictor 
of a cardiac event or death from cardiovascular causes. 

Also in clinical trials were conducted all 5 tests within 
the "battery" Ewing, but in the present paper will refer only 
to the first 3 related to HRV. 

The 3 tests referred to are: 
1. Heart rate variability at controlled deep breathing; 
2. Heart rate variability Valsalva maneuver; 
3. Heart rate variability to standing (30/15). 
In the first test HRV was measured during a 6 cycles of 

deep breathing. R-R interval difference between the longest 
(exhale) and the shortest R-R (inhale) is normally greater 
than 10 beats / minute. Reducing this gap signifies impaired 
parasympathetic component. 

During Valsalva maneuver the patient expires, for 15-30 
seconds in a chamber connected to a pressure gauge, a pres-
sure of 40 mmHg, while the ECG is recorded. Valsalva ratio 
is calculated by dividing the interval R-R longest immedi-
ately following the test phase during bradycardia, the R-R 
interval soon noticed during the maneuver and reflecting 
tachycardia triggered by exertion. A Valsalva ratio greater 
than or equal to 1.21 is normal and if it is less than or equal 
to 1.10 is pathological. 

In the last test, after 15 seconds of ECG recording supine 
subject is raised and recording continues until the 40th beat 
after assumption of the standing. R-R interval is measured 
from the 15th and 30th line. Shows a healthy subject at the 
15th tachycardia and bradycardia beating the 30th, leading 
to a near 30/15 ratio R-R 1.2. 

The other two tests of "battery" are related to measur-
ing blood pressure and bring additional information in order 
to achieve the best possible image on the health of the sub-
ject as well as its evolution. 

ECG signals were recorded using a data acquisition sys-
tem data MP150 from BIOPAC Inc., which is comprised of 
a module amplifying electrocardiographic (ECG100C) 
represented by an instrumentation amplifier with a single 
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channel, high gain, with differential input special designed 
to monitor the heart's electrical activity. As software tools 
were used Acknowledge ver. 4.2 (also developed by Biopac 
Inc.) for signal acquisition and processing, and analysis of 
HRV was performed using HRV Kubios. 

III. HEART RATE VARIABILITY ANALISYS AND OBSERVATIONS 

Heart rate variability was analyzed by statistical meth-
ods, linear and nonlinear. 

 
Fig.3. HRV time analysis result 

The most important indicators of the time analysis are: 
- Heart rate - average rate around 70 beats / minute. One 

person Normal heart rate is influenced by some of the vague 
nerve (parasympathetic) which has inhibitory effects on the 
other side of the sympathetic system that has stimulant 
effects. Regarding this parameter were observed major 
changes. There have been cases where that depending on 
laterality damage following treatment frequency decreased 
over time. In Figure 3 it can be seen a decrease in variability 
after the start of therapy. 

- The standard deviation of all RR intervals (Standard 
deviation of the NN intervals - SDNN) shows the degree of 
homogeneity of values. SDNN was correlated with reducing 
dysfunction the left ventricle. 

- SDNN index is the average standard deviation of all RR 
intervals for 5 min fragments of the ECG. SDNN index is 
considered primarily highlights autonomic nervous system 
influence on HRV. 

- The root mean square of successive differences between 
normal beating of the heart (The square root of the mean of 
the squares of differences between adjacent NN intervals - 
RMSSD) estimates parasympathetic activity of the heart. 

All parameters mentioned above have undergone changes 
illustrated in Figure 4, which may explain the effectiveness 
of therapy used. 

 
Chvgt"

 
Fig.4. HRV time domain results before and after 6 weeks 

Linear analysis - analyzing the frequency domain (PSD - 
power spectral density) allows an assessment of the auto-
nomic nervous system at any time of registration. It uses 
Fast Fourier Transform and basic indices of spectral analy-
sis of heart rate are: 

- Total power spectrum (PT) fully reflect changing vege-
tative influences on heart rate, 

- High-frequency spectral component (high frequency-
HF) – 0.15-0.40Hz expressing parasympathetic innervation 
influence, 

- Spectral component of low frequency (LF low-
frequency) – 0.04-0.15Hz, characterizing maximum sympa-
thetic activity, 

- Spectral component, very low frequency (VLF-very 
low frequency) - 0.02-0.04 Hz, thermoregulatory mecha-
nisms and influenced by the activity of the renin-
angiotensin system. 

- Coefficient sympathetic activity in relation to the para-
sympathetic expressed as LF / HF ratio sympathetic or para-
sympathetic predominance highlights. 

As regarding the parameters obtained from the HRV fre-
quency domain analysis, there were changes in their best 
condition outlined depending on the location and length of 
time since the manifestation of stroke, an example is shown 
in Figure 5. 
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Fig.5. HRV frequency domain analysis result 

IV. CONCLUSIONS  

An important role in maintaining orthostatic homeostasis 
it has the autonomic nervous system. It is considered that 
under physiological conditions to lower blood pressure 
baroreceptors are activated, that initiate pressor reflex sym-
pathetic influence of what is to increase the peripheral ves-
sels, resulting in vasoconstriction and increased blood pres-
sure respectively. This maintains adequate cerebral 
perfusion and avoids loss of consciousness. When these 
compensating mechanisms reach critical level, are inade-
quate to maintain continuous hemodynamic parameters 
(bradycardia, systemic hypotension) leading to decreased 
cerebral perfusion, frequently occurring after stroke. These 
patients also states restlessness, anxiety marked. Anxiety is 
associated with hyperventilation suggesting the role of the 
limbic system in the respiratory pattern. Hypocapnic hyper-
ventilation that accompanies it can induce cerebral vasocon-
striction exaggerated, increased peripheral vasodilation 
causing cerebral hypo perfusion and systemic hypotension. 
Co-monitoring blood pressure, HRV, respiratory rate and 
oxygen saturation can bring valuable information on cardi-
ovascular reactivity in patients after stroke but also on the 
effectiveness of therapy, as MT. 

Regarding the results, it has been shown that incorporat-
ing mirror therapy into the conventional stroke rehabilita-
tion program during the early stages of treatment, but also 
in early chronic stroke and applying it for a sufficiently long 
period might generate a supplementary improvement of the 
patient. Evolution of motor parameters during our study was 
good all patients showing improvements of movements. 
There were changes in LF / HF ratio (HRV analysis in fre-
quency domain), the vast majority of patients with increas-
ing the number of sessions included in MT, but in the ab-
sence of correlation with information neurological we 
cannot draw certain conclusions. 
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I. INTRODUCTION  

Diabetes mellitus is one of the most common non-com-
municable chronic disease, becoming a public health prob-
lem and taking epidemic proportions globally [1, 2]. Due to 
its chronic and progressive feature, the severity of specific 
chronic complications that induces and not least, due to the 
financial means for proper management, diabetes is a costly 
disease not only for those affected and their families but also 
for the healthcare systems [3, 4, 5, 6]. 

Diabetic peripheral neuropathy is a common complication 
of diabetes, more than half of diabetic patients being affected 
during lifetime [7]. Diabetes can affect all structures of the 
nervous system, autonomic and somatic, central and periph-
eral, but the most frequent form of diabetic neuropathy, en-
countered in the vast majority of diabetic patients, is the typ-
ical diabetic peripheral neuropathy (DPN) or diabetic 
sensory-motor polyneuropathy (DSPN), according to the 
most recent definition and classifications proposed by the ex-
pert panels of the Diabetic Neuropathy Study Group of the 
European Association for the Study of Diabetes 
(NEURODIAB) [8]. According to this definition, DSPN is a 
“symmetrical, length-dependent sensorimotor polyneuropa-
thy induced by the metabolic and microvessel alterations as 
a result of chronic hyperglycemia exposure”. Diabetic pe-
ripheral neuropathy is a major risk factor for diabetic foot ul-
cerations [9, 10, 11], and foot ulcer is the most common sin-
gle precursor to lower extremity amputation among persons 
with diabetes [12, 13]. So, there is a body growing of evi-
dence that diabetes complications are commonly acknowl-
edged as the leading cause of the global amputation burden 
and contribute to between 25% and 90% of all amputations 
[14, 15]. 

Consensus definitions for DSPN consistently recommend 
a combination of neuropathic symptoms and signs, in addi-
tion to specific abnormalities in nerve conduction studies 
(NCS), as criteria for diagnosis [16] Even though nerve con-
ductions studies are considered the golden standard for the 
diagnosis of diabetic neuropathy, only large myelinated 
nerve fibers can be assessed using this method, while in dia-
betic neuropathy it was stated that small nerve fibers dysfunc-
tion precedes the involvement of large nerve fibers [17]. 
However, small fibers can be assessed objectively by quanti-
fying intra-epidermal nerve fiber density (IENFD) in skin bi-
opsies [18], which is an invasive procedure, or by corneal 
confocal microscopy [19, 20, 21].  

Measurement of the current perception threshold (CPT) 
using the Neurometer® (Neurotron Inc., Baltimore, Mary-
land, USA) is a useful technique for assessing diabetic pe-
ripheral neuropathy [22, 23, 24, 25]. This method has the ad-
vantage to be able to quantify three different types of nerve 
fibers: Aβ, Aδ, and C fibers by using different electric stim-
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ulus frequencies (2,000, 250, and 5 Hz, respectively). Aβ fi-
bers are large myelinated nerve fibers associated with touch 
and pressure sensation and C fibers play an important role in 
the autonomic nervous system and conduct impulses for tem-
perature and pain.   

II. OBJECTIVES 

A. To assess diabetic peripheral neuropathy by measuring 
the current perception threshold using Neurometer 
B. To estimate the prevalence of diabetic peripheral 
neuropathy by this method in the study group 
C. To analyze the possible correlation between current 
perception threshold and clinical, biochemical and 
metabolic parameters 

III. MATERIAL AND METHODS 

In this observational cross-sectional study, were included 
150 people with type 2 diabetes treated at Unirea Medical 
Center from Cluj-Napoca, between 2009-2011 and at Diabe-
tes Clinical Center Cluj-Napoca between August-October 
2012. Inform consent was obtained from all the participants. 
All the patients were evaluated in terms of anthropometric 
and metabolic measurement and were assessed for the rapid-
current perception threshold (R-CPT) using the Neurome-
ter®.   

The Neurometer® generates an alternative current (AC) 
stimulus, which was applied at the right hallux using two 
golden plated electrodes, and the subject was instructed to 
press a button until a stimulus was detected at the site of the 
electrode and then to release the button. At each test site, 
three different frequencies of 2000, 250 and 5Hz of AC cur-
rent were applied to stimulate large myelinated alpha beta fi-
bers, small myelinated alpha delta fibers and small unmye-
linated C fibers, respectively, and the Neurometer® 
generates R-CPT readings based on the minimal strength of 
(AC) stimulus that the patient can detect. For each frequency 
(2000, 250 and 5Hz), an R-CPT value was generated and 
ranged from 1 to 25. Values ranging from 6 to 13 were con-
sidered normal, values between 1 to 5 indicate hyperesthesia 
(increased sensation) while the values between 14 and 25 
show hypoesthesia (decreased sensation). Both hyperesthesia 
and hypoesthesia reflect the presence of diabetic sensory neu-
ropathy.  

Statistical analysis was performed using SPSS 15.0 (SPSS 
Inc, Chicago, USA). The normality of variables distribution 
was evaluated using Kolmogorov–Smirnov test. Continuous 
data were expressed as means +/− standard deviation when 
normally distributed or as median for non-parametric data. 
Qualitative data were expressed as numbers and percentages. 

Group comparisons of all variables were performed using t-
test for groups with normally distributed data, and Mann–
Whitney test for groups with not normally distributed data. A 
p values less than 0.05 was considered statistically signifi-
cant. 

IV. RESULTS 

The study group included 150 patients with type 2 diabetes 
who met the inclusion criteria. Of these, 50.7% (76) were fe-
male, and 49.3% (74) were males. The characteristics of the 
study group are presented in table 1.  

Table 1 The characteristics of the study group 

Parameter Mean±SD Mini
m Maxim 

Age (years) 58.8±10.71 21 82 
Diabetes duration (years) 7.02±6.35 0 38 
Weight (kg) 87.31±16.52 56 148 
BMI (kg/m2) 30.82±5.4 18.5 46.3 
WC (cm) 107.81±13.31 76 150 
HbA1c (%) 7.7±1.4 5.6 14.2 
Total cholesterol (mg/dl) 179.78±40.77 52 314 
HDL cholesterol (mg/dl) 44.82±11.69 12 100 
Triglycerides (mg/dl) 164.42±85.59 34 691 
LDL cholesterol (mg/dl) 102.07±35.03 14 195.8 

HbA1c-glycated hemoglobin, BMI-body mass index, WC-waist circum-
ference. Data are presented as means ± SD (standard deviation) 

 
We divided the patients in two categories, depending on 

the R-CPT values, namely: 
- Patients without DPN:  R-CPT values between 6 and 13 (in-
cluded) for all three AC frequencies  
- Patients with DPN: R-CPT values between 1-5 (defining 
hyperesthesia) and between14-25 (defining hypoesthesia).   
In our study 52.6% of patients had abnormal R-CPT to at 
least one of the AC frequency applied.  

We noticed that, in patients with abnormal R-CPT values, 
diabetes duration, BMI, waist circumference, HbA1c, total 
cholesterol and LDL cholesterol were statistically signifi-
cantly higher than in patients with normal R-CPT values 
(Mann-Whitney test). Clinical and biochemical parameters in 
the study groups are presented in table 2.  

Patients with abnormal R-CPT values showed a statisti-
cally significant higher percentage of diabetic retinopathy (p 
<0.001) and peripheral artery disease (p = 0.001) compared 
with patients normal R-CPT values (table 3). 

We analyzed the patients in the study group based on the 
presence of hyper- and hypoesthesia when applying 2000Hz, 
250Hz and 5Hz AC stimulus, and we noticed that hyperes-
thesia was present in a higher percentage (15.3%) when fre-
quency of 5Hz was applied compared with frequency of 250 
Hz (6%) or 2000 Hz (4%). The data are presented in table 4.  
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Table 2 Clinical and biochemical parameters in the study groups 

Parameter Patients with 
DPN 

Patient without 
DPN 

p-
value 

Age (years) 63(56-69) 57.28±11.13  
0.085 

Diabetes dura-
tion (years) 9(4-13) 6(4-10) 0.001 

Weight (kg) 88.59±17.13 83(75-95) 0.301 
BMI (kg/m2) 31.79±5.47 29.75±5.14 0.037 
WC (cm) 110.65±13.31 104.65±12.68 0.01 
HbA1c (%) 7.94±1.33 7.41±1.4 0.004 
Total cholesterol 
(mg/dl) 175.3±43.21 184.75±37.54 0.045 

HDL cholesterol 
(mg/dl) 42(37-48) 45(39-50) 0.034 

Triglycerides 
(mg/dl) 172.06±95.82 155.92±72.28 0.352 

LDL cholesterol 
(mg/dl) 97.01±36.96 107.7±32.08 0.041 

HbA1c-glicated hemoglobin. Data are presented as mean or median ± SD   

Table 3 The presence of comorbidities and chronic complications in the 
study groups 

Parameter  DPN No DPN p OR 

Hypertension  83.5% 71.8% 0.084 1.99 95% IC 
(1.1 – 4.38) 

Dyslipidemia 87.3% 80.3% 0.238 1.7 (95% IC 
0.7 – 4.10) 

Diabetic reti-
nopathy 43% 9.9% <0.001 7.11 (95% IC 

2.87 – 17.57) 

PAD 20.3% 2.8% 0.001 8.90 (95% IC 
1.97 – 40.28) 

DPN-diabetic peripheral neuropathy, PAD-peripheral artery disease, OR-
odds ratio, IC-interval of confidence 

Table 4 The presence of hypo- and hyperesthesia in the study group 

AC Frequency  Normal R-CPT  Hyperesthesia Hypoesthesia 
2000 Hz 72.6 4 23.3 
250 Hz 68 6 26 
5 Hz 57.3 15.3 27.3 

Data are presented as percent.  
 

We decided the allocation of study patients in three cate-
gories, depending on diabetes duration: less than 5 years (66 
patients), between 5 and 10 years (49 patients) and more than 
10 years (35 patients).  

We further analyzed the R-CPT values in the three groups 
of patients according to diabetes duration (table 5).  

Table 5 The average values of R-CPT according to diabetes duration 

 Diabetes duration (years)  
 <5 5-10 >10 p 
2000 Hz 10.71±4.19 11.53±4.57 14.68±5.78 0.02 
250 Hz 11±4.52 12.29±4.96 13.88±5.34 0.15 
5 Hz 10.23±4.47 12.24±5.41 13.4±5.95 0.05 

 

We obtained a R-CPT value significantly statistical higher 
(p = 0.02) when 2000 Hz stimulus was applied in patients 
with diabetes duration more than 10 years compared with pa-
tients with a lower diabetes duration. 

R-CPT values were significantly lower in patients with a 
diabetes duration less than 5 years, compared with the pa-
tients from the other groups, when 5 Hz frequency AC stim-
ulus was applied (p=0.05). 

After calculating the Spearman correlation coefficient, we 
found a positive correlation between duration of diabetes and 
R-CPT values. The correlation was statistically significant 
for 2000 and 250 Hz frequencies (Spearman correlation co-
efficient 0.270 and 0.248) (table 6) and highly statistically 
significant for 5 Hz frequency (Spearman correlation coeffi-
cient 0.292) (figure 1).  
 
Table 6 Correlations between diabetes duration and the three AC stimulus 

frequency (Spearman correlation coefficient) 

AC frequency Diabetes duration 
(Spearman Coefficient) 

2000 Hz .270(*) 

250 Hz .248(*) 

5 Hz .292(**) 
** Highly significant correlation, p <0.001 
* Significant correlation, p <0.05 

 

 

Fig. 1 Correlation between diabetes duration and 5 Hz AC frequency 
 
Regarding the antihyperglycemic therapy, a statistically 

significant higher percentage of patients with DPN (62.1%, p 
= 0.002) were receiving insulin therapy (alone or in combi-
nation with oral antidiabetic agents), while more than half of 
patients without diabetic neuropathy were treated only with 
oral or noninsulin therapy (60.6%). 
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V. DISCUSSIONS 

In our study, 52.6% of patients had abnormal R-CPT val-
ues to at least one of the three frequencies used.  

In the evolution of diabetic neuropathy, hyperesthesia is 
considered the first manifestation that appears, followed by 
hypoesthesia [26]. In our study, hyperesthesia was present in 
a much higher percentage (15.3%) when frequency of 5 Hz 
was applied compared with frequency of 250 Hz (6%) or 
2000 Hz (4%), suggesting that the frequency of 5 Hz has a 
higher sensitivity in detecting abnormalities compared to the 
other two frequencies. This finding may suggest that impair-
ment of small unmyelinated nerve fibers precedes the large 
myelinated nerve fibers damage, making it consistent with 
the existing evidence in the literature [18, 27].  

Patients with abnormal R-CPT values presented in a 
higher percentage hypertension, dyslipidemia, diabetic reti-
nopathy, peripheral artery disease, but the statistical signifi-
cance was reached only for the last two conditions. In his 
work, Matsumoto and co analyzed the relationship between 
the CPT values obtained when 2000 Hz AC frequency was 
applied and severity of diabetic retinopathy, demonstrating 
that these values were significantly higher in patients with 
proliferative diabetic retinopathy compared with patients 
without diabetic retinopathy, suggesting that progression of 
diabetic neuropathy is accompanied by that of diabetic reti-
nopathy [22]. The same results were also described by Koo 
Kyung Bo and co, showing a significant association between 
the presence of diabetic neuropathy and the severity of dia-
betic retinopathy [28]. Moulik and co [29] have shown in 
their study that 40 to 60% of patients with foot ulcers had also 
peripheral artery disease, a disorder which confers a high risk 
of amputation and mortality. In another study [30] conducted 
on 156 Swedes type 2 diabetic subjects, it was found that in 
patients with peripheral sensory neuropathy, peripheral ar-
tery disease was three times more common (52%) than in pa-
tients without diabetic neuropathy (16%, p = 0.001). In the 
same study it was demonstrated that the incidence of diabetic 
neuropathy increases with the severity of diabetic retinopa-
thy. Regarding the association between diabetic neuropathy 
and hypertension, Jarmuzewska and co [31] have demon-
strated a strong association, independent of other risk factors, 
between the two disorders in patients with type 2 diabetes, 
with a relatively short duration of diabetes.  

Patient with abnormal R-CPT values had higher BMI and 
waist circumference compared with patients with normal R-
CPT values. Wang and co [32] conducted a study on 552 type 
2 diabetic patients from Saudi Arabia, aimed to assess the 
prevalence of diabetic neuropathy and the correlations be-
tween this microvascular complication and certain parame-
ters. An important conclusion of this study was that duration 
of diabetes, abdominal obesity, blood glucose values, white 

blood cells and serum creatinine were associated with a 
higher risk of diabetic neuropathy. Also, Ziegler and co [33] 
in The MONICA / KORA Augsburg S2 and S3 Surveys have 
shown that, in the diabetic studied population, DPN was as-
sociated with age, waist circumference and peripheral artery 
disease, suggesting that abdominal obesity and peripheral ar-
tery disease could be important targets of the prevention strat-
egies for diabetic neuropathy. 

Another finding of our study was an unsatisfactory glyce-
mic control, reflected by a mean glycated hemoglobin value 
of 7.94%, in patients with DPN, compared with patients with-
out DPN (mean HbA1c=7.41%, p=0,004). Our results are 
consistent with the existing evidence. A study conducted on 
141 diabetic patients who were admitted on a Neurology de-
partment, has shown that in patients with DPN, fasting blood 
glucose and HbA1c were significantly higher (p <0.05) com-
pared with patients without diabetic neuropathy [34]. The re-
sults of another study [35] involving 294 type 2 diabetic pa-
tients, demonstrated that age, a poor socioeconomic status, 
insulin therapy, a long duration of diabetes and poor glyce-
mic control, were identified as risk factors for diabetic neu-
ropathy.  

When we applied 2000 Hz electrical stimulus, we obtained 
a mean R-CPT value significantly higher in patients with di-
abetes duration more than 10 years, compared with patients 
with a lower diabetes duration and the R-CPT values after 
application of 5 Hz frequency stimulus, were significantly 
lower in patients with a duration of diabetes less than 5 years. 
Consistent with our result, Young and co demonstrated in a 
multicenter cross-sectional study, which included 6487 pa-
tients with type 1 and type 2 diabetes, that the prevalence of 
diabetic neuropathy increases with age and duration of dia-
betes, being present in over half of patients over 60 years of 
age [36].  

We noticed in our study that a significantly greater pro-
portion of patients with abnormal R-CPT (62.1%, p = 0.002) 
were receiving insulin (alone or in combination with oral 
agents), while more than half of patients without diabetic 
neuropathy were treated only with non-insulin therapy 
(60.6%). Our results correlate with those obtained by Wang 
and co [32] in their study conducted on a population of 552 
patients with diabetes, and the results showed that in insulin 
treated subjects, the risk of diabetic neuropathy was higher 
compared to patients treated with oral antidiabetic agents. 
Another study involving 294 subjects with type 2 diabetes 
demonstrated that insulin treatment is an independent risk 
factor for diabetic neuropathy [35]. 
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VI. CONCLUSIONS 

The results of this study provide valuable information on 
the types of nerve fibers affected in diabetic peripheral neu-
ropathy. The study highlighted a number of positive risk fac-
tors associated with the presence of diabetic neuropathy and 
demonstrated correlations between duration of diabetes and 
the subpopulation of nerve fibers affected.  

The involvement of nerve fibers in the evolution of dia-
betic neuropathy is selective, so it is important to be able to 
apply the proper technique in order to detect, in a non-inva-
sively and quickly way, the exact nerve fiber type affected. 
And the Neurometer proved its ability to assess and quantify 
the functional status and integrity of the three nerve fibers 
types.   
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I. INTRODUCTION  

 Implantable ports (or port-a-cath/PAC) are medical de-
vices consisting of a port (reservoir compartment) and a 
catheter. The port is mounted subcutaneously and the cathe-
ter connects the port to a central vein. The port contains a 
special membrane that can be punctured over 3000 times. 
These devices are used to administer long-term injectable 
drug treatment or to deliver chemotherapy to cancer pa-
tients. The main advantages of implantable ports are the 
preservation of venous capital, the easier venous access, 
lower risk of extravasation of chemotherapeutic agents, the 
ability to inject irritants that can cause skin necrosis (cispla-
tin, epirubicin, paclitaxel) while allowing more comfort to 
both patients and medical staff [1]. Ports can be made of 
titanium, stainless steel or plastic and can be single chamber 
or dual chamber. The catheter can have different diameters 
and lengths and it is made of polyurethane or silicone [2]. It 
can be inserted into a central vein (subclavian vein, external 
and internal jugular vein,  cephalic vein, basilica vein, fem-
oral vein) by either open access or puncture: using the clas-
sic Seldinger technique or an ultrasound-guided method 

(ultrasound, fluoroscopy or electrocardiograpy) [1,3]. Re-
gardless of the access path, the insertion of the port and 
catheter is performed in the operating room in aseptic and 
antiseptic conditions specific for vascular approach. In-
traoperative and postoperative complications may occur due 
to the fact that this is a surgical procedure and it involves 
the introduction of a foreign body into the body (the port is 
implanted under the skin and the catheter is inserted into a 
vein). The main intraoperative complications may include: 
incorrect placement of the catheter, bleeding, cardiac 
rhythm disturbances, puncture of the carotid artery, pneu-
mothorax, hemothorax, or even death. Among postoperative 
complications, the following can occur: infections of the 
skin and subcutaneous tissue, subcutaneous abscess, venous 
thrombosis, sepsis, pneumothorax, hemothorax, migration 
of the port, externalization of the port, rotation of the port, 
occlusion or migration of the catheter, catheter fracture, 
catheter disconnection, difficult removal of the catheter. 
Complications vary in type and frequency depending on the 
method used in mounting the port and the catheter. Howev-
er, morbidity ranges from 8.6 to 31% with a mortality of up 
to 1.4% [1,2,3,4]. The method used in our clinic involves 
the insertion of the catheter into the internal jugular vein via 
ultrasound-guided puncture, and the placement of the port 
in the subcutaneous tissue in the anterior chest. The aim of 
our study was to analyze this method in delivering chemo-
therapy (port-a-cath/PAC) and to assess the likelihood of 
intraoperative and postoperative complications. 

II. MATERIALS AND METHODS 

 To achieve these objectives we conducted a prospective 
study which included cancer patients who underwent sur-
gery at the Fifth Surgical Clinic of the Municipal Hospital 
in Cluj-Napoca between 2012 and 2015. Surgeries were 
performed by the same surgical team. Following local anes-
thesia, a lateral-cervical incision performed under ultra-
sound guidance will allow the puncture and cannulation of 
the internal jugular vein. The length of the inserted catheter 
was calculated using Czepizak’s formula [5], which is based 
on patient height. After the longitudinal incision in the ante-
rior pectoral region, the port is inserted into the subcutane-
ous tissue.  The interventions lasted between 20 and 60 
minutes. To check catheter placement, chest x-ray was per-
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formed in all patients 30-60 minutes after the surgical pro-
cedure. The correct positioning of the catheter was assessed 
in accordance with the criteria described by Petersen [6]. 
Postoperative follow-up of patients was performed for 6 
months and consisted in a general clinical examination 
performed once every 30 days. Cervical ultrasound and 
chest X-ray were performed if there was a clinical suspicion 
of venous thrombosis or if patients experienced local pain, 
swelling, local edema or possible rupture or occlusion of the 
catheter or port.  Complications were divided into: - in-
traoperative complications (failure, incorrect puncturing, 
puncturing of the carotid artery, arrhythmias, hemorrhage, 
pneumothorax or hemothorax) and - postoperative compli-
cations (thrombosis of the internal jugular vein, superior 
vena cava syndrome, abscesses at the implantation site, 
externalization, pneumothorax, local hematoma, hemotho-
rax, downtime, extravasation, catheter rupture) [7]. 
 Patient medical data was analyzed regarding the location 
of the primary tumor, disease stage, body mass index, onco-
logic history (preoperative chemotherapy, cervical-thoracic 
radiotherapy), duration of surgery, intra and postoperative 
complications that occurred, time until first use and the 
reasons and the incidence of premature removal (port re-
moval program before the end of chemotherapy infusion). 
The results of parametric and nonparametric data were 
expressed as median values and range. Statistical analysis 
was performed using MedCalc version 14.8.1. and the 
significance level was p≤0.05 

III. RESULTS 

Between 2012 and 2015, ports were implanted to deliver 
chemotherapy in 250 patients aged 19 to 74 years (median 
age 62) at the Fifth Surgical Clinic of Cluj-Napoca Munici-
pal Hospital. Of these patients, 153 (61.2%) were women 
and 97 (38.8%) were men. Tumor location is presented in 
Table 1.  

The catheter was inserted in the right internal jugular 
vein in 239 (95.4%) cases and in the left internal jugular 
vein in 11 (4.6%) cases. Of the 250 cancer patients, during 
implantation, 145 were in stage IV and 42% were in stages 
I-III. The main intraoperative complications that occurred in 
our study group were represented by: port implantation 
failure (4 cases / 1.6%), incorrect placement in the subclavi-
an vein (2 cases / 0.8%), puncture of the common carotid 
artery (2 cases / 0.8%), occurrence of paroxysmal tachycar-
dia during catheterisation (1 case / 0.4%). The presence of 
hemothorax or pneumothorax was not detected in any of the 
cases. In case of incorrect catheter placement (one in-
traoperative case and one case identified following chest x-
ray) the catheter was repositioned immediately after the 

error was detected. In case of accidental carotid artery punc-
ture (in both cases the problem was identified intraopera-
tively by the presence of red arterial blood at the injection 
site) the needle was quickly removed and mechanical com-
pression was applied for about 5 minutes; after bleeding has 
stopped and the presence and size of the hematoma was 
identified (ultrasound), jugular vein puncture and correct 
placement of the catheter were resumed, ensuring 100% 
success rate. 

Table 1. Location of primary tumor 

Location of tumor Number of 
patiens 

Percentage (%) 

Brest       97      38,8 
Pulmonary      26      10,4 
Colorectal      25      10 
ENT      22      8,8 
Ovary      16      6,4 
Stomach      13      5,2 
Esophagus      10      4 
Sarcomas      10      4 
Urogenital       9      3,6 
Pancreas       6      2,4 
Melanoma       4      1,6 
Cervix       4      1,6 
Leukemia       3      1,2 

Peritoneum       2      0,8 

Gallbladder       1      0,4 
Limfoma        1      0,4 
Eyes       1      0,4 

These situations appeared when the normal anatomy of 
the region was affected by surgery in the laterocervical 
region (cancers of the head and neck). Cardiac arrhythmia 
(paroxysmal tachycardia) was identified in one patient (72 
years old). In this case, when inserting the catheter, proba-
bly due to the introduction of the catheter over a much too 
long distance, it punctured the right atrium and led to the 
stimulation of the sinus node, which caused heart rhythm 
disorders. The catheter was removed and it was safely rein-
serted after the resumption of normal heart rhythm.  Post-
operative complications that occurred during the 6-month 
follow-up were the following: internal jugular vein throm-
bosis (2 cases / 0.8%), infection (8 cases / 3.2%), abscess at 
the implant site (4 cases / 1.6%), externalized port (5 cases / 
2%), local hematoma (2 cases / 0.8%), non-functional im-
plants (4 cases / 1.6%) with 2 cases of reimplantation, and 
extravasation (1 case / 0.4%). 

In case of internal jugular vein thrombosis, patients ac-
cused localized pain in the right cervical region, accompa-

32 B. Micu et al.
 

 

 IFMBE Proceedings Vol. 59  
  

 



 

nied by mild bulging and swelling of the region, three, re-
spectively four months after surgery. The suspicion of 
thrombosis was confirmed by ultrasound. A CT angi-
ography was also performed to exclude the presence of 
superior vena cava syndrome. 

Abscesses at the implant site developed either by using 
the port in less than 7 days after the surgery or due to the 
immunosuppressive effects of preoperative chemotherapy 
or to locoregional radiotherapy performed preoperatively, 
tissues in these areas being extremely fragile. Externaliza-
tion of the port occurred in five cases (three cases of pan-
creatic cancer, one case of stage IV colon cancer, one case 
of stage IV melanoma), 6 months postoperatively, probably 
because all these patients underwent home-based chemo-
therapy using elastomeric pumps, which add extra traction 
to the port and tissues, exerted continuously over 24 or 48 
hours. In these cases, the port could not be preserved using 
surgical repositioning methods and had to be removed 
prematurely. Extravasation was detected in one case (stage 
IV gastric cancer), when chemotherapy was injected in the 
subcutaneous tissue around the port and due to its highly 
irritating effect, it caused necrosis of the tissue. Thus, we 
had to remove the port. The main causes for the premature 
removal of the port (before the end of chemotherapy) in our 
study group were represented by: externalization (5 cases), 
infection (12 cases), mechanical problems (4 cases), pain at 
the implantation site (3 cases), thrombosis (1 case), and 
extravasation (1 case). By analyzing the profile of patients 
with premature removal of the port, we noticed the presence 
of several predictive factors. Thus, the longer the duration 
of surgery, the higher the risk of obstruction (20%). Body 
mass index (BMI) also plays an important role in the occur-
rence of skin changes and mechanical problems. 

A body mass index (BMI) greater than 32 causes a 15% 
incidence of skin changes and the percentage of mechanical 
port problems increases to 8%. Regarding patient history - 
ENT surgery caused skin changes in 10% of patients; cervi-
cal-thoracic radiation therapy resulted in a 10% increase in 
intraoperative complications and 14% increase in postopera-
tive complications; preoperative chemotherapy determined 
a 10% increase in the incidence of complications (abscess-
es, hematomas). By analyzing the time until the first use of 
the port and the occurrence of complications, we noticed an 
increase in the number of complications when the port was 
used shortly after surgery (Table 2). The number of skin 
complications and infections decreases up to 0.7%, respec-
tively 2.5%, when the port is first used 7 days after surgery. 

Table 2.  Time to first use 

Time to first use (days)           0-3          4-7          >7  

Skin modification    6,9%      4,1%       0,7%  
Infection    8%         6,2%        2,5%  

Data on premature removal and data regarding the first 
use of the port (Table 3) emphasize the fact that the inci-
dence of premature port removal decreases if the port is 
only used for the first time 7 days after surgery (up to 1.9%; 
p = 0.05). 

Table 3. Time to first use and premature withdrawal 

 first use <7 days         first use>7days           p 

Rate of 
premature 
withdrawal 

        3.5%                         1,9%         0.05 
 

IV.  DISCUSSIONS  

The use of implantation ports to deliver chemo-
therapy by means of the ultrasound-guided catheterisation 
of the internal jugular vein did not result in the occurrence 
of intraoperative or postoperative complication such as 
pneumothorax or hemothorax. In the literature, there is a 2-
4% frequency of pneumothorax, which is also influenced by 
the implantation method, directly associated with body mass 
index [2,8,9]. In our study, intraoperative complications 
were represented by the incorrect insertion of the catheter 
into the subclavian vein in 0.8% of cases and the accidental 
puncture of the common carotid artery in 0.8% of cases, 
while data in the literature indicate higher percentages for 
these complications, 7.6% and 4.3% [10]. Another type of 
intraoperative complication reported in the literature is the 
placement of the catheter in the right ventricle [11]. We 
used the right internal jugular vein approach more frequent-
ly than the left internal jugular vein approach because of the 
difficulties in left-side catheterization. The latter was only 
used when right-side approach was impossible to perform 
due to the lack of access (history of surgery with changes in 
local anatomy, right supraclavicular lymph nodes). The 
most common postoperative complications reported in the 
literature, occurring after port placement for chemotherapy 
are infections (0.7-7%) and venous thrombosis (1.5-13%) 
[7,10,12,13]. In our study, infections (4.8%) were associat-
ed with immunosuppression following chemotherapy per-
formed preoperatively and short-timed, less than 7 days 
between surgery and the first use of the port. In these cases, 
the quick removal of the port is mandatory. Therefore, we 
recommend that the port is only implanted at least 14 days 
after the last chemotherapy session and WBC count should 
be greater than 3000 / mm³ during surgery. We also suggest 
that the port should only be used 7 days after surgery. Inter-
nal jugular vein thrombosis occurred in two cases (0.8%) 
without subsequent superior vena cava syndrome. Patients 
responded well to anticoagulation therapy, without any 
requirements for the premature port removal, which only 
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happened in one case when it was removed at the patient's 
request. We believe that internal jugular vein thrombosis 
does not require port removal if the patient does not develop 
superior vena cava syndrome and he/she responds well to 
anticoagulation therapy. In our study, the incidence of an-
other postoperative complication – the externalization of the 
port (2%) – reached the upper limit of records from the 
literature [2,12,14], but it complied with the threshold rec-
ommended for this procedure by the Society of Interven-
tional Radiology [14] . It occurred in 5 cases in which pa-
tients with home-based chemotherapy used elastomeric 
pumps continuously for 1-2 days. We recommend that the 
port should be implanted deeper and with additional and 
stronger fixation in these patients. Mechanical problems 
arising during the use of the implanted port were solved 
using conservative methods. In four cases, the port had to be 
removed prematurely (1.6%), but it was later repositioned 
using the same approach and the same vein, which is im-
possible when inserting the port into the cephalic vein 
[2,14]. Extravasation followed by necrosis occurred in only 
one case (0.8%). This type of complication has also been 
reported by other authors [12,14] and it required premature 
port removal.There was no evidence of catheter breakage or 
bending in our study. These complications have been re-
ported in the literature, especially when using the Seldinger 
technique [2,14,]. Another important complication, the 
"pinch-off" syndrome (the catheter is compressed between 
the clavicle and the first rib), with 1.1-5% incidence in the 
literature [15], did not occur as a complication in any of the 
cases in our study. 

V.  CONCLUSIONS 

To reduce the incidence of premature port removal 
it is necessary to reduce the incidence of infections and 
postoperative externalization. These objectives can be 
achieved by using the ultrasound-guided technique for in-
ternal jugular vein cannulation, which is also employed in 
our clinic. The use of this technique along with the avoid-
ance of preoperative chemotherapy and preoperative cervi-
cal-thoracic radiotherapy, shorter duration of surgery and 
the first use of the port only seven days after surgery deter-
mine good results and reduce the number of intraoperative 
and postoperative complications, help avoid catheter break-
age or the occurrence of pneumothorax / hemothorax, re-
duce the risk of infection and venous thrombosis, and thus 
improve quality of life in cancer patients undergoing chem-
otherapy. 
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I. .INTRODUCTION 

Laparoscopic splenectomy is a minimally invasive inter-
vention with a high degree of difficulty that has been used 
increasingly more often since its introduction in clinical 
practice in 1991, especially in hematological pathology. 
Subsequent studies have shown that laparoscopic splenec-
tomy reduces morbidity, the length of hospital stay, postop-
erative pain, which in turn reduces the cost of hospital stay. 
It is today’s gold standard in hematologic splenic pathology 
[1], indicated in: idiopathic thrombocytopenic purpura, 
hereditary spherocytosis, hemolytic anemia, autoimmune 
thrombocytopenic purpura, Hodgkin’s lymphoma and non-
Hodgkin lymphoma, chronic lymphocytic leukemia, he-
mangiomas, chronic idiopathic myelofibrosis , myelodys-
plastic syndrome, but also in non-hematologic disorders: 
abscesses, cysts or splenic tuberculosis, as well as in splenic 
trauma. 

However, laparoscopic splenectomy has certain draw-
backs, two-dimensional image and limited maneuverability 
of instruments, making surgery difficult sometimes, espe-
cially in case of splenomegaly, partial splenectomy and 
multiple adhesions. 

The recent emergence of robotic surgery led to a reas-
sessment of the indications of minimally invasive interven-
tions for abdominal surgery [2]. The DaVinci robotic surgi-
cal system (Intuitive Surgical, Inc., Mountain View, CA) 
consists of: surgeon console, patient-side surgical cart with 
four robotic arms, 3-D vision system, and detachable in-
struments. By moving the console controls, the surgeon 
moves the instrument tips and guides the position of the 
video endoscope. The main technical advantages of this 
robotic surgical system are: high-quality three-dimensional 
image, increased handling of robotic surgical instruments, 
allows a safe and thorough dissections of vessels in the 
splenic hilum with mass ligature, helps preserve splenic 
tissue blood supply in partial splenectomy. The da Vinci 
equipment, the most widespread surgical robot nowadays, is 
in fact a computer-controlled telemanipulator, one that is 
capable of transmitting the finest movements of the operator 
to the surgical instruments, through remote human-
computer interaction [3]. 

After the introduction of robotic surgery, urological and 
gynecological surgeries have gained ground and became 
fully accepted, while data on robotic splenectomy is limited 
and this type of procedure is performed on relatively small 
groups of patients. Our aim is to present the experience in 
robotic splenectomy of the Fifth Surgical Clinic in Cluj-
Napoca, emphasizing: the indications, the technique, in-
traoperative and postoperative complications, as well as 
short-term results. 

II. MATERIALS AND METHODS 

In order to achieve the objectives, we conducted a retro-
spective study in which we included patients who under-
went surgery at the Fifth Surgical Clinic of Cluj-Napoca 
Municipal Hospital, Fifth Surgery Department of "Iuliu 
Hatieganu" University of Medicine and Pharmacy Cluj-
Napoca. Between February 2010 and January 2015, a total 
number of 15 robot-assisted splenectomies were carried out 
in our unit; 8 women and 7 men aged between 9 and 69 
years (median age 54). These interventions consisted of 11 
(73.3%) total splenectomies and 4 partial splenectomies. 

A database was created to include patient characteristics, 
diagnosis, intraoperative details, operative time, length of 
hospital stay, intraoperative and postoperative complica-
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tions and short-term evolution. The results of parametric 
and nonparametric data were expressed as median values 
and range. Statistical analysis was performed using Med-
Calc version 14.8.1. and the significance level was p 0.05. 

The operative technique for robotic total splenectomy. 
Following general anesthesia, the patient is positioned in 
30-degree right lateral decubitus. Pneumoperitoneum is 
induced using Veress technique, and when the proper pres-
sure is achieved, the trocars are placed: 12 mm endoscopic 
trocar in the left paraombilical region; 8 mm robotic trocar 
in the epigastrium, placed 8-12 cm from the endoscopic 
trocar; a second 8 mm robotic trocar in the left upper quad-
rant (subcostal), 8-12 cm from the endoscopic trocar; an 
additional 10 mm trocar in the left lumbar region (Figure 1). 

        
Fig. 1 Trocars position 

Next, left lateral surgical robotic cart docking occurs, in 
an oblique position, at 45 degrees (Figure 2).  

 
Fig. 2 Docking the robot 

Specific tools for robotic surgery, such as Maryland dis-
sector, end-gripping forceps, monopolar hook, bipolar for-
ceps, dissecting scissors, needle holder, clip applicator, 
ultrasound-Harmonic scissors, are used in combination with 
instruments for laparoscopic surgery: LigaSure forceps, clip 
applicator, end-gripping forceps, retractors, laparoscopic 
staplers, vacuum grasper. 

The procedure begins with the opening of the gastrocolic 
ligament and the sectioning of the short gastric arteries. The 
lower pole is mobilized by sectioning the splenocolic liga-
ment. Splenic artery ligation (suprapancreatic caudal side) is 
performed using Prolene suture with intracorporeal knot-
tying. Next, the splenorenal ligament is sectioned, followed 
by upper pole mobilization and sealing and sectioning of 
splenic pedicle vessels from the upper to the lower pole 
using LigaSure. After complete excision, the spleen is re-
moved and placed into an endobag through a mini-
laparotomy centered on the lateral part of the spleen or in 
case of a large spleen and benign splenic pathology a mor-
cellator is used to place the spleen into the endobag. A 
drainage tube is placed in the splenic lodge and externalized 
through the left hypochondriac region. The surgery ends by 
withdrawing (undocking) the robotic cart, trocar extraction 
and suture of the mini-laparatomy and of cutaneous orifices 
of the trocars. 

The operative technique for robot-assisted partial sple-
nectomy. The surgical approach, that aims to preserve a 
fragment of splenic parenchyma, is achievable due to the 
anatomical characteristics of this organ, which is divided 
into different territories with different sources of blood 
supply. The terminal distribution of the splenic artery indi-
cates anastomoses between the hilar, intraparenchymal and 
subcapsular arterial branches. Intraparenchymal anastomo-
ses are of little importance and allow an effective hemosta-
sis in a tissue section, even one as friable as the splenic 
tissue. Partial splenectomy, which achieves splenic arterial 
trunk ligation, preserves either short gastric arteries or the 
anastomotic branch between the left gastroepiploic artery 
and the inferior polar artery. For the best treatment it is 
necessary to assess the volume of splenic tissue to be re-
moved and the tissue that needs to be preserved in order to 
maintain the phagocytic function and the formation of new 
tissue. We tried to preserve 15% of the spleen [4]. 

The objective of the surgery was to remove about 85% of 
the splenic tissue, preserving the upper pole of the spleen. 

Initial operative time is identical to total splenectomy. 
After identifying the splenic artery, as distally as possible, 
the hilum of the spleen is dissected and all splenic arterial 
branches are identified for both superior and inferior poles. 
The blood supply of the superior pole is preserved to the 
level where the section will be performed. The branches of 
the inferior pole and the remaining tissue are sectioned 
using LigaSure or clips. Following ligation, the line of de-
marcation between the tissue to be preserved (vascular) and 
the remainder of the spleen is now visible. The spleen is cut 
using an Endo GIA roticulator™ blue cartridge stapler. Any 
bleeding in the transverse section is controlled using the 
electrocautery hook or LigaSure. The surgery ends when the 
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excised splenic tissue is placed into the EndoBag, followed 
by the placement of a drainage tube. 

III.  RESULTS 

The daVinci Surgical System (Surgical Intiutive, Inc., 
Mountain View, CA) was used for all the procedures per-
formed at the Fifth Surgical Clinic of Cluj-Napoca Munici-
pal Hospital. Between February 2010 and January 2015, 15 
patients underwent surgery (8 women and 7 men;median 
age54).The main patient characteristics are shown in Table 
1. 

Table 1 Patient characteristics 

Gender   
  Men  7 (53.3%) 
  Women  8 (46,7%) 
Age 
  Range  54 (median) 

9-69 
BMI 
  Range  28 (median) 

21-48 
   

Robot-assisted total splenectomy was performed in 11 
patients for: idiopathic thrombocytopenic purpura (4 cases), 
splenic lymphoma (3 cases), autoimmune hemolytic anemia 
(2 cases), subcapsular splenic hematoma (1 case), and 
chronic myelomonocytic leukemia (1 case). Robot-assisted 
partial splenectomy was performed in 4 patients for heredi-
tary spherocytosis (4 cases) and splenic cyst (1 case) (Table 
2). 

Table 2. Indications for splenectomy 

Indication for splenectomy No. of cases 
Total 
  Idiopathic thrombocytopenic purpura 
  Lymphomas 
  Autoimmune hemolytic anemia 
  Subcapsular splenic hematoma 
  Chronic myelomonocytic leukemia 
Subtotal 
  Hereditary spherocytosis 
  Splenic cysts 

11 
4 
3 
2 
1 
1 
4 
3 
1 
 

The mean operative time was 110 ± 36 minutes. The dif-
ference in operative time between partial and total splenec-
tomy is not statistically significant (198 vs. 101). Operative 
time also included docking time. Operative time decreased 
with the completion of the learning curve, both in terms of 
docking time and intraoperative time. 

Conversion to open surgery was necessary in one case 
due to bleeding that could not be robotically controlled. In 
two cases, postoperative complications were represented by 

hematoma and seroma. One case required an additional 
intervention for the drainage of hematoma in the splenic 
lodge. In the other two cases, symptoms remitted under 
conservative treatment. 

The mean length of hospital stay was 5 days (2-7). No 
death has been recorded in our patient group. 

IV. DISCUSSION 

Of the four cases of partial splenectomy, three were per-
formed for hereditary spherocytosis. Since 1993 when 
Tchernia et al. [5] first explained the benefits of partial 
splenectomy in hereditary spherocytosis, this technique has 
been increasingly accepted by surgeons and hematologists. 
The technique we practiced consisted in the preservation of 
the upper pole of the spleen, other authors presenting tech-
niques for the preservation of the lower pole [6]. 

In what concerns the comparison between the laparo-
scopic approach and robot-assisted partial splenectomy, a 
meta-analysis by Balaphas et al. [7] concludes that robotic 
surgery is an attractive alternative, but further studies are 
needed on larger patient groups with a long-term postopera-
tive follow-up. 

Regarding the differences in intraoperative time between 
the two approaches, shorter time and lower costs were re-
ported for laparoscopy [8], however, the robotic approach 
offers multiple advantages through improved visualization, 
more accurate control, meticulous dissection in tight spaces, 
which reduces the number of intraoperative and postopera-
tive complications and the need for subsequent interven-
tions [9], and it should only be used in difficult cases to get 
a good cost-benefit ratio [6]. 

In our study, there was one conversion to open surgery 
and three postoperative complications, one with subsequent 
laparoscopic intervention. In many previous studies, there 
were few or no cases of conversion and subsequent inter-
vention due to rigorous selection criteria for robotic surgery 
[6-9], while the first cases are not reported, regarded as 
being part of the learning curve [9]. 

Some authors consider robotic surgery to also be useful 
in special anatomical conditions: short and multiple vessels 
in the splenic hilum; different anatomical positions of the 
tail of the pancreas; spleen volume and consistency [9].  

The robotic approach would be indicated in partial sple-
nectomy for a laborious dissection of the splenic hilum, 
with a better visualization the remaining tissue. 

V. CONCLUSIONS 

The introduction of robotic surgery into general practice 
aims to overcome the limitations of laparoscopic surgery. 
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The technical advantages of robot-assisted surgery in sple-
nectomy are the more accurate dissection and hilar dissec-
tion safety, highly superior to laparoscopic surgery. We 
believe that robot-assisted splenectomy using the da Vinci 
Surgical System is technically feasible and safe, and may 
represent an alternative to laparoscopic surgery, especially 
difficult splenectomies for malignant hematopathies, sple-
nomegaly or partial splenectomy, where it can reduce opera-
tive time, blood loss, the risk of postoperative bleeding, and 
may result in better outcomes for patients. 
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I. INTRODUCTION  

Spectroscopic methods are powerful instruments used for 
the diagnosis of many diseases. Thus, IR, RAMAN, UV-
VIS spectroscopy are used for the diagnosis by quantitative 
analyses of organic compounds from biological fluids [1-4]. 
There are a large number of publications regarding chemo-
metric applications in clinical analytical data analyses [5-
21]. These methods are very rapid and cheep. 

The main goal of the present work was to perform a 
chemometric study of clinical data from analytical results 
by using Cluster Analysis and Principal Component Analy-
sis methods and spectrophotometric techniques, for 
obtaining a method of disease identification, using data 
obtained from blood analysis of several patients. 

II. EXPERIMENTAL 

A number of 6 men (M) and 30 women (F) patients were 
studied. A spectrophotometric method was used, sample 
type: SER. The analytical clinical data are presented in 
Table 1 and Table 2. The investigated compounds in human 
blood samples were organic compounds of clinical interest 
(glucose, cholesterol, triglycerides, urea, creatinine;Table 
1), inorganic compounds (Ca, Mg and Fe), enzymes (TGP- 
Transaminase) and ESR (erythrocyte sedimentation rate). 
(Table 2). The chemometric methods have been used in 
order to differentiate the patients (cases) according to their 
sex and age. The patients were separated more or less into 
two groups according to their sex and three groups accord-
ing to their age in the score space defined by the first three 
principal components. 

Table 1 Clinical Data studied 

P Sex  Age Glu Chol Trigly Urea  Creat 
1 F 65 86.5 268 145  0.95 
2 F 68  260 119   
3 M 65 91.5 165 136  0.95 
4 F 12 83.1   42.44 0.41 
5 F 14 97 145 62 25.1 0.65 
6 F 81 109.6 160 116  0.83 
7 M 69 98.5 207 73  1.07 
8 M 33 95 230 101 36.84 0.81 
9 F 58 532" 266 225  1.22 
10 F 73 131.1 221 57  0.54 
11 F 71 100 194 128 38 1.08 
12 F 60 107 353 219 25.93 0.84 
13 F 49 88 273 134  0.58 
14 F 76 88.5 217 86 30.39 0.95 
15 F 54 92 250 117  0.78 
16 F 45 85 199 132 11.23 0.91 
17 F 21 74 177 36 28.18 0.82 
18 M 48 94 262 191 22 1.24 
19 F 65 123 256 62 22.69 0.77 
20 F 54 94 201 124 39.11 0.82 
21 M 56 109 165 42 26.04 0.82 
22 F 72 145 179 94  0.8 
23 F 25 78  41 22.65 0.88 
24 F 50 83 195 48  0.87 
25 F 54 101 220 227 65.64 1.32 
26 F 51 86 276 191  0.92 
27 F 74 84 230 57  0.71 
28 F 29 72 142 49 14.85 0.82 
29 F 60 89 259 116  0.97 
30 F 49 95 168 125 29.67 0.84 
31 F 87 101 187   1.1 
32 F 53 82 293 69  0.84 
33 F 27 81 175 73 18.95 0.86 
34 F 76  213 70 29.42 0.99 
35 F 41 78 194 45  0.67 
36 M 61 84 170 92 27.87 0.93 
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Normal blood values: Glucose(Glu): 60-110 mg / dL; Cho-
lesterol(Chol): <200 mg / dL; high:> 240 mg / dL; Triglyc-
erides(Trigly): Men (M): 40-160 mg / dL; Women (F): 36-
135 mg / dL; Urea: 10-50 mg / dL;  Creatinine (Creat): 
Men: 0.9-1.3 mg / dL; Women: 0,6-1.1 mg / dL;  

Table 2 Clinical Data studied 

P Sex  Ac. 
uric 

TGO TGP ESR Ca Mg  Fe 

1 F 5.49 27 19 13    
2 F  30 38     
3 M 6.34 29 24 11    
4 F  28 14 5  2.25 87 
5 F  25 17  9.27 2.11  
6 F 6.75 23 17     
7 M  32 23   2.36 98 
8 M  49 66 5    
9 F 3.77 36 44 10    

10 F  20 18     
11 F  22 10 45 8.2 2.24 62 
12 F  36 23 16 8.1 2.4  
13 F  24 26 6 9.57 2.35 94 
14 F  27 18  9.31 2.29  
15 F 4.09 44 64 9 9.54   
16 F 4.11 23 16 13 8.63 2.19 74 
17 F 3.32 30 13 5 9.17 2.18 102 

18 M 
11.1
2 53 70 5 9.49 2.32 123 

19 F  28 22     
20 F  27 10 8  2.29 79 
21 M 3.32 37 38     
22 F 4.66 25 27     
23 F 3.52 11 19  8.7 2.11 70 
24 F 2.96 26 12 5    
25 F 7.05 27 18    138 
26 F  28 22 12 8.25 2.3 87 
27 F  27 16 6 8.35 2.31 69 
28 F   16 5 8.94 2.25 108 
29 F 4.95 22 19 5 8.79 2.46 123 
30 F 3.06 34 56 15 8.93 2.27  
31 F  33 7 19 8.93 2.29 95 
32 F  24 22 18 9.25 2.33  
33 F  43 46  8.73 2.06  
34 F  12 33  9.45   
35 F 3.23 15 29 5 8.86 2.56 128 
36 M 5.92 57 61 18   68 
  5.49 27 19 13    

Normal blood values Uric acid: Men: 3.4-7.0 mg / dL; 
Women: 2.4-5.7 mg / dL; TGO: 0-35 U / L; TGP: Men: 0-
35 U / I; Women: 0-36 U / I; ESR: 2-12 mm / h Wester-
green method, sample type: K3 EDTA whole blood; Calci-
um (Ca): 8.6-10.3 mg / dL; Magnesium (Mg): 1.6-2.5 mg / 
dL; Iron (Fe): Children: 50-120 mg / dL; Women: 60-160 
mg / dL Men: 80-180 mg / dL. 

III. RESULTS AND DISCUSSION 

The goal of the study was to find patterns of similarity, 
both between the patients and the clinical tests. Two classi-
cal chemometrics methods namely Cluster Analysis (CA) 
and Principal Component Analysis (PCA) have been ap-
plied to the evaluation of clinical data. These methods have 
been used in order to differentiate the patients (cases) ac-
cording to their sex and age. Principal component analysis 
reduced the data set to a few representative activations, and 
cluster analysis measured the average dissimilarity [10]. 

The cluster analysis show the degree of relatedness by 
the values of ESR (VSH), Ca, Mg, uric acid, Creatinine, 
TGP, TGO, uree, Fe, triglyceride and cholesterol. There are 
similarity of samples from different patients. (Fig. 1). From 
cluster analysis we can observe a high correlation between 
magnesium and creatinine, fact observed also by others 
researchers. [19] Also calcium and uric acid proved to be 
high correlated. There are several studies which have found 
in a considerable percentage to oxalate patients, a high con-
centration of uric acid and also a hypercalciuria.[20] Cluster 
Analysis proved that ESR is correlated with Ca, uric acid, 
creatinine and Mg, which make ESR a good marker for 
renal diseases. This fact was also clinically proved.[21] 
Highly correlated are also TGP and TGO, liver transami-
nase enzymes, which can be found in amino acid metabo-
lism and are direct correlated with urea concentration. The 
program showed a good correlation between transaminase 
enzymes, urea and ESR (VSH), Ca, Mg, uric acid, creati-
nine. A significant correlation was obtained between Fe and 
triglycerides and cholesterol. 

The explanation of the clustering found is relevant and is 
based on the pattern of similarity like glucose level, enzyme 
level, liver function, kidney function. This classification 
help to optimize the performance of clinical data for pa-
tients and in patients diagnosis. 

Fig. 2 presents the scatterplot of the clinical parameters 
considered in this study.  

The patients separated into two groups according to their 
sex and three groups according to their age in the score 
space defined by the first three principal components 
showed a high"correlation between some clinical parameters 
(Fig. 3 and Fig. 4). 
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By means of PCA, practically useful systematic 
information may be extracted from large sets of data, which 
is otherwise hardly interpretable in comprehensive physical 
terms. Such information can be of value for general 
prognosis and for making appropriate adjustments in 
treatment [14]. Further development of methods such as 
PCA may provide critical insights to drive advances in 
clinical care [15]. 

Fig. 1 Dendrogram corresponding to the clinical parameters considered in 
this study 

Fig. 2 presents the scatterplot of the clinical parameters 
considered in this study.  

 
Fig. 2. Loadings scatterplot of the clinical parameters considered in this 

study 

Fig. 3 Score scatterplot in the space defined by PC1, PC2 and PC3 (sex 
label). 

 Fig. 4. Score scatterplot in the space defined by PC1, PC2 and PC3 (age 
label) 

IV. CONCLUSIONS  

Our results showed a high"correlation between some clin-
ical parameters (Fig. 1 and Fig. 2). The results confirm that 
clinical analysis combined with the chemometric methods 
are useful for disease correlations and interpretations. 
According to clinical analytical data concentration level the 
following deseases should be studied: hepatic diseases, lipid 
disorders, diabetes,  renal disorders, etc [4]. 
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I. INTRODUCTION  

Accredited academic programmes in the UK, in the areas 
of Electrical, Technology and Computer Science “… must 
be informed by current industrial practice” [1]. 

 According to the IET 2015 Skills Survey [2] “61% of 
industry find that graduates do not meet their “reasonable” 
expectations”.  The greatest skills gaps being in Communi-
cation skills, ability to work across interdisciplinary teams, 
ability to work on own initiative, technical expertise, leader-
ship and management skills, business acumen and practical 
skills.  

The IET 2015 Skills Survey also found that “28% of the 
employers reported that content of technical degrees does 
not meet their needs with 40% believing that courses are 

not up to date with industry; and 57% believing that courses 
do not develop practical skills.”  For IET accreditation the 
department must demonstrate that they seek industrial input 
throughout the design, development, delivery and review of 
the academic programmes.  A common form of this input is 
through some form of Industrial Advisory Committee.  
Experience at the University of York is that it is reasonably 
easy to engage with staff from large employers as they often 
have University Liaison personnel or have the resources to 
enable them to engage with the Department in an active 
way.  We have much greater difficulty in engaging with 
Small to Medium Sized Enterprises.  Given that there are 
5,389,450 businesses in the UK at the start of 2015 [3] of 
which only 6,965 had 250 or more employees, seeking the 
views of large employers is arguably not fully representa-
tive of the world of work.  This is clearly a very broad-
brush figure; in reality there are significant sectorial and 
regional variations.  No suggestion is made in this paper 
that existing means of obtaining industrial input to academic 
programmes are in any way flawed, rather it explores and 
alternative window to employer needs – through an analysis 
of job advertisements. 

II. METHODOLOGY 

45 job advertisements were downloaded from the Inter-
net from a single generic recruitment website 
[www.jobsite.co.uk]. The search used was "biomedical 
engineering" and the 45 adverts represent all those live on 
the search day. 

The jobsite site acts as a collator of job descriptions and 
is not one that requires all job descriptions to follow a 
common homogeneous format. The sample was thereby 
considered essentially random in format and content.   

A number of the adverts were direct duplicates indicating 
more than one identical position - these identical duplicates 
were removed from the sample selected for analysis. Of the 
36 remaining jobs reviewed 34 were "permanent", one "full-
time" and one unspecific in this aspect. 

The text of each job advert was imported as “Internals” 
to NVivo, a qualitative research analysis software package.  
The adverts were coded in a number of different ways, by 
job titles, technical skills, generic skills and adjectives men-

What do job adverts tell Higher Education about the ‘shape’ of Biomedical 
Engineering graduates? 

A.E. Ward, B. Baruah, A. Gbadebo, and N.J. Jackson 

Engineering Management Group, Department of Electronics, University of York, York, United Kingdom 

 
© Springer International Publishing AG 2017 43
S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;  
12th - 15th October 2016, Cluj-Napoca, Romania, 
IFMBE Proceedings 59,  
DOI: 10.1007/978-3-319-52875-5_10  



tioned in the advert text. The coding was essentially seman-
tic with as little interpretation of meaning as could be 
achieved to minimize the potential for coder bias. 

The approach to coding was a grounded theory approach 
based on the hypothesis that there is a hierarchical structure 
to skills and that there is a distinction between technical 
skills and generic skills.  It was further based on the hypoth-
esis that the competence level required for any particular 
skill is described by an adjective of some form. 

A hierarchical node structure was then developed with 
the initial starting set being that used for a previous job 
advertisement analysis [4].  Matrix coding enquiries were 
then used to help in the analysis and understanding of the 
adverts.  

III. THE JOB ADVERTS 

The range of jobs offered within this sample is fairly 
broad, by their titles there are 21 Engineering posts, 5 with 
the Manager title, 2 with the Director title, 2 Scientist roles, 
4 Specialist roles, 1 Software tester and 1 Technical Author, 
these were used as the job categories in the analysis pre-
sented herein. 

IV. TECHNICAL SKILLS 

The job descriptions were reviewed for the requirement 
in technical skills using, as a starting point the skills hierar-
chy created in the analysis of job adverts from the Renewa-
ble Energies sector.  There was limited overlap between the 
Renewable Energies and the Biomedical Engineering sec-
tor. 

During coding recognition was given where the state-
ment was a description of background experience required 
that implied ability in the skill.  The skills were first listed 
randomly and then arranged into a draft hierarchy based on 
logical top-level category groupings.  A matrix-coding que-
ry was used to show the occurrences of each technical skill 
by job category.  In total 58 different technical skills were 
identified. These skills were grouped into 10 top-level cate-
gories as show in Table 1 which shows the number of sub-
levels in the hierarchy and the total number of unique skills 
placed within that top-level node and all its sub-nodes.  The 
table shows the breadth of skills mentioned in the adverts.  

Table 1 show that Engineering roles are the most specifi-
cally defined in terms of technical skills followed by the 
Scientist and Specialist roles.  There was only one each of 
Software Tester and Technical Author.  Manager roles are 
the least technically defined, perhaps because the manager 
roles included in this study are mostly Business Develop-
ment Managers with one Product Manager.  The Director 

positions are back to being more specifically technically 
focused. 

Table 2 shows the number of mentions of technical and 
generic skills by job category along with the number of 
adverts in each job category.  

Table 1 Top level of the initial technical skills hierarchy 

Top level Sub levels Total number 
of skills 

Basic Science 0 1 
Biomedical Skills 0 24 
Chemistry 0 3 
Equipment 1 5 
Management 0 2 
Mathematics 0 4 
Product Development and Production 
Process 0 7 

Sales and Marketing 0 1 
Service 0 1 
Software Design, Development & Testing 2 10 

Table 2 Number of mentions of skills by Job Category 

Job Category Adverts Technical Generic 
Engineer 21 54 33 
Manager 5 2 5 
Director 2 6 9 
Scientist  37 13 
Software Tester 1 12 8 
Specialist  7 5 
Technical Author 1 2 6 

The frequency of occurrence of technical skills provides 
some information about the required content of curricula if 
HE is to provide employment graduates.  It is unsurprising 
that for Biomedical Engineering jobs that Biomedical skills 
have the highest number of mentions.  It is interesting to 
note that some understanding of Quality, Regulations and/or 
Standards relevant to the discipline is also sought.  Service 
is seen in 6 adverts but this reflects the nature of these job 
adverts, service skills are not normally included in degree 
level programmes in the UK. This becomes a lot clearer in 
Table 3, which shows the number of times qualifications are 
mentioned in the job adverts by job category. 

Table 3 shows that all of the service jobs require ONC or 
HNC qualification, the qualifications in the UK within 
which servicing equipment might be expected.  The sample 
size which might explain why very few academic qualifica-
tions are required in Managerial jobs and an emphasis on 
higher-level qualifications for Director positions can be 
seen. 
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Table 3 Qualifications mentioned by Job Category 

Job Category ONC HNC HND FCD SCD PhD 
Director     1 1 2 
Engineer  5 5 1 5 1  
Manager   1    
Scientist      2 
Software Tester   1 1   
Specialist   3 3 1  
Field Service Engineer 5 4     

V. GENERIC SKILLS 

A total of 20 different generic skills were identified 
across the job adverts.  Table 4 shows the mentions that 
have been coded as generic skills against the Engineer, 
Manager and Director job categories.  Because there is a 
large difference in the number of adverts in each category 
the total number of mentions has been normalized to the 
number of adverts, as shown in the bottom row.  This result, 
in conjunction with the results in Table 2 shows that when 
specifying jobs employers tend to place more of an empha-
sis on the generic skills for higher grade jobs.  This has been 
seen in other studies [4]. 

An obvious challenge in this area is what is a generic 
skill and what might better described as a personal behavior 
or attitude, there is no clear consistency in this area at pre-
sent.  The naming of the generic skills here has been in-
formed by the Tuning Methodology [5] and the comparative 
study of perceptions of students, academics and employers 
in the EIE-Surveyor Project [6] but it is accepted this is not 
an exact science. 

The generic skills stated as being required by employers 
in job adverts, as in the case of the technical skills, provides 
information on what could usefully be included in academic 
programmes. That said there are some significant challenges 
in the area of generic skills, not least of which are the in-
consistency in definition of their meaning, lack of any ro-
bust assessment methods (except in a few exceptions), a 
lack of means of stating a student’s ability in a generic skill 
and the common argument of lack of time in the curricula.  
One exception to the lack of robust assessment method is in 
public speaking where steps are being taken on assessment 
[7]-[9].   

There are examples of programmes where there is an 
emphasis on the development of generic skills alongside the 
technical content [10], pedagogies such as Problem Based 
Learning, Project Based Learning and Curiosity Based 
Learning are also methods of achieving this. 

Table 4 Number of mentions of generic skills by Job Category 

Job Category Engineer Manager Director 
Ability to get things done   1 
Ability to work on own 2   
Analytical skills   1 
Commercial Awareness/Acumen 1 1  
Communications 4  2 
Customer focused or service 9  1 
Entrepreneurial   1 
Innovative/Creative 1   
Interpersonal skills 1 2  
Leadership 1  1 
Management 1   
Personal Organization 5 1  
Problem solving   1 
Team Working 8 1  
Work under pressure   1 
Total 33 5 9 
Number of adverts in category 21 5 2 
Total / Number of adverts 1.6 1 4.5 

 
Lack of clear definition of generic skills is made more 

difficult by the differences in which competence in them is 
specified.  The following section explores this in the context 
of the job adverts analysed. 

VI. LEVEL OF ABILITY IN GENERIC SKILLS 

In the sample of job adverts 25 unique adjectives were 
identified, as shown in Table 4. These adjectives were vari-
ously used in the context of the persons: background; the 
company; the job; the offered package (salary, benefits, 
etc.); personal attributes and behaviours; and proficiency (as 
in the level of ability with reference to a technical or generic 
skill).  The adjectives marked with a * are those which were 
used in the context of proficiency (they may or may not 
have also been used in the other contexts).  The number of 
times the adjective was used in the proficiency context is 
shown in brackets. 

To illustrate the way these adjectives are being used con-
sider the following examples, the number in brackets indi-
cates the number of instances across all job adverts: 

"Adept" is found once in the job descriptions in relation 
to proficiency of a skill as in "You will be adept at reading 
and understanding technical diagrams". 

"Basic" is used (3) to indicate the need for foundation 
level understanding, as in "Basic awareness of the SDLC 
(software development life-cycle)" and "Basic understand-
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ing of the role of a software tester, testing methodologies 
and tools".  

Table 4 Adjectives identified in the sample of job adverts 

Adjective Adjective Adjective 
Adept* (1) Fantastic Proficient* (2) 
Basic* (2) Fluent* (3) Proven* (1) 
Effectively* (3) Generous Significant 
Excellent/ce* (7) Good* (8) Solid* (1) 
Exciting Great* (1) Strong* (24) 
Experienced High* (3) Technical ability* (1) 
Exposure to Impeccable* (2) Working with* (1) 
Extensive Outstanding  
Familiarity with* (4) Passion  

 
"Effectively" is used in relation to communications/skill 

(1) as in "Effectively present information to a variety of 
people, including senior management, groups, and/or board 
of directors", personal effectiveness (1) as in "organise and 
prioritise effectively" and team working (1) as in "effective-
ly managing a small team". 

 “Excellent or excellence” This adjective is used in three 
ways, firstly, and as one might expect in how the advert 
sells the role to the potential candidate (3), such as "Excel-
lent opportunity to join a market leading supplier"; secondly 
in the description of what the job offers the potential appli-
cant, such as "Excellent Opportunities for Career Advance-
ment" (5) or in relation to the remuneration package (17) 
such as "excellent benefits package"; it is also used as a 
skills quality indicator (7), as in "Excellent communication 
skills", "Excellent interpersonal skills", "Excellent 
knowledge of all relevant regulations" and "Excellent labor-
atory practical skills particularly in the area of protein". 

In Higher Education the student's performance transcript, 
the statement of their ability in the subjects they have been 
assessed, defines their overall ability and that in individual 
topics.  The ability of a student to do any specific subject or 
assessed skill is indicated by either a mark, grade, or in 
some, less helpful cases, a qualitative descriptor (Excellent, 
good, etc.).  The mark can be either a percentage or mark 
out of another defined figure.  There are many different 
grading systems around the world including: 

 
Letter grades (usually A to F with A being top 
grade), can also have + and - to show finer grada-
tions [11] 
Numerical grades, for example:  

o 10 (Excellent), 9 (Very good) , … 5 (suf-
ficient), 4 (insufficient) .. 1 (academic 
dishonesty) as in Romania [12] 

o 5 (Excellent), 4 (Good) down to 1 (Very 
Poor) in Russia [13] 

o 10 (Excellent), 9 (Very good) ... 6 (Suffi-
cient), to 0-5.9 (Insufficient/Failed) in 
Mexico [14] 

GP or GPA (Grade Point Average) which can be 
out of 4 (e.g. USA [15]) or 7 (e.g. Chile [16]) 
Worded grades, for example:  

o First, upper second, lower second, etc. 
(e.g. UK [17]);  

o Excellent (85-100%), Very good or Dis-
tinct (75-84%), etc. as in Egypt [18]; 

o High Distinction (85-100%), Distinction 
(75-84%) down to Fail (<50%) in some 
Australian Institutions[19]. 

In most academic cases a conversion from any statement 
to an equivalent percentage is usually provided.  The per-
centage being the one measure that has global meaning. 

Clearly there is a very great difference in the way the 
supply and demand sides of the first employment transition 
specify the level of ability and in part this is justifiable. 

VII. DISCUSSION 

A number of questions fall out of the above discussions 
that apply equally to all graduates as they do to Biomedical 
Engineers, the main subject of this paper.  Firstly, is it the 
academic’s role, or that of any other staff member of the 
HEI to offer advice and guidance on interpreting the state-
ments of need and helping the student demonstrate they 
meet the essential requirements to at least get them an inter-
view?  There is no doubt that calls for help are made by 
students to academic supervisors, friendly academics and 
career advisory staff.  Given that the employment situations 
of graduates in general at a short time after graduation is 
one of the component measures in Higher Education league 
tables, it is important that students are given good advice in 
this respect.  So academics, as well as the professional ca-
reers service staff in the institution need to be able to give 
informed advice in all aspects of the employment process 
including that of interpreting the needs of specific job ad-
verts. 

Secondly, is it HEI’s responsibility to develop ability in 
the generic skills in students? Many argue that it is outside 
the scope of academic programmes and that there is insuffi-
cient time available to cover the technical aspects of the 
programme and that including generic skills development is 
a step too far.  Other HEI’s have rethought their pedagogy 
completely and now employ techniques that simultaneously 
develop technical and generic skills [20]-[23]. 
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The third big question is how do we assess generic skills 
and warrant student ability in them in a way that is mean-
ingful to all stakeholders (specifically HEIs and employ-
ers)? [8], [24], [25]. 

Finally, what is the objective of a job advert?  It is to sell 
the company to prospective candidates but also to state the 
requirements of the job so that the company is not deluged 
by inappropriate applications.  Therein lies a balance, mak-
ing the advert too specific may mean there are none, or very 
few individuals who fit the job and hence applications may 
be low or zero, at the other end of the spectrum, an advert 
that is open or vague in terms of requirements is likely to 
attract too many applications.  There is also a moral argu-
ment wherein if a candidate meets all the essential require-
ments should they not expect an interview?  A negative 
answer to this would suggest the application reviewer is 
making some other judgment on the application – an area 
open to discrimination claims.  This then is where the use of 
adjectives works for the employer – the requirement is stat-
ed, for example "Excellent communication skills", but the 
level qualifier, the adjective, allows applicants to be subjec-
tively ‘ranked’ in that dimension and a line to be drawn for 
the number of candidates who can reasonably be taken to 
the next stage in the selection process. 

In this way the adjective approach is possibly a more ef-
fective way of specifying a need. 

COMPLIANCE WITH ETHICAL REQUIREMENTS 

There are no ethical issues in this research. No individu-
als are directly involved so there are no data protection 
issues or matters requiring informed consent. 

VIII. CONCLUSIONS  

In this paper a relatively small sample of job adverts in 
the general area of Biomedical Engineering have been tex-
tually analysed with the objective of extracting the specific 
and generic skills mentioned in each advert as part of an 
ongoing activity of exploring skills hierarchies.  This type 
of analysis is argued to be an alternative window into indus-
try needs at, in part, the student first employment transition. 
It can also inform the skills required for different career 
progression pathways. 

In this study 45 job adverts were downloaded from a sin-
gle job advertisement website, the adverts being all of those 
that were returned from a search of “Biomedical Engineer-
ing” on the search day.  36 of the adverts were used in the 
analysis.  The NVivo qualitative research software package 
was used in the analysis and, using it, the text in the adverts 

was coded for role group, technical skills, generic skills and 
the adjectives used. 

The results show the technical skills required of different 
types (and hierarchical levels) of jobs, which should be of 
interest to curriculum designers if their objective is to align 
curricula to employment areas.  The analysis also shows the 
generic skills valued by employers – this is a more difficult 
area because skills are currently poorly defined and meas-
urement and warranting ability is challenging. 

The way employers define the level of ability required in 
skills is also very different to that used by academic institu-
tions.  Whilst this can be rationalized it does mean the gap 
between what Higher Education produces and what em-
ployers want is weakly correlatable and, given we frequent-
ly hear criticism from industry that HE is not producing the 
correctly ‘shaped’ graduates for their needs, perhaps there is 
a clue to the reason in this analysis. 

What then can be done to close the gap?  One solution 
lies in the communication between employers and the edu-
cation system.  A shift in discussion to the specifics of what 
skills mean and how they are measured along with a move 
to more common use of terminology could be beneficial, 
especially in the generic skills area. 

This paper reports on the early findings of an ongoing 
project to explore job adverts and it is recognized tat the 
power of the findings will be greater with an increased 
number of adverts and adverts from multiple online sources.  
The intention of the authors is to expand the dataset so that 
meaningful recommendations for curricula developers can 
be derived. 
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I. INTRODUCTION  

After fluorine, ozone is one of the best known oxidants,  
used ordinarilyin many industrial applications and an anti-
septic and antibacterial gas too. The use of ozone is doubled 
by the fact that the resulted products  are less toxic and are 
well suported by the living environments. Actually there are 
quite few studies on the use of ozone in medicine. 

Ozone therapy treats the patients with a mixture of oxygen 
and ozone and is used as an auxiliary method to conventional 
therapies. Physical - chemical properties of ozone are very 
effective in order to reduce microbial infections in dental sur-
gery [1], prosthetic hip surgery [2], also determines anti-
apoptotic and anti-inflammatory potential at mice with acute 
renal ischemia [3], involves a rapid improvement of liver fail-
ure and jaundice detoxification patients [4].  

Antimicrobial effects of ozone have been identified in ne-
crotizing fascitis [5], osteonecrosis of the jaw, prostate sur-
gery [6], at opened and/or infected ulcerations refractory to 
classic treatment [7]. Ozone therapy was applied in the form 

of extracorporal blood oxygenation too.  Di Paolo N [7] had 
demonstrated therapeutic properties of ozone in controlling 
stress responses in different immune system dysfunctions 
and in some degenerative diseases.  

Also has proven effects at patients with macular infections 
[8], refractory opened ulcerations [9], peritonitis [10].  

Ozone treatment determines the decrease of mortality and 
infectious complications [11] patients in septic shock and 
sepsis.   

Experimental  results obtained at the Technical University 
of Cluj-Napoca using the combined use of ozone and intense 
electric fields in the treatment of biological environments, 
leads to inhibition of harmful processes and benefit (healing, 
antimicrobial and anti-inflammatory) biostimulative effects 
in the treated samples [12].  

Based on these effects, authors had developed 
experimental equipment and methods for treatment of 
external overinfected wounds and diseases caused by 
chemical burns, varicose ulcers, bedsores, etc.[13]. 

Industrial ozone production method is known and applied, 
with the emergence  of Siemens ozonizers equiped with 
ceramic-glass barriers determine significant increase of 
ozone concentrations [14].  

Developing of inovative Corone discharge, performed 
directly on aqueous solutions leads to the production of 
smaller ozone quantities  and ozone concentrations in 
comparison to Siemens ozonizers, but the effectiveness in 
treating medical conditions are comparable or, often, 
superior.  

Also provides large amounts of free radicals, generated 
both in AC and DC, at different voltage polarities [15]. 

II. EQUIPMENTS AND WORKING METHODS 

Depending on the method of treating, the first using 
aqueous solutions processed with ozone, the second by use 
combined action of ozone and intense electric fields, upon the 
overinfected wounds, two different ozone generation 
equipments have been developed.  

First of it, depicted in Figure 1, is the stand providing  
complex ozonization of aqueous solutions instalation. 

The working methodology on this installation consists in 
connecting the stand to the single phase electric network, 
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followed by introducing of  the aqueous  solution  in the 
container  9, than in the bubbling vessel 6, until to the preset 
level (by actuating the valve 2.4), followed by the 
introduction of oxygen into the installation (valve 2.1), 
apressure regulator and flow meter 3 and 4, at the necesarily 
pressure and flow.  

Further starts the ozonizer 5, followed by  the required 
parameters adjustment; the ozone flow can be seen through 
the ozone bubbler 6, respectively in the vessel for ozone 
neutralisation 11, followed by evacuation of residual  waste 
gases (12).  Valves 2.2 and 2.4 are closed and valve 2.3 
opened,  the pump 8 and the ozonemeter 9 are switched on; 
when the concentration of ozone in the aqueous solution has 
reached the predetermined value,   the entire equipment is set 
off from the network,  all valves are closed, except valve 2.2, 
which will recover and stock the aqueous ozonized solution, 
which further is stored in the container 7. Further the solution 
is applyed to the wounds,  in accordance with the  medical 
methods and procedures. 

Treatment of  external overinfected wounds with aqueous 
ozonized solutions combined with exposure in intense 
electric fields (see the stand assumed according to figure 2), 
presume the presence of corone discharging cells, in which 
electrical discharges are produced directly on the liquid, 
through a dielectric barrier and only in the presence of 
oxygen.  

The working methodology  with the complex combined  
facility processing of aqueous ozone and intense electric 
fields consists in ozone neutralisation 11, followed by 
evacuation of residual  waste gases (12).  Valves 2.2 and 2.4 
are closed and valve 2.3 opened, the pump 8 and the 
ozonemeter 9  are  switched  on; when the  concentration  of 

 

 
Fig. 1. Complex ozonization instalation for aqueos solution; 1 –  oxygen 
cylinder;  2.1 ÷ 2.4 – valves; 3 – oxygen pressure regulator; 4 - flowmeter; 
5 – ozonizer; 6 – barbotage vessel; 7 – ozonized solutions colecting vessel; 
8 – pump; 9 – liquid phase ozonometer; 10 –  treatment ready solutions 
vessel; 11 – ozone neutralizer; 12 – waste gases evacuation 

 
Figure 2.  Complex aqueos solutions processing installation with ozone and 
intense electric fields; 1 – oxygen cylinder; 2.1 ÷ 2.4 – valves; 3 – oxygen
pressure regulator; 4 – corone discharging cell for aqueos solutions 
processing; 5 – variable high voltage supply; 6 – pump; 7 – liquid phase
ozonometer; 8- treatment ready solutions vessel; 9 – ozonized solutions
colecting vessel;10 –waste gases evacuation. 
 
ozone in the aqueous solution has reached the predetermined 
value,   the entire equipment is set off from the network,  all 
valves are closed, except valve 2.2, which will determine the 
recover and stock the aqueous ozonized solution, which 
further is stored in the container 9. 

The aqueous solutions processed with ozone or ozone and 
the corone fields have been used to treat wounds become  
infected,  following the procedures set out in a large number 
of clinic experiments on various kinds of diseases. 

Using ozone and intense electric fields in treating external 
wounds become infected was applied to varicose ulcers, 
classic treatment refractory in skin burns with chemical 
agents and bedsores.  

Adjustable high voltage supplies are used (pos. 5) were 
either dried source at main frequency of 50 Hz,  output a.c. 
or d.c. with different polarities, or electronic sources 
providing adjustable voltage level,  a.c. or d.c. output,  with 
reversible polarity. The  high voltage rise up to 25 kV and 
frequencies till 2 kHz. 

 
A. Varicose ulcers treatment procedure 

- thoroughly wash the wound with ulceration or plague 
with ozonized aqueous solution, daily, once in the morning. 
For the treatment of refractory ulcers, the method continues 
with the introduction of the affected area of ulceration (after 
cleaning with plenty of water treated) and its maintenance  
for 10-15 minutes in an enclosure containing strongly 
ozonized gas; 

- applying sterile compresses and bandages, soaked with 
the processed aqueous solution all over the ulcer during a 
period of 20-30 min; 
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- simultaneously, implementation of medication based on 
antibiotics and steroids; 

- applying a further 2 or 3 compresses soaked in sterile 
aqueous solution being processed, at periods determined by 
the state of eczematizate pericankerous area. 

B. Method of treating skin burns 

- applyance of sterile compresses and bandages, soaked 
with the aqueous solutions  all over the burned areas; change 
compress every 2-3 hours to complete healing (4-5 days for 
first degree burns  and 14-15 days for second degree burns); 

- applyance of  medication  based on antibiotics and 
steroids. 

The wounds become infected, reluctant to medicines, can 
be treated with aqueous solutions processed with ozone or 
ozone and electric fields, but sometimes also with ozonized 
air.  

III. RESULTS AND COMMENTS 

Aqueous solution were used single or multiple distilled 
water experimental results are presented in Table 1 and Table 
2 for ozonation  and treating in corone electric fields with 
abundant ozone generation. 

In all tested applications were obtained good results, but 

dependent on the particularities, the type, shape, size and 
stage of the ulcer, the residual ozone concentration in the 
processed solutions,  presence of free radicals, frequencies 
and durations of treatment on the patient.  

The most effective treatment is obtained by applying  the 
ozonized aqueous solutions or the ozone combined intense 
electric fields immediately after processing. Good results are 
obtained after about 2 hours of processing aqueous solutions, 
and after about 8-10 hours, their efficacy drops sharply, even 
if kept sealed.  

Storage temperature is a key factor of "preservation" 
properties acquired; at temperatures of about 4° C the 
characteristics after about 8 hours of storage are preserved. 

The treatment methods indicates drastically shortens of 
the healing period; shortening is greater with use of  air, 
oxygen or both, on processed aqueous solutions using 
proposed treatment devices. 

With the shortened periods of healing, are removed the 
danger of microbial and fungal superinfection, without the 
patient requiring a preventive antibiotic treatment in general 
way.  

Here is the record, particulary, varicose ulcers and 
pressure sores resulting from prolonged immobilization 
patient in bed when the peripheral circulation is poor. 

Skin healing obtained for new treatments proposed are 
more aesthetic in comparison with classical treatments. 

 
 
 

Table 1. Criteria and levels of ozonization of aqueous solutions 

 
No 
crt 

 
 

Solution type 

The adjustment parameters of ozonizer  
Exposure 

time 
[s] 

 
 Residual O3 conc. of  

aqueous solution 
[mg/l] 

Oxygen Ozone 
Pressure 
[bar] 

Flow 
[l/h] 

Concentration 
[gO3/m3] 

Amount 
[g/h] 

1. Simple distilled water 0,1 10÷50 120,7÷41,8 1,21÷2,09 60 ÷ 300 5 
2. Double distilled water 0,1 10÷50 120,7÷41,8 1,21÷2,09 60 ÷ 300 3 

Legend *- a –  filiform electrodes with multiple corone discharge; - b – electrodes with  multiple  needle type corone discharge; - c – strainer 
corone discharge electrode ; - s – discharging gap; - p – distance between discharging elements of the electrodes 

 
Table 2. Criteria and levels of ozonization and treatment procedure using aqueous solutions exposed to  intense corone electric fields 

 
 
Nr 
crt 

 
 

Solution type 

Electrical and constructive parameters of the treatment cells  
Exposure 

time 
[s] 

 
Residual O3 

conc. of  
aqueous 
solution 
[mg/l] 

Voltage levels, [kV] Type of treatment cells * 
c.a. 

50Hz 
c.a. 

2kHz 
c.c. 
+ 

c.c. - With 
barri
er 

No 
barrier 

s 
[mm] 

p 
 [mm] 

 
a 

 
b 

 
c 

1. Simple 
distilled water 

5÷25 5÷25 5÷20 5÷25 x x 10÷30 2,5÷10 x x x 60 ÷ 300 7 

2. Double 
distilled water 

5÷25 5÷25 5÷20 5÷25 x x 10÷30 2,5÷10 x x x 60 ÷ 300 4,5 
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IV. CONCLUSIONS  

The ozone alone, or in combination with the free radicals 
generated by corona discharge performed on the aqueous 
solutions may have highly beneficial effects on patients who 
have external wounds superinfected and relates to: 

-Drastic shortening healing time and reducing stress state 
of inactivation of the patient as a result of these long and 
difficult to cure diseases; 

Elimination of the danger of microbial and fungal 
overinfection, generally without requiring a preventive 
antibiotic treatment; 

Obtaining more aesthetic skin healing in comparison to 
conventional treatments; 

Simplicity of the methods because do not interfere with 
anything to the patient, acting through oxidation in tissue, 
stimulating local, leukocytosis; 

Achieving time, pain, costs savings by simplicityof the 
method, significant diminished duration of treatment and 
reducing the time medication of the patient. 

The results obtained with complex ozonisation equipment 
can be matched, or even exceeded, using the processing 
equipment directly into intense electric fields, which is 
extremely simple and cheap.   

Experiments can be conducted by ozone and type free 
radicals, eradicating microbial overinfected wound at first, 
followed by an apropriate amount of ozone and free radicals, 
or aerosols, generating sharp and fast recovery of damaged 
tissue ulceration. 

Further research deserves to be channeled in this direction 
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Abstract — Vjg"cko"qh"vjku"uvwf{"ycu"vq"eqorctg"vjg"ect/
fkqxcuewnct"wnvtcuqwpf"cpf"tkum"hcevqt"rtqhkng"kp"rcvkgpvu"ykvj"
rgtkrjgtcn" ctvgtkcn" kuejgokc" *RCF+" cpf" rcvkgpvu" ykvj" uvcdng"
cpikpc"rgevqtku"*UC+0"Yg"uvwfkgf"77"rcvkgpvu"ykvj"RCF"cpf"44"
rcvkgpvu"ykvj"UC"yjkej"ygtg"gxcnwcvgf"ykvj"ectfkce"cpf"xcuew/
nct" wnvtcuqwpf.Yg" hqwpf" vjg" rtqhkng" qh" ectfkqxcuewnct" tkum"
hcevqtu." gejqectfkqitcrj{" cpf" egtxkecn" ctvgt{" wnvtcuqwpf"
hkpfkpiu"kp"rcvkgpvu"ykvj"RCF"cpf"UC"ku"tgncvkxgn{"ukoknct"cpf"
vjg" ectfkqxcuewnct" tkum" ku" tgncvkxgn{" jkij" hqt" dqvj" v{rgu" qh"
rcvkgpvu0" Vjgtg" ctg" uqog" urgekhke" vjgtcrgwvke" ejcpigu" ctkukpi"
htqo"vjg"rctvkewnct"ctvgtkcn"vgttkvqt{"kpxqnxgf0"

 
Keywords —"rgtkrjgtcn"ctvgt{"fkugcug."ejtqpke"uvcdng"cpik/

pc." ectfkqxcuewnct" tkum" rtqhkng." gejqectfkqitcrj{." egtxkecn"
ctvgtkcn"wnvtcuqwpf0"

I. INTRODUCTION

Atherosclerosis (ATS) is an extensive and progressive ar-
terial multisite disease that affects coronary, carotid and 
peripheral arteries. The impairment of a particular arterial 
sector varies and depends, in part, on the individual charac-
teristics and the presence of cardiovascular (CV) risk (CVR) 
factors (CVRF) [1-3]. The patients with ischemic heart 
disease (or coronary artery disease – CAD) are considered 
to have a higher CVR than patients with peripheral artery 
disease (PAD). Also the patients with CAD benefit more 
often from the CV evaluation compared to patients with 
PAD. In terms of ultrasound assessment, the echocardiog-
raphy is more used than arterial cervical echography. De-
spite the fact that are some registries [1-3] including pa-
tients with various ATS lesions (coronary, carotid, 
peripheral artery), there are no systematic studies comparing 
patients with chronic arterial ischemia and patients with 
stable coronary artery disease, regarding the cardiovascular 
ultrasound and risk factors profiles. A legitimate question 
then arises: what are the differences and the similarities 
between these two groups of patients, who had in common 
the same phenomenon (arterial ischemia), but located in 
different territories?  

II. MATERIAL AND METHODS

The aim of this study was to compare the cardiovascular 
ultrasound and risk factor profile in patients with peripheral 
arterial ischemia (PAD) and patients with stable angina 
pectoris (SA). We tried to find what are the differences and 
the similarities between these two groups of patients regard-
ing the cardiovascular risk factor, echocardiography aspects 
and arterial cervical ultrasound elements, in order to see if 
the CV clinic and imagistic profile of PAD patients is less 
or equal in term of significance with the CV clinic and im-
agistic profile of SA patients. 

The study included 77 patients with chronic arterial is-
chemia: 55 patients with PAD without critical leg ischemia 
(CLI) and 22 patients with CAD and SA, hospitalized in 
Cardiology Department for complete cardiovascular evalua-
tion, laboratory and ultrasound imaging assessment. All 
patients signed informed consent at enrollment. The study 
methodology was approved by the Ethical Committee and 
was in accordance with European ethical standards. 

Review methodology included: clinical examination, 
ECG, echocardiogram and carotid-vertebral ultrasound. 
During echocardiography we measured standard sizes (Ao-
aorta, LA-left atrium, LV-left ventricle, IVS interventricular 
septum, LVPW- LV posterior wall, EDDLV-end-diastolic 
diameter of LV, ESDLV- end-systolic diameter of LV), we 
evaluated the global and segmental LV parietal kinetics 
(highlighting segments with hypokinesia, akinesia and dys-
kinesia) and we quantified LV systolic function, based on 
ejection fraction (EF): LVEF = (EDVLV - ESVLV) / 
EDVLVx100, EDVLV - end-diastolic volume of LV, 
ESVLV - end-systolic volume of LV, calculated by the two-
dimensional method. Normal values: Ao ≤ 40 mm, IVS ≤ 
11 mm, LVPW ≤ 11 mm, EDDLV = 35-57 mm, ESDLV = 
25-45 mm, LVEF ≥ 50%). We also assessed the LV diastol-
ic performance (E and A waves amplitude, E/A ratio esti-
mated by pulsed Doppler transmitral flow curve) [4-9]. 

We performed carotid and vertebral ultrasound and 
measured the thickness of the intima-media (IMT) in the 
common carotid artery, bilaterally (standard in the posteri-
or-medial wall, 2 cm before the carotid bifurcation) (normal 
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values <0.75 mm). We estimated the hemodynamic signifi-
cance of carotid and vertebral stenoses by using the follow-
ing criteria: morphological (cross-section Doppler color 
calculating the area of stenosis (%) by the formula: (Total 
vascular area - Permeable Doppler color area) / Total vascu-
lar area) and hemodynamic (intrastenotic Vmax- maximal 
systolic velocity, Ved-end-diastolic velocity and Vmax intra 
/ prestenotic ratio). 50-70% stenoses are defined by Vmax = 
1.2-2 m/s, Ved < 0.4 m/s, Vmax intra / prestenotic = 2-3 and 
the corresponding percent reduction in Doppler color func-
tional area. Stenoses > 70% were defined by Vmax > 2 m/s, 
Ved > 0.4 m/s, Vmax intra/prestenotic > 3 and the corre-
sponding percentage reduction in functional Doppler color 
area. [10-12]. 

Group comparison was done using Student test for con-
tinuous variables with normal distribution and Mann-
Whitney U test for continuous variables with abnormal 
distribution and ordinal variables, while the chi-square test 
was used for categorial variables. SPSS 16 was used for 
statistical analysis, with a p value < 0.05 considered statisti-
cally significant. 

III. RESULTS

The prevalence of males and smokers was higher in PAD 
patients without CLI compared to CAD patients with SA. 
Among other CVRF, prevalence of hypertension (HT) was 
significantly higher in CAD patients with SA than in PAD 
patients without CLI. The prevalence of diabetes (DM) and 
dyslipidemia was relatively equal in the two groups. The 
most prevalent CVRF in patients with PAD without CLI, 
respectively in CAD patients with SA was hypercholester-
olemia (HCst), followed by hypertriglyceridemia (HTgl) 
and DM. HTgl prevalence was highest in PAD patients 
without CLI, while DM prevalence was highest in CAD 
patients with SA. 

We found a significantly higher prevalence of LV hyper-
trophy (LVH) and LV dilatation (LVD) in patients with SA 
than in PAD patients without CLI. The prevalence of septal 
hypertrophy (IVWH) was relatively similar in PAD patients 
without CLI and in CAD patients with SA, while the LVPW 
hypertrophy (LVPWH) was higher in CAD patients with 
SA compared with PAD patients without CLI. We found a 
statistically significant higher prevalence of diastolic dys-
function (DD) in CAD patients with SA compared to PAD 
patients without CLI (Table 1). Prevalence of segmental 
parietal kinetic disorders (SPKD) was moderately higher in 
CAD patients with SA (78%) than in PAD patients without 
CLI. The highest prevalence of SPKD in PAD patients 
without CLI was observed in the septum, followed (in de-
scending order) by inferior-posterior, lateral and anterior 

walls. Septum wall SPKD prevalence was higher in CAD 
patients with SA compared with PAD patients without CLI. 
There was a moderately higher prevalence of the anterior 
and lateral walls SPKD in CAD patients with SA than in 
PAD patients without CLI. and a slightly higher prevalence 
of inferior-posterior wall SPKD in PAD patients without 
CLI than in CAD patients with SA (Table 1). 

 
Table 1. Echocardiographic profile in PAD patients without CLI com-

pared to CAD patients with SA (ns – not significant, s – significant 
 

 
No statistically significant differences were found regard-

ing carotid IMT in PAD patients without CLI compared 
with CAD patients with SA.   

 
Table 2. Carotid and vertebral ultrasound profile in PAD patients with-

out CLI compared with CAD patients with SA. 
 

Parameter 
prevalence (values) 

PAD 
without CLI 

CAD 
with SA 

Statistical 
significance 

Carotid IMT (mm) 
>50% carotid and vertebral 
stenoses 
>50% carotid stenoses 
>50% vertebral stenoses 
50-70% carotid and vertebral  
stenoses 
>70% carotid and vertebral 
stenoses and thromboses 

0.78±0.2 
29% 
 
25% 
4% 
15% 
 
14% 
 

0.7±0,2 
64% 
 
50% 
14% 
41% 
 
24% 

ns 
p<0.001 
 
p<0.001 
p<0.001 
p<0.001 
 
p<0.01 

 
We found a higher statistically significant prevalence of 

cervical arterial, both carotid and vertebral stenoses >50% 
in CAD patients with SA than in PAD patients without CLI. 
The prevalence of 50-70% or >70% hemodynamic signifi-
cance cervical arterial stenosis and thrombosis was equal in 
PAD patients without CLI, while in CAD patients with SA 

Parameter 
prevalence (values) 

PAD 
without CLI 

CAD 
with SA 

Statistical 
significance 

Concentric LVH 
IVSH 
(mm) 
LVPWH 
(mm) 
LVD 
EDDLV dilatation 
(mm) 
ESDLV dilatation 
(mm) 
Diastolic dysfunction 
Impaired systolic function 
LVEF 
LV SPKD  
SPKD septum 
SPKD inferior/posterior 
SPKD lateral 
SPKD anterior 

47% 
52% 
10.5±2.4 
51% 
10.2±2.2 
11% 
20% 
48.48±8 
3% 
37±7.9 
35% 
41% 
48.6±7.8% 
56% 
35% 
29% 
19% 
11% 

72% 
64% 
11.2±1.7 
78% 
11.2±2.7 
22% 
21% 
50±9.9 
21% 
35.9±10.1 
90% 
43% 
47.8±7.8% 
78% 
64% 
23% 
23% 
28% 

p < 0.001 
p < 0.1 
ns 
p < 0.01 
ns 
p < 0.01 
ns 
ns 
p < 0.001 
ns 
p < 0.001 
ns 
ns 
p <0.01 
p <0.001 
p <0.1 
ns 
p <0.01 
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we found a significant higher prevalence of 50-70% cervical 
arterial stenoses than carotid and vertebral >70% stenoses 
and thromboses. The prevalence of 50-70% cervical arterial 
stenoses was significantly higher in CAD patients with SA 
than in PAD patients without CLI. Hemodynamically sig-
nificant arterial cervical stenoses (>70%) and carotid-
vertebral thromboses were found in a moderately greater 
proportion in CAD patients with SA compared with PAD 
patients without CLI (Table 2).  

IV. DISSCUSION

In our study, HT as a CVRF was frequently found in 
both patient groups, mainly in CAD patients with SA, 
which indicates its involvement in the pathophysiology and 
progression of peripheral and coronary lesions, as shown in 
other studies [1-3]. Other CVRF such as male gender and 
smoking were found more frequently in PAD patients with-
out CLI, whereas DM and dyslipidemia prevalence were 
similar between the two groups [1-3]. 

As expected, the high prevalence of HT in CAD patients 
with SA led to a significantly higher prevalence of LVH in 
these patients, both as septal and PW hypertrophy. These 
patients also had more frequent LVD. In PAD patients 
without CLI the prevalence of LVH was closer to the lowest 
intervals found in other studies [13-15]. The most likely 
cause for this finding was the evaluation methodology in 
our study, which included all criteria for hypertensive heart 
disease. While LVD in CAD patients with SA was caused 
both by EDDLV and ESDLV, in PAD without CLI patients 
it was caused mostly by EDDLV. However, the prevalence 
of dilated cardiomyopathy was low in PAD patients without 
CLI. The reasons for this particular echocardiographic pat-
tern, specific to CAD patients with SA, are the long evolu-
tion of HT and frequent multi vessel coronary lesions on 
coronarography found in clinical and coronarography stud-
ies [16, 17]. It is possible for PAD patients without CLI to 
have multi truncal coronary vessels lesions as well [18]. 
Altered systolic performance was found with similar preva-
lence in the two patient groups, while diastolic dysfunction 
was present in most of CAD patients with SA. Published 
data show diastolic dysfunction in PAD patients has a prev-
alence of up to 62% [13, 19].Although SPKD was found in 
both patient groups, only the inferior-posterior SPKD was 
found with similar prevalence, (raising the possibility of a 
similar involvement of the right coronary artery) in both 
patient groups, while septal, anterior and lateral wall in-
volvement was more frequent in CAD patients with SA. 

Carotid IMT was marginally higher than normal in both 
patient groups but with no significant differences. We found 

similar values with published data for PAD without CLI 
(0.85 mm) [20, 21]. 

We found a significantly higher prevalence of cervical 
artery stenoses in CAD patients with SA compared to PAD 
without CLI, irrespective of the degree of stenosis and their 
location (carotid or vertebral). It is possible that long-term 
evolution of systemic ATS can lead to multiple lesions in 
the carotid and vertebral territories. Published data show the 
prevalence of carotid stenoses is lower than 60%, most of 
them being 50-70% and found in PAD patients without CLI 
[22, 23]. The higher prevalence of cervical artery stenoses 
found in our study can be explained by the inclusion of 
vertebral lesions (and not only carotid) as well. We found a 
significantly higher prevalence of >50% cervical stenoses 
(both carotid and vertebral) in CAD patients with SA com-
pared to PAD patients without CLI. In PAD patients with-
out CLI we found similar prevalence for 50-70% stenoses, 
>70% stenoses and thromboses, while in CAD patients with 
SA, we found a higher prevalence of 50-70% stenoses com-
pared to >70% stenoses and thromboses. 50-70% stenoses 
were significantly more frequent in CAD patients with SA 
compared to PAD patients without CLI, whereas >70% 
stenoses and thromboses were more frequent in SA patients 
compared to PAD patients without CLI. 

There is probably a relationship between a longer evolu-
tion of arterial ischemia both in the peripheral vascular and 
in the cervical territories and the prevalence of severe steno-
ses and thromboses in the carotid and vertebral arteries. On 
the contrary, patients with chronic ischemia in the coronary 
territory can have coronary thrombotic events that acceler-
ate the clinical manifestations of the ATS process, thus 
making cervical stenoses being earlier diagnosed in a less 
severe stage of their evolution. 

In our study we found that PAD patients had significant 
prevalence of CV (heart and arterial cervical) ATS lesions 
and their CV ultrasound and risk factors profile is compara-
ble with the CV profile of CAD patients with SA. These CV 
pathological aspects are important for PAD patients in the 
perspective of a vascular interventional or surgical ap-
proaches, known that in the perioperative context there is a 
higher incidence of CV major events (myocardial infarction, 
stroke). Despite the fact that PAD patients are considered to 
have a lower CVR regarding CV major events, based on our 
results, we might suppose that CVR of PAD patients is 
relatively high, almost similar to the CVR of CAD patients 
with SA. Therefore, we consider that is important to make a 
thorough CV assessment of PAD patients, as complete as 
the CAD patient evaluation. 
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V. CONCLUSION

Patients with arterial or coronary chronic ischemia have a 
high incidence of major CVRF. HCst prevalence was higher 
in PAD patients without CLI and HT was more prevalent in 
patients with SA. PAD patients without CLI present signifi-
cant cardiac and cervical arterial ultrasound spectrum 
changes, which are similar to patients with documented 
CAD and SA. The most significant echocardiographic as-
pects in PAD patients without CLI are the presence of LVH, 
the LVD mainly due to the increase EDDLV, the presence 
of DD, impaired systolic function by decreasing LVEF and 
the presence of SPKD, especially on the anterior and inferi-
or-posterior walls. Both PAD patients without CLI and 
CAD patients with SA had similar carotid IMT, marker of 
endothelial dysfunction in both groups of patients. The 
prevalence of cervical arterial stenoses was greater in CAD 
patients with SA, both in carotid and vertebral arteries. In 
PAD patients without CLI we found moderate stenoses, 
severe cervical arterial stenoses and carotid and vertebral 
thromboses in equal proportion. In CAD patients with SA, 
we found moderate (50-70%) arterial cervical stenoses more 
frequently than severe (>70%) carotid and vertebral steno-
ses and arterial cervical thromboses. The PAD patients had 
a relatively high CVR, similar to CAD patients with SA.  
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cpf"ectqvkf"gxcnwcvkqp"qh"RCF"rcvkgpvu"vq"guvkocvg"vjg"ectfkq/
xcuewnct" tkum" kp" vjg" rgturgevkxg" qh" rgtkqrgtcvkxg" vjgtcrgwvke"
uvtcvgi{"tgxcuewnctk|cvkqp0"Chvgt"enkpkecn"cpf"kocikuvke"gxcnwc/
vkqp"yg"hqwpf"vjcv"rtqxkpi"vjg"rqn{ctvgtkcn"rtqhkng"ejcpigu"vjg"
ogfkecn"cpf"kpvgtxgpvkqpcn"vjgtcr{."rtkqtkvk|kpi"eqtqpct{"cpf"
ectqvkf"ctvgtkcn"tgxcuewnctk|cvkqp0"

Keywords—rgtkrjgtcn"ctvgtkcn"fkugcug."rqn{ctvgtkcn"rcvkgpv."
ctvgtkcn"uvgpquku."jgctv"fkugcug."ectfkqxcuewnct"tkum0"

I. INTRODUCTION 

Atherosclerosis (ATS) is a pathological process of sys-
temic, extensive and progressive nature affecting the circu-
lation of coronary, cerebrovascular and peripheral arteries 
(PAD). PAD presence is an important predictive indicator 
of coronary and / or concomitant carotid disease existence, 
which increases the risk of mortality [1-3]. The presence of 
ATS lesions across multiple arterial territories deems the 
patient “polyarterial”, even if one single arterial territory is 
symptomatic (e.g. peripheral arteries in case of PAD). Other 
coronary and / or carotid ATS lesions may be masked by 
the symptoms of PAD. A large proportion of patients are 
not diagnosed with PAD before presenting a major cardio-
vascular (CV) event, which limits the access towards using 
the evidence-based pharmacologic therapy recognized for 
CV risk (CVR) reduction [1-3]. 

II. MATERIAL AND METHOD 

The aim of this study was to assess the role of clinic and 
imagistic cardiac and carotid evaluation of PAD patients to 
estimate the cardiovascular risk in the perspective of peri-
operative therapeutic strategy revascularization. Beside the 
CVR factors profile, we tried to estimate how important and 

significant are the heart and arterial cervical lesions in PAD 
patients scheduled for vascular intervention 

The study included 197 patients with PAD, hospitalized 
in the Cardiology Department for complete cardiovascular 
evaluation, laboratory and ultrasound imaging assessment. 
All patients signed informed consent at enrollment.  

The study methodology was approved by the Ethical 
Committee and was in accordance with European ethical 
standards. 

The evaluation methodology included: clinical examina-
tion, ECG, echocardiogram and carotid-vertebral ultrasound. 
Echocardiography measured standard parameters (Ao-aorta, 
LA-left atrium, LV-left ventricle, IVS interventricular sep-
tum, LVPW LV posterior wall, EDDLV-end-diastolic di-
ameter of LV ESDLV-end-systolic diameter of LV), evalu-
ated the global and segmental LV parietal kinetics 
(highlighting segments with hypokinesia, akinesia and dys-
kinesia) and quantified LV systolic function, based on ejec-
tion fraction (EF): LVEF = (EDVLV-ESVLV) / EDVLV x 
100, EDVLV-end-diastolic volume of LV, ESVLV-end-
systolic volume of LV, calculated by the two-dimensional 
method. Normal values: Ao ≤ 40 mm, LVIV ≤ 11 mm, 
LVPW ≤ 11 mm, EDDLV = 35-57 mm, ESDLV = 25-45 
mm, EDVLV = 90-120 ml, ESVLV = 30-50 ml, LVEF ≥ 
50%) and assessed the LV diastolic function (E and A 
waves amplitude, E/A ratio estimated by pulsed Doppler 
transmitral flow curve) [4-9]. 

We performed carotid and vertebral ultrasound and 
measured the intima-media thickness (IMT) in the common 
carotid artery (CCA) bilaterally (standard in the posterior-
medial wall, at 2 cm before the carotid bifurcation) (normal 
values ≤ 0,75 mm). We estimated the hemodynamic signifi-
cance of carotid and vertebral stenoses by using morpholog-
ic criteria: cross-section color Doppler exam calculating the 
percent of stenoses (%) as (Total vascular area - Permeable 
color Doppler area) / Total vascular area - and hemodynam-
ic criteria: intrastenotic Vmax (maximal systolic velocity), 
Ved (end-diastolic velocity) and Vmax intra/prestenotic 
ratio). 50-70% stenoses were defined by Vmax = 1,2-2 m/s, 
Ved< 0.4 m/s, Vmax intra/prestenotic = 2-3 and the corre-
sponding percent reduction in Doppler color functional area. 
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Stenoses >70% were defined by Vmax> 2 m/s, Ved> 0.4 
m/s, Vmax intra/prestenotic> 3 and the corresponding per-
centage reduction in functional area [10-12]. 

Group comparison was done using the chi-square test for 
categorial variables, Student test for continuous variables 
with normal distribution and Mann-Whitney U test for con-
tinuous variables with abnormal distribution and ordinal 
variables. Statistical analysis was performed with SPSS 16. 
The p value <0.05 was considered statistically significant. 

III. RESULTS 

Most patients with PAD were male (87%) and elderly 
(60% were over 60 years, one of fourth of these patients 
were over 70 years). More than half of patients with PAD 
had almost all major CV risk factors. Of these, smoking had 
the highest prevalence (68%), followed by hypertension 
(HT) (66%), hypercholesterolemia (HCst) (52%), diabetes 
(DZ) (50%) and hypertriglyceridemia (Htgl) (47%). Re-
garding the associated CV diseases (CVD), 3% of patients 
with PAD had a previous diagnosis of hypertensive heart 
disease (HTD), 29% of ischemic heart disease (or coronary 
artery disease - CAD) and 2% of dilated cardiomyopathy 
(DCM) (of ischemic, hypertensive or ethanolic etiology). 
Dilated ascending aorta was found in 7% of patients with 
PAD. 51% of PAD patients presented symmetric or asym-
metric concentric LV hypertrophy (LVH). 53% of patients 
had LVIVS hypertrophy and 41% of patients had LVPW 
hypertrophy. 12% of patients with PAD had LV cavity 
enlargement in both diameters (EDDLV and ESDLV), 14% 
of PAD patients had increased EDDLV and 7% of PAD 
patients had increased ESDLV. Diastolic dysfunction (DD) 
was found in 36% of PAD patients. The majority (75%) of 
PAD patients had stage I of DD (impaired relaxation pat-
tern), while 25% of PAD patients had advanced DD (stage 
II with altered relaxation-compliance pattern and stage III 
restrictive pattern). Over 50% of PAD patients had segmen-
tal parietal kinetic disorders (SPKD), located in one or more 
LV walls. Most SPKD in patients with PAD were found in 
the inferior/posterior LV wall (34 %) and in the septum 
(33%), followed by SPKD in the lateral wall (26%) and in 
the anterior wall (17%); 2% of patients had post-infarction 
LV aneurysms. Impaired systolic function (LVEF ≤50%) 
was found in 51% of PAD patients (35% had FE between 
40-50%, 12% between 30-40% and 4% between 20-30%).  

At baseline, 34% of PAD patients had a known heart 
condition- 27% had CAD (silent myocardial ischemia on 
ECG, ST segment and/or T wave changes, previous infarc-
tion, known angina, atrial fibrillation or left bundle branch 
block), 3% had HTD and 2% had DCM. Following the 
complete CV evaluation during hospitalization, we found 

the prevalence of these comorbidities increased – with 29% 
for HTD (from 3% to 32%), with 22% for CAD (from 27% 
to 49%) and 17% for DCM (from 2% to 19%). We found 
that 17% of patients had both HTD and CAD.  

After a complete CV evaluation (including clinical exam, 
ECG, echocardiography and coronary angiography) 68% of 
PAD patients were diagnosed with the following heart dis-
eases: HTD in 29% of patients, CAD in 49% of patients and 
DCM in 19% of patients. Among patients with PAD and 
heart disease, the most prevalent was the HTD (43%), fol-
lowed by CAD (32%) and DCM (25%). (Table 1). 

Carotid and vertebral Doppler ultrasound evaluation 
found a significant increase in the IMT of the CCA in PAD 
patients (0,93  0,25 mm). Over a third (34%) of PAD pa-
tients had >50% stenosis (28% carotid and 6% vertebral), 
21% had 50-70% stenoses, while 13% had severe (>70%) 
stenoses and cervical artery thrombosis. (Table 2). 

Table 1. Echocardiographic profile in PAD patients. 

Parameter Known  
heart disease 

Newly diagnosed 
heart disease 

Concentric LVH  
LVIVS hypertrophy 
LVPW hypertrophy 
LV dilatation  
EDLVD dilatation 
ESLVD dilatation 
Diastolic dysfunction (DD) 
Decreased LVEF (<50%) 
SPKD LV 
SPKD inf/post 
SPKD sept 
SPKD lateral 
SPKD anterior 
Heart disease (total) 
CAD 
HTD 
DCM 

 
 
 
 
 
 
 
 
 
 
 
 
 
34% 
29% 
3% 
2% 

51% 
53% 
41% 
12 
14% 
6% 
36% 
51% 
55% 
34% 
33% 
26% 
17% 
68% 
49% 
32% 
19% 

Table 2. Cervical arterial ultrasound profile in PAD patients with PAD 

Parameter Prevalence/value 

Carotid IMT 
Carotid and vertebral stenosis>50% 
Carotid stenosis >50%  
Vertebral stenosis >50%  
Carotid and  vertebral stenosis 50-70%  
Carotid and vertebral stenosis>70% and thrombosis 
 

0,93±0,25 mm 
34% 
28% 
6% 
21% 
13% 

IV. DISCUSSION 

Polyarterial (i.e. multisite arterial ATS lesions) patients 
with clinical signs of peripheral arterial ischemia (intermit-
tent claudication, rest pain, trophic disorders) are patients 
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with multiple major CV risk factors. HT, DZ and 
dyslipidemia are found in more than 50% of these patients. 
Similarly to other studies, PAD patients in our study were 
mostly older males and smokers [1]. However, unlike data 
from the REACH registry, we found a higher prevalence of 
HT, DZ and HCst [1-3]. 

Cardiac and vascular ultrasound evaluation has found not 
only significant peripheral arterial lesions (responsible for 
the clinical symptoms) but also significant cardiac changes 
and carotid lesions, although the patients were asymptomat-
ic at admission and without known diseases in these territo-
ries [13-16]. A careful and complete clinical and echocardi-
ographic evaluation has increased the diagnostic accuracy 
for the presence and type of cardiomyopathy, proven by the 
doubling in its prevalence at discharge. For example, CAD 
prevalence has doubled after non-invasive and invasive 
evaluation, in agreement with published data (30-60%, 
depending on the hemodynamic impact of coronary angi-
ography lesions [1-3, 18, 19]. It is also possible that some 
previously diagnosed CAD patients had a dilated myopa-
thic-type evolution before we evaluated them [4-8, 16, 17]. 
Besides, the leading cause of death in patients with periph-
eral artery ischemia is major coronary events [1-3, 18, 19]. 
HTD prevalence was also high, explained by a high preva-
lence of hypertension, in agreement with published data. 
We found both concentric and eccentric myocardial hyper-
trophy, mainly involving the septum [4-6, 18, 20]. Patients 
with PAD had significant prevalence of LVH (1/2 of pa-
tients) most likely related to pathophysiological direct pres-
ence in the high proportion of hypertension, as major CV 
risk factor [17, 18]. The diagnostic criteria of HTD (concen-
tric LVH including LVIVS and LVPW hypertrophy) were 
present in 29% of patients with PAD. If is evolving an 
asymmetric hypertrophy, the LVIVS hypertrophy is preva-
lent, more commonly [4-6, 18, 21]. 

Diastolic function was altered with variable severity in 
approximately 1/3 of BAP patients in our study, both with 
HTD and CAD. In some cases, although LV diameters were 
normal we found noticeable parietal kinetic disorder that 
caused systolic dysfunction, by alteration of global systolic 
motion. We might have found some cases of dilated myopa-
thic-type evolution of CAD [4, 5, 8, 9]. The high prevalence 
and multisegmentary distribution of SPKD found in our 
study group might be explained by and related to multi 
truncal vascular lesions identified at coronarography. The 
presence of multiple SPKD is correlated to decreased global 
parietal kinetic function and LV systolic dysfunction (EF 
<50%) [8, 9, 13]. 

The significant increase in carotid IMT (cIMT) is a 
strong and independent predictor for the presence of coro-
nary lesions [21-25]. As a marker for extensive ATS, in-
creased cIMT is logical in PAD patients [21-25]. The pres-

ence of cervical arterial lesions may be related to cerebro-
vascular events, which account for 10-15% of deaths in 
PAD patients [19, 20]. These patients have widespread ATS 
lesions, but only some of them have a hemodynamic impact 
(>50% stenoses) and some of them are symptomatic. Pub-
lished data show a 20-40% prevalence of carotid lesions in 
polyarterial patients; similarly to the associated coronary 
lesions, this prevalence varies with the hemodynamic im-
pact of carotid lesions [1-2, 19, 20]. More than one third of 
PAD patients had cervical artery stenoses, mostly carotid. 
The prevalence of 50-70% stenoses was a little higher than 
of severe (greater than 70%) stenoses and carotid-vertebral 
thromboses. The importance of cervical ATS lesion evalua-
tion is related to the risk of stroke.  

The CVR evaluation in patients with PAD is important in 
the context of interventional approaches and / or peripheral 
arterial surgery. Diagnosing a heart disease and / or signifi-
cant cervical arterial lesions changes medical and interven-
tional treatment strategy. Patients with PAD should receive 
drug therapy for plaque stabilization (statins, antiplatelet 
agents etc.), both before and after interventional and / or 
surgical treatment. In  order to minimize the vital CV risk of 
patients with PAD, coronary and carotid intervention must 
precede peripheral arterial revascularization. 

Our study demonstrates that in patients with PAD, the 
current CV evaluation - accessible in most of our county 
hospitals, but not routinely used - plays a major role in as-
sessing the risk for coronary and cerebrovascular events, 
especially in the vascular perioperative context.  

V. CONCLUSIONS 

The polyarterial patient with PAD symptoms has a few 
features. CV risk factors present in more than half of PAD 
patients are: male gender, older age, smoking, dyslipidemic, 
hypertensive and diabetic.  

The typical echocardiographic profile of more than half 
of PAD patients include: LV hypertrophy, decreased global 
parietal contractile function, segmental parietal kinetic dis-
order (especially in the interventricular septum – about 1/3 
of patients, posterior and inferior wall – about 1/3 of pa-
tients) and decreased systolic performance – 1/2 of patients 
and diastolic function – more than 1/3 of patients. 

Following a complete CV evaluation, PAD patients were 
diagnosed (with decreasing prevalence) with hypertensive, 
ischemic and dilative cardiomyopathy. 

Cervical arterial ultrasound reveals that PAD patients 
have diffuse atherosclerosis (increased cIMT), mostly carot-
id stenoses – 1/3 of patients and more >50% stenoses than 
severe (>70%) stenoses and arterial thromboses. 
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Demonstrating the polyarterial profile (with significant 
ATS lesions in multiple artery territories - coronary and/or 
carotid) in a patient with PAD changes the orientation of the 
patient's therapy. In these cases, coronary and carotid arteri-
al revascularization procedures must precede peripheral 
arterial revascularization intervention. 
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I. INTRODUCTION  

Visual impairment accounts for a reduced ability to per-
ceive sight. While some forms of sight loss can be compen-
sated by optical means, as for example glasses or contact 
lenses, some affections lead to severe visual impairment 
consisting in low vision and even blindness [1]. 

According to the World Health Organization, as reported 
in 2014, 285 million people worldwide suffer from some 
form of visual impairment, with 39 million suffering from 
blindness [2].  

Visual impairment leads to limitations in mobility, read-
ing, communication, access technology – such as access to 
computers, smartphones, etc. Up to 80% of the cases of 
visual impairment are either preventable or treatable [2]. In 
the remainder 20% however vision loss is permanent, and 
accordingly, require alternative methods for social integra-
tion. For exemplification, mobility is aided with instruments 
such as the white cane. Reading on the other hand is aided 
with audio books and the braille alphabet.  

Braille is an alphabet used by the visually impaired for 
tactile reading [3]. A braille cell consists of six dots, ar-

ranged and numbered as illustrated in Fig. 1, and embossed 
on paper. The embossed pattern then encodes the characters.   

1

2

3

4

5

6
 

Fig. 1 The 6 dots of a braille character 

Alternatively to braille written on paper, there are elec-
tro-mechanical devices which perform the display of braille 
characters. These devices are called refreshable braille dis-
plays. They come as a consistent aid for access technology. 
The most straightforward application is a tactile alternative 
to the e-book reader [4]. Similarly, braille display in con-
junction with tactile graphics can be employed for the de-
velopment of tactile displays for mobile phones and tablets 
[5].  

Another exemplification of the employment of braille 
display in access technology is the development of web 
pages with tactile readability. For example, a platform for 
online shopping developed for the visually impaired was 
reported in [6].  

To take matters a step further, refreshable braille display 
in conjunction with audio information and tactile graphics 
enables the development of virtual classrooms for e-
learning environment [7].  

Refreshable braille displays are indeed a very powerful 
tool for communication for the visually impaired. The limi-
tation of these devices however consists mainly in size and 
costs. Indeed, refreshable braille displays are developed 
around electromechanical components, e.g. coils, piezoelec-
tric devices, etc., which take up a rather large space. Conse-
quently, the refreshable braille display results in a rather 
bulky device. In the same time, electro-mechanic devices 
increase the cost of the braille display cell, and consequent-
ly the price per character. 

Another aspect to be considered with regard to refresha-
ble braille displays is the braille cell driver. The refreshable 
braille display is usually driven by a microcontroller unit, 
which traditionally reads the contents of a source file which 
contains the information to be displayed, and drives each 
braille cell individually. Limitations from this point of view 
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come from the number of characters that needs to be driven, 
i.e. the size of the display device, as well as the size and 
type of information which needs to be manipulated for dis-
play.   

In this paper we propose a braille cell which is controlled 
by a field programmable gate array (FPGA). Our choice for 
a single-cell braille display is mainly motivated by size. In 
the same time, tactile reading on a single cell display will 
expectedly increase reading speed and user comfort.  

The braille cell is built with six electromagnetic relays, 
which determine the elevation state of six pins for braille 
character display.  

Our choice for an FPGA as the braille cell controller is 
mainly motivated by ease of use and parallelism. Indeed, 
FPGAs have direct access to each bit within the internal 
shift registers, in contrast to microcontroller which require 
bit-wise operations. Moreover, FPGAs enable parallel exe-
cution of several routines, in contrast to microcontrollers 
which execute routines serially. Accordingly, it is possible 
to further extend the proposed braille display cell with addi-
tional functionality, by deployment of motion and gesture 
analysis, monitoring, etc.  

This article is organized as follows. Section II presents a 
review of refreshable braille display devices. Section III 
presents the implementation of the proposed braille cell 
with FPGA control. Section IV validates the proposed 
braille cell with experimental results. Some conclusions are 
finally drawn. 

II. RELATED WORK 

A first classification of the electronic braille display de-
vices can be drawn considering the type of reading. Litera-
ture in the field differentiates among static reading and 
dynamic sweeping. Dynamic sweeping assumes the reader’s 
finger moving over the braille characters in order to feel the 
elevation of the pins. Accordingly, refreshable braille dis-
plays meant for dynamic sweeping exhibit multiple braille 
cells for the simultaneous display of several characters, 
usually in-between 8 and 80 [8].  

Traditionally, dynamic sweeping is most widely imple-
mented using piezoelectric devices [9]. Accordingly, the 
height of the dots is controlled depending on the voltage 
applied across the piezoelectric devices. As another exam-
ple, the solution reported in [10] for refreshable braille dis-
plays aimed for dynamic sweeping is based on piezoelectric 
linear motors. In this case, the piezoelectric principle is used 
for the actuation of a motor which in turn controls the eleva-
tion of the dots. 

An alternative solution for the simultaneous display of 
multiple braille characters was reported in [11]. In this solu-

tion, selective elevation of the dots is controlled by the 
horizontal movement of some racks which exhibit variation 
of the rack width. Accordingly, sections of the rack with 
large width operate towards elevating the dots, while sec-
tions of the rack with smaller with will lower the dots. Hori-
zontal movement of the racks is actuated by sprinkles at-
tached to servomotors [11].  

Static reading on the other hand assumes the reader’s 
finger be laid on the braille cell and the finger stays immo-
bile during the reading process. The user only senses the 
changes in the elevation of the dots without sweeping the 
braille cell. Accordingly, a single braille cell is required to 
be displayed for static reading. 

The advantage of single braille cells for static reading is 
the reduced size and lower price, as only one character 
display needs to be implemented. For exemplification, the 
solution reported in [8] employs pulse width modulation 
(PWM) servomotors which actuate 6 needles to implement 
a single braille cell. Another very attractive solution for 
single braille cells is based on Microelectromechanical 
systems (MEMS) [12]. 

As far as driving the braille cells is concerned, most solu-
tions are based on microcontrollers. Accordingly, the mi-
crocontroller reads a text file from a flash memory, e.g. SD 
card, pen drive, etc., or directly from a personal computer 
via serial communication, and applies the specific drive 
voltages to the braille cell. For example, the ATMEGA128 
microcontroller is used in conjunction with a programmable 
logic device (PLD) in [10]. A PIC 18F2250 is used for the 
same purpose in [11]. To add some more flexibility to the 
braille display driver, an Arduino board is for driving the 
braille cell in [8]. 

III. PROPOSED BRAILLE DISPLAY DEVICE 

The solution proposed in this paper for a refreshable 
braille display is based on interfacing an FPGA with the 
electronic braille cell. The block diagram of the proposed 
system is illustrated in Fig. 2.  

The text to be displayed is available in a text file on a 
personal computer. Binary encoding of the braille characters 
assumes six bits corresponding to the six dots, following the 
numbering presented in Fig. 1. Additionally, a two-bit pre-
fix is added to the six bits as a delimiter for a new character, 
a new word, a new sentence, or as a text terminator respec-
tively.  
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Fig. 1 Block diagram of the proposed refreshable braille display  

The braille display driver was implemented on a Nexys4 
FPGA board. The FPGA reads the text file from a personal 
computer over UART and delivers the corresponding sig-
nals to the relays. The needles of the braille cell are then 
elevated accordingly. 

The FPGA decodes the most significant two bits into a 
delay in displaying the next character. Accordingly, a tim-
ing is imposed in-between successive character displays as 
follows. A character delimiter imposes a 1s delay, a word or 
sentence delimiter imposes a 2s delay, whereas the text 
terminator raises all braille dots to indicate end of text. The 
remainder six bits trigger the six dots of the braille display 
respectively.  

The braille display cell is connected to the FPGA over an 
8 line bus. Two lines are used for the 12V supply and 
ground respectively. The remainder six lines are applied 
directly to the braille pin drivers. 

A braille dot driver is illustrated in Fig. 3. Each dot of the 
braille display cell is attached to a needle which is elevated 
by a LEG-5F electromagnetic relay. The relay is driven by a 
BD139 transistor. Accordingly, elevation of the needle is 
triggered by a 3.3V control signal Vcmd. 

IV. EXPERIMENTAL RESULTS 

The braille display, proposed and described in section III, 
was implemented practically and its operation was tested. 
The braille cell is illustrated in Fig. 4.  

Figure 4 (a) shows a top view of the one-character braille 
display, illustrating the six dots of the cell. Next, Fig. 4 (b) 
shows a side view of the braille display, illustrating the 
circuitry of the cell made up by the 6 electromagnetic re-
lays.  

The braille cell circuit was deployed in-between two 
printed circuit board (PCB) plates. Holes in both top and 
bottom PCB operate towards maintaining the needles on the 
desired axis.  

12V top plate

bottom plateVcmd

 
Fig. 2 The braille pin driver 

 
(a) 

 
(b) 

Fig. 3 The braille display: (a) top view and (b) side view 

The braille display cell was supplied with a 12V supply 
able to deliver a 4A supply current. Spice simulation of one 
relay driver is plotted in Fig. 5.  

0ms 10ms 20ms 30ms 40ms 50ms
0mA

24mA
48mA
72mA
96mA

120mA
0

2.5V

5.0V

IC

Vcmd

Fig. 4 The braille pin driver 

The test bench of the braille display is illustrated in Fig. 
6. For illustration purpose, the display of the test “Hello” in 

A Single-character Refreshable Braille Display with FPGA Control 65

 IFMBE Proceedings Vol. 59  
  

 



braille is shown in Fig. 7. To be noticed in Fig. 7 is that the 
first character indicates that the following character is capi-
tal, while the last character indicates termination of the text. 

 
Fig. 5 The braille display test bench 

Fig. 6 Display of the word “Hello” in braille 

V. CONCLUSIONS  

This paper presented a one-character refreshable braille 
display. The braille cell was implemented using electro-
magnetic relays. Control of the braille cell was implemented 
using an FPGA. The FPGA reads the contents of a text file 
from a personal computer over UART, and drives the relays 
of the braille cell. Needles attached to the relays are elevat-
ed accordingly, thus allowing the display of desired text. 
The proposed braille cell is validated with experiments.   

The control logic was implemented in this work using 
FPGA due to its advantages in terms of ease of use and 
parallel processing. As future work, we aim to make use of 
FPGA parallel processing and deploy the braille cell with 
additional functionality in terms of motion and gesture 
recognition. By this, we aim to improve user interaction 
with the braille display device, and this increase user com-
fort.  
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I. INTRODUCTION 

Peripheral arteriopathies are an important health and so-
cial problem worldwide. The frequency of this disease 
among the population is estimated to vary between 4 and 
30% [1]. Atherosclerotic disease is associated with a high 
risk of mortality by acute myocardial infarction or stroke. 
Critical ischemia is the most advanced stage of the athero-
sclerotic disease [2]. 

The risk of a major amputation in the case of patients 
with critical ischemia is up to 40% over a 6 month period, 
with a mortality rate of 22-25% one year later. The defini-
tion of critical ischemia is based on clinical and paraclinical 

criteria and was established by the Transatlantic Inter-
Society Consensus in the year 2000 [3]: 

1) Chronic ischemic rest pain, 
2) Opioid painkillers necessary ≥ 2 weeks, 
3) Ulcerations or gangrenes of the lower limb or toes; 
4) Ankle systolic pressure < 50 mm Hg, 
5) Toe systolic pressure < 30 mm Hg 
6) The absence of lower limb pulses in the case of diabe-

tes patients, 
7) Objectively proven occlusive arterial disease,  
8) The necessity of a major amputation within the next 6 

months – 1 year, in the absence of any significant hemody-
namic improvement. 

This definition was altered by the European Working 
Group on Critical Limb Ischaemia [4, 5]: 

1) Ischemic rest pain, 
2) Painkillers necessary ≥ 2 weeks 
3) Ulcerations or gangrenes of the lower extremity, 
4) Ankle systolic pressure < 50 mm Hg 
5) Toe systolic pressure < 30 mm Hg. 

II.MATERIALS AND METHOD 

The study was conducted over a 2-year period, and it in-
volved patients who were diagnosed with critical ischemia 
when they were admitted to hospital. The patients were 
included in this study in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000 and 2008. The patients 
were divided into four study groups: the first group com-
prised patients who underwent primary amputation (PA) as 
a first intention; the second group comprised patients who 
underwent repeated amputation during hospitalization (RA); 
the third group was made up of revascularized patients (R); 
and the fourth group included patients who were initially 
revascularized, but the procedure failed, so that eventually 
amputation was necessary (RF). The patient inclusion and 
exclusion criteria were defined. The inclusion criteria for 
this study were: patients with critical ischemia defined on 
the basis of clinical symptomatology: rest pain with pain-
killers required over a period exceeding 2 weeks or the 
presence of necroses or gangrenes; patients with critical 
ischemia defined on the basis of paraclinical examinations: 
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ankle-arm index under 0.45, TcPO2 under 40 mm Hg, and 
age: over 50. The exclusion of patients from the study was 
carried out based on the following criteria: acute arterial 
occlusion, major surgery (including heart surgery) within 
the past 3 months, severe cardiopathy with an ejection frac-
tion of under 25%, hepatic or renal insufficiency, anemia, 
coagulation disorders, acute or chronic infectious diseases, 
severe diseases (septicemia, HIV, type B or C hepatitis, 
lupus, multiple sclerosis). 

The study had three distinctive stages. In the first stage, 
which extended over the first year, the patients who were 
treated in the usual manner were analyzed. The results ob-
tained in the course of this stage indicated a high amputa-
tion rate, as compared to a low rate of revascularized pa-
tients. In the second stage, a more aggressive type of 
treatment was adopted, by extending the revascularization 
indication, as a result of which a significant drop in the 
percentage of amputated patients was achieved, corroborat-
ed with a significant increase in the number of revascular-
ized patients. During this stage, complex equipment for the 
study of microcirculation (Perimed) was acquired. The 
equipment comprises 3 modules for measuring of partial 
pressure of oxygen in peripheral tissues (TCPO2), a module 
for measurement with the aid of laser-Doppler flowmetry, 
and a module for measuring toe systolic pressure. In the 
third stage, by using the acquired equipment as a matter of 
routine, we were able to completely eliminate repeated 
amputations.A complex study sheet was prepared for each 
patient and, in the end, a data base was created using Mi-
crosoft Excel. The purpose of this study was to achieve a 
drop in the rate of primary and repeated amputations in the 
case of critical atherosclerotic ischemia of the limbs. And 
the secondary purpose, derived from the main one, was to 
make profitable the cost – therapeutic efficiency ratio. 

III. RESULTS 

The first stage of the study included a number of 96 pa-
tients, the second stage, 74 patients, and the last stage, 28 
(Table 1). 

The analysis of the patients’ general data shows that the 
global average age of the patients was 65.7 years old, the 
minimum being 50 and the maximum, 87, and it is shown in 
detail in the 4 groups, with a much larger percentage of 
male patients as compared to female patients (Table 2). 

The main risk factors identified are shown in Table 3. It 
is interesting to note that over half of the patients have 
dyslipidemia and almost 75% of the patients suffer from 
hypertension. Smoking was encountered in the case of only 
33.5% of the patients, who were heavy smokers, in that they 
smoked over 1 pack of cigarettes per day. 

Table 1. The total number of patients studied and their distribution by 
group. 

 
Tguwnv"*3+""
;8"ecugu"
"

Tguwnv"*4+"""
96"ecugu""
"

Tguwnv"*5+"""
4:"ecugu"
"

Inqdcn"
tguwnv""
"3;:"ecugu"

Rtkoct{"
corwvggu"

52 
(54.1%) 

34 
(45%) 

12 
(42.8%) 

98 
(49.5%) 

Tgrgcv"
corwvggu"

21 
(21.8%) 

7 
(12.5%) 0 28 

(14.14%) 

Tgxcuewnctk|gf"
rcvkgpvu"

17 
(17.7%) 

28 
(37.5%) 

14 
(50%) 

59  
(29.8%) 

Wpuweeguuhwnn{"
tgxcuewnctk|gf"
rcvkgpvu"

6 
(6.2%) 

5 
(5%) 

2 
(7.1%) 

13 
(6.5%) 

Table 2. General data  

 RC" T" TH" TC" Vqvcn"

Cig" Average 67.53 62.11 64 67.21 65.7 

" min 51 50 51 54 50 

" max 87 82 82 86 87 

Ugz" M 73 51 12 22 158 

 F 25 8 1 6 40 

PA – primary amputations – revascularized, RF – failed revascularization 
cases RA – repeated amputations 

Table 3  Main risk factors 

" RC" T" TH" TC" Vqvcn"

Uoqmkpi" 28 25 6 8 67(33.8%) 

Fkcdgvgu"
ognvkvwu"

57 8 8 15 88(44.4%) 

Ctvgtkcn"
j{rgtvgpukqp"

75 48 4 20 147(74.24% 

F{unkrkfgokc" 53 35 7 17 112(56.56%) 

 
Besides these risk factors, the presence of the following 

associated comorbidities was also noted (as shown in Table 
4): cardiac (8.58%), renal (3%), respiratory (3.53%), and 
neurovascular (11.61%). 

Table 4  Comorbidities 

" RC" T" TH" TC" Vqvcn"
Ectfkce" 12 4 1 17(8.58%) 
Tgpcn" 5 1 6(3%) 

Tgurktcvqt{" 6 7(3.53%) 
Pgwtqxcuewnct" 13 23(11.61%) 
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All patients underwent preoperative imagistic investiga-
tions. These were non-invasive (arterial Doppler scan) or 
invasive (digital subtraction aortic arteriography). Based on 
these investigations, the patients could be assigned to either 
one of the two stages of the Leriche classification, which 
correspond to the critical ischemia definition, namely stages 
III and IV. Following the examinations, it was observed that 
in over 75% of the cases the patients showed up in stage IV, 
which is the most advanced, when the possibilities of revas-
cularization are greatly limited, the only surgical interven-
tions being limited just to amputation, some of which were 
carried out with the purpose of saving the patient’s life. 
Once the equipment for the assessment of microcirculation 
was acquired, we started using it on a regular basis, and the 
assessment was conducted in the case of all patients includ-
ed in this study starting with the third stage (Table 5). 

Table 5  Preoperative investigations and stages 

" RC" T" TH" TC" Vqvcn"

Uvcig"KKK" 5 33 4 3 45(22.72%) 

Uvcig"KX" 93 24 9 25 151(76.26%) 

VeRQ4" 16 0 1 13 30 

Fqrrngt"uecp"" 25 12 4 4 45 

Ctvgtkqitcrj{"" 13 40 5 4 62 

At the same time, an estimate was made for the length of 
the hospitalization of the patients in the four groups. It was 
noticed that the patients with repeated amputations and 
those with failed revascularization had the longest hospitali-
zation periods (Table 6). Due to the extension of the hospi-
talization period, the risk for certain postoperative compli-
cations to occur is extremely high. A lengthy hospitalization 
period greatly raises the costs associated with these patients. 
The introduction of the new methods of investigation 
brought to zero the number of patients with repeated ampu-
tations, which also allowed costs to be significantly cut.  

The analysis of primary amputations showed that the ma-
jority of these were major amputations (thigh) and the fact 
that the percentage of the minor (digit) amputations was 
lower (Table 7). 

 

 

 

 

Table 6  Length of hospitalization period 

" "" CR" T" TG" CK"

" Cxgtcig" 3.71 4.67 6.61 4.03 

Rtg/qr"
jqurkvcnk|cvkqp"

Okpkowo" 1 1 1 1 

" Oczkowo" 16 12 42" 9 

" Cxgtcig" 11.61 11.7 36083" 3;043"

Rquv/qr"
jqurkvcnk|cvkqp Okpkowo" 1 1 4 5 

" Oczkowo" 25 35 20 82"

" Cxgtcig" 15.42 16.3 43045" 45043"

Vqvcn"
jqurkvcnk|cvkqp"

Okpkowo" 2 8 9 8 

"" Oczkowo" 24 39 48 64 

Table 7  Primary amputations 

Corwvcvkqp"v{rg" Pq0" '"

Vqg" 30 30.61% 

Vtcpuogvcvctucn"" 15 15.3% 

Ecnh" 3 3% 

Vjkij" 50 51% 

VQVCN" 98  

As far as repeated amputations are concerned, these re-
sulted in the end, in most of the cases, in a major thigh am-
putation (Table 8). 

Table 8 Repeated amputations"

Corwvcvkqp"v{rg" Pq0" '"

Vqg" 3 10.71% 

Vtcpuogvcvctucn" 5 17.85% 

Ecnh" 5 17.85% 

Vjkij" 15 53.57% 

VQVCN" 28  
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IV. DISCUSSION 

Unlike the other methods, which investigate the hemo-
dynamic changes, the measurement of transcutaneous oxy-
gen pressure (TCPO2) reflects the metabolic state of the 
tissues in the area where it is measured [6]. The measure-
ment can in fact be conducted at any level; however, cur-
rently, the investigated areas are the instep, the anterior 
medial face of the calf 10 cm below the patella, and the 
anterior face of the thigh 10 cm above the patella. 

The values measured depend on the metabolic activity of 
the tissue, cutaneous circulation, oxyhemoglobin dissocia-
tion, and tissue oxygen diffusion. Normally, a light progres-
sive drop is reported in the TCPO2 values from proximal 
segments toward distal ones, with age, as well as in an ele-
vated position of the limb.   

The measurement of TCPO2 is extremely important in the 
appreciation of severe ischemia. Because the results are not 
affected by arterial calcifications, the test has as an election 
indication the assessment of the vascular state of diabetic 
patients. Two exhaustive studies conducted in 1984 show 
the normal and pathological TCPO2 values in different lo-
calizations (Tables 9, 10) [7, 8]: 

Table 9. :TCPO2 values at rest in different localizations (mm Hg) 

Cwvjqt" Pqtocn" Encwfkecvkqp" Tguv"rckp"

Hqqv" Ecnh" Vjkij" Hqqv" Ecnh" Vjkij" Hqqv" Ecnh" Vjkij"

Ekpc"
*358+"

64±4 64±4 - 46±5 55±4 - 17±4 42±6 /"

D{tpg"
*359+"

60±7 63±8 66±8 56±4 59±5 66±7 4±4 29±2 50±1 

Table 10. Foot TCPO2 values at rest and after physical exercise  

" Enkpq"
uvcvkuo"

Qtvjq"
uvcvkuo"

Qtvjquvcvkuo"
*fwtkpi"ghhqtv+"

Enkpquvcvkuo"
*chvgt"ghhqtv+"

Normal 60±7 71±7 75±9 69±7 

Claudication 37±12 58±12 49±18 23±20 

Rest pain 4±4 25±20 26±26 5±7 

The fact that microcirculation measurements were con-
ducted on all patients as a matter of routine led to a signifi-
cant decrease in primary amputations. The technique ap-
plied measures the tension of the oxygen in the skin 
capillary bed and is an indirect method for measuring skin 

perfusion. The application of the method is very useful 
especially in diabetes patients with non-compressible, calci-
fied arteries, in whose case the circulation cannot be appre-
ciated by determining the ankle-arm index [9]. It has very 
good predictability for the appreciation of the healing of 
ulcerations and it has the highest accuracy in the establish-
ment of the optimum level of amputation with a predictabil-
ity of over 87%. The measured tissue oxygen values of less 
than 20 mm Hg were associated with reduced tissue viabil-
ity, confirmed by the intraoperative clinical criteria for 
establishing the optimum amputation level [10]. The in-
traoperative clinical criteria for the assessment of the viabil-
ity of an amputation stump are: the appreciation of bleeding 
at the level of the cross-section cut, the macroscopic ap-
pearance of the muscular masses, the appearance of the 
sectioned vessels (the fact that they are loaded with athero-
sclerotic plaques, thromboses), the exteriorization of serous 
edema fluid, the intraoperative endovascular ultrasound 
scan, and the intraoperative angiography (if available). 
Other aspects are also appreciated: the presence of osteo-
myelitis, the existence of certain necrosis areas or purulent 
collections, and extended muscular necroses. The interme-
diate values larger than 20 mm Hg but less than 30 mm Hg 
correspond to the values of critical ischemia, tissue viability 
is at the limit, a revascularization intervention leads to an 
increase in local perfusion, and the chances of keeping the 
limb grow [11]. The studies showed that it is not recom-
mended for TcPO2 measurement to be used as used as a 
primary diagnosis method; it should also be associated with 
other paraclinical examinations as well, but especially with 
a thorough clinical examination. The preoperative clinical 
criteria for the appreciation of the viability of an amputation 
stump are: the presence of gangrene and a possible associat-
ed infection, the state of the areas adjacent to the gangrene, 
the degree of arterial ischemia highlighted by imagistic 
investigations, and the duration and intensity of the pain. 
Last but not least, a complete assessment must be conducted 
of the general state of the patient and the presence of associ-
ated diseases: diabetes mellitus, the heart and renal function, 
arterial hypertension, and stroke [12].  

On the other hand, value limits have not yet been accu-
rately established, below which healing is no longer possi-
ble [13]. In our study there have also been cases in which 
the values measured were below those where tissue viability 
is very close to zero; however, the intraoperative clinical 
criteria showed good tissue viability with good postopera-
tive healing. On the other hand, there were also patients 
with good tissue oxygenation values, but, intraoperatively, a 
more proximal amputation level was chosen, due to reduced 
tissue viability. These controversial results, encountered in a 
small number of cases, need to be elucidated by subsequent 
studies, on a larger number of patients. However, TcPO2 
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measurement is a useful method in the appreciation of the 
optimum level of amputation [14]. In fact, our study clearly 
showed that the introduction of this measurement brought 
the number of repeated amputations down to zero. Another 
advantage was the fact that amputations were performed at 
more distal levels [15, 16]. This was associated with much 
lower perioperative morbidity and mortality. On the other 
hand, it was easier to fit the patients with distal amputations 
with prostheses, and their social and professional reintegra-
tion went much faster. The questionnaires used in the case 
of these patients also showed a significant growth in their 
quality of life [17, 18]. 

V. CONCLUSIONS 

The study has shown a correlation between the values 
measured and the healing of the amputation stump, although 
initially only a small number of patients were included. 
Another limitation was the expensive equipment and the 
necessity to have specially trained personnel to perform the 
measurements and to interpret the results. Moreover, the 
measurements themselves are time-consuming. However, 
TcPO2 assessment is a good predictive model on the heal-
ing capacity of the tissues. An amputation level that’s as 
distal as possible is associated with better patient recovery 
and a greatly improved quality of life. 
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dgnvu0"Nwpi" hwpevkqp"oqpkvqtkpi"ykvj" vkfcn" xqnwog" guvkocvkqp"
wukpi"GKV."ckou"cv"vjg"crrnkecvkqp"ctgc"qh"urqtvu"ogfkekpg0"Vjg"
GEI" ugpuqt" oqfwng" qh" vjg" CHG6522" ycu" cnuq" gzrnqtgf" cu" c"
uwrrngogpvct{"dkq"ugpuqt"ejcppgn"wug/hwnn" kp"crrnkecvkqpu0" "Kp"
cnn." vjg" tghgtgpeg" fgukip" qwvnkpgu" c" fkikvcn" URK" dkq/korgfcpeg"
cpf"GEI"ugpukpi"oqfwngu."ykvj"nqy"vqvcn"rqygt"cpf"equv"cpf"
tgcf{"qh"crrnkecvkqp"kp"rtcevkeg0"

Keywords—" GKV" dgnv."CHG6522."oqpkvqtkpi" nwpi" hwpevkqp."
yktgnguu"eqppgevkqp0"

I. INTRODUCTION  

Although EIT (Electrical Impedance Tomography) re-
search failed to deliver a cross sectional body imaging tech-
nique of X-ray resolution and quality, there are yet a num-
ber of specific application areas, where the technique is 
often preferred in practice. Pulmonary function monitoring 
in critically ill or new born are good examples [1], [2]. 

The impedance image of the cross section of the torso at 
the belt level is obtained by injecting currents into an elec-
trode pair and measuring the voltage difference among the 
remaining pairs of electrodes around the belt [3]. 

The number of electrodes on the chest circumference is 
usually 16 or 32. This leads naturally to as many wires run-
ning from the electrodes to the measuring and imaging 
electronics.  The currents and voltages at electrode pairs are 
used to generate a transversal plane impedance image [4]. 

The concept of ‘active electrodes‘ refers to the idea of 
bringing the electronics of current generation and voltage 
measurement directly over the area of the electrodes. The 
harnessing of wires thus can be reduced, as well the power 
lines and noise from environment  [5]. 

The main objectives of the work reported in the paper, is 
a generic design of a versatile EIT belt, using commercially 
available components. 

 The reference design for EIT thorax cross sectional 
monitoring, is based on the commercially available analog 
front end IC, AFE4300, from Texas Instruments [6]. The 

ASIC made available recently, was designed specifically for 
bio-impedance measurements, including multiple ports for 
both impressed currents and voltage measurements. 

One obstacle found in using this IC for EIT belt realiza-
tion was the different impedance range of the body mass 
composition target application and EIT applications. The 
device was designed to measure impedances on the order of 
100 – 500 ohms, a factor of 10-50 times larger than imped-
ance measured in EIT. 

 The sinusoidal impressed currents generated by the IC 
will be multiplexed directly to the belt electrodes in pairs. 
The voltage measurement electrode pairs will be supple-
mented with an amplifier to restore the collected signals 
range as in the original target application to maintain device 
resolution. In this way the AFE4300 16 bit precision of A/D 
convertor in the voltage measurement channels is preserved. 

The weight measurement channel of the AFE4300 is 
used to sense the ECG signal from two electrodes placed 
across the torso parallel to standard ECG  ‘Lead I’.  

One of the inconveniencies of an EIT impedance elec-
trode belt is the need to have wires connected to it for power 
and to collect the measurement data. 

The output of the AFE4300 is in digital format at an SPI 
(serial peripheral interface) port. The same port is used for 
configuration of the device. Therefore, measured values can 
be transferred to a computer using a standard SPI port. A 
Bluetooth, Wi-Fi or other proprietary wireless modules can 
be attached to the belt, transforming  it into a wearable mon-
itoring device.   

II. BIOIMPEDANCE MEASUREMEMENT WITH AFE4300 

AFE4300 ADC sampling frequency is limited to 860 
samples per second by design, but since the nodes can do 
measurements almost simultaneously, we found that the 
acquisition of digital data frame rate is satisfactory for EIT 
applications. 
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Fig. 1  Impedance sensing module with an external differential amplifier. 

In order to gain in speed, the imaging digital computation 
part of a EIT system, is recently often implemented in H/W 
(FPGA technology) [7].  

The presented reference design using the FEA3400 can 
generate data at a maxim of 10 image frame/s rate, but it 
does not exclude the digital processing in a FPGA for gen-
erating cross sectional impedance images at this rate. If 
image reconstruction can keep the speed the final system 
frame rate will be acceptable for a number of clinical appli-
cations in monitoring. 

The impedance measurement module as presented in 
Fig.1 uses the bio-impedance measurement part of the 
AFE4300 supplemented with an external amplifier. 

A modified band pass filter variation of a balanced dif-
ferential amplifier is used similar to same purpose bio-
amplifiers found in literature [8, 9]. 

 
Fig. 2. The schematics of the symmetric AC  voltage amplifier [8].  

 

The main requirement for the amplifier was to be sym-
metric in order to preserve the high CMRR (common mode 
rejection ratio) of the AFE4300 voltage input stage. 

The gain of the amplifier was set to a fixed value of 40, 
determined experimentally as suitable, to preserve the de-
vice within the original design range of impressed current 
and measured voltages. 

III. PRESENTATION OF EIT BELT REFERENCE DESIGN  

The AFE4300 can measure, with internal multiplexing 
control, six pairs of differential voltage on the boundary of 
segments of the body. Although impressive and sufficient in 
a range of bio-impedance applications, for EIT cross sec-
tional impedance imaging a larger number of voltage meas-
uring pairs is necessary.  

Even at a low area resolution the impedance image, rep-
resenting anatomical regions within the thorax, important 
physiological parameters of the patient can be monitored.  

T he two physiological parameters most frequently moni-
tored by EIT are tidal volume and cardiac output [12]. Most 
of the recently published EIT systems designs use 16 elec-
trodes quasi uniformly distributed around the thorax. 

For a increased resolution of the impedance image, sys-
tems with 32 electrodes are also used. As depicted in fig. 3, 
with a 3/6 AFE4300 devices, all the electronics for currents 
generation and voltage measurement is covered for EIT 
systems with 16/32 electrodes. 

Power, SPI ports select lines and the standard four SPI 
wires are all the necessary wires connecting the analog front 
end devices as a bus to wireless module for a complete 
wireless wearable belt. 

 
 

 
Fig. 3. The general architecture of the belt outlining resources and connec-

tions.  
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The power source for the whole assemble is 3.3 V at a to-
tal operating current of only a few miliampers. Given this 
power consumption a rechargeable battery with a capacity 
in excess of 100 mAh will cover continuous operation for a 
full day. 

The wireless modules experimented with, for connection 
with AFE4300 modules has been: Olimex Wi-Fi and Nordic 
Semiconductor NRF24LE1 wireless modules.   

The distance covered by both wireless modules is around 
50 m in open space and 10-15 m inside buildings. No prob-
lems where encountered in connecting of the AFE4300 
device with the wireless modules using the SPI port. 

One important element of an EIT belt is the electrodes 
themselves. Lack of expertise in the domain led us to use 
regular (Ag-Ag chloride and contact gel) standard commer-
cial ECG electrodes. 

IV. EXPERIMENTAL RESULTS  

The experimental results reported in this paper refer to 
the practical measurements on the body regions impedance 
using the AFE4300 supplemented with external amplifiers 
in front of the voltage measurement channels. 

In Fig. 5 the original AFE kit with a pair of current and a 
pair of voltage measurement electrodes is shown. Standard 
ECG commercial electrodes have been used. 

Measurements on the thorax at the heart level with elec-
trode arrangements using the most commonly EIT style [3]. 
A data sample is presented in Fig. 6. The values measured 
have been one to two orders of magnitude smaller, com-
pared  to  the device specifications (100 -500 ohms). 

This problem was solved by adding an amplifier to each 
voltage measurement pair. 

 
Fig. 5. The experimental kit used with current electrodes (black) and 

voltage electrodes (red). 

 

 
Fig. 4. The weight module of the AFE4300 used for ECG signal sensing 

similar to literature [10].  

Several sets of complete data to reconstruct the imped-
ance image have been collected manually. The reason for 
this is a limitation of the demo software that comes with the 
original kit. Access to program the internal registers of the 
AFE4300 and configure the device is limited without modi-
fications of  both H/W and software. 

The voltage values obtained following the addition of the 
amplifiers reached the specification range of the AFE4300. 

A prototype is under development with configuration 
software in the wireless module MPU to collect real time 
data and then use a popular free EIT image reconstruction 
like EIDORS to get the cross section impedance image [11]. 

The speed of data collection will determine the maximum 
speed of image frames, assuming the ideal case in which 
computations for image reconstruction is faster. 

Considering a data collection policy with one current 
generation pair and maxim number of electrodes minus the 
two, in pair combinations, one can estimate the image frame 
rate, possible to be obtained using the AFE4300 solution. 

A general estimation leads to an imaging frame rate of 
10/5 fps for a belt with 16/32 electrodes. The result was 
obtained taking in consideration that each AFE4300 device 
needs to multiplex in sending data from only its six measur-
ing pairs, for a body cross section image. SPI speed at hun-
dreds of thousands of bits per second is not a limiting factor. 

According to the literature on EIT cross sectional imped-
ance images show local variations depending both on lung 
function, breathing and heart blood pumping. 

In order to monitor any of the above changes by imped-
ance variation estimation the ECG sensing is also necessary. 
Fortunately the AFE4300 weight measuring channel can be 
used to sense the ECG voltage changes induces on the thor-
ax surface [10]. 
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Fig. 6. Sample respiration data on the side of the thorax (with-ought ampli-

fication ) . 

In Fig. 4 is presented the recommended band pass filter 
to be added to the AEF3400 weight measuring channel for 
ECG sensing. This channel measured voltages, share the 
same A/D conversion and SPI interface with the impedance 
channel. 

The sensitivity of the surface measured voltage drops, to 
the lung breathing within the thorax, as can be seen from a 
measurement sample data set presented in Fig 6, are signifi-
cant in value. The voltage sample rate was set to 128 sam-
ples per second and the instantaneous voltage displayed in 
volts. 

Lung functioning, monitoring in critically ill or wearable 
tidal volume monitoring in sports medicine are thus justified 
by the capabilities inherent of the present design [12].  

Simplified, with less electrode pairs variant of the belt 
presented, can be further developed. 

The attained objective of the paper was to develop a ref-
erence design that can maximally cover a range of applica-
tions. Simplified and ‘tuned’ variants will follow as future 
objectives and work. 

V. CONCLUSIONS  

A reference design of an EIT belt, using the AFE4300 
with supplemental amplifying buffers, is presented and 
shows promising results recommending a practical imple-
mentation. 

The reduced sampling rate and other functional parame-
ter of the proposed design, when compared with recently 
developed EIT belts found in the literature, is balanced by 

its SPI only digital interface, low total cost and practical 
feasibility. 

The paper also indicates the possibility to develop an EIT 
belt with multiple impedance measuring pairs with low 
power consumption suitable for wireless wearable applica-
tions in monitoring body function. 
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I. INTRODUCTION  

The importance of an age simulation suit is relevant thru 
the information that it provides to the users of this systems. 
So far we have identified a few areas of interest for this type 
of simulators: research and development; studies regarding 
elderly; development of assistive systems for elderly or the 
disabled; development of biomechanisms like exoskeletons; 
development of households for the elderly; development of 
vehicles; the use for life insurance companies; training of 
medical specialists. 

There are different models of simulators that cover limi-
tation for the limbs, back, neck and head, and also different 
sensorial losses like hearing and vision. The materials used 
for construction start from simple products like an elastic 
strap and can go up to virtual reality glasses to simulate 
vision deficiencies. 

II. AGEING SUITS PREVIOUSLY DEVELOPED 

A. AGNES 

The Age Gain Now Empathy System also known as 
AGNES Fig. 1 is a suit developed by the MIT AgeLab re-
searchers and it has been designed to simulate the motor, 
visual, flexibility, dexterity and strength of a person around 
75 years old [1]. The main components of the suit are: a 
helmet- used to anchor the elastic straps attached to the belt; 
glasses to simulate eye related degradation; ear plugs to 
reduce hearing;  a cervical collar to limit mobility at the 
cervical level; orthosis for the wrists to reduce mobility; 
gloves used to alter the tactile sense and reduce the hand 

mobility; a belt used as an anchor for the elastic straps; 
elastic straps connected between the belt and the helmet, 
belt and ankles, belt and wrists - they create a tension that 
creates difficulty in movement; orthosis for knees and el-
bows to reduce movement and induce fatigue; shoes made 
from foam to embrace the user. 

 
Fig. 1 AGNES Ageing Suit 

B. Genworth R70i 

The R70i suit, Fig. 2, produced by Applied Minds LLC 
for Genworth is considered to be the most evolved ageing 
simulator at this moment [2]. Latest technologies are com-
bined to create a realistic feeling of old age. 

The suit is made of an exoskeleton, controlled by a com-
puter located in the back, and a virtual reality helmet. The 
helmet integrates a set of headphones, that simulate hearing 
disorders, and cameras combined with an augmented reality 
vision systems, that simulate age related vision disorders. 

The exoskeleton is able to add force to the joints, in this 
way making movement difficult. This experience is high-
lighted to other participants by the LED-s installed and 
change color accordingly.  

The augmented system simulate hearing impediments 
like hearing loss, tinnitus, aphasia, and vision deficiencies 
like glaucoma, cataracts, macular degeneration, and floaters. 

Age Simulation Suits for Training, Research and Development  

H.L. Groza, S.B. Sebesi and D.S. Mandru 

Technical University/ Faculty of Mechanics, Mechatronics Department, Cluj-Napoca, Romania 

 
© Springer International Publishing AG 2017 77
S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;  
12th - 15th October 2016, Cluj-Napoca, Romania, 
IFMBE Proceedings 59,  
DOI: 10.1007/978-3-319-52875-5_17  



These technical elements have the role to disorient and 
weaken the user, in order to simulate the feelings of an 
elderly person. Due to the multitude of the stimulus it is not 
uncommon that the user would fall during utilization. 
 

 
Fig. 2 R70i Genworth Ageing Suit 

The whole system is controlled wireless by an operator 
that adjusts the settings to simulate the different age related 
deficiencies. The data is transmitted to the computer from 
the back, and processed to execute the desired functions. 
The computer also adds weight to the system, which helps 
in obtaining the desired simulation effect. 

C. GERT system 

GERT suit Fig. 3 stands for Gerontologic Test suit and is 
produced by company Produkt + Projekt Wolfgang Moll in 
Germany. 

 
Fig. 3 GERT Ageing suit 

GERT is a system that integrates different components 
into a suit to limit movement and sensorial capacities in 
order to create similar effects to the ones experienced by 
elderly people [3]. 

The different components are divided in modules. The 
head age simulation includes special goggles, hearing pro-
tection and a cervical collar. The torso age simulator in-
cludes a weight vest. The arms age simulation includes 
elbow wraps, weight cuffs and special gloves. The legs age 
simulation includes knee wraps, weight cuffs and special 
overshoes for unsteady walking. 

Some special modules can be available to simulate: 
tremor, hearing loss and tinnitus, different eye diseases, 
hemiparesis simulator and a back pain simulator. 

III. DEVELOPMENT OF AGE SIMULATION SUITS 

A. Major components of an ageing suit 

An ageing suit should integrate different devices or tech-
nological elements into a system that covers as much as 
possible all biological systems of the body, in order to simu-
late natural sensations of ageing. Of course all effects of the 
suit have to be reversible. 

There have been identified 4 modules, as described in 
Fig. 4, which need to be integrated to obtain the ageing 
experience: the head module; torso module; arms module 
and legs module. Each module has to interact with the other 
ones so the simulation effect would as realistic as possible. 

In the research and development step both sensorial and 
locomotion functions have to be taken into consideration. 
The loss of some sensorial functions, like taste for example, 
cannot be simulated in an immediate reversible way. Re-
garding motion related functions, we consider that most can 
be simulated. 

 
Fig. 4 Major components of an age simulation suit 
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Age related diseases are also a part of the project and will 

be taken into consideration. Affections like Parkinson dis-
ease can be a challenge in the project [4]. Physical disabili-
ties like hemiparesis could be also simulated. 

B. Module description 

Each module can be divided in sub modules, and will be 
treated separately, having in mind the role in the integrating 
system. Both sensorial and motion functions have to be 
integrated. For each function more technical possibilities 
will be taken in consideration. The proposed technical solu-
tions that have been identified could be extended and com-
pleted in the future. 

The head module should include a vision module, hear-
ing module and a neck mobility device. In the vision mod-
ule special goggles that simulate eye disease could be used. 
A pair of headphones together with a sound playback device 
could be considered to be part of the hearing module. Affec-
tions like tinnitus or aphasia can be simulated. Headphones 
will also have the role of sound diminution. A cervical col-
lar could be used to limit head movement. Some technical 
solutions for the physical functions diminution or loss are 
proposed in table 1. 

Table.1 Head module proposed technical solutions 

Physical function Proposed technical solution 
Vision - Special glasses that simulate 

eye disease 
- Virtual reality system 

Hearing - Audio headphones with sound 
playback 
- Noise protection headset 
- Headphones with noise can-
celation system 

Neck mobility - Cervical collar 
- Head torso fixation device 
- Exoskeleton 

In the torso module a weight vest could be used to limit 
spine movement. The main role of the vest would be to 
reduce mobility in the spine and pelvis, grow the physical 
load and affect equilibrium. Adding weight to this part of 
the body would affect also breathing, by pressing the thor-
ax. This would create in time fatigue for the user. A belt 
could be used in combination with the vest to attach elastic 
straps between the limbs and the belt. Table 2 describes the 
technical possibilities that could be used to limit the torso 
mobility functions. 

 

 

Table.2 Torso module proposed technical solutions 

Physical function Proposed technical solution 
Spine movement - Vest with weight added  

- Backpack 
- Belt for connecting elastic 
straps 
- Exoskeleton 

The arms module integrates sensorial diminution that 
could be simulated with a pair of gloves and movement 
limitation of the shoulder, elbow and wrist. The gloves have 
also the role of reducing mobility of the hand and the capa-
bility of grasping. A tremor simulator could be implemented 
using a functional electrical stimulation device. Reaching 
for objects and grasping capabilities are intended to be af-
fected. In table 3 there have been identified some technical 
solution for physical function reduction. 

Table.3 Arms module proposed technical solutions 

Physical function Proposed technical solution 
Tactile sense - Gloves 

- Fingers protections 
- Metallic exoskeleton 
- Tremor simulator 

Shoulder, elbow and wrist move-
ment 

- Orthosis with elastic systems 
- Orthosis with braking systems 
- Elastic straps 
- Exoskeleton 

In the legs module walking is affected by hip, knee and 
ankle restriction. Adding overshoes should affects stability 
and would give a better understanding for the user of using 
crouches and walking frames for example. Also by adding 
force to the joints, fatigue will be installed and the walking 
distances will be reduced. In table 4 the proposed technical 
solutions are displayed. 

Table.4 Legs module proposed technical solutions 

Physical function Proposed technical solution 
Hip, knee and ankle movement - Orthosis with elastic systems 

- Orthosis with braking systems 
- Elastic straps 
- Exoskeleton 

Foot movement - Overshoes  
- Metallic plate 
- Exoskeleton 

C. Simulation of physical disabilities  

This type of suits could be also used to simulate different 
physical disabilities. Some physical handicaps could be 
easily simulated, but others would need more complex 
technical solutions. For example to simulate complete 
blindness, it would need just something to cover the eyes, 
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but to simulate hemiparesis (Fig.5) more modules need to 
be adapted.  

 
Fig. 5 Hemiparesis simulator 

In a modular system this could be possible just by modi-
fying the structure of the suit on the sub module that pre-
sents interest. 

Better understanding the needs of a person that is in a 
wheelchair or is suffering of hemiparesis, could help de-
signers develop products that would better fit the needs of 
the users. Smart homes integrate also devices and applianc-
es addressed to the elderly and the disabled, in order to help 
them have a better life. Building homes for these social 
categories has always been a challenge, and simulating 
physical disabilities could help in better designs [5]. 

Training of the medical personal that is working with the 
physically disabled would be also a good possibility of 
better understanding the state of the patients that they are 
working with, and will create empathy for them [1]. 

IV. CONCLUSIONS  

Ageing is associated progressively with chronic diseases 
that eventually would take the person to need special care or 
special devices adapted to their needs. 

These simulation systems are willing to give a better un-
derstanding of ageing for young people especially for re-
searchers, designers and medical personal. 

The effects of these suits have to be reversible for the us-
er, leaving behind an experience that could create empathy 
or even change a life style. 

Simulating the motor effects represents just a part of the 
deficiencies accumulated by ageing. The loss of Sensorial 
capabilities represents also a reality, it this is very difficult 
to simulate the loss of all the sensorial receptors in a re-
versible way. 

The ageing effects have to be taken into consideration 
when products are designed, and services are being given to 
the elderly or the disabled. 

ACKNOWLEDGMENT 

Research partially supported by PCCA Project 180/2012, 
“A Hybrid FES-Exoskeleton System to Rehabilitate the 
Upper Limb in Disabled People (EXOSLIM)”. 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

REFERENCES  

1. MIT Age Lab, M. A. (n.d.). AGNES - Age Gain Now Empathy 
System. Oikonomou, T., Votis, K., Tzovaras, D., & Korn, P. 
(2009). An Open Source Tool for Simulating a Variety of Vision 
Impairments in Developing Swing Applications. Universal Ac-
cess in Human-Computer Interaction. Addressing Diversity, 135–
144. 

2. Genworth R70i, http://www.digitaltrends.com/cool-
tech/genworth-r70i-exoskeleton/ 

3. GERT Age simulation suit, www.age-simulation-suit.com  
4. Boffi L., Fontana M., Rosati G., Milani M., Supporting the de-

signers to build empathy with people with Parkinson's disease: the 
role of a hand tremor simulating device and of user research with 
end-users, 2013 

5. Cardoso, C., & Clarkson, P. J. (2012). Simulation in user-centred 
design: helping designers to empathise with atypical users. Jour-
nal of Engineering Design, 23(1), 1–22. 

Author: Groza Horatiu 
Institute: Technical University Faculty of Mechanics 
Street: Bulevardul Muncii 103-105 
City: Cluj-Napoca 
Country: Romania 
Email: horatiu.groza@mdm.utcluj.ro 
 

 

 

80 H.L. Groza, S.B. Sebesi, and D.S. Mandru

 IFMBE Proceedings Vol. 59  
  

 



Abstract—"Vjg"cko"qh"vjku"rcrgt"ku"vq"rtgugpv"c"nqy"equv"u{u/
vgo"vjcv"ecp"dg"cfcrvgf"vq"fkhhgtgpv"kphwukqp"fgxkegu0"C"ncdqtc/
vqt{"vguv"fgxkeg"ku"rtgugpvgf0"Vjg"rcrgt"qhhgtu"vgejpkecn"fgvcknu"
cdqwv" vjg" ugpuqt" ceswkukvkqp" rtqeguu" wukpi" cp" CTFWKPQ"
WPQ™" dqctf" cpf" vjg" kphwukqp" rtqeguu" rgthqtogf"ykvj" c" u{/
tkpig" cevwcvkqp"fgxkeg0" Ugxgtcn" vguvu"ygtg" ecttkgf" qwv" wukpi" c"
ukorng" cpf" cfcrvcdng" xktvwcn" kpuvtwogpv" etgcvgf" kp" Ncd/
XKGY™0"Gzrgtkogpvu"kpxqnxgf"c"rwnug"ugpuqt"vq"vguv"vjg"xkcdkn/
kv{" qh" vjg" uqnwvkqp0"Vjg" crrnkecdknkv{" qh" vjku" vgejpkecn" uqnwvkqp"
ecp"dg"hqwpf"kp"xctkqwu"hkgnfu"qh"crrnkecvkqpu"/"ogfkekpg."gpik/
pggtkpi."ejgokuvt{."dkqnqi{."hqqf"rtqeguukpi0"

Keywords —" kphwukqp" fgxkegu." xktvwcn" kpuvtwogpv." rwnug"
oqpkvqtkpi0"

I. INTRODUCTION  

The controlled delivery of a substance through automated 
infusion devices is an important area of research in various 
fields of engineering. The development of integrated medi-
cal systems used nowadays includes automated syringe 
pumps, controlled perfusion devices, peristaltic pumps or 
many other self-operated instruments that can ease the work 
of medical personnel. [1] [2] 

A variety of sensors, electronic components, electric 
drivers and motors are integrant parts of the mentioned 
equipment. For that reason, in various cases, the real usage 
of the integrated medical device is reduced and the costs are 
high in respect with the real necessity of the product. [3] 

The aim of this paper is to present a simple and low-cost 
method of monitoring and delivery a drug to patients 
through an automated syringe. The infusion device will be 
controlled with respect to the response from a pulse sensor, 
but the experimental device and the virtual instrument that 
controls and commands it can be easily adaptable to many 
other biomedical sensors or clinical situations besides the 
presented one. 

II. EXPERIMENTAL DEVICE 

A. Device configuration and working principle 

The device that is subject to the present paper has the 
structure presented in figure 1. 

The structure of the implemented application in based on 

two distinct levels:  
- the signal acquisition and the actuation system; 
- the measuring/processing unit and the actuation control. 

 
Fig. 1 The block diagram of the automated infusion device  

Each element from this block diagram has a specific role 
in the functionality of the device: 
- the pulse sensor – converts the patient pulse into a time 
dependent electrical signal; 
- the signal acquisition block – using an analog input chan-
nel of an ARDUINO UNO® board, the electrical signal is 
acquired and converted to digital; [4] 
- the measurement and display block – with the aid of a 
virtual instrument, created in a graphical programming 
software - LabVIEW®, the signal provided by previous 
structures is measured and displayed; 
- the data processing and conditioning block – is used to 
compare the received information with certain limits and to 
correlate the decisions that will be sent to the actuation 
block in respect of the measured signal; 
- the actuation control block – send the stepper’s driver the 
digital code necessary to impose the speed and the direction 
of the stepper motor; 
- the stepper’s driver block – consist of a dedicated elec-
tronic driver for bipolar steppers - A4988 and the power 
circuits; [5] 
- the syringe actuation system - through an electromechani-
cal system that enables proper handling of syringes. 

B. The device’s components and electrical circuit 

The electrical circuit and the components of the experi-
mental device are presented in figure 2. 

The main part of the electrical command and control cir-
cuit is an ARDUINO UNO® board. The properties of this 
platform allow for the measurement of the pulse provided 
from the sensor on channel A0 (analog input 0) and to give 
a 5V voltage to power-up the sensor. 
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The pulse sensor is an open source hardware that 
measures the blood-oxygen concentration through an optical 
method. In the electrical diagram it is represented in the 
middle of the board, but in real situation it is placed on a 
finger or attached to the ear of the patient. [6] 

 
Fig. 2 Electrical diagram of the device 

In order to control the syringe a bipolar stepper motor 
was used. This stepper is controlled through a specialized 
driver that generates the PWM used by it. The driver is also 
commanded by the ARDUINO UNO® board from two 
digital output channels, one used to select the rotation direc-
tion (digital-output 2) and one to set the speed (digital-
output 3). The driver has its own power supply with 12V 
c.c. voltage that can provide a maximal current of 1A/phase 
for the stepper. 

The syringe actuation system contains several compo-
nents as it is shown in figure 3. This structure was adapted 
after a configuration created by the researchers from “De-
partment of Materials Science & Engineering, Michigan 
Technological University, Houghton, USA as an “Open 
source syringe pump” [7] and builds on the work described 
in [8] 

In our case, the structural parts ware built from high den-
sity PLA (polylactic acid) on a 3D printer. The material 
properties confer the mechanical resistance necessary in this 
situation. 

 
Fig. 3 The syringe actuation system 

The components of the actuation system are: 
- one steel threaded rod and two aluminum guide bars (1); 

- the stepper motor NEMA 17 (2); 
- the support for the stepper/guide bars (3); 
- the syringe fixing elements (4); 
- the end support for guide bars (5); 
- the plunger holder (6) and the plunger fixing element (7). 

III. EXPERIMENTAL RESULTS 

In order to perform a set of tests, an experimental setup 
was implemented as it is shown in figure 4. 

 
Fig. 4 The experimental implementation 

For the control and the monitoring of the automated sy-
ringe, a virtual instrument was created with the aid of the 
graphical programming software - LabVIEW®. This soft-
ware allows the user to visualize the signals through a 
frontal panel, to control the flowrate of the syringe or other 
critical parameters of the experimental setup. 

 
Fig. 5 The front panel of the virtual instrument 

In the central part of the front panel it was disposed a 
waveform chart that presents the signal acquired from the 
pulse sensor. Also on this graph, the limit of detection is 
represented with a red line. This limit can be manually ad-
justed from the panel through a potentiometer, setting in this 
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manner the triggering position with respect to the amplitude 
of the received signal. The snapshot of the application pre-
sented in figure 5 shows the case where the pulse was artifi-
cially decreased in order to trigger an infusion condition. 
The green led shows that the system is running as a re-
sponse to the threshold limit of 40 bmp being reached.  

The front panel can be easily modified in order to re-
spond to various necessities of the user. In this situation just 
some of the features were used such as:  
- frequency of the PWM signal – used to modify the speed 
of the stepper; 
- direction switch – used to refill the syringe or to deliver 
the substance; 
- pulse value indicators – display the numerical value of the 
pulse and a LED to show the presence of the pulse; 
- operation and critical limit indicators – LEDs which show 
if the device is in normal operating process or some opera-
tional imposed limits have been reached. 

The block diagram of the virtual instrument contains 
three different operational blocks, each of them having a 
precise purpose in the functionality of the experimental 

device: 
- the pulse measurement and display block (1); 
- the data processing and conditioning block (2); 
- the actuation control block (3). 

The first block of the diagram allows the initialization of 
the ARDUINO UNO® board and sets the serial port that 
operates, in this case COM 7. Using the function “Analog 
Read 1 Channel” prescribed on channel 0 – analog input - 
the signal from the pulse sensor is acquired. This signal is 
displayed on a graph together with the detection level. 

The data processing and conditioning block receives the 
numerical data from the pulse sensor and stores it in a ma-
trix on each iteration of the “While loop” with the aid of a 
“Shift Register”. This operation is necessary in order to use 
the “Threshold Detector” function to count the number of 
times when the input signal is passing the detection level. 

Using a timer function, the values given by the detector 
mentioned above will be introduced into another matrix that 
will hold, every 15 seconds, the number of pulses detected 
from the beginning of the program. In order to display the 
real values of the pulse, this array will be ordered descend-

 
Fig. 6 The block diagram of the virtual instrument 

Low Cost Command and Control System for Automated Infusion Devices 83

 IFMBE Proceedings Vol. 59  
  

 



ing and multiplying by four the difference between the last 
two values, the pulse rate in beats per minute is obtained. 

In the actuation control block the pulse value is com-
pared with a critical one and imposing the supplementary 
condition that the pulse is not zero, allows - through a 
“Case” structure - to select the frequency with which the 
control pulses will be sent on two digital channels of the 
ARDUINO UNO® board: the direction of rotation on chan-
nel 2 digital and the stepper speed on on digital channel 3. 
Those values can be modified from the frontal panel of the 
virtual instrument or included as constants in the block 
diagram. Also in this part of the block diagram, a signal 
provided by a switch sensor on digital input 7 channel is 
acquired, allowing the virtual instrument to stop the infu-
sion process when the syringe has been completely emptied. 

The flowrate of the infusion process (Qfi) is proportional 
with the frequency of the PWM signal (fPWM) that imposes 
the speed of the stepper. The equation is completed using 
several other terms such as: the pitch of the threaded rod 
(pMj), the step angle of the stepper motor (n) and the inner 
diameter of the syringe (dint) as seen in equation 1. 

   (1) 
For different syringe volumes, the flow rate of the sys-

tem has been computed. 

Table 1 Infusion flow rate on different values of PWM signal 

Sringe 
volume 

(ml) 

Inside  
diameter 

(mm) 

Flowrate at different PWM frequences 
(ml/min) 

  100 Hz 200 Hz 300 Hz 400 Hz 500 Hz 
1 4.69 0.07 0.14 0.21 0.28 0.35 
3 9.65 0.15 0.29 0.43 0.58 0.72 
5 12.45 0.19 0.37 0.56 0.75 0.93 

10 20.05 0.30 0.60 0.90 1.20 1.50 
20 22.9 0.34 0.69 1.03 1.37 1.72 

Experiments have revealed that the current electro-
mechanical construction of the device allows for a mini-
mum resolution of 0.07 ml/min for the 1ml syringe – the 
syringe with the smallest volume - and 0.35 ml/min for the 
largest volume syringe tested of 20ml. 

IV. CONCLUSIONS 

The command and control system presented in this paper 
may represent a low-cost viable solution on various infusion 
automated devices. The applicability of this technical solu-
tion can be found in various fields of applications - medi-
cine, engineering, chemistry, biology, food processing. 

The virtual instrument can be easily adaptable to many 
types of sensors and the user interface can be modified 

without major effort in order to respond to different practi-
cal situations. The main advantage of this solution is that it 
allows a very fast modification of dosage of the substances, 
of the flowrate or the timing of the infusion process.  

The device has been thoroughly tested under laboratory 
conditions. However, in order to implement such a device in 
a clinical trial further enhancements are needed.  

From an economical point of view, the costs of such a 
system are relatively reduced in comparison with similar, 
classical solution used in practice. 
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I. INTRODUCTION  

The emotional states represent an important parameter in 
the study of human being behavior and for introducing 
human factor in systems with artificial intelligence. 

Encoding and interpreting the emotional states represent 
a challenge for researchers from various research centers, 
and were developed various solutions in this direction. 

The systems developed for monitoring emotions are 
based on several parameters, including observable changes 
like face expressions, body postures, vocal tones, and phys-
iological signal changes such as heart rate, temperature and 
respiration,skin response.  

The skin is a conjunctive-vascular membranous integu-
ment that covers the entire body and that continues with the 
semi-mucous and mucous of the natural cavities, and it is 
composed by epidermis, dermis, hypodermis and skin an-
nex: sebaceous and sweat glands [1], [2].  

The last one presents a particular interest because its ac-
tivity can be triggered by emotional stimuli, with its origin 
in the cerebral cortex. 

The connection between emotional states and electrical 
phenomena of epidermis has been observed since 1880. 

Subsequently, the electrically monitoring of the epider-
mis became one of the most used biosignals in psychophys-
iology. This was due to facile method of taking electroder-
mal response (EDR), whise intensity depends upon the 
psychological significance and intensity of the stimulus. 

The term of electrodermal activity used to characterize 
all electrical phenomena on the skin and its annexes was 
introduced in 1966 of Jonson and Lubin. 

Dermis parameter variation is due to changes induced by 
different stimulion sweat gland activitythrough the balance  
changing between the positive and negative ions in the fluid 
secreted on its level [3]. 

The electrodermal measurements can be achieved by 
applying an electrical current, direct or alternating, a meth-
od that is called exosomatic.   

When it is applied direct current, the electrodermal re-
sponse will be the skin conductance. For the case when it is 
applied, an alternating current theelectrodermal response 
will be the skin admittance. 

The electrodermal activity measurement method without 
using a power source is called endodermal activity. 

The latter is the most common method of measuring the 
electrodermal activity for the emotional states interpreta-
tion.  

In this paper is presented a hardware solution for the 
electrodermal response measurement for monitoring the 
emotional states variation according to different stressors. 

II. SYSTEMS DEVELOPED WITHIN THE “STEFAN CEL MARE  ” 
UNIVERSITY  

Within the “Stefan cel Mare” University were developed 
two variants of systems for assessing the emotional states. 
The first variant of the device is based on a resistive voltage 
divider which measures the skin conductance by using a DC 
voltage with an amplitude of 2,5 V, supplied by a source of 
reference voltage thermally compensated, performed with 
the circuit TL431. The voltage divider is made up of a fix 
resistor and the resistance of the skin segment placed be-
tween the contact electrodes [1].  

The system has 4 acquisition channels and is calibrated 
to measure identically on each measurement channel availa-
ble; the only differences in measuring will be those ones 
specific to the subjects connected (to the electrical charac-
teristics of their skin). The potential difference recordes is 
measured with an 8- bit microcontroller “PIC18F458”. 

 The data are transmitted to the PC by Bluetooth proto-
col and then are processed in a Labview application that 
displays them on individual graph and saves values on an 
.xls file. In Figure 1 is presented the block diagram of the 
device [1]. 
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Fig.1 The block diagram of device for the first variant 

The second variant of the acquisition system allows mon-
itoring of a single subject, but increases the number of data 
taken. Can be used simultaneously more systems depending 
on the number of subjects monitored. The resistive voltage 
divider that measures the skin conductance by injecting a 
DC voltage with an amplitude of 2,5 V is powered by a 
source of reference voltage thermally compensated made 
with the circuit MAX6029. The voltage variation is then 
read by the analogical port of the microcontroller (At-
mega328) that performs internally an average for 50 sam-
ples, then sends the value as characters by bluetooth to the 
virtual instrument, to be processed.  
 

 
Fig. 2 The second variant of the system 

In Figure 2 is presented the system for monitoring the 
emotional states [1]. 

In Figure 3 are shown graphically the skin resistance var-
iation taken for 12 subjects when they were viewing a mov-
ie sequences chosen to transmit different feelings. 

On the graphics are marked changes that occur in certain 
sequences of the film with the strong emotional charge. 
From the analysis can be observed that the measured values 
depend on the degree of involvement, reaction speed and 
attention of each subject [1].      

 
 

 
Fig. 3 Skin resistance variation for 12 subjects 
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III. FUTURE DEVELOPMENT OF SYSTEMS FOR MONITORING THE 
EMOTIONAL STATES  

The system is based on e-Health Sensor Shield platform, 
produced by Libelium Company, that allow the real-time 
acquisition and measurement  of multiple biomedical sig-
nals, as it is shown in Figure 4 [4]. 

Through it can be acquired the following signals:patient 
position sensor (accelerometer), glucometer sensor, body 
temperature sensor, blood pressure sensor (sphygmoma-
nometer), pulse and oxygen in blood sensor, airflow sensor 
(breathing), galvanic skin response sensor (GSR - Sweat-
ing), electrocardiogram sensor (ECG), electromyography 
sensor (EMG). 

Processing and transmission of the data taken by the e-
Health Sensor Shield system is achieved through the Ardui- 
no Uno WiFi development board, as it is shown in Figure 5.  
The Arduino UNO WiFi board is based on the ATmega328 
and it has an integrated ESP8266 WiFi Module.  

The board can be powered via the USB connection or 
with an external power supply.  

 
Fig. 4 Platforma e-Health Sensor Shied 

 
Fig. 5 Arduino Uno WiFI Sheld - front view 

To highlight emotional states, a sensor for measuring 
skin resistance (galvanic skin response) and a body tem-
perature sensor manufactured by Libelium are used. Also, 
the system aims to determine the influence of external envi-
ronmental, humidity and temperature parameterson electro-
dermal measured resistance value [5]. To do this, a tempera-
ture and humidity sensor is used, which has as basis the 
SHT11integrated circuit.Information based on the external 
environmentalparameters is processed directly on the Ardu-
inoUnoWiFi.  

The device consisting of sensors, dedicated e-Health 
board and Arduino Uno board (Figure 6) transmitsevery 10 
seconds wireless data acquired to a router and onto a central 
unit, which can simultaneouslyreceive data via the router 
and from up to 253 such devices (Figure 7). Data is pro-
cessed and analysedin the central unit through an applica-
tion developed in LabView programming environment. 

 
a) 

 
b) 

Fig. 6 System for electrodermal response measurement  
a) prototype; b) block diagram 
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Fig. 7 Communication block diagram 

The experiment will be performed on groups of 5 people, 
placed in a sitting position in a room equipped with video 
and air conditioning, with humidity and temperature control 
possibilities. For measuring the electrical resistance of the 
skin, sensors are installed on each subject, one on each 
index finger and ring finger. Their position was chosen 
considering that previous studies have demonstrated that 
this anatomical area is most suitable for measuring electro-
dermal response due to its numerous sweat glands (300 
glands per cm2). The temperature sensor is placed in the 
central area of the palm. 

Before introducing the subjects, in the room the tempera-
ture will be set 16  C and the humidity will be set at 40%.  

The screen will project a film with a lasting of two hours 
during which it will insert images, conversations or unex-
pected noises meant for anxiety induction and negative 
emotional reaction. The experiments were performed on 
several groups of people in the following situations: 

- temperature in the room will rise gradually from 16°C 
to 30°C, with the humidity maintained constant 
(40%); 

- temperature is maintained constant and the humidity 
will increase progressively up to 80%; 

- gradual increase of temperature from 16°C to 30°C and 
humidity from 40% to 80%. 

 Electrical resistance values of the skin and body tem-
perature are measured every 10 seconds and transmitted to a 
computer that runs an application in Labview which are 
processed and stored in a .xlx file.  

Based on the results obtained is made a classification of 
subjects depending on the answer to stress, age, gender and 
occupation.In addition, parameters will determine the influ-
ence of ambient electrical resistance measurements on skin 
tests,and will be performed in different ambient environ-
mental conditions. 

IV. CONCLUSIONS 

The paper presents two solutions for monitoring the emo-
tional states. The measured values depend on the degree of 
involvement, reaction speed and attention of each subject. 

The achieved systems are limited on the number of sub-
jects that can retrieve data simultaneously.  

The major advantage of the device proposed as a future 
development, is that it can take data from maximum 
253subjects, that can be transmitted wireless on a PC, where 
can be analyzed. 

Through the experiment is followed the influence of the 
environmental parameters (temperature, humidity), over the 
electrodermal response. 

For this reason, the data collection is performed in an air-
conditioned room, the temperature and humidity being con-
trolled. 
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I. INTRODUCTION  

Vascular access is the most common invasive medical 
procedure. Blood is a very good approach for a physician to 
assess the health of a patient. For obtaining blood samples, 
it is necessary to access the venous system. The overwhelm-
ing majority of vascular access procedures are performed 
without visualizing the venous system and just rely on what 
specialists can see through the skin of the patient or the 
ability of the clinician to feel the vessel, which occurs prac-
tically by assumption and with hard work. This procedure 
can be quite traumatic, especially among children. Interest 
in the medical and scientific community to facilitate an 
intervention that reduces patient discomfort has been 
demonstrated by the development of devices that help visu-
alize the vein map of the patient. [1] 

To help solve this problem, a prototype based on infra-
red light is proposed. An infrared light source will be pro-
vided by 100 IR LEDs (infrared). Image acquisition of the 
patient's skin surface will be collected with a webcam that 
was modified in advance. The acquired images will be post-
processed to ensure a better level of accuracy. This device 
will use infrared light to illuminate the patient's skin and 
reveal veins under the skin like a map. [2] 

Due to the uniqueness of blood vessel networks, vein 
maps are often used in biometrics. They are also used in 
security to identify a person through a process similar to 
fingerprint-based identification. [3] 

II. THEORY 

The fact that IR light is associated with temperature 
makes it possible to use it in medicine. Human body tem-
perature changes under the influence of certain aspects, such 
as inflammation, or other tissue abnormalities, including 
cancer. Fortunately, much of this variation in temperature 
can be detected with the help of an IR camera. To under-
stand how the contrast of subcutaneous veins is improved, it 
is necessary to understand how energy is transferred from 
the veins to the infrared sensor. The human body in a neu-
tral temperature environment loses approximately 60% of 
its energy through radiation, 25% by evaporation, 12% and 
3% by convective conduction. This article will refer only to 
heat exchange by radiation. [4] 

III. OPTICAL PROPERTIES OF TISSUE AND BLOOD 

The human body radiates infrared light at an intensity of 
10 mW/cm2 in the range of 3,000-14,000 nm. [5] 

The amplitude of the infrared energy emanating from the 
human body will vary depending on the spatial arrangement 
of blood vessels, veins and capillaries. The temperature 
varies due to a vein and the surrounding skin tissue, which 
also has a gradient for the skin. Together with the Stefan-
Boltzmann law, the law of thermal radiation, thermal imag-
es can be generated according to equation (1): [6] 

 
    (1) 
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- W - radiant emittance W/cm2 
-  - emissivity, 0.98/0.99 to human skin 
-  - Boltzmann constant, σ  5.6705 x 10 -12 W/cm2K4 
- T - temperature at the skin surface, K 
For individuals, ε is constant and σ is the only variable 

that intervenes and affects emissivity, and it reflects the 
temperature on the surface skin. Emissivity will be higher 
when it is measured at a point over a blood vessel than at a 
point between two blood vessels. Therefore, a model of a 
blood vessel can be captured by a detector that is sensitive 
to wavelengths above 3 pm and can be digitized in a ther-
mal image. Quantitative differences in skin temperature will 
influence W and therefore significantly affect the thermal 
image quality and contrast. [7] 

CCD sensors are more efficient than human vision and 
are sensitive to infrared light (which is invisible to the hu-
man eye) for wavelengths up to 1,100 nm. (Fig. 1) [8] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 The sensitivity spectrum of the human eye (efficiency of detec-
tion of light using the CCD compared to three types of cone cells (red, 

green, blue) and the components of the human eye) 

IV. CCD AND CMOS SENSORS 

CCD and CMOS image sensors can both be found in dig-
ital cameras. They are responsible for converting light into 
electronic signals. In the following sections, the differences 
between the two types of sensors and how they affect image 
quality will be discussed. 

CMOS (Complementary Metal Oxide Semiconductor) 
are chips that use transistors at each pixel to move the 
charge through wires. This property provides flexibility 
because each pixel is treated individually, and the manufac-
turing processes used to create traditional CMOS sensors 
are similar to creating microchips. Because their production 
process is simple, CMOS are cheaper than CCD type sen-

sors. Because CMOS technology followed CCD technology 
and is cheaper due to a more affordable manufacture pro-
cess, CMOS sensors are the reason why the price of digital 
cameras fell. [9] 

V.  HARDWARE CONFIGURATION AND IR LIGHT SOURCE 

The hardware configuration has a significant importance 
for image acquisition. The camera used for this purpose 
must be sensitive to infrared light, and the IR light source to 
be strong enough to make the acquisition. 

This prototype aimed to reduce or prevent discomfort 
caused by trying to properly access the vascular system for 
blood withdrawal or administration of various substances. 
Another goal would be to increase successful access in the 
first attempt because most often the first try is not success-
ful, which requires a second or third attempt and often 
makes patients very uncomfortable. 

This paper proposes enhancing the contrast of IR images 
of subcutaneous veins through optical means. While the 
main approach is similar to other practical studies, it differs 
in aspects of wavelength. This procedure produces a signifi-
cant improvement in contrast and is harmless, effective and 
has a relatively low cost. 

The system is based on transillumination. An NIR light 
source is placed over the area of interest, the image is cap-
tured by a camera specifically modified to be sensitive to 
IR, and then the image is displayed on a monitor. 

A. IMAGE ACQUISITION 

The system consists of a compact low cost web camera 
with a CMOS sensor with a VGA (1280x960) resolution 
and adjustable focus. Prior to image acquisition, the 
webcam underwent some minor changes in which the filter 
was replaced by two layers of undeveloped film (35 mm). 
The film is used to block any source of visible light below 
850 nm (Fig. 2, Fig. 3) (blocks most of visible light/allows 
NIR light to pass). The camera can be operated with one 
hand due to its small size.  

 
 
 
 
 
 
 
 
 
 

Fig. 2 The undeveloped film used to change the filter from the 
webcam 
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Fig. 3 Changing the optical filter with undeveloped film 

B. DESIGN OF LIGHT SOURCE 

Blood vessels, both venous and arterial, absorb IR and 
NIR light to a greater extent than the surrounding tissues. 
Therefore, when the body surface is illuminated, the tissue 
that is richest in blood will absorb more of this light, and 
other tissues will reflect this light. The analysis of this mod-
el allows veins to be visualized as localized reflections. [10] 

To view the vein map using an IR sensitive camera, it is 
necessary to use an IR light source. This light will illumi-
nate the area below the vascular system, and then it can be 
viewed on a monitor using the camera. 

A strong light source was built using IR LEDs (OFL-
5102). The characteristics of the light-emitting IR LEDs are 
described in Table 1 [11]. 

To create a light source powerful enough for detecting 
veins, 100 LEDs emitting IR light were chosen as the best 
solution after several tests. 

Table 1 LED Characteristics 

Characteristics Values Unit 
Peak wavelength (λ) 940 nm nm 
Diode case style 5 mm mm 
No. of pins 2  
Operating temperature - 25 - +85 °C 
Reverse voltage 5  V 
D.C forward current 50 mA 
Medium wide emission angle 30 ° 
Chip material  AlGaAs 

The best arrangement of the LEDs was determined to be 
a 10x10 matrix (Fig. 4), which can the area of interest 
where the vascular system map image acquisition will be 
performed. After positioning the LEDs, they were connect-
ed in a series of 20 LEDs. Additionally, they were linked to 
5 resistors of 120 Ω each to prevent excessive current pass-
ing through the LEDs, which would ultimately require the 
LEDs to be replaced. To avoid overheating, the LEDs be-
cause they are placed directly on the circuit board, a second 
circuit board. This board was superimposed over the origi-
nal board so the LEDs would have a greater distance be-
tween their base and the circuit itself. 

 
 
 
 
 
 
 
 

Fig. 4 Positioning the LEDs 
An IR light emitting system was created, and it required 

a 32 V power supply. 
Connecting the LEDs in a series was the best option be-

cause it was the most effective way to supply the LEDs 
from a constant current source. If they were connected in 
parallel, it might have led to problems of power distribution 
through each LED. Powering more LEDs that are connected 
in series also avoids uneven brightness due to variations in 
power supply. Thus, all LEDs have the same power to 
achieve the same level of brightness. The output voltage of 
the driver of LEDs will be equal to  =   . So, for 5 
LEDs, the voltage VF (rated operating voltage) equals 2 V 
when connected in a series, and the output voltage of the 
driver LEDs will be 10 V. Care should be taken to keep the 
limits of the input voltage nominal and not let them exceed 
output levels over the proper limit. When connecting LEDs 
in a series, the output current will be equal to:  = , 
where  is the rated current of the LED, which is very 
important catalog data. [12] 

Benefits of connecting LEDs in a series: 
- Low Complexity of the Circuit 
- Each LED will have the same current. 
- High efficiency. 
Disadvantages of connecting the LEDs in a series: 
- The output voltage can become too large for LEDs con-

nected in series. 
- During the lifetime of the LEDs, the operation parame-

ters can change unevenly, which leads to overcharg-
ing some LEDs and undercharging of others and 
causes a more rapid failure of the array of LEDs or 
uneven brightness. 

- If an LED is faulty, it interrupts the brightness of the 
whole series. A shorted LED has little effect on the 
overall brightness of the circuit but can cause over-
voltage in other LEDs from the series [12].

If an 8 V supply was used for the LED circuit, the pro-
duction cost of this prototype would have increased consid-
erably due to the limitation that the batteries provide. Alt-
hough it would have created a more portable system, the 
lifetime of the supply provided by the 8 V batteries would 
have been much too short for the procedure that needed to 
be implemented. Therefore, a DC power source was used 
for the circuit power, and this source came from an old 
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printer that could easily be connected to a normal 220 V 
outlet. 

The input voltage of the source was 100-240 V, 50/60 
Hz, it had a frequency as well as a current of 1300 mA, and 
the output characteristics of the voltage were 32 V, 325 mA. 

Next-generation smart mobile phones have built-in a fil-
ter that enables visibility of the IR light in their photo cam-
era. After connecting the source to the built circuit, it was 
powered from the outlet and tested with the camera of a 
mobile phone to check if its working properly. The result 
can be observed in (Fig. 5).  

After mentioning the functionality of camera mobile 
phone in IR domain, a series of questions was raised, in-
cluding the following: Why not chose to implement the 
prototype using a telephone that is within reach of anyone? 
Why was the prototype complicated with modification of 
the webcam? Initially, that was the plan: to design a system 
to show the venous map using a smart mobile phone cam-
era.  

 
 
 
 
 
 
 
 
 
 

Fig. 5 Powering the IR light source 
After the IR light source was functioning, acquisition of 

images was attempted with the mobile phone camera. As 
observed in (Fig. 6), other light sources can interfere with 
the IR light source, and positioning the source on the sur-
face of the hand did not lead to any satisfying results.  

On the hand, only a purple spot could be distinguished 
from IR LEDs without being able to see a high contrast 
image of the hand vascularization. The hand of the subject 
was isolated from any disruptive light source, and a new 
image was acquired. This time, the result was not satisfacto-
ry either because the camera on the phone does not distin-
guish between the hand of the subject and the environment, 
which made the captured image unintelligible. 

 
 
 
 
 
 
 
 

Fig. 6 Image acquisition with the mobile phone camera 

VI.  THE ACTUAL IMPLEMENTATION OF THE PROTOTYPE 

The previous test, which included eliminating any inter-
ference of light, was a great help later on, when it was de-
termined that the same principle could be applied to the 
implementation of the modified web camera. Therefore, a 
stand was built for both the light source and the IR sensitive 
webcam. The stand was made using a simple cardboard 
box. 

On the sides of the box, a portion of approximately 8x12 
cm was cut so that the subject could insert their hand. To 
ensure that the system was sufficiently contained and not 
penetrated by disturbing light sources, a dark colored fabric 
was used to minimize noise in the acquired images. (Fig. 7) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 7 View inside the acquisition environment 
Parts of the box cover were cut for positioning the IR 

light source and the webcam. Once they were in place, ac-
quisition of a new image without any disruptive sources of 
light was attempted, but another obstacle arose. Because the 
space was too small and the light too strong, the acquired 
images were completely burned, which were displayed as 
entirely white. After the study of several references and 
patents in this area, it was considered necessary to use a 
filter that could diffuse this light. To diffuse the light, 4 
pieces of tracing paper were used, which is a translucent 
paper obtained by finely grinding pulp. 

Fig. 8 Positioning of the light source and the camera for image acqui-
sition 
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To enhance contrast and the quality of the acquired im-
age, a black background was used (Fig. 8). Because blood 
vessels are visible as dark lines on the display, the black 
background helped to determine the differences between the 
surrounding tissue, the blood vessels and the initial back-
ground of the acquisition environment. 

The hand of the subject was inserted into the box, and 
with the camera that was connected to a laptop to communi-
cate with its associated software, the focus of the camera 
could be adjusted in real-time while positioning the hand to 
optimize the results. For better experimental results, it is 
recommended that hands be kept still during image acquisi-
tion. The thumb was placed inside the palm, and fingers are 
tightly held in a fist to apply pressure and increase the visi-
bility of venous structures. 

The images that were acquired by the webcam had a size 
of 1280x960 px. Using a photo editing program that re-
quired minimal knowledge of the photo-editing field, the 
image size was reduced to 25% of its original size. Then, 
the images from the tests had a dimension of 320x240 px. 
This minimum image-processing operation increased the 
contrast and visibility of veins. 

All of these adjustments were conducted during a series 
of tests on subjects of various ages, weights and skin pig-
ments. (Fig. 9, Fig. 10) 

 
Fig. 9 Image acquisition of a 23 year-old overweight female subject 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 Image acquisition of a 62 year-old, darker-skinned female 
(acquisition was made on the wrist and hand) 

VII. CONCLUSIONS  

At one point in our lives, every individual must go to a 
medical center to undergo some tests, routine tests or check-
ups after some medical intervention. 

The best way for a physician to assess the health of a pa-
tient or the development of pathological conditions is 
through analysis of blood. 

Gaining access to the blood vessels can be difficult, es-
pecially in children. Viewing a real time map of the subcu-
taneous blood vessels may be a solution. 

To advance the solution for this frequently encountered 
problem in the medical field, this study provides another 
step towards extensive field research using the infrared light 
spectrum. 

A compact prototype with a strong light source in infra-
red (IR) wavelength was constructed, and the IR source is 
formed by 100 IR LEDs connected in series and a commer-
cial web camera was used for image acquisition. The im-
portance of the webcam in implementing this prototype was 
determined by the modifications that were made to enhance 
the sensitivity of the camera to infrared light. 

Using this prototype in healthcare can increase the per-
centage of successful attempts to access the vascular sys-
tem. Failure of such interventions could lead to a great deal 
of patient discomfort, especially for children. 

Future work should focus on finding new applications for 
this prototype or attempt 3D remodeling of vascularity to 
implement this system, which is a more affordable approach 
to Doppler Ultrasound. 
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I. INTRODUCTION  

In biomedical applications, EMG recordings are widely 
used [1] and there are different concepts for data acquisition 
systems for EMG signal detection [2], [3]. However, most of 
them do not offer the possibility to record as much as 64 
channels or lack synchronization.  

One main benefit of multiple channels, EMG electrode ar-
rays and multi-channel data acquisition systems is that it can 
replace the need of invasive needle electrode techniques and 
calculate single motor unit activities from multiple projec-
tions in certain cases [4]. Another useful application is the 
use of array based multi-channel EMG recordings to identify 

optimal electrode positions without multiple repositioning of 
skin attached electrodes by applying quantitative selection al-
gorithms [5].  

Our hardware design is based on an eight-channel record-
ing module and a synchronization module. The system is ca-
pable of combining up to eight acquisition modules via uni-
versal serial bus (USB) data link. In addition to EMG 
measurements, the device is capable of recording various 
sensor or bio-electrical signals like electroencephalogram 
(EEG) or electrooculogram (EOG). A computer processes 
the input data and offers data management like filtering, stor-
age or visual feedback. 

Finally, the system should be comfortably wearable. 
Therefore, it has to be lightweight, compact, and battery-
powered. For real-time signal analysis, the system requires 
high computing capacity which will be solved by integrating 
a compact single-board computer. 

II. IMPLEMENTATION OF THE SYSTEM 

We designed a modular system for data acquisition (DAQ) 
which integrates recordings of multiple EMG devices. The 
recorded data should be processed using customized algo-
rithms.  

Fig. 1 This system configuration contains four recording units for elec-
tromyography (EMG module). These units are synchronized with a sep-
arate module (Sync module). A personal computer (PC) or a Raspberry 

Pi 3 analyzes and manages the input data. 
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The modules are interconnected with the USB-interface 
that allows simple plug and play solutions. Reliable synchro-
nization of all acquired signals is necessary for precise data 
analysis. The main drawback of comparable commercial de-
vices is the limited access to the raw data.  

The designed system consists of one or more EMG mod-
ules that are connected to the participant via surface elec-
trodes to acquire the input control signals. The USB port 
powers the modules and transmits the measured data to a per-
sonal computer (PC) or a single-board computer (Raspberry 
Pi 3, Raspberry Pi Foundation, Caldecote, United Kingdom). 
The synchronization module is also directly connected to the 
computer, to set up the clock rate and trigger outputs. Addi-
tionally, the computer provides the power supply for the 
module. 

III. HARDWARE DESIGN 

The EMG module (Fig. 2, Fig. 3) is based on an ADS1299 
analog-to-digital converter (Texas Instruments Inc., Dallas, 
TX, USA) and is applicable for various electrical biosignals. 
The ADS1299 is capable of simultaneous sampling of eight 
channels with an overall sampling rate of 16 000 samples per 
second (SPS) and a resolution of 24-bits. The amplifier gain 
is programmable up to 24. The microcontroller 
(PIC32MX250F128D, Microchip Technology Inc., Chandler 
AZ, USA) is used for controlling the data stream. The clock 
frequency is up to 50 MHz, which allows a high recording 
rate. The integrated 64 KB memory is used to buffer the data 
which is received from the ADS1299. The microcontroller 
provides a USB 2.0 compliant full speed interface.  

Because of the fact, that the device will be used in medical 
applications an electrical isolation barrier is mandatory. An 
ADuM4160 (Analog Devices Inc., Norwood MA, USA), 

which is suitable for this purpose, is implemented and offers 
5 kV isolation. 

 

 
Fig. 3 Schematic representation of the EMG module. 

The EMG module can be used as a standalone device with 
eight bipolar recording channels or integrated in a cascaded 
system of multiple modules interconnected by an additional 
USB cable for receiving clock trigger impulses from the syn-
chronization module. 

To synchronize data from up to 64 inputs, another USB 
module was developed that acts as a clock distributor, which 
provides the time base for the microcontrollers and delivers 
trigger signals to reset the timestamp of the data packets. The 
developed system ensures a synchronization error smaller 
than 10 μs within 10 s for simultaneous signal recording. A 
microcontroller generates a reliable clock source that is dis-
tributed to up to eight different modules. The low-voltage dif-
ferential signaling (LVDS) standard was used to distribute 
the high frequency clock signal to all peripheral modules. 

The central element of the system is a computer (PC or 
Raspberry Pi 3), which is used to process the data and, in the 
case of the Raspberry Pi 3, makes the system portable. 

Fig. 2 Eight channel EMG module (usbEMG). 1 – isolated DC/DC converter; 2 – digital isolator for clock and trigger signals; 3 –microcontroller 
(PIC32MX250F128D); 4 – LED driver; 5 – analog frontend (ADS1299); 

6 – USB port isolator. 
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IV. FIRMWARE 

The firmware of the PIC32MX-microcontroller is pro-
grammed with MPLABX an IDE (Microchip Technology 
Inc.) which includes an assembler, software simulator, and a 
debugger. The MPLAB Harmony Integrated Software 
Framework (Microchip Technology Inc.) offers a flexible, 
abstracted, fully integrated firmware development platform 
for PIC32 microcontrollers.  

The communication between ADS1299 and the microcon-
troller is realized via serial peripheral interface (SPI). It offers 
data rates up to 25 Mbps. To ensure fast and safe data transfer 
the direct memory access (DMA) module is used to reduce 
CPU workload.  

Using all eight channels and having a sampling rate of 8 
kSPS the ADS1299 is producing 216 kB/s, which is within 
the USB bulk transfer limit of about 1245 kB/s.  

It is not possible to transfer the data in real time via USB, 
therefore, a buffer is needed. Ideally, this is realized with a 
ring buffer, to ensure data consistency. The ADS1299 writes 
data in blocks of 27 Bytes but the USB is reading 64 Bytes at 
once. Therefore, the smallest possible ring buffer size is the 
least common multiple which is in that case 1728 Bytes. To 
get the best results, the ring buffer was chosen to be as big as 
possible. The PIC32MX offers 64 kB RAM, with the space 
occupied by the program itself, the resulting ring buffer size 
is around 55 kBytes. 

V. SOFTWARE 

A C# program was developed to process the data packets. 
It allows digital filtering and visualizes the recorded signals 
per channel. The software detects all connected modules and 
offers the possibility to trace every channel per device. It is 
also possible to set the configuration of each module, i.e. 
sampling rate, gain, and other registers of the ADS1299. Fur-
thermore, the data can be recorded and saved in the common 
Hierarchical Data Format (HDF5), which is particularly use-
ful for managing large amounts of data. It is supported by 
many commercial and non-commercial software platforms 
including C#, Java, MATLAB. Data compression is neces-
sary because of a large amount of data. Eight channels sam-
pled with 8 kSPS generate about 13 MB data per minute. Us-
ing eight modules, this would produce more than 100 MB per 
minute. So structured data and especially compression are es-
sential. 

VI. EVALUATION OF THE SYSTEM 

A. EMG during voluntary motor task 

In a preliminary evaluation, we recorded an input signal of 
the biceps brachii in a human subject. Figure 4 shows the my-
oelectric signal during a contraction of the biceps brachii 
muscles, software filtered in a range from 20 to 300 Hz.  

 

 
Fig. 4 Exemplary control input based on a myoelectric signal during a bi-
ceps brachii contraction. The EMG signal is filtered in a range from 20 to 

300 Hz. Sampling rate: 8 kSPS; Gain: 6; Resolution 24-bit 

B. Evoked myoelectric signal 

Short Methods: Surface stimulation of quadriceps, 
bipolar stimulation, large electrodes (8x13cm), electrodes 

5-10 cm apart. EMG sensor electrodes centrally to the stim-
ulation electrodes. 

Results: Figure 5 shows five superimposed responses at 
different stimulation intensities. At time zero stimulation ar-
tifact. CMAP is 3 ms after stimulation. 

 

 
Fig. 5  Compound muscle action potential (CMAP) at different biphasic 

stimulation amplitudes (±10V, ±15V, ±20V, ±25V and ±30V), pulse width: 
2x500μs. Sampling rate: 8 kSPS, gain: 12; Adapted from [6] 
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Healthy subjects received electrical stimulation of the an-
terior thigh muscle group. Single biphasic, charge balanced 
stimulation impulses with a width of 2x500 μs were used to 
evoke muscle twitch and related M-wave response. The 
evoked myoelectric signal was measured at the rectus femo-
ris with EMG electrodes. Those electrodes were placed be-
tween the stimulation electrodes, transversally oriented in re-
spect to the stimulation electrodes and the fiber orientation of 
the rectus femoris muscle to minimize stimulation artifacts 
[6]. 

The presented EMG module is not only capable of meas-
uring M-waves at different stimulation amplitudes, but also 
evoked potentials caused by small activation levels.  

VII. DISCUSSION 

The advantage of the system is a flexible design which 
supports real-time recordings of up to 64 channels. The mod-
ules are compact enough to be carried e.g. on a belt as a light 
weight and small experimental recording unit. We intend to 
use the system wirelessly, so power consumption is essential. 
The estimated supply current of the acquisition system is be-
low 1 A. Because we use the USB standard for all our de-
vices, it is possible to use commercially available power-
banks. By using only one core of the Raspberry Pi 3 the 
power consumption halves [7].  

Due to the high resolution of the ADS1299 it is possible 
to abstain from high-pass filters. This again results in a ben-
eficial design for measuring evoked potentials. 

Additionally, the signals measured with the EMG module 
can be used as control inputs for a custom-built prosthesis 
prototype, developed at the Center for Medical Physics and 
Biomedical Engineering, Medical University of Vienna. By 
calculating the envelope of the EMG signal, the muscle ac-
tivity intensity can be measured. One of the most widely used 
methods is the root mean square (RMS) [8]. Using this enve-
lope signal, it is not only possible to calculate an on/off sig-
nal, but also to control the speed of the actuators based on the 
intensity of the muscle contraction. 

The presented front-end device, ADS1299, is a versatile 
component for EMG acquisition. The small size of the chip, 
the low supply voltage, and low power consumption make it 
especially suitable for small, battery-powered, portable solu-
tions.  
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I. INTRODUCTION  

The electrocardiogram (ECG) is one of the most ana-
lyzed bio-signals in the world. This signal is a favorite 
among specialists because it can give information regarding 
heart related pathologies. 

It is important to know that such an investigation is non-
invasive, painless, without any undesirable effects, which 
means that the patient should not have anxiety or be reticent 
in any way to do this investigation. 

There are no risks in using this investigation. The ECG is 
a very reliable test. The electrodes detect just the impulses 
from the heart. Through the body there is no electrical cur-
rent caused by the device, so there is no risk of an electrical 
shock. 

The ADS1298 is an analog-digital delta-sigma circuit, on 
24 bits, with electromagnetic (EMI) protection, simultane-
ous sampling and that can function on multiple channels; it 
contains programmable amplifiers, internal reference and an 
oscillator [1] [2]. 

This circuit contains all the necessary characteristics nec-
essary for medical applications (ECG and EEG). The com-
munication with a microcontroller can be done with the help 
of the serial peripheral interface (SPI), and with a computer 
through the SPI/USB. It can be used in different reference 
configurations and differential inputs, like passive ground 
module or right leg drive (RLD) [1] [2]. 

The ADS1298 can be operated from unipolar or bipolar 
supplies. The capabilities used for decoupling can be as-
sembled on the surface, with low cost ceramic capacitors, 
but in systems where the board is subjected to low or high 
frequencies, it is recommended to use non-ferroelectric 
capacitors. 

Texas Instruments [3] has projected a testing module that 
can simulate and acquire the ECG signal on an interface that 
uses the ADS1298 circuit. The disadvantages of this module 
are its dimension and dependency of an AC external power 
supply.  

The aim of this paper was to design and develop another 
device based on the ADS1298 circuit. The proposed solu-
tion finally derived to a miniaturized module capable of 
extracting a clean ECG signal from the patient. Due to the 
battery power supply, the developed system respects the 
conditions for a portable device. 

 
 

II. TESTING ADS1298 ECG-FE DEVICE IN ECG SIGNAL 
AQUISITION 

We have used the module given by Texas Instruments [3] 
in order to make some experimental tests to verify the utility 
of this converter. 

The ADS1298 circuit can be programmed with the help 
of the user graphical interface. The ECG data captured are 
later post-processed by using high-pass, low-pass and notch 
filters of 50/60 Hz. 

The software delivered ensures complete control over the 
ADS1298ECG-FE board. By means of the user interface, 
the control registers can be programmed to evaluate the 
functioning options of the device. This interface contains 
the user menu, some control elements to obtain the signal 
and different tabs like “About”, “ADS register”, “Analysis” 
and “Save”. 

In vivo tests were made on three subjects (Fig. 1, Fig. 2 
and Fig. 3), a 29 year old female, a 60 year old male and a 
65 year old male. 

In vitro test were made with an ECG simulator, with ten 
ECG waveforms. The ECG electrodes were fixed in the 
standard leads I, II and III (Einthoven), aVL, aVF, aVR 
(Goldberger) and chest leads V1-V6 (Wilson).  

Some of the most common applications that this module 
can be configured for are: unipolar and bipolar supply oper-
ations, direct and alternative current inputs, 12-channel 
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ECG, Right-Leg Drive(RLD) reference circuit, external 
voltage for Wilson configuration, etc. [4]. 

 

 
Fig. 1 Eindhoven and Golberger Leads of a normal ECG (29 year old 

woman) 
 

 
Fig. 2 Eindhoven and Golberger Leads of a normal ECG (60 years old 

male) 
 

 
Fig. 3 Eindhoven and Goldberger Leads of a normal ECG (65 year old 

male) 

There can be some disadvantages of using this module. 
Some of these are the impossibility to process data in real 
time, or to detect if the electrode is detached and there are 
no algorithms for the QRS detection [3]. 

III. DESCRIPTION OF THE PROPOSED DEVICE 

Because of the usefulness of the ADS1298EGG-FE plat-
form, we have decided to design a reduced dimension 
ADS1298 based ECG signal sampling system. 

This module was realized in order to test the integrated 
circuit ADS1298 (Fig. 4) and to obtain similar results with 
those from the ADS1298ECG-FE platform. 

The communication between the ADS1298 circuit and 
the microcontroller can be done with the help of the Serial 
Peripheral Interface (SPI).  

The ADS1298 converter ensures the input of the normal 
electrode, measurements for power supplies, RLD input, 
differential auxiliary inputs, lead-off signals or single-ended 
auxiliary inputs. 

The settings of each channel can be changed through the 
CHnSET register and by writing the RLD MEAS bit in a 
separate configuration [3]. 

Three integrated amplifiers generate the Wilson Central 
Terminal (WCT) and Goldberger Central Terminal (GCT), 
which are necessary for a 12 LEAD ECG.  

 

 
Fig. 4 Bloc diagram of the ADS1298 converter [1] 

Common mode interference generated by the power 
source of an ECG system is reduced by the RLD circuit. [5] 

The PACE circuit detection (Fig. 5) can be ensured in 
two ways: software or hardware. 
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Fig. 5 Detailed structure of ADS1298 [1] 

The device has to be supplied by sequential impulses. All 
digital and analog inputs have to be set at 0. After connect-
ing the power supply, the Clock signal has to be supplied 
from the CLK pin.  

The Analog-Digital Converters from the device offer da-
ta rate from 250SPS to 32 kSPS.  

The proposed circuit of the ECG acquisition system us-
ing ADS1298 was designed in a CAD environment (Fig. 6, 
Fig. 7).  

 

 
Fig. 7 3D visualization of the printed circuit that contains the ADS1298 

circuit [2] 
 
Figure 6 presents the electrical diagram of the acquisition 

system. The left side of the figure shows the electrodes 
interface connector and the low-pass signal filtering stage. 
The ADS1298 uses a 50MHz external oscillator (HC736) 
represented in figure 6 as OSC1. The lower-right part of the 
schematic shows the two voltage regulator circuits for the 
3.3V analog side (U3) and 1.8V digital side (U2). The PCB 
design includes both an analog ground and digital ground. 

 

 
Fig. 6 Electrical diagram of the acquisition system designed with ADS1298 
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The circuit was finally realized by using SMD compo-
nents and is represented in figure 8. The primary tests of the 
device indicated that it works properly and the next devel-
oping step can be done. 

 

 
Fig. 8  Practical implementation of the proposed ECH front-end device 

 
The ADS1298ECG-FE device was designed to graph-

ically display the ECG signal on 12 channels. The monitor 
provided by Texas Instruments can display a virtual oscillo-
scope, histograms, Fast Fourier Transform (FFT) and a 
monitor for the ECG display. After post-processing, the 
ECG data can be printed [3]. Starting from this model, for 
the proposed device, areal-time monitoring user-interface 
can be implemented. For this purpose, a new microcontrol-
ler-based module can be attached to the main one. In the 
design concept, we took into account the pin configuration 
for this extension.  

IV. CONCLUSIONS  

This paper focuses on the development of an embedded 
medical device based on the ADS1298 converter that com-
municates on serial buses, SPI/USB. A miniaturized device 
(52.9 x 45.8 mm) was designed and realized. 

Future efforts will be made for a new module dedicated 
to process and monitor the acquired signals. Software pro-
grams in LabWindows CVI or LabView could be imple-
mented. This module will have also the possibility to trans-
mit remotely the data.Technologies like wireless, Bluetooth 
or GPRS could be used.  
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I. INTRODUCTION 

Dopamine (DA) is a neurotransmitter that belongs to the 
catecholamine family with crucial role in humans. It is also a 
precursor for other neurotransmitters - adrenaline and nor-
adrenaline. Highly abundant in the central nervous system, 
DA plays an important role in brain circuitry, neuronal plas-
ticity, memory and learning. DA deficiency in the central 
nervous system can be the cause of serious diseases such as 
Parkinson, Alzheimer, schizophrenia, epilepsy and ADHD 
[1]. 

Due to the physiopathological implications of DA, in-
creasing attention has been recently focused on the determi-
nation of DA levels in biological fluids for biochemical and 
clinical diagnosis. The most commonly used methods are 
chemiluminescence [2], Rayleigh resonance scattering [3], 
capillary electrophoresis [4] and fluorimetry [5]. Due to its 
electroactivity, DA can be readily detected by electrochemi-
cal techniques. Several electrochemical sensors for the detec-
tion of DA have been recently reported, employing pencil-
on-paper-based electrodes [6], calyx[4]arenes [7], poly-
mer/gold nanoparticles (AuNPs) hybrid materials [8] and 
MIPs modified with graphene and carbon nanotube foam [9]. 

Molecular imprinting of polymers is a strikethrough tech-
nique used to incorporate specific recognition sites into the 
polymer and therefore to design different biomimetic recep-
tors. The advantages of molecularly imprinted polymers 
(MIPs) made them an interesting tool for the development of 
chemical sensors and biosensors. Molecular recognition 
characteristics of these polymers are attributed to comple-
mentary size, shape, and binding sites imparted to the poly-
mers by the template molecules. The fabrication technique is 
simple and cheap, consisting of polymerization of functional 
monomers and cross-linkers in the presence of the analyte of 
interest which serves as template molecule, followed by the 
removal of the template from the polymer matrix. The re-
sulted cavities possess the ability to recognize and bind the 
target analyte with high selectivity. 

The integration of nanomaterials with unique chemical 
and physical properties in MIPs can further improve their 
performance. Metal oxide nanoparticles such as AuNPs, 
quantum dots or graphene provide better accessibility of the 
analyte to the recognition sites, enhance sensitivity and im-
prove the limits of detection [10]. 

The first step in the fabrication of the novel MIP/AuNPs 
sensor for the detection of DA consisted in the electrochem-
ical deposition of AuNPs on glassy carbon electrodes 
(GCEs), followed by the functionalization of the gold surface 
with the monomer, p-aminothiophenol. A polymeric film 
was then electrochemically generated both in the presence 
(MIP) and absence (non-imprinted polymer, NIP) of the DA. 
All the modifications of the electrode surface were electro-
chemically characterized through cyclic voltammetry (CV), 
differential pulse voltammetry (DPV) and electrochemical 
impedance spectroscopy (EIS). The morphostructural de-
scription of the platform was achieved with atomic force mi-
croscopy (AFM). 

The results serve as a starting point for the design of point-
of-care devices for DA detection, which could significantly 
improve the quality of life for patients, suffering from neuro-
degenerative disorders caused by DA deficiency. 
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II. EXPERIMENTAL PART 

A. Reagents, apparatus and methods 

All reagents and chemicals were of analytical grade and 
were used as received without further purification. Na2HPO4, 
NaH2PO4 and p-aminothiophenol were purchased from 
Merck, while H2SO4, K4[Fe(CN)6]), K3[Fe(CN)6], NaCl, do-
pamine hydrochloride and HAuCl4 were purchased from 
Sigma-Aldrich. All the solutions were prepared using Milli-
Q grade water. The supporting electrolyte was 0.02 M phos-
phate buffer saline (PBS) prepared with Na2HPO4, NaH2PO4 
and NaCl at pH 7.4. The electrochemical studies were per-
formed with a conventional three-electrode system using 
Ag/AgCl(KCl 3M) reference electrode, a Pt/Ir counter elec-
trode and a glassy carbon electrode from BASi (3 mm diam-
eter). An Autolab PGSTAT 302N equipped with an electro-
chemical impedance spectroscopy module and controlled by 
Nova 1.10.4 software was used for electrochemical measure-
ments. CV and EIS measurements were carried out in the 
presence of 10 mM [Fe(CN)6]3-/4- in PBS (0.02 M, pH 7.4) as 
redox probe, while DPV tests were performed in PBS (0.02 
M, pH 7.4) at room temperature. CV was employed for the 
electrochemical generation of AuNPs and for electrochemi-
cal polymerization. The EIS measurements were made by the 
open circuit potential mode, in a frequency range from 100 
kHz to 0.100 Hz, in order to characterize the properties of the 
electrode surface by comparing the values of charge transfer 
resistance (Rct) during all modification stages. 

Open-circuit accumulation experiments were performed 
using DA solution followed by voltammetric detection after 
changing the medium to an analyte-free electrolyte solution 
(PBS 0.02 M; pH 7.4) by DPV, at a scan rate of 10 mV s-1, a 
modulation amplitude of 50 mV and a modulation time of 
0.04 s. The AFM experiments were performed by using a 
Multimode 8 platform from Bruker (USA), with ScanAsyst 
and controlled by Nanoscope 9 software in Peak Force Tap-
ping mode, in air. Experiments were conducted by using a 
ScanAsyst-Air probe (Bruker) with a tip radius of < 12 nm in 
a silicon nitride cantilever of triangular geometry with a nom-
inal resonance frequency of about 70 kHz and a nominal 
spring constant of 0.4 N/m. 

 
B. Elaboration of molecularly imprinted sensor 

For the elaboration of MIP sensor, the electrode surface 
was firstly cleaned by polishing with alumina of different 
particle size, washed with ethanol and distilled water and 
then cycled ten times between -0.5 and + 1.5 V in 0.5 M 
H2SO4 with a scan rate of 100 mV s-1. After this, the electrode 
was rinsed with water and was modified with AuNPs electro-
chemically deposed from a 0.6 mM HAuCl4 solution in 0.5 

M H2SO4 cycling the potential between -0.2 and 1.2 V vs. 
Ag/AgCl(KCl 3M) for ten cycles (Figure 1A) [11]. 

C"

 
D"

 
Fig. 1 CVs of the: (C) electrochemical deposition of AuNPs on GCE sur-
face; (D) p-aminothiophenol based film electrochemical generation in the 

presence of DA 

The electrode was soaked overnight in a 50 mM p-amino-
thiophenol solution in ethanol and left overnight at 4oC for 
the formation of S-Au bonds between the Au from the elec-
trode surface and the -SH groups of the monomer. The elec-
trochemical polymerization of p-aminothiophenol was then 
performed in the presence of DA (0.1 mg mL-1) by cycling 
the potential between -0.5 and + 0.9 V vs. Ag/AgCl(KCl 3M) 
for ten cycles. CVs of the p-aminothiophenol polymerization 
in the presence of DA on AuNPs are presented in Figure 1B. 
DA molecules were removed by washing with PBS for 30 
minutes under stirring (800 rpm). Similarly, a non-imprinted 
sensor was elaborated and tested, in the absence of template 
molecule. 

III. RESULTS AND DISSCUSIONS 

The electrochemical biomimetic sensor for DA detection 
was elaborated in several steps that are schematically de-
picted in Figure 2. After the rigorous cleaning of the electrode 
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surface the first step consisted in the generation of AuNPs in 
order to ensure binding centers for polymer through S-Au 
bonding. The monomer molecules are then self-assembled 

and electrochemically polymerized in the presence of dopa-
mine in hydro-alcoholic medium (ethanol:PBS, 1:1).  

 
 

 
Fig. 2 Development steps of the electrochemical sensor 

An irreversible oxidation peak can be observed in the first 
cycle at about 0.7 V and its intensity decreases during the 
next scans and completely disappears after four scans (Figure 
1B), proving the formation of polymeric film. The intensity 
of the peak current continuously decreased with the number 
of cycles until it reached a steady state. The polymerization 
tests performed in the absence of DA did not revealed any 
difference regarding the presence or absence of peaks indi-
cating that the co-polymerization of template molecules does 
not take place in the potential domain used for polymeriza-
tion. Figure 3 presents the AFM topographic images obtained 
for GCEs modified with AuNPs before and after polymeriza-
tion. The features on GCE surface indicate the presence of 
AuNPs with an average size of 50 nm (line profile not shown 
here). After polymerization, striking changes in surface mor-
phology and features size are readily apparent. AFM height 
images clearly indicate that electrode surface is uniformly 
covered by polymer. Nanomechanical properties, including 
elastic modulus of the polymeric film and adhesion data, 
have been evaluated (data not shown here) and indicate a 
softer and more adhesive region between features (dark areas 
in topography image). The electrochemical characterization 
of the novel biomimetic sensor was carried out by using EIS 
and voltammetric techniques such as CV and DPV. EIS 
measurements were recorded in the presence of 5 mM 
[Fe(CN)6]3-/4- in 0.1 M KCl solution. The electron transfer 
properties of the modified electrode were evaluated based on 
the Nyquist representation of EIS. This representation in-
cludes a semicircle and a straight line corresponding to the 
electron transfer and the diffusion limited processes, respec-
tively (Figure 4). 

 

 
Fig. 3 AFM images of AuNPs at the electrodeposited GCE surface (left) 

and of the electrogenerated polymeric film (right) 

 
Fig. 4 Nyquist plots for bare GCE (black) and AuNPs modified GCE (red) 

The variations in charge transfer resistance after each 
modification step is presented in Table 1 for both MIP and 
NIP sensors and compared with the values obtained for bare 
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GCE and AuNPs modified GCE. It can be seen that the Rct is 
decreasing from 472.67 Ω to 11.79 Ω after the electrochemi-
cal generation of AuNPs onto GCE surface. The Rct values 
increase after the polymerization process at 870.68 Ω in the 
case of NIP and at 1067.18 Ω for MIP film, due to the coating 
of the electrode surface with an isolating film. After the re-
moval of the DA template from the MIP film the Rct in-
creased at 1249.06 Ω, probably due to the cavities formed in 
the polymeric film, while in the case of NIP a significant var-
iation of this parameter was not observed (Table 1). The elec-
trodes were also tested through DPV in PBS solution (0.02 
M; pH 7.4). In the case of MIPs, after polymerization, the DA 
specific signal is detected through DPV tests at about +0.2 V, 
signal which disappears after extraction and reappears after 
immersion of the MIP in 0.1 mM DA solution for 30 minutes. 

Table 1 The variation of Rct for different electrode configurations 

Electrode configuration Rct (Ω) 
GCE 472.67 
AuNPs/GCE 11.79 
MIP/AuNPs/GCE after polymerization 1067.18 
MIP/AuNPs/GCE after extraction  1249.06 
NIP/AuNPs/GCE after polymerization 870.68 
NIP/AuNPs/GCE after extraction  880.51 

"

Fig. 5 DPVs for: NIP after polymerization (black); NIP after DA capture 
for 30 min in 0.1 mM solution (red); MIP after polymerization (green); 
MIP after dopamine extraction in PBS for 30 min (blue); MIP after DA 

capture for 30 min in 0.1 mM solution (brown) 

The tests performed for NIP did not show a significant dif-
ference before and after the accumulation in DA solution 
(Figure 5), demonstrating that the DA signal obtained for 
MIP is the result of the template molecule inclusion into the 
polymeric film and not of the adsorption on the surface of the 
sensor. 

IV. CONCLUSIONS  

A novel biomimetic sensor based on AuNPs decorated 
MIP for the dopamine detection was elaborated. The protocol 
implies one-step polymerization of p-aminothiophenol in the 
presence of dopamine in a hydro-alcoholic solution, preceded 
by the electrochemical generation of gold nanoparticles onto 
the glassy carbon electrode and the self-assembling of the 
monomer monolayer through the S-Au bond. This strategy is 
very simple and versatile and can be adapted for a wide range 
of target molecules, from small ones to peptides, proteins and 
even cells. The polymeric films were successfully obtained 
both in the presence and absence of the template molecule, 
higher sensitivity and selectivity being obtained for the poly-
mer imprinted with dopamine. Future prospects include the 
evaluation of the analytical performance of the sensor (limit 
of detection, reproducibility, the possibility of multiple use), 
and the dopamine detection from serum samples. 
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etgcugf" pwodgt" qh" cnngtikgu" cpf" kp" vjg" fgxgnqrogpv" cpf"
urtgcf"qh"cpvkdkqvke"tgukuvcpeg."c"oclqt"jgcnvj"rtqdngo"hqt"vjg"
oqfgtp"yqtnf0"Hqt"vjgug"tgcuqpu."Yqtnf"Jgcnvj"Qticpk|cvkqp"
tgeqoogpfu"cp"wtigpv"kortqxgogpv"kp"vjg"uwtxgknncpeg"qh"vjg"
wug"qh"cpvkdkqvkeu."jgpeg"vjg"pggf"hqt"fgxgnqrkpi"pgy"cpcn{vkecn"
ugpuqtu." ecrcdng" vq" fgvgev" ugngevkxgn{" nqy" eqpegpvtcvkqpu" qh"
cpvkdkqvkeu" htqo"fkhhgtgpv"ocvtkegu0"Vjku" uvwf{" hqewugf"qp" vjg"
fgvgevkqp"qh"corkeknnkp, a β/ncevco"cpvkdkqvke."ykfgn{"wugf."dqvj"
hqt"jwocpu"cpf"cu"xgvgtkpct{"ftwi."fwg"vq" kvu" nctig" urgevtwo"
qh"cevkqp0"

Vjg"rwtrqug"qh"vjku"uvwf{"ycu"vq"fgxgnqr"cp"gngevtqejgokecn"
ugpuqt"dcugf"qp"vjg"wug"qh"cp"corkeknnkp/ugngevkxg"crvcogt"hqt"
vjg" fgvgevkqp" qh" corkeknnkp" htqo" gpxktqpogpvcn" cpf" rjctoc/
egwvkecnu"ucorngu0"Vyq"fkhhgtgpv"uvtcvgikgu"hqt"vjg"kooqdknk|c/
vkqp" qh" vjg" corkeknnkp/ugngevkxg" crvcogt" jcxg" dggp" gornq{gf<"
d{" vjg" itchvkpi" qh" c" ectdqz{n" eqpvckpkpi" fkc|qpkwo" ucnv" d{"
ecvjqfke" tgfwevkqp" qp" c" incuu{" ectdqp" gngevtqfg." hqnnqygf" d{"
vjg" ejgokecn" tgcevkqp"ykvj" vjg" crvcogt" eqpvckpkpi" cp" cokpq"
itqwr"cpf"d{"kpewdcvkpi"vjg"crvcogt"eqpvckpkpi"c"vjkqn"itqwr"
qp" c" iqnf" gngevtqfg." ngcfkpi" vq" c" ugnh/cuugodnkpi" nc{gt" qh" vjg"
crvcogt0"Vjg"oqfkhkgf"gngevtqfgu"jcxg"dggp"ejctcevgtk|gf"d{"
gngevtqejgokecn"korgfcpeg"urgevtqueqr{0"
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I. INTRODUCTION  

Antibacterial drugs have revolutionized the treatment of 
infectious diseases, but their use and misuse have resulted in 
the development and spread of antibiotic resistance, a major 
health problem for the modern world, each year in the Eu-
ropean Union alone, over 25 000 people dying from infec-
tions caused by antibiotic-resistant bacteria [1]. Another 
problem associated with the misuse of antibiotics is the 
spread of allergy reactions related to antibiotics intake, 
impairing the use of certain antibiotics for certain patients 
and threatening their health. 

The WHO report from 2014 clearly states that resistance 
to common bacteria has reached alarming levels in many 
parts of the world. Thus, WHO strongly recommends an 

intensification of the prevention, including strengthening 
hygiene, infection prevention and control measures, improv-
ing sanitation and access to clean water [2]. 

Our environment becomes polluted with antibiotics and 
the runoff from farms and from our own sewers exposes 
more and more of the world bacteria to low concentrations 
of antibiotics, increasing the antibiotic resistance, which is a 
societal problem, deriving from the way we use antibiotics, 
involving different problems: antibiotic overuse, infection 
control, surveillance for resistance, antibiotic use in animals 
and crops, environmental contamination with antibiotics. 
The statistics show a significant increase in resistant staph, 
enterococci and Pseudomonas aeruginosa over the last 30 
years in US hospital intensive care units [3]. 

The 2015 report of the European medicines agency 
(EMA) about the consumption of antibiotics for veterinary 
use showed that penicillins are one of the most employed 
classes of antibiotics [4]. 

The most used conventional methods for the detection of 
antibiotics are instrumental ones [5], such as capillary elec-
trophoresis [6,7], gas chromatography [8,9] and liquid 
chromatography [10,11] coupled with mass spectrometry 
[12]. However, these methods are expensive and present 
limitations, like the need for expensive laboratory instru-
ments, which require skilled technicians, time consuming 
separation/clean-up methodologies, long analysis time, 
extensive sample handling with multiple washing steps, use 
of expensive and pollutant solvents and the impossibility to 
perform field analyses, making necessary the development 
of new sensors to overcome these limitations [13]. Electro-
chemistry based methods appear as an interesting and low-
cost alternative for antibiotics detection. Electrochemical 
sensors are fast and could be easily miniaturized to achieve 
portable sensors. 

Aptamers consist of single stranded-DNA and RNA short 
chains and they are capable to bind specifically different 
types of molecules. These properties make them a suitable 
option for assuring a good selectivity and sensitivity to 
electrochemical analyses of antibiotics.  

Among the sensors developed for the detection of antibi-
otics the most used are the electrochemical sensors, together 
with the optical ones. Thus, electrochemical [14] and color-
imetric [15] sensors based on the use of aptamers were used 
for the highly selective detection of antibiotics. 
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The purpose of this study was to develop an electrochem-
ical aptasensor for the detection of ampicillin (Figure 1), a 
β-lactam antibiotic, widely used both for humans and as 
veterinary drug, due to its large spectrum of action. For this 
purpose, two different strategies for the immobilization of 
the ampicillin-selective aptamer have been employed: by 
the grafting of a carboxyl containing diazonium salt by 
cathodic reduction on a glassy carbon electrode, followed 
by the chemical reaction with the aptamer containing an 
amino group (ss-DNA 5'- 
CACGGCATGGTGGGCGTCGTGTTTTTTTTTTTTTTT-
3'-(CH2)6-NH2) and by incubating the aptamer containing a 
thiol group (ss-DNA 5'- CACGGCATGGTGGGCGTCGTG 
TTTTTTTTTTTTTTT-3'-(CH2)6-SH) on a gold electrode, 
leading to a self-assembling layer of the aptamer. The modi-
fied electrodes have been characterized by electrochemical 
impedance spectroscopy. The detection of ampicillin using 
the modified electrodes is a label-free method, using the 
variation in the impedance signals to quantify the ampicillin 
concentration. 

 
Fig. 1 Chemical structure of ampicillin 

II. MATERIALS AND METHOD 

All chemicals were of analytical grade and were used as 
received without further purification. HCl, Na2HPO4 and 
NaH2PO4 were purchased from Merck; H2SO4, 
K4[Fe(CN)6]), K3[Fe(CN)6], NaCl, HAuCl4 and ampicillin 
were purchased from Sigma-Aldrich; N-
hydroxysuccinimide (NHS) was purchased from Alfa Aesar 
and 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
(EDC) was purchased from Calbiochem. 

All solutions were prepared with ultrapure water (18.2 
MΩ, Millipore Simplicity). The supporting electrolyte was 
0.02 M phosphate buffer saline (PBS) prepared with 
Na2HPO4, NaH2PO4 and NaCl at pH 7.4. The aptamer was 
diluted in a Tris buffer containing 10 mM 
tris(hydroxymethyl)aminomethane and 1mM EDTA, with 
pH=8. 

The electrochemical experiments were performed using 
an AUTOLAB PGSTAT 302N (Ecochemie, The Nether-
lands) equipped with the associated NOVA 1.10 software. 
The glassy carbon electrode (GCE), used as working elec-
trodes in the conventional three-electrode cell, along with 
Ag/AgCl (KCl 3 M) as reference electrode and a Pt wire as 
counter electrode, were purchased from BAS Inc. (West 

Lafayette, USA). Before each analysis, the GCE was pol-
ished using an alumina suspension and polishing cloth. The 
screen-printed electrodes (C-SPE) with a carbon-based 
working and counter electrodes and a silver pseudo-
reference were purchased from Dropsens (Spain). 

The cyclic voltammetry (CV) experiments were per-
formed in the conventional three-electrode cell of 5 mL, in 
static mode, at scan rate of 0.1 V s-1.  

The electrochemical impedance spectroscopy (EIS) 
measurements were carried out in the presence of 10 mM 
[Fe(CN)6]3-/4- in PBS (0.02 M, pH 7.4) as redox probe. The 
impedance was measured in a frequency range of 100000 to 
0.0100 Hz using the open circuit potential. The EIS meas-
urements were used both for the characterization of the 
electrode after different steps of modification and for the 
determination of the ampicillin concentration, the ampicillin 
trapped by the aptamer leading to a change in the EIS sig-
nal.  

Prior to its immobilization, the aptamer was brought in 
its active form, the unfolded one, by heating the aptamer 
solution at 93° C for 3 min. 

The modification with the aptamer of the GCE involved 
several steps: a stirred solution of 0.5M HCl containing 4-
aminophenyl acetic acid and NaNO2 was used for the graft-
ing of the linker molecules by applying a potential of -0.2 V 
vs. Ag/AgCl(KCl 3M) for 30 s under nitrogen atmosphere; 
the carboxylated linker was activated by incubation for 15 
min with a solution containing 100 μM NHS and 400 μM 
EDC; then, the electrode was incubated for 30 min with 5 
μM solution of the aptamer containing an amino group, 
resulting an immobilization of the aptamer through an am-
ide bond. In order to prevent the non-specific preconcentra-
tion, by adsorption of the ampicillin molecules at the sur-
face of the electrode, the electrode was incubated for 30 min 
with 1 mM ethanolamine. Between each step the electrode 
was rinsed with 1 mL with a Tris buffer solution. 

The modification with the aptamer of the C-SPE was per-
formed in two steps: first, gold nanoparticles (AuNPs) were 
electrochemically deposited at the surface of the working 
electrode by applying 60 μL solution of 0.6 mM HAuCl4 
prepared in 0.5 M H2SO4 and performing ten cycles of CV, 
sweeping the potential between -0.2 and 1.2 V vs. 
Ag/AgCl(KCl 3M) [16] (Figure 2); then, the electrode was 
incubated with 20 μM solution of the aptamer containing a 
thiol group, obtaining a self-assembling layer of the ap-
tamer. 

The determination of the ampicillin concentration in-
volved two steps: the preconcentration of ampicillin at the 
surface of the modified electrodes by applying a drop of the 
solution containing 1 μM ampicillin and incubating for a 
certain time in a stable atmosphere, followed by an EIS 
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analysis of the electrode with the ampicillin trapped at its 
surface. 

 
Fig. 2 The two strategies for the modification of electrodes 

III. RESULTS AND DISCUSSIONS 

A. Modification of the GCE 

The electrochemical reduction of the arildiazonium salt 
formed in situ leads to a covalent attachment of the linker 
molecules and to the formation of multi-layers that impair 
the electronic transfer. To diminish the number of layers at 
the surface of the electrode the electrochemical reduction 
was limited to 30 s. The cycling voltammetry analyses, 
using [Fe(CN)6]3-/4- as redox probe, show the passivation of 
the electrode after the immobilization of the phenyl acetic 
acid (Figure 3).  
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Fig. 3. CVs of 10 mM [Fe(CN)6]3-/4- in PBS on bare GCE (black)  
and modified with phenyl acetic acid (red). Scan rate 0.1 V s-1. 

The EIS measurements were used to characterise the 
modification of the electrode and as ampicillin detection 
method. The Nyquist spectrum registered at the electrode 
modified with the diazonium salt shows a large charge 
transfer resistance (Rct) (Figure 4), due to the linker layer at 
the surface of the electrode.  

The electrochemical reduction of the arildiazonium salt 
formed in situ leads to a covalent attachment of the linker 
molecules and to the formation of multi-layers that impair 
the electronic transfer. 

After activation of the carboxylated linker with NHS and 
EDC, the immobilization of the aptamer at the surface of 
the electrode seems to facilitate the electron transfer, with a 
decrease of the Rct. After incubation with an ampicillin 
solution, the capture of the ampicillin molecules by the 
aptamer makes it to adopt a conformation that facilitates 
even more the electron transfer. The variation of the Rct by 

comparison to the aptamer-modified electrode depends on 
the concentration of ampicillin, allowing its quantitative 
determination. 
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Fig. 4. Nyquist spectra of 10 mM [Fe(CN)6]3-/4- in PBS registered at bare 
GCE (dncem), modified with phenyl acetic acid (tgf), modified with the 

aptamer (itggp), modified with the aptamer and incubated with ampicillin 
(dnwg) 

B. Modification of the C-SPE 

The modification of the C-SPE was performed using a 
HAuCl4 solution. The deposition of gold nanoparticles at 
the surface of the electrode was done by performing 10 
cycles of CV between -0.2 V and 1.2 V, allowing the for-
mation of a homogenous layer of gold, hence the stabilisa-
tion of the electrochemical signal after the 7th cycle (Figure 
5). 

The electrochemical reduction of HAuCl4 leads to the 
formation of Au nanoparticles at the surface of the elec-
trode, which enable the electron transfer, leading to a pro-
nounced decrease of charge transfer resistance (Figure 6). 
The presence of the Au layer at the electrode surface allows 
a simple way of immobilization of the ampicillin-selective 
aptamer that contains a thiol group: an incubation with a 
solution of the aptamer leads to a strong attachment of the 
aptamer at the surface, with the formation of a self-
assembled monolayer.  

 
Fig. 5. 10 cycles of CV on 60 μL solution of 0.6 mM HAuCl4 in 0.5 M 

H2SO4 using a C-SPE, Scan rate 0.1 V s-1. 
This incubation step was optimized, using EIS measure-

ments as an indicator of the amount of linked aptamer (Ta-
ble 1).  
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Table 1. Aptamer incubation time optimization 

Crvcogt"kpewdcvkqp"vkog"
*okp+"

Tev"*Ω+"

30 77.3 
80 105.45 

1200 132.15 

The Rct increases with the incubation time, showing that 
more aptamer was immobilized, but the small difference 
between 30 min and 20 h, combined with the need for short 
procedure, suggests that 30 min are enough for this step. 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Nyquist spectra of 10 mM [Fe(CN)6]3-/4- in PBS registered at C-SPE 
(dncem), modified with Au-NPs (tgf), modified with the aptamer (itggp), 

modified with the aptamer and incubated with ampicillin (dnwg) 

After the incubation with the ampicillin solution, the Rct 
increases, this increase being used for the quantification of 
ampicillin. The EIS experiments after different incubation 
times (Table 2) show that the interaction aptamer-ampicillin 
occurs quickly, 30 min incubation being enough. 

 Table 2. Optimization of the incubation time with ampicillin 

Corkeknnkp"kpewdcvkqp"vkog"
*okp+"

Tev"*Ω+"

30 130 
1440 215.5 

For both types of the aptasensor, a change in the EIS sig-
nal occurs after ampicillin incubation, which could be used 
for ampicillin detection. In the case of the sensor obtained 
by linking the aptamer containing an amino group a greater 
difference in the EIS signal was obtained after ampicillin 
incubation compared to the difference in the EIS signal in 
the case of the immobilization of the thiol-containing ap-
tamer. This suggests a better sensitivity for the first modifi-
cation method, but the second method presents the ad-
vantage of fewer steps in the modification process. 

IV. CONCLUSIONS  

An electrochemical, label-free aptasensor for the detec-
tion of ampicillin was developed.  

Two different strategies for the immobilization of the 
ampicillin-selective aptamer have been employed and char-
acterized by EIS: by linking the aptamer containing an ami-
no group through an amide bond and by incubating the 
aptamer containing a thiol group on a gold electrode, lead-
ing to a self-assembling layer of the aptamer. The developed 
aptasensors presented good affinity for ampicillin. 
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I. INTRODUCTION  

Surface biomedical electrodes are used in various forms 
in a wide range of biomedical applications: detection of 
bioelectric events such as the electrocardiogram (ECG), 
application of therapeutic impulses to the body transcutane-
ous electrical nerve stimulation (TENS), application of 
electrical potentials for transdermal delivery of ionized 
molecules and systemic therapeutic effect (iontophoresis), 
and electrical bioimpedance characterization of body tissues 
[1]. 

In applications such as human body's electrical imped-
ance monitoring we inject small currents or voltages into 
the body and record the resultant voltages or currents. The 
electrical properties of the body segment can then be calcu-
lated. In many of these applications, the magnitude and 
mismatch of contact impedances can give rise to significant 
errors or artifacts [2]. As relatively high frequencies are 
often involved in these techniques, even the series re-
sistance of the gel pad (which is generally ignored) may 
become significant [2]. Because we are interested in the 
measurement of the skin impedance, we verify in this paper 
if the commercially available ECG electrodes are adequate 
for this purpose. 

II. EXPERIMENTAL METHOD 

The electrical measurements for impedance spectroscopy 
are commonly performed using sinusoidal currents over a 
large frequency range (e.g. 1Hz to 1MHz) [1]. The experi-
mental data are fitted using electrical models or empirical 
formulas. The electrical models are combinations of electri-

cal resistances and capacitances. Behind these electrical 
components are physical mechanisms that generate the 
interesting electrical behavior of the sample versus frequen-
cy. 

An alternative approach for doing impedance spectrosco-
py uses square-wave electrical pulses to measure the electri-
cal properties of the material [3]. This time-domain analysis 
has the advantage of being able to measure in a single shot 
the frequency characteristics of the sample impedance. This 
method is well suited for observing impedances which 
change rapidly in time, and it allows for a more direct and 
explicit link between the measured quantities (voltages and 
currents) and the attributed electrical quantities (electrical 
components, resistances and capacitances).  

 
Fig. 1 The experimental arrangement for measuring the two identical ECG 
electrodes E1,2 glued together (equivalent circuit: series resistances, Rs1,s2, 

parallel resistances, Rp1,p2, gel resistance Rg and capacities, Cp1,p2), in series 
with a calibrated resistance R=10 kΩ. 

Figure 1 presents the experimental arrangement used to 
measure two identical ECG electrodes glued together by 
their adhesive part. A digital oscilloscope (Picoscope 2206 
A) generates the square wave signal (U=1V, f=5, 500, 5000 
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Hz) and measures the voltage on the electrodes and on a 
calibrated resistance Rc=10 kΩ, in series with them for 
determining the electrical current through circuit. The digi-
tal oscilloscope is controlled through a USB link with a 
computer that displays the waveforms. 

Before each measurement, the electrodes were short-
circuited to avoid parasite charges on electrodes capacitanc-
es. The ECG electrodes tested were: Clinical S55, 3M 2228, 
and Medi-Trace 210. 

III. MODEL AND DATA ANALYSIS 

Due to the fact that the calibrated resistance Rc=10 kΩ is 
much greater than the electrodes impedance, the electrical 
current through circuit is practically constant. The equiva-
lent circuit model for electrodes [2] has a resistance Rs in 
series with one or more groups of a parallel resistance Ri 
with a capacitor Ci (i=1, 2, 3). When the square wave signal 
change polarity, the current through circuit changes practi-
cally instantaneous with ∆I=2I and so arises a voltage jump 
(vertical variation of voltage): ∆U=Uup−Udown=∆I Rs, where 
Uup is the upper limit of the voltage jump and Udown is the 
lower limit (see Fig.2). This voltage jump is sustained only 
by the series resistance because the other voltages belong to 
the capacities in the circuit and cannot change so fast. Thus, 
the series resistance Rs may be easily computed as: 

 Rs = ∆U/(2I) (1) 

 
Fig. 2 The oscilloscope's signal (20ms/div.) from Clinical electrodes glued 

together (red line with voltage jump marked, 10mV/div.) and from  
calibrated resistance (blue line, 0.4V/div.) at 5 Hz excitation signal. 

The solutions for the system of Kirchhoff equations for 
this circuit are those from [4]. The important difference 
from [4] is that the applied signal is a biphasic square wave 
and the "initial" condition is now a condition for periodicity 
(i.e. the voltages across capacities are identical in absolute 
value at the beginning and at the end of a semiperiod, but 
with a different sign):  

 Ii(t=0) = −Ii(t=T/2) (2) 

where Ii is the current through parallel resistance Ri, and T 
is the period of the applied signal. As a consequence, the 
voltage across electrodes is modeled by: 

 U(t) = IRs+I∑iRi + ∑iAi∙exp(–t/τi) (3) 

where: 

 Ai = −2IRi /[1+exp(−T/(2∙τi))] (4) 

 τi = Ri ∙ Ci. (5) 

The amplitudes, Ai, and time constants, τi, are found by 
fitting the measured voltage across the electrodes with the 
function: y0 + ∑Aie^(-x/ti) with 1, 2 or 3 time constants. 
Taking into account that the current through circuit is 
known: I= Uapp/Rc = 1V/10kΩ = 0.1mA, the electrical com-
ponents of the model can be computed from the above equa-
tions as: 

 Ri = −Ai∙[1+exp(−T/(2∙τi))] / (2I) (6) 

 Ci = τi / Ri. (7) 

 Rs = y0/I −∑Ri. (8) 

IV. RESULTS 

The series resistance from the equivalent circuit for 2 
electrodes glued together by their adhesive part was calcu-
lated with relation (1) for the three types of electrodes at the 
proposed frequencies. The found values were very stable, 
with differences between series resistance values at different 
frequencies < 1 Ω, usually, with the exception of only one 
case in which a difference of 7.8 Ω have been seen, see 
Table 1, for average value between 34 and 76 Ω. 

Table 1 The series resistances for two identical ECG electrodes glued 
together by their adhesive part at 3 test frequencies. 

Electrode Test condition Series resistance Rs(Ω) 
Clinical S55 5 Hz (T=200 ms) 58.2 
 500 Hz (T=2 ms) 59.8 
 5000 Hz (T=0.2 ms) 59.7 
 average value 59.2 
3M 2228 5 Hz (T=200 ms) 77 
 500 Hz (T=2 ms) 76.5 
 5000 Hz (T=0.2 ms) 75.4 
 average value 76.3 
Medi-Trace 210 5 Hz (T=200 ms) 31.5 
 500 Hz (T=2 ms) 31.5 
 5000 Hz (T=0.2 ms) 39.3 
 average value 34.1 
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Between two consecutive jumps of the voltage across the 
electrodes, the data were fitted by a generic function: y0 + 
∑Aie^(-x/ti) with 1, 2 or 3 time constants, using Origin Pro  
software and monitoring the coefficient of determination R². 
For 3 time constants the fitting procedure has instabilities 
for some data, a phenomenon known in the literature [5].  

In spite of a large coefficient of determination (usually 
R²>0.99), especially for 5 Hz measurements, plotting the fit 
in a logarithmic time scale reveals large and systematic 
deviations between experimental data and calculated values 
at small values of time (<5ms) for a 1 time constant proce-
dure, but not for 2 time constants procedure, see Fig. 3.  

 . 

 
Fig. 3 The results for data analysis with Origin software for 1 time constant 

(up) and 2 time constants (bottom) for Clinical electrodes at 5 Hz  
(black-experimental data, red-calculated). 

Hence, we concluded that a model with 2 time constants 
can be enough for describing the electrical behavior of the 
electrodes. The amplitudes and time constants obtained by 
fitting procedure using Origin software for data from 5 Hz 
measurements are displayed in Table 2. 

Table 2 The amplitudes, A, and the time constants, T, for two identical 
ECG electrodes glued together by their adhesive part obtained from fitting 

procedure for 3 types of electrodes measured with 5 Hz square wave. 

Electrode Clinical S55 3M 2228 Medi-Trace 210 
R² 1 time constant 0.995 0.992 0.986 
y0(mV) 30.3 35.8 16.9 
−A(mV) 39.1 42.9 23.6 
T (ms) 50.6 37.2 60.6 
R² 2 time constants 0.999 0.998 0.989 
y0(mV) 36.3 41.3 32.0 
−A1(mV) 41.0 40.7 34.4 
T1(ms) 74.5 58.3 168 
−A2(mV) 7.90 13.1 5.47 
T2(ms) 5.53 6.36 11.8 

The lumped electrical components of the model were 
computed with equations (6) and (7), and displayed in Table 
3, for 5 Hz measurements. The total resistance Rtot= Rs+Rp 
was calculated as Rtot(Ω)=y0(mV)/I(mA). 

Table 3 The parallel resistances and capacitances of two identical ECG 
electrodes glued together by their adhesive part for 3 types of electrodes 

measured with 5 Hz square wave. 

Electrode Clinical S55 3M 2228 Medi-Trace 210 
R² 1 time constant 0.995 0.992 0.986 
Rtot(Ω)) 303 358 169 
Rp(Ω) 223 229 141 
Cp(μF) 227 162 431 
R² 2 time constants 0.999 0.998 0.989 
Rtot(Ω) 363 413 320 
R1(Ω) 259 240 267 
C1(μF) 288 243 629 
R2(Ω) 39.5 65.5 27.4 
C2(μF) 140 97.1 432 

It is important to say that the characteristic values (re-
sistances and capacitances) for a single electrode can be 
obtained from the tabulated data dividing by 2 the tabulated 
resistances and multiplying by 2 the tabulated capacities, 
because of the series arrangement of the electrodes, see Fig. 
1. 

V. CONCLUSIONS 

The choice of electrodes for electrical measurements in-
fluences to a great extent the signals that are measured and 
because of that it is important to find the best-suited elec-
trode for the intended use [6]. We have tested ECG elec-
trodes because the silver-silver chloride electrodes tend to 
have very low interface impedances [7] and have been 
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shown to be particularly stable and resistant to noise [2], 
useful properties for bioimpedance measurements. 

The electrical behavior of the electrodes is usually de-
scribed by a model with a series resistance and a resistance 
in parallel with a capacitance or a constant phase element 
[2, 6-9]. We have chosen a capacitance, instead of a con-
stant phase element because it describes well enough our 
experimental data. 

Our results have shown that a square wave test signal can 
be used to quickly determine the electrical behavior of the 
electrodes. This method provides fast and stable results for 
the series resistance, Rs, over a large spectrum of frequen-
cies. Worth mentioning that the main factor affecting the 
bioimpedance measurements is the series resistance. 

We showed here that the ECG electrodes, usually used to 
detect bioelectric events (electrocardiogram) can be used to 
measure the impedance of body tissues. 
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I. INTRODUCTION  

The electrical stimulation of the human body is a medical 
tool for investigation, diagnosis and treatment [1], especial-
ly transcutaneous electrical stimulation − with electrodes 
applied on the skin. The skin-electrode impedance has a 
direct influence on the investigated parameters values or on 
the treatment outcome. 

The models of the skin-electrode interface are mainly de-
scriptive models based on electrical resistive-capacitive 
circuits or on constant phase elements (Cole's empirical 
formula) [1]. These models are used on experimental data 
obtained with sinusoidal low amplitudes currents (or volt-
ages) of various frequencies (usually spread over several 
decades). An alternative measurement uses square wave 
stimuli, with the advantage that it is closer to the real stimuli 
used on applications and it is a faster measurement [2-4]. 
This type of measurement is better adapted to study nonlin-
earities associated with larger signals (currents or voltages) 
applied to the skin [5-6]. 

In spite of a large palette of applications that use voltages 
greater than 1V and consequently are in the nonlinear re-
gime of the skin [2, 7], there are few studies on the nonline-
ar regime of the skin, with the exception of the very large 
voltages where the electroporation phenomenon arises [8]. 

In this paper we focus on lumped parameter models for 
the nonlinear electrical properties of the skin, with an ex-
planatory flavor, since a better understanding of the physi-
cal processes acting within the skin-electrode system is a 
key factor for development of new devices. We begin with a 
review of what we consider to be the main landmarks in the 
field of skin's electrical nonlinearity, then discuss the pores 
conduction as an explanation for nonlinearity below few 

tens of volts and the role of current-voltage characteristic in 
detecting main mechanisms that shape it. 

II. LANDMARKS FOR NONLINEAR SKIN RESPONSE 

In 1963 Stephens [9] describes an in vivo experiment 
with a 7 cm² active liquid electrode and a 20 cm² pad coun-
ter (reference) electrode, on the front and back of the fore-
arm, respectively, and a d.c. or square-wave stimulus (10-
600 Hz). The voltage across the skin was measured between 
a probe electrode in the electrolyte and a 3 cm diameter pad 
electrode placed near the liquid electrode on the skin. He 
found 2 components in the nonlinearity of the skin re-
sistance: a slow fall in skin resistance dependent on electri-
cal charge passed and a fast resistance fall (without time-
lag) modeled as a fixed capacity shunted by a nonlinear 
resistance. 

In 1970 Lykken [2] made an in vivo square-wave analy-
sis of skin impedance using active electrodes (0.7 to 10 cm² 
area) with or without a drilled reference electrode. He ap-
plied a square-wave voltage to electrodes in series with a 
100 Ω resistance. An oscilloscope monitored the voltage 
drop on 100 Ω resistance, hence the current through the 
circuit. Watching the influence of electrode area on model's 
parameters of the skin-electrode interface (Rs− series re-
sistance, Rp− parallel resistace and C− capacitance) Lykken 
showed that the series resistance of the model contains 2 
area dependent resistances (one for each electrode) and an 
area independent resistance (common resistance of the body 
core from electrode-to-electrode, ~500 Ω). Removal of the 
stratum corneum eliminates the parallel resistive and ca-
pacitative elements, and slightly reduces the series re-
sistance (~30%), indicating that Rp and C belong to the 
stratum corneum, but the area dependent part of Rs has at 
least 2 anatomically distinct components: one in stratum 
corneum and other beneath it but yet close enough to the 
surface so that its conductivity varies directly with electrode 
area. The nonlinearity of the skin manifests into the parallel 
resistance, Rp, that held reasonably constant for pulses of 
0.2 to 2 V, but decreased sharply above 2 V for all subjects. 

In 1981 Yamamoto and Yamamoto studied skin's electri-
cal nonlinearity [7] at low frequencies (0.01 Hz to several 
kHz) with a 3-electrode technique. Experiments were per-
formed in vivo with a constant-current source and Ag-AgCl 
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electrodes (1 cm² discs) with Beckman paste (NaCl 18%) or 
PEG solution (polyethylene glycol 91.6%, NaCl 0.9%, H2O 
7.5%,). They obtained lower impedance and more linearity 
with Beckman paste than PEG solution. They concluded 
that a linear range exists (where the current dependency 
disappears) when the current is extremely small, but a point 
boundary value can not be unconditionally determined. 
Worth mentioning the asymmetry of their Lissajous figures 
for positive-negative currents and the electrical breakdown 
of the skin for very low frequencies (0.01 Hz) and negative 
currents. 

In 1989 Kaczmarek and Webster [10] describe an in vivo 
experiment with a conductive rubber belt which encircles 
the abdomen (moistened with tap water before the experi-
ment) as reference electrode and 5.5 mm gold-plated active 
electrode, powered by current pulses (0.4 ms, 1-25 mA). 
They found that the static resistance (R = steady-state elec-
trode voltage near the end of the current pulse / current i) 
can be modeled by a series ohmic resistance (Ro) and two 
parallel resistances, an ohmic one (Rp) and a nonlinear one 
(Rv= RpIo/i) depending on current i (R=Ro+(Rp||Rv)). 

In 1990 Kasting and Bowman [11, 12] describe ex vivo 
measurements for human allograft skin (0.7 cm² both sides 
immersed in a saline buffer) with short bursts (~20s) of 
direct current of alternating polarity (0 to ±10 μA in 2μA 
steps, 0 to ±50 μA in 10μA steps, and 0 to ±250 μA in 50μA 
steps). Their U-j curves (j-current density) were "satisfacto-
rily described" by the relationship U = (4aRT/F) sinh−1(bj), 
where a and b are adjustable parameters; a is equal to the 
number of barriers within the membrane which each ion 
must cross and b is the sum of the rate constants for travers-
ing the barrier (the authors consider the equation "as a phe-
nomenological means of characterizing the data" [11]). 
They report that the measured voltage was quite stable after 
5-10 s for the ±10 μA current range, but for larger currents 
rather than waiting to achieve stable potential readings (tens 
of minutes per reading), they chose to record the potential 
after 15-20 s. Their graphical tool of voltage versus loga-
rithm of the current density is a very cogent argument for 
the correctness of their formula. For long time effects and 
mathematical models describing iontophoretic transport 
through skin barrier see Gratieri and Kalia review [13]. 

In 1997 Craane-van Hinsberg et al. experimented in vitro 
on stratum corneum (SC) samples (0.79 cm² area for current 
transport), exposed to current densities from 0.013 to 13 
mA/cm², applied as square-wave pulse (5ms positive, 5ms 
current off, 5ms negative, 5ms current off and repeat) [14, 
15]. The falling parts of the voltage waves were "satisfacto-
rily modeled" (R²≥0.99) by a series connection of two R||C-
circuits. For 0.013 mA/cm² the values of R and C remain 
constant for long times (up to 1h), but for larger current 
densities the resistances decrease and the capacitances in-

crease. For shorter times (10 μs between voltage samples) 
the resistances decrease and the capacities increase with the 
increase of the current density. They concluded that the 
electrical field change the ordering of the intercellular lipid 
lamellae. This aspect is sustained by the thermal behavior of 
skin impedance [14]: a ~10°C lowering of the transition 
point where a sudden drop in resistance arises with the ris-
ing current density, and by the structural changes of the 
intercellular lipid lamellae detected with X-ray diffracto-
grams and electron microscopy on freeze-fracture replicas 
[15]. They calculated an activation energy (from an Arrhe-
nius plot of the natural logarithm of the conductance versus 
the inverse of the absolute temperature) that strongly de-
creases with current density rise. After chloroform-
methanol lipid extraction, stratum corneum was character-
ized by a single RC circuit. The resistance of extracted 
stratum corneum was <1% of the original pre-extraction 
value, which indicates that the resistance of stratum 
corneum is mainly determined by the intercellular lipids. 

In 1999 Dorgan and Reilly proposed a mathematical 
model for the electrical impedance of human skin [16] dur-
ing surface functional neuromuscular stimulation. It consist 
of the parallel arrangement of a constant linear capacitor 
with a nonlinear time-dependent resistor, Rp, in series with a 
constant linear resistor, i.e. the common model for skin, but 
Rp is modeled by a modified form of the Hodgkin-Huxley 
equations to take into account the memory effect (slow 
variation of skin impedance) and fast variation of skin im-
pedance. The model has 15 simulation parameters, a little 
too much for the taste of an experimenter, but worth men-
tioning that the nonlinear conductance, 1/Rp, contains a term 
proportional with the injected current. 

III. RECENT FINDINGS AND AN EXPLANATION 

In 2014, Bîrlea et al. [5] used a typical neuromuscular 
electrical stimulation signal (square wave constant voltage 
pulses) to study changes in the electrical properties of the 
skin-electrode interface during a week-long stimulation 
program. The skin-electrode system was modeled with a 
series and parallel resistances and a capacitance. From the 
acquired data it was found a strong inverse relation between 
the parallel resistance and minimum current: Rp=R1+U1/Imin 
(with a coefficient of determination R² = 0.94) and between 
the series resistance and peak current: Rs=R2+U2/Imax (with 
a coefficient of determination R² = 0.95). Here R1, U1, R2, 
U2 are parameters found from the experimental data. These 
statistical correlations arise from all the data of 14 different 
subjects, on 7 consecutive days, in 30 minutes sessions, i.e. 
the correlations are not limited to the data of a single subject 
or session, but works globally. 
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In 2015, Luna et al. [6] published a thorough paper fo-
cused on building a model of the skin-electrode interface for 
transcutaneous electrical stimulation with current or voltage 
controlled impulses. They found experimentally a linear 
increase of the parallel conductance Gp (1/Rp) with current 
amplitude (for voltage-controlled stimulation the current at 
steady state was used as reference, i.e. Imin). Their model 
contains the series and parallel resistances and a capaci-
tance. The parallel resistance, Rp=Re+Ro, includes the non-
linear effects related to instantaneous variations described 
by Re=1/(aI(t)+b), due to electroporation, as a current-
dependent phenomenon, and the nonlinear effects related to 
slow changes (as a charge-dependent phenomenon, presum-
ably electro-osmotic) described by Ro=Roi below the thresh-
old qth, and Ro=Roi∙Aa'/(Aa'+q−qth) for charges above the 
threshold. Here A is electrode area and a, b, a' are parame-
ters to be determined from the data. The coefficient of de-
termination, R², was around 0.99 in a simulation using the 
proposed dynamic model for both stimulation types.  

Birlea and Birlea [17] provide a simple explanation for 
the nonlinearity and the asymmetry of the current-voltage 
characteristic of a pore in a membrane, using a Nernst-
Planck model and usual approximations from electro-
poration theory [18, 19]. They found a quasi-ohmic, slow 
rising linear current at low voltages, a nonlinear region at 
intermediate voltages, and a non-ohmic, fast rising linear 
current at large voltages. The asymptotic behavior of the 
current-voltage relation for a triangular profile of the poten-
tial energy inside the pore is: 

 j=u−w/r   for u>>1 (1) 

 j=uw/(ew −1)   for u<<1 (2) 

with u=qU/(kT) as dimensionless transmembrane potential 
and j= JL/(cqD) as dimensionless current density, where U 
is the voltage applied to a pore of length L, c, ionic concen-
tration; k, Boltzmann constant, T, absolute temperature, q, 
elementary charge, r = d/L with d the length of the pore 
domain where the potential energy varies from 0 to maxi-
mum value W, w=W/(kT) dimensionless energy barrier 
height, and J is the current density (I/S=current /pore section 
area). 

Taking into account Einstein's relation between diffusion 
coefficient D and electrical mobility of the ions, μ= qD/(kT) 
and the electrical conductivity of the electrolyte σ = cqμ, the 
asymptotic relation between U and J for U>>kT/q is: 

 J = σ [U−W/(qr)]/L = σ [(U/L)−W/(qd)] (3) 

 J = σ (U / L) w/(ew −1)   for U<<kT/q: (4) 

For small voltages the pore has an ohmic behavior, the 
equivalent resistence of electrolyte filled pore multiplied by 
a factor dependent on the energy barrier height w= W/(kT):  

 R=[L/(σS)]∙[(ew−1)/w] (5) 

The maximum energy barrier height W, is related to the 
pore radius ρ by a simple relation [19]: W= kT∙5(nm)/ρ(nm). 

Because the human body temperature is 37°C, the ther-
mal potential, kT/q, is 26.7 mV, hence the pore voltage drop 
can easily attain the high voltage regime (U>>kT/q or U ≥ 4 
kT/q ≈ 0.1V) and the asymptotic relation seems more useful 
than the complete formula of the current-voltage for pore's 
electrical behavior. The relation (3) for large voltages shows 
that the current through a pore is determined by the differ-
ence between the external applied field (U/L) and an inter-
nal electrical field (W/(qd)) created by the energy gradient at 
the pore entrance (W/d). Rewriting equation (3) as a formula 
for voltage U: 

 U = [I/(Sσ) + W/(qd)]∙L (6) 

we can calculate the resistance of the pore of length L and 
section aria S, as a simple ratio between voltage and current: 

 
Iqd

LW

S

L

I

U
R  (7) 

The pore resistance (7) has 2 components, the resistance 
of the electrolyte inside the pore (ohmic) and a nonlinear 
resistance inversely proportional with the injected current. 
Connecting in series N pores lead to summing N voltages as 
(6) thus total voltage has a current proportional part (ohmic) 
and a current independent part, NLW/(qd), that generates a 
nonlinear resistance inversely proportional with the current.  

We propose such a model as a first approximation of the 
stratum corneum electrical behavior. In this context a thick 
stratum corneum (palms) with many layers of corneocytes 
(~N) has a larger voltage threshold (NLW/(qd)) between low 
and high voltage regimes, than a thin one, with few layers 
(eyelids, face, lips). Also computing the dynamic resistance, 
dU/dI, instead of a static resistance, seems more appropriate 
for the nonlinear U-I characteristic. In our case the dynamic 
resistance of the pore is constant (resistance of electrolyte 
filled pore) at larger voltages than threshold: 

 Rdy = dU/dI = L/(σS) (8) 

This fact is consistent with Pliquett et al. findings [20] 
that no changes were observed in dynamic resistance Rdy for 
voltages below 40 V across stratum corneum, only voltages 
in the region 40-90 V cause dramatic and usually reversible 
changes of the dynamic resistance due to electroporation. 

IV. CONCLUSIONS  

The skin's electrical properties can be described by a 
lumped parameter model with a series resistor (Rs) and a 
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parallel combination of a resistor (Rp) and a capacitor (C). 
The nonlinearities experimentally found belong to stratum 
corneum and are modeled by the parallel resistance (Rp) as a 
linear dependence on current of the conductance (1/Rp). 

To build a model for the nonlinear parallel resistance, Rp, 
we propose to begin with the current-voltage response of 
the skin, because current and voltage are the directly meas-
ured quantities. A constant dynamic resistance (dU/dI) at 
voltages above 1V [2] indicates that nonlinearity is due to 
ionic conduction through pores [17], and a further decrease 
in dynamic resistance at voltages above 40V [20] indicates 
the appearance of electroporation, see Fig.1. The numerical 
values are for a single skin-electrode interface. 

Lumped parameter models for the skin-electrode inter-
face are intuitive and easy to use. To elaborate such nonlin-
ear electrical model for the skin the starting point should be 
the skin's current-voltage response. 

 
Fig. 1 A schematic current-voltage response of the skin (black line) and the 

dynamic resistance behavior (dU/dI, red line, with 2 plateaus below and 
above a threshold voltage), emphasizing the regions for pore conduction 

and electroporation. 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

REFERENCES 

1. Grimnes S, Martinsen Ø G, (2015) Bioimpedance and bioelectric-
ity basics. 3rd ed., Academic Press. London 

2. Lykken DT (1970) Square-wave analysis of skin impedance. Psy-
chophysiology 7(2):262-275. 

3. van Boxtel A. (1977) Skin resistance during square-wave electri-
cal pulses of 1 to 10 mA. Med. Biol. Eng. Comput. 15(6) 679-
657. 

4. Yamamoto Y, Isshiki H, Nakamura T. (1996). Instantaneous 
measurement of electrical parameters in a palm during electro-
dermal activity. IEEE Trans. Instrum. Meas. 45(2), 483-487. 

5. Bîrlea S I, Breen P P, Corley G J, Bîrlea N M, Quondamatteo F, 
ÓLaighin G. (2014). Changes in the electrical properties of the 
electrode–skin–underlying tissue composite during a week-long 
programme of neuromuscular electrical stimulation. Physiol. 
Meas. 35(2), 231. 

6. Luna JLV, Krenn M, Ramírez JAC, Mayr W (2015) Dynamic im-
pedance model of the skin-electrode interface for transcutaneous 
electrical stimulation. PLoS One. 10(5), e0125609. doi: 
10.1371/journal.pone.0125609. 

7. Yamamoto T, Yamamoto Y. (1981) Non-linear electrical proper-
ties of skin in the low frequency range, Med. Biol. Eng. Comput. 
19(3) 302-310. 

8. Chizmadzhev Y A, Zarnitsin V G, Weaver J C, Potts R O. (1995). 
Mechanism of electroinduced ionic species transport through a 
multilamellar lipid system. Biophys. J. 68(3), 749-765. 

9. Stephens W G S (1963) The current-voltage relationship in hu-
man skin. Med. Electron. Biol. Eng. 1(3), 389-399. 

10. Kaczmarek K A, Webster J G. (1989). Voltage-current character-
istics of the electrotactile skin-electrode interface. In Proc. Annu. 
Int. Conf. IEEE Eng. Med. Biol. Soc (Vol. 11, pp. 1526-1527). 
Seattle, WA: IEEE. 

11. Kasting G B, Bowman L A. (1990). DC electrical properties of 
frozen, excised human skin. Pharm. Res. 7(2), 134-143. 

12. Kasting G B, Bowman L A. (1990). Electrical analysis of fresh, 
excised human skin: a comparison with frozen skin. Pharm. Res. 
7(11), 1141-1146. 

13. Gratieri T, Kalia YN (2013) Mathematical models to describe ion-
tophoretic transport in vitro and in vivo and the effect of current 
application on the skin barrier. Adv. Drug Delivery Rev., 65(2), 
315-329. 

14. Craane-van Hinsberg W H M, Verhoef J C, Junginger H E, Bodde 
H E. (1997). Electroperturbation of the human skin barrier in vitro 
(I): the influence of current density on the thermal behaviour of 
skin impedance. Eur. J. Pharm. Biopharm. 43(1), 43-50. 

15. Craane-van Hinsberg W H M, et al. (1997) Electroperturbation of 
the human skin barrier in vitro: II. Effects on stratum corneum li-
pid ordering and ultrastructure. Microsc. Res. Tech. 37(3) 200-
213. 

16. Dorgan S J, Reilly R B. (1999). A model for human skin imped-
ance during surface functional neuromuscular stimulation. IEEE 
Trans. Rehabil. Eng. 7(3), 341-348. 

17. Birlea M, Birlea S I (2012) The current-voltage relation of a pore 
and its asymptotic behavior in a Nernst-Planck model. Journal of 
Electrical Bioimpedance, 3(1), 36-41. 

18. DeBruin KA, Krassowska W. (1999) Modeling electroporation in 
a single cell. II. Effects of ionic concentrations. Biophys. J. 
77(3):1225-33. doi: 10.1016/S0006-3495(99)76974-2 

19. Glaser RW, Leikin SL, Chernomordik LV, Pastushenko VF, 
Sokirko AI. (1988) Reversible electrical breakdown of lipid bi-
layers: formation and evolution of pores. Biochim. Biophys. Acta, 
Biomembr. 940(2):275-87.  

20. Pliquett U, Langer R, Weaver J C (1995) Changes in the passive 
electrical properties of human stratum corneum due to electro-
poration. Biochim. Biophys. Acta, Biomembr. 1239(2), 111-121. 

Author: Nicolae-Marius Bîrlea 
Institute: Technical University of Cluj-Napoca 
Street: Daicoviciu 15 
City: Cluj-Napoca 
Country: Romania 
Email: mbirlea@phys.utcluj.ro  

 
 
 
 

 

 IFMBE Proceedings Vol. 59  
   

118 N.M. Bîrlea, S.I. Bîrlea, and E. Culea



Abstract—"Oquv"uvwfkgu"tgncvgf"vq"vjg"kpxguvkicvkqp"qh"rtgi/
pcpv"yqogp"rquvwtcn"dcncpeg"cpf"uvcdknkv{"ctg"uvcvkuvke"cpcn{/
uku" rgthqtogf" wrqp" c" ugv" qh" pqtocn"ygkijv" uwdlgevu."ykvj" pq"
tkum"hcevqt"tgictfkpi"vjgkt"rtgipcpe{0"Vjg"cwvjqtu"fgekfgf"vq"
oqpkvqt"c"oqtg"eqornkecvgf"ecug"uvctvkpi"htqo"vjg"hktuv"yggmu"
qh" rtgipcpe{"wpvkn" vjg" ncuv" qpgu." d{"fgvgtokpkpi" vjg" rquvwtcn"
uvcdknkv{" fwtkpi" uvcpeg." cpf" rncpvct" rtguuwtg" fwtkpi" pqtocn"
ickv0"Vjg"uwdlgev" ku"qxgt"57"cpf"qxgtygkijv."ogcpkpi"vjcv"ujg"
kpxqnxgu"oqtg"tkumu"vjcp"qvjgt"rgtuqpu0"

Keywords—" qxgtygkijv." rtgipcpe{." dcug" qh" uwrrqtv." rqu/
vwtcn"dcncpeg."egpvgt"qh"rtguuwtg0"

I. INTRODUCTION  

It is a well-known fact that pregnancy is a normal physio-
logical state for most women; nevertheless it triggers some 
spectacular changes in the woman’s body starting with 
weight gain, edema, diminished joints mobility, altered 
posture and balance, also hormonal, cardiovascular and 
pulmonary changes. [1] 

Additionally, when some risk factors are involved even 
from the beginning of pregnancy, the situation should be 
carefully studied and monitored. There are several risk 
factors like: mother’s age, pre-pregnancy weight, health 
problems (diabetes, high blood pressure, HIV, etc.), multi-
ple pregnancy [2] but the ones of interest in our case study 
concern the age of the mother (over 35) and her overweight 
since before the pregnancy. 

Considering the fact that the weight gain during pregnan-
cy is usually between 9 and 14kg, sometimes even up to 
20kg, all located in the abdominal area, it becomes obvious 
that body posture adaptations are required in order to main-
tain stability and balance both during stance and during 
dynamic actions. [3] 

The term body posture is used to describe the orientation 
of a body segment relative to the gravitational force direc-
tion while balance refers to body posture dynamics that 
prevents the person from falling. [4] 

In order to maintain equilibrium the neural-muscular 
control system of the human body works to keep the COP 
(center of pressure – location of the projection of body cen-
ter of gravity) within the base of support (BOS – minimum 
area enclosing the feet’s contact with the ground). [4] 

Due to the increase of weight in the anterior part of the 
body during pregnancy, there is a certain risk of altering of 
COP’s position towards outside the BOS, leading to a grow-
ing risk of falling, [5] especially in the case of a preexistent 
overweight in the area. 

Even in normal situations it was determined that up to 
25% of the pregnant women sustain a fall [6] being thus 
exposed to complications or even pregnancy loss. 

Most studies are generally excluding extreme situations 
when the investigated subject is overweight already before 
pregnancy, like shown in [3]. For this reason our team de-
cided to investigate this particular situation, the results be-
ing applicable to other persons subjected to similar risk 
factors. 

II. MATERIALS AND METHODS 

The investigation was performed upon a 38 years old 
woman, height 167cm, mass at the beginning of pregnancy 
87kg (BMI = 31,2kg/m2 – obese class I) and mass towards 
the end of pregnancy 99kg (BMI = 35,5kg/m2 – obese class 
II). She was pregnant the second time and had an increased 
weight following the first pregnancy and due to an un-
healthy nutrition and lack of physical activity. 

The subject was tested two times: first time when she 
was 6 weeks pregnant and second time, 36 weeks pregnant, 
that is during the first trimester and during the third tri-
mester, wearing different shoes that were comfortable for 
her at that time (heels between 2cm and 3cm high). 

The subject was investigated in the morning, around 10 
o’clock each time. She was instructed to assume three types 
of BOS (small, intermediate and large) and maintain a re-
laxed standing position with eyes directed straightforward, 
arms along the body for 30s. For each type of BOS, there 
were three measurements performed in order to obtain as 
accurate as possible results. 

The experimental setup consisted of a force platform 
(Kistler) (fig.1) connected to a PC by means of an AC/DC 
converter. Bioware software was used for data processing. 

Each session of measurements started with the force plat-
form calibration, which also provided the exact weight of 
the subject at the investigation moment, allowing the deter-
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mination of body mass and BMI in order to be able to estab-
lish the obesity class of the subject. 

 
Fig.1 Kistler force platform 

The subject is presented while assuming small BOS after 
six weeks of pregnancy (fig.2) and intermediate BOS after 
36 weeks of pregnancy (fig.3). 

 
 

Fig.2 Small BOS 6 weeks  

Fig.3 Intermediate BOS 36 weeks 

In order to perform the dynamic testing, Kistler platform 
was used in dynamical conditions. The assembly used for 
measurement involves besides the Kistler platform, two 
covered wooden platforms having the role of damping the 
difference of level between the plate and the floor and also a 
buffer material. So the subject will step naturally on the 
plate from the wooden platform without being influenced of 
the gap. 

The subject was instructed to step across the platform 
three times with the right foot and three times with the left 
in normal gait.(fig.4 and 5). 

 
 

Fig.4 Normal gait at 6 weeks 

 
Fig.5 Normal gait at 36 weeks 

She was instructed to start walking a few steps before 
coming in contact with the force platform in order to cap-
ture the regular allure of the gait and was tested at 6 weeks 
and 36 weeks pregnancy. 

III. RESULTS AND DISCUSSIONS 

Using the dedicated Bioware software, several diagrams 
can be created based upon the experiments results. The most 
expressive results are given by the representations of the 
stability area, showing the positions of the vertical projec-
tions of the body center of gravity during stance for a 30s 
period of time, with different BOS. 

In fig.6 and 7, the stability area is shown for a small BOS 
determined at 6 weeks and respectively 36 weeks of preg-
nancy. 

By analyzing the diagrams it becomes obvious that there 
is an increased instability at 36 weeks, especially in the 
sagittal plane, due to the fact that a considerable weight 
developed in the anterior part of the trunk.  

 
Fig.6 Stability area at 6 weeks, small BOS 

 
Fig.7.Stability area at 36 weeks, small BOS 
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At 6 weeks, the stability was almost normal, as the body 
structure was already adapted to the existing overweight and 
managed to compensate the unbalance. The posture howev-
er is affecting the spinal cord normal position. 

For comparison, the stability area for both time periods is 
presented, this time in large BOS, which allows the subject 
a more secure and comfortable support area. The diagrams 
are shown in fig.8 and 9. 

 
Fig.8 Stability area at 6 weeks, large BOS 

 
Fig.9 Stability area at 36 weeks, large BOS 

The representations are showing the fact that stability is 
similar in large BOS, at 6 weeks and at 36 weeks, as a larg-
er base of support offers more safety by enlarging the area 
where the projection of the center of gravity could fall with-
out jeopardizing too much the subject’s balance. 

Viewing the statistics offered by the software, we found 
that the range of the projection of COG displacement on the 
axis Ox, that is anterior-posterior starts at 0,023m at 6 
weeks and increases to 0,047 at 36 weeks in small BOS, 
while the values for large BOS start at 0,013m at 6 weeks to 
0,015m at 36 weeks. The values on the axis Oy, expressing 
lateral balance are within a range of 0,027m at 6 weeks to 
0,056m at 36 weeks for small BOS, while for the large BOS 
the range values remain the same at 0,013m both for 6 and 
for 36 weeks. 

Another interesting parameter to present is the reaction 
force (Fz) in direct connection to the weight distribution on 
the support. The diagrams obtained for the force Fz are 
shown in fig.10-13, following the same conditions as for the 
stability area (small and large BOS, 6 weeks and 36 weeks 
pregnancy). 

It becomes obvious by analyzing fig. 10-11 that the val-
ues of the reaction force Fz are increased at 36 weeks, from 
an average of 864,5 kgf at 6 weeks to an average of 976,8 
kgf at 36 weeks. The values of the reaction force are not 

significantly different in small BOS or large BOS. Howev-
er, the force Fx on anterior-posterior direction shows in-
creased values in small BOS. 

 
Fig.10 Fz at 6 weeks small BOS 

 
Fig.11 Fz 36 weeks small BOS 

In dynamic stance, the representations of the forces on 
the axes Ox, Oy and Oz are shown in fig. 12 for 6 weeks 
and in fig.13 for 36 weeks of pregnancy. 

 
Fig. 12 Stepping with the right foot (6w) 

 
Fig. 13 Stepping with the right foot (36w) 

By analyzing the dynamic diagrams of the forces varia-
tions during the contact with the platform, the first thing 
that can be observed is the increase of the reaction force Fz, 
due to the fact that the subject gained weight. The duration 
of the contact is longer at 36 weeks as the subject becomes a 
little more cautious and walks with a little difficulty. The 
variation of the maximum value of the reaction force for the 
right foot is shown for comparison in fig.14. 
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Fig.14 Variation of Fz max 

Also the analysis of stability area, showing the projection 
of the COG on the ground during walking exhibits obvious 
changes in 36 weeks, the instability is pronounced due to 
the occurrence of some “wobbling” when the full contact of 
the foot with the ground takes place. 

 
Fig. 15 Stability area at 6w, right foot 

 
Fig.16 Stability area 36 w, right foot 

In order to be able to perform the comparison, in fig.15 
and 16, the stability areas are presented for 6 weeks and 36 
weeks pregnancy when stepping with the right foot. 

The lateral balance increases from approx. 0,04m at 6 
weeks to 0,135m at 36 weeks according to the software 
statistics. 

IV. CONCLUSIONS  

Though generally pregnancy is a normal physiological 
state that involves some changes of the woman’s body, 
there are situations when higher risk occurs due to several 
factors. Some of them are related to pre-pregnancy over-
weight and age over 35 years. These factors together with 
the postural changes, weight gain and balance difficulties 
might produce accidental falls leading to miscarriage or 
other problems. 

The methodology proposed by the paper shows in an ob-
jective and non-invasive manner, the way in which stability 

is affected in both static and dynamic conditions, raising 
awareness of the balance issues and increased demands 
upon the human body posture, in order to help future moth-
ers and the specialized medical staff to avoid accidents and 
even miscarriages due to falls during pregnancy. 

Our research shows that pre-pregnancy overweight is a 
risk factor in accidental loss of balance and even falls, thus 
supporting the recommendation that future mothers should 
carefully monitor their weight by adequate motion and 
healthy nutrition. 

Future researches will be carried out by the team on sev-
eral subjects, considering also the influence of different 
types of shoes, weight gain during pregnancy, age, previous 
illnesses, etc. and also develop a suitable mathematical 
model that could be adjusted according to the subject. 
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I. INTRODUCTION  

In our days the technology reaches a new level of        
improvement. Medicine is one of the largest areas who are 
dependent by evolution of technology. One of the biggest 
problems in hospitals is to monitoring persons, patients with 
chronic diseases, independent living seniors and the          
in-patients who have to be cared for in assisted living    
facilities. WSN technology could be used for monitoring 
vital signs of some patients on ambulatory, emergency 
rooms and post-operative care.  

Healthcare monitoring: the medical applications might be 
of two sorts: wearable and implanted. Wearable devices are 
applied to the body surface of the human or maybe at close 
proximity from the user. The implantable medical devices 
are the ones that are inserted inside your body. There are 
numerous other applications too e.g. body position meas-
urement of the person, overall monitoring of ill patients in 
hospitals and also at homes. [1] 

Researchers from different areas are working towards 
“smart healthcare” [2]. For instance, some applications are 
focused on continuous medical monitoring for degenerative 
diseases (Parkinson’s, Alzheimer’s) or other cognitive   
disorders. The “Code Blue” project at Harvard employs 
WSNs for medical applications in disasters, while other 
projects focus on high-bandwidth, sensor-rich environ-
ments. Another example of application in the Romanian 
area is presented in [3]. 

Using WSN technologies for smart healthcare provide 
some important features, like:  

- portability and unobtrusiveness. Very small devices 
gather data and communicate by wireless connection, net-
work setups can be carried out without fixed infrastructure; 

- ease of deployment and scalability. Devices can be used 
in large numbers with less complexity and cost compared to 
wired networks; 

- real-time and always-on. The continuously monitored 
data, (physiological and environmental) allow real-time 
response by workers in healthcare or emergency scenario (it 
can be accessed by using a centralized monitor); 

- reconfiguration and self-organization. The miss of 
wired connections allow removing or adding sensors which 
leads to instant reconfiguration of the network. [1] 
 The wireless technologies [4] differ in a number of di-
mensions, most notably in just how much bandwidth they 
provide and how far apart communicating nodes can be. 
Other important differences include the electromagnetic   
spectrums they choose and consumed power. The wireless 
technologies of interest for this type of application are: 
Bluetooth (802.15.1), ZigBee (802.15.4), Wi-Fi (802.11g), 
Wi-MAX (802.16), and 3G cellular wireless. Some details 
of the main features for these technologies can be found in 
[3] [4]. 

Our purpose was to implement a wireless system able to 
monitor some vital signs parameters of patients with chronic 
diseases or elderly persons and also make a real surveil-
lance. The system was implemented based on the ZigBee 
technology which provides some suitable features like: 
simplicity, flexibility and low cost. For a better hard-ware 
component simplification, we focused on system functional-
ity therefore the values of the parameters are emulated by 
lookup tables in the acquisition node side. 

II. THE SYSTEM ARCHITECTURE PRESENTATION 

 The system contains a PC dispatcher and a series of ac-
quisition modules, in a multipoint architecture. The acquisi-
tion system is based on two types of modules: the acquisi-
tion module based on the BeagleBoard-xM platform (this 
module is used to gather images and data from patients) and 
the visualization module employed in data collection from 
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acquisition modules (see fig 1). The physiological parame-
ters are scanned from a lookup table for each vital parame-
ter. The range of values for the selected parameters (pulse, 
blood pressure and body temperature) covers the normal 
and abnormal values to verify the correct functionality of 
the system.  
 

 
Fig.1 The main architecture of acquisition system (one node) 

An XBee-Pro module is also connected to the acquisition 
platform through an USB-serial adapter. The patient images 
and parameters are transmitted using XBee-Pro radio mod-
ules implementing the Zigbee communication protocol, 
when an abnormally monitored parameter value occurs. For 
the collector module, in order to gather data from the acqui-
sition nodes we employ a laptop/PC, where the images and 
data arrive from multiple acquisition systems (patients). The 
computer is also connected to an XBee-Pro module in order 
to be part of the radio communication network with the 
acquisitions nodes. 

A. Hardware module 

  a) Dual-core DM3730 based Embedded System 
BeagleBoard-xM is a single board computer built for the 

Open Source community and is suitable for health           
monitoring applications and other embedded applications as 
previous experiments proved. DM3730 (Texas Instr.), a 
processor used also in some generations of smart-phones, is 
based on a dual-core hybrid architecture (ARM + DSP) 
Digital Media Processor compatible with OMAP™3 archi-
tecture and has the following significant properties [6]. 
The Beagle-Board XM is a DM3730 based development 
board and contains all the needed components in order to 
access peripherals such as mouse, keyboard, monitor, 
memory cards/sticks, internet, USB, WLAN adaptor speak-
ers, microphone [7]. The BeagleBoard has a local disk (Mi-
croSD card) that is loaded with a Linux OS. Angstrom is the 
most used Linux distribution on BeagleBoard and it is also 
the recommended option for an operating system [8]. 

b) ZigBee-Pro module 
XBee-Pro PRO RF Module (Radio frequency) meets the 

IEEE 802.15.4 specifications and supports the basic needs 
of a low-cost and low-power wireless network. The module 
operates in the ISM band (Industrial, Scientific and Medi-
cal) of 2.4 GHz, and has a fixed RF data rate (250 Kbps). 
Various network topologies are supported: point-to-point, 
point-to-multipoint and peer-to-peer [9]."
" c) ZigBee-ProUSB Explorer 

XBee-Pro USB Explorer is an adapter board from USB 
to UART line for the Xbee modules. Xbee modules must be 
connected to Xbee Explorer and it will get direct access to 
serial communication terminals and programming pins of 
the Xbee unit. [10]. 

B. Key Tools for Software support 

a) X-CTU application 
 X-CTU is a free multi-platform application designed to 
enable developers to interact with Digi [11] RF modules 
through a simple-to-use graphical user interface. X-CTU 
6.3.2 a new version of X-CTU tool includes unique features 
like graphical network view, witch graphically represents 
the XBee network along with the signal strength of each 
connection, and the XBee API frame builder, which builds 
and interprets API frames being used in API mode, combine 
to make development on the XBee platform easier.  
 The Frame generator (generate any kind of frame), 
Frame interpreter (decode a specific frame and see its val-
ue), Recovery (recovers radio modules with damaged firm-
ware), Range test (performing a range test between two end 
points from the same network);     

 
Fig.2 X-CTU tool interface used for modules configuration [11] 

  b) Open-Source Computer Vision Library   
OpenCV [12] is an open source computer vision and ma-

chine learning software library. This library was built to 
provide a common infrastructure for computer vision appli-
cation and to accelerate the use of machine vision in the 
commercial products. Being a BSD licensed product, 
OpenCV makes it easy for user to utilize and modify the 
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code. The library has a lot of optimized algorithms, which 
includes a comprehensive set of both classic and state of the 
art computer vision and machine learning algorithms. It has 
C, Python, Java and MATLAB interfaces and supports 
Windows, Linux, Android and Mac OS. OpenCV targets 
real-time vision applications and takes advantage of MMX 
and SSE instructions when available.  OpenCV is written 
natively in C++ and has a templated interface that works 
with STL containers [12].  

III. THE IMPLEMENTATION OF THE SYSTEM. EXPERIMENTS.  

The system is composed from two acquisition parts 
based on BeagleBoard-xM platform and a data                  
collector part represented by a computer. Communication 
between devices is performed by ZigBee protocol using the 
XBee modules. First of all the modules were initialized 
using X-CTU software tool with the desired rates in order to 
allow communication. 

For experimental purposes, some real strings of values 
for the physiological parameters (pulse, blood pressure and 
body temperature) were stored in the acquisition systems 
like lookup tables. Fig.3. is illustrating the values of abnor-
mal systolic and diastolic blood pressure for a labile arterial 
hypertension patient. 

 
Fig.3 Abnormal blood pressure from experiments  

Fig. 4 presents a simplified flowchart of the application 
with the main steps performed by the acquisition node soft-
ware. 

In this kind of configuration the application running on 
the collector side allows to display the patient’s received 
image on the computer screen. If the number of acquisition 
nodes (number of patients) is more than one it will create 
new frames instances for each patient. In this case the XBee 
modules can exchange information without any monitoring. 
The ZigBee network was composed from one XBee module 
used like router and the other modules, one for each patient, 
was configured as end points (coordinators). The system 
works by following algorithm: all images of the patient are 
captured and the values of vital parameters are scanned at 
an adequate rate, which may be selected. The sample rate 
will be set one hour for temperature and blood pressure and 

for the pulse we choose to sample at every five minutes. 
Then the values of the vital parameters are compared with 
the alarm threshold and if an out of range value is detected 
the subsystem begins to send images with the superimposed 
parameters value toward the collector system.  Because we 
have two or more acquisition modules we first of all will 
send an ID, unique for each module. This ID is write as a 
header in each data packet before begin sent. 
 

 
Fig.4 The application flowchart running on BeagleBoard-XM 

At the receiver a dynamic matrix is automatically de-
clared for each newly ID that was found. If the number of 
acquisition modules is more than one, a prioritization algo-
rithm will manage the package prioritization. The alarm 
threshold may be set by the user depending of patient age 
and disease. In our experiments we choose the normal range 
for the temperature (36.5-37°C), for the pulse (60-100 
beats/min) and for blood pressure: 90< SBP<140 mm Hg, 
70<DBP<90 mm Hg. For retrieving an image from the 
video camera we used Gst-launch, a tool that builds and 
runs streams. It is based on integrating different plug-ins for 
reading and writing in certain file formats and also for con-
verting between different formats. In this case a JPEG en-
coder is used for converting from video format to JPEG 
format. For the VGA resolution of (640x480) of the video 
camera, we transmit a file of 60kB average size. An image 
processing is necessary for interpolating the values of vital 
parameters and the date and time stamps on the image. For 
the interpolation of text on the image the OpenCV library 
was employed. Fig. 5 presents two instances of patient im-
ages with the physiological parameters, received by the 
collector. The delay introduced in the image transmission, 
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for a detection of out of range value, for one or more vital 
parameters to the acquisition node, and the image reception 
to the collector is about 8 seconds for a 57.6 Kbps rate [13]. 

 

 
Fig.5 Two patient images received from two acquisitions nodes 

IV. CONCLUSIONS AND OUTLOOK 

In this paper we have presented a low-cost, multi-
operational and experimental system for monitoring people 
who need a particular surveillance like patients with chronic 
disease or elderly persons. The monitoring system was 
designed to work on a WSN network using the ZigBee 
technology.   The acquisition node is developed around the 
BeagleBoard-xM platform, a powerful low-cost single 
board computer. Similar work for long term ECG monitor-
ing using this platform is presented in [14]. To prove the 
functionality of monitoring system we decide to emulate the 
selected physiological parameters (pulse, blood pressure 
and body temperature) by strings of real values and sampled 
at an adequate rate, set by the user. Additionally, the trend 
to increase nominal read rate, allows flexible monitoring for 
a better safety, but it also modify the protocol. For this situ-
ation we will realize a TCP/IP communication protocol 
between the modules. The number of nodes actually imple-
mented is three, and is limited by the number of Beagle-
Board modules available in the lab. Increasing the number 
will be a challenge for the applications and communication 
capabilities of the system. There are several future direc-
tions and open problems. One open problem is the fact that 
critical systems that rely on computing devices already have 
a high complexity. If these systems include wireless compu-
ting devices, additional precautions are necessary to ensure 
that the computing devices balance safety with convenience 
and do not introduce unacceptable risks. Medical device 
design is one such situation. We will make a serious risk 
analysis in the next phases of the project. 

There are few obvious minor next steps and our research 
will require innovative actions. This work emphasizes the 

need for a principled and deeper investigation into preven-
tion mechanisms, detection mechanisms and vital signs 
determination methods. The application of the system out-
side hospitals will increase the functionality. Such innova-
tions will become crucial, as the technologies and capabili-
ties for the new monitoring devices continue to evolve. 
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I. INTRODUCTION  

Mechanical ventilation (MV) is an important technique 
that can replace a spontaneous breathing for some time. It is 
used to deliver oxygen and remove carbon dioxide in patients 
with inadequate spontaneous breathing or with intentionally 
inhibited spontaneous breathing. One of the important aims 
of MV is a maintenance of blood gases inside physiological 
limits [1, 2].  

Preterm born babies require MV very often because of 
lung immaturity. It is necessary to use a ventilatory mixture 
with increased fraction of oxygen (FiO2) in many cases to 
maintain a proper oxygenation, on the other hand it is advis-
able to minimize FiO2 considering adverse effects of higher 
partial pressure of oxygen upon the lung tissue and the pa-
tient’s organism [3]. 

Oxygen saturation of the blood is commonly monitored to 
evaluate the oxygenation of the organism. It is routinely 
measured by a monitor of vital signs and too low level of the 
saturation turns on an alarm. There are cases when the prem-
ature infants requiring MV are supported by ventilation with 
the ventilatory mixture with useless high FiO2. It can result 
in a few diseases, e.g. bronchopulmonary dysplasia and reti-
nopathy [4, 5, 6]. 

There are a few automated systems to control FiO2 in a 
close loop system according to the monitored vital signs. One 
of them is a CLiO2 system that is commercially available in 
Avea (Carefusion, Yorba Linda, CA) ventilators. CLiO2 rep-
resents the close loop system that automatically adjusts the 
FiO2 in the ventilatory mixture according to the level of oxy-
gen saturation in the arterial blood. It helps maintain a safe 
blood oxygen level in a long term MV with an adequate frac-
tion of oxygen in the ventilatory mixture. It can contribute to 
better care for neonates. 

Wilinska et al. describe effects observed during a titration 
of FiO2 in the ventilatory mixture in newborns. They com-
pared two manual approaches called attentive and observing 
with automated system CLiO2 in two ventilated newborns 
with stable and unstable blood oxygenation. The target range 
of oxygen saturation was specified at 87-93 %. The results 
shown that there was less time that newborns spend outside 
the target SpO2 range with CLiO2 compared to the manual 
settings. There was a slight difference for the stable patient 
while higher differences were seen at the unstable patient. 
There were also lower nursing times required for CLiO2 pe-
riod [7]. 

Education and training is crucial for a proper administra-
tion and guidance of many medical devices and approaches. 
Therefore, simulations have unique importance in the bio-
medical engineering and simulators and models are very im-
portant for the education of the students and the further train-
ing and education of a medical staff. They are used also for a 
calibration of the medical devices or a check of their function. 
The simulations are also very important for neonatology 
which is quite specific in many domains [8].  

There is a special group of the simulators called patient 
simulators. These simulators contain life-size mannequin to 
emphasize the reality of the simulation of taking care about a 
real patient. Mannequins support a lot of basic procedures re-
quired when examine the patient. The mannequins support a 
connection of a ventilator and support MV of the lungs. Hu-
man patient simulator (CAE Healthcare, Sarasota, FL) is one 
of the commercially available systems equipped with the 
mannequins. 

The Human Patient Simulator (HPS) is intended for the 
training of practical skills and solution of crisis and severe 
situations. HPS consists of three components; HPS lab rack, 
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instructor workstation with software Müse and life-size man-
nequin based on the human anatomy. Software Müse is used 
for a control of the model including parameters of the man-
nequin.  

HPS is equipped with anatomically accurate upper air-
ways that support a practice of difficult airway management 
techniques. An endotracheal tube can be placed and use of 
MV is supported. Lungs are formed by two bellows that are 
placed in Lab Rack and the ventilatory mixture used for the 
ventilation of the mannequin is moved to the Lab Rack from 
the mannequin and its composition is analyzed with each 
breath. It allows to use different FiO2 in the ventilatory mix-
ture and one can see its effect upon the blood gases of the 
mannequin. HPS simulates a consumption of oxygen and a 
production of carbon dioxide. Therefore, HPS allows simu-
lation of end tidal carbon dioxide concentration that can be 
analyzed by the monitor of the vital signs. One part of HPS 
is a module OxSim simulating SpO2 signal that can be also 
measured by the standard monitor of the vital signs. Manne-
quin of HPS represents an adult human with its size, weight 
and other basic parameters of the vital signs, e.g. tidal volume 
about 8 mL/kg. A lot of parameters can be adjusted in the 
control software Müse that allows to change the individual 
parameters of the mannequin, e.g. the consumption of oxy-
gen or the production of carbon dioxide in breathing.  

The aim of the paper is to introduce a scenario designed to 
demonstrate the close loop ventilatory regimen CLiO2. Ven-
tilator Avea and simulator HPS are connected to design a 
close loop system with controlled FiO2 according to the oxy-
gen saturation of the arterial blood. The effects of middle and 
severe desaturation are studied. 

II. METHODS 

We have used mechanical ventilator Avea to ventilate the 
life-size mannequin HPS. Automated system CLiO2 can be 
activated only in the neonatal ventilator mode where tidal 
volume is limited to 300 mL. Initial ventilatory parameters 
used in the demonstration are summarized in Table 1. 

Table 1 Ventilatory parameters set on Avea ventilator in the neonatal 
ventilatory regimen. 

Ventilatory parameter Value 

Tidal volume 300 mL 

Ventilatory frequency  30 bpm 

PEEP  4 cmH2O 

Initial fraction of oxygen  25 % 
  

Demonstration of a desaturation was started with a vol-
ume-controlled ventilation and normoventilation was 
achieved by a change of the parameters of HPS that are re-
lated to the breathing or ventilation. Because HPS mannequin 
represents an adult human it was necessary to adjust its pa-
rameters corresponding to the lower tidal volume used in the 
neonatal ventilatory regimen CLiO2. Following parameters 
of HPS were changed (see Table 2) and held constant in the 
demonstration of automated ventilatory regimen CLiO2.  

Table 2 Parameters set on HPS. 

HPS parameter Value 

O2 consumption  20 mL/min 

CO2 production factor  0.6 

PetCO2-PaCO2 factor  1.3 

PaCO2 Set-Point  60 mmHg 
  

The consumption of oxygen was decreased to 20 mL/min 
to simulate a small oxygen consumption of a neonatal patient. 
The production of carbon dioxide was also decreased corre-
sponding to a smaller amount produced by a neonate. A 
PetCO2-PaCO2 factor was set to 1.3 increasing partial pres-
sure of carbon dioxide in exhaled gas in contrast to partial 
pressure of carbon dioxide in the arterial blood. Value of 
PaCO2 set-point changes the sensitivity of the HPS to level 
of the partial pressure of carbon dioxide in the arterial blood. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Experimental settings with HPS and Avea. 

A scenario in Müse software was prepared for the experi-
mental demonstration. The scenario starts with a stabilization 
period where the vital signs become stabilized close to com-
mon physiological values. Neuromuscular blockade (NMB) 
follows in the second part of the scenario. NMB is set on 
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99%, followed by a reduction of the spontaneous tidal vol-
ume. Subsequently, HPS mannequin was intubated with an 
endotracheal tube and connected to ventilator Avea. 

The automated regimen CLiO2 was set on the ventilator 
and moderate and severe desaturation was simulated. The au-
tomatic change of FiO2 in the inspired ventilatory mixture 
was observed according to the level of desaturation. The sce-
nario was prepared for each experimental phase including the 
change of the selected parameters in a specified time. It as-
sures synchronous change of more parameters in one mo-
ment. 

The values of oxygen saturation and partial pressure of ox-
ygen in the arterial blood were downloaded from the software 
Müse and the values of corresponding FiO2 were written 
down from the ventilator. 

III. RESULTS 

The results of conducted simulations are depicted in the 
following figures. A five minute time course of the oxygen 
saturation of the mannequin and FiO2 in the ventilatory mix-
ture are depicted in Fig. 2.  

 
Fig. 2. Time courses of fraction of oxygen in the ventilatory mixture and 

oxygen saturation. 

Corresponding time course of simulated partial pressure 
of oxygen in the arterial blood is depicted in Fig. 3. 

Increased heart rate in the period of desaturation is de-
picted in Fig. 4. 

 
Fig. 3. Time course of partial pressure of oxygen in the arterial blood in 

severe desaturation. 

 

 
Fig. 4. Time course of the heart rate in severe desaturation. 

IV. DISCUSSION 

The target range for the oxygen saturation for the purposes 
of the demonstration was set in 88-95 %. When the oxygen 
saturation falls under 88 % the ventilator in automated regi-
men should increase FiO2 in the ventilatory mixture to com-
pensate a desaturation. This dependence can be seen in Fig. 
2 where the time course of the oxygen saturation in the arte-
rial blood is depicted for the simulated scenario of severe de-
saturation at the patient. 

The initial value of FiO2 in the ventilatory mixture, which 
was set at 25 % is automatically increasing after a fall of the 
oxygen saturation in the arterial blood below 88 %. There is 
a delay approximately 20 seconds in the reaction of the ven-
tilator. The algorithm of the control of FiO2 takes into ac-
count also a time response of the changes in the oxygen sat-
uration. FiO2 changes quickly (less than 5 seconds) if there is 
a quick change of the oxygen saturation. It can be seen in 
145th second of the time courses of the signals in Fig. 2. 

One can see a significant delay in the time course of partial 
pressure of oxygen in the arterial blood (Fig. 3) in simulated 
severe desaturation. The value of PaO2 reached 180 mmHg 
in maximum.  

Rapid changes of the heart rate are depicted in Fig. 4. One 
can see the increase of the heart rate with decreasing oxygen 
saturation with a maximum heart rate 83 beats per minute. 
The heart rate is even quickly decreasing after 150 s of the 
experiment in finishing desaturation. 

Developed scenarios allow a demonstration of the desatu-
ration of an organism and studying of the vital signs of the 
mannequin and its dependence on the parameters of MV. 

V. CONCLUSIONS 

Connection of the mannequin with the mechanical venti-
lator and developed scenario of the severe desaturation of the 
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organism represents a perfect tool for the education of medi-
cal and technical staff. Medical devices are placed together 
with HPS in the special laboratory of the simulated intensive 
care unit and together with the realized scenario will be used 
for the education of biomedical technicians, biomedical en-
gineers and medical rescuers. Introduced experimental set-
tings gives a unique opportunity to train and practice intuba-
tion, setting the ventilator and study the interaction of the 
ventilator and the patient. 
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I. INTRODUCTION  

Thermal ablation is the process of destroying unwanted 
tissue by changing its temperature, either by raising (above 
~50-60°C) or lowering it (typically freezing) to cytotoxic 
levels. This can be performed through a number of tech-
niques, including laser, radio frequency currents (RF), cryo-
ablation and microwave ablation (MWA), the latter gaining 
more attention in recent years as an alternative to RF [1, 2]. 
These techniques offer an alternative treatment for patients 
suffering from malignancies that are not eligible for surgical 
resection either due to positioning of the tumor close to 
blood vessels and other structures, insufficient healthy tis-
sue, number of tumor spots or comorbidities. There is abso-
lute evidence of the damaging effects of cancer on the body 
and studies have found that, if left untreated, hepatocellular 
carcinoma has a mortality rate of 100% after 5 years, claim-
ing more than 1 million lives per year [3]. 

MWA operates on the principle of exciting polar mole-
cules (typically water or protein) through the use of varying 
electromagnetic fields. During MWA, an antenna is inserted 
into the target tumor laparoscopically, percutaneously or 
under open surgery with imaging techniques such as ultra-
sound or CT guidance. The antenna radiates microwave 
energy resulting in tissue molecules rapidly changing orien-
tation to match that of the EM field, creating heat through 
friction. As a direct consequence of this, the method is de-
pendent on the tissue’s properties, most importantly its 
water content which is directly linked to the tissue’s relative 
permittivity. Studies have found that MWA gives better 
results in low conductivity tissues like bone or lung com-

pared to RF ablation in terms of penetration depth and fre-
quency dependent scattering patterns [4]. This paper focuses 
on an interval of frequencies which includes the industry 
standard 2.45GHz, shown to offer good results in terms of 
energy transfer, size of ablation zone and temperature gradi-
ents [5, 6].  

II. MATERIALS AND METHODS 

A. Reflection coefficient and heat transfer 

A good measure of an antenna’s efficiency is the ratio 
between feed power and reflected power described by its 
reflection coefficient, Γ given by:  

 [dB] (1) 

It is desired that this coefficient be as small as possible 
which denotes a good transfer of power from the generator 
to the site of the tumor. Antennas operating at high reflec-
tion coefficients can cause overheating of the waveguide 
which cause damage not only to healthy tissue surrounding 
the antenna but also to the microwave generator [7].  
 The most commonly used equation for describing heat 
transfer in biological tissue is the Pennes equation, below:  

 (2) 

where the first, second, third and fourth right terms denote 
heat conduction, metabolic heat generation, heat loss due to 
blood perfusion due to the “heat sink” effect and absorbed 
heat due to exterior sources [8]. When normalized by tissue 
density,  is referred to as specific absorption rate 
(SAR).  

B. Mathematical model 

The geometry of the problem allows for a 2D axisymmetric 
rotation model to be built in COMSOL Multiphysics. The 
coaxial antenna is one of the most preferred applicators in 
MWA due to its small dimensions which allow for easier 
use in interstitial spaces, as well as its ease of manufactur-
ing. Dimensions for the antenna were selected to allow for 
the variation in geometry required for the study. The anten-
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na was modeled with a polytetrafluoroethylene (PTFE) 
coating to simulate the catheter it would be placed in. Stud-
ies have shown the impact this coating has on antenna effi-
ciency [9]. Power is supplied through a Port condition on 
the top boundary of the antenna using 10W. For the purpose 
of this paper, the frequency will be variable. A slot with 
position from antenna tip and height parametrically con-
trolled was then modeled. A sufficiently large cylindrical 
sample of homogenous hepatic tissue was then modeled 
around the antenna. As such,  in eq. (2) is constant in the 
modeled volume. It is important to note then that the re-
sponse will depend on vascularization, with proximity to 
major blood vessels greatly increasing this factor. The tissue 
radius is selected several times larger than the maximum 
penetration depth of microwaves in hepatic tissue to mini-
mize changes of leftover energy reaching the edges of the 
model and causing unwanted reflections. The initial geome-
try and temperature field is illustrated in fig. 1. The 50°C 
isotherm is the one closest to the antenna tip. Antenna and 
liver dimensional and material properties can be found in 
Table 1. 

 
Fig. 1 Base geometry (left) and temperature distribution contours 

(50°C,45°C,40°C) at 600s (right) 

In order to simplify the problem, perfect electric conduc-
tor boundary conditions are attributed to the waveguide 
walls and a scattering boundary condition was applied to the 
outer boundaries of the hepatic tissue to avoid additional 
reflections of microwave energy, which would not happen 
in continuous tissue. For the thermal problem, only the liver 
tissue was taken into consideration and a thermal insulation 
boundary was attributed to the PTFE catheter. Antenna 
heating can be inferred from the reflection coefficient and 
minimizing this is included in the scope of this paper.  

 
Table 1  Dimensions and properties of antenna and tissue 

 

Parameter Value 
Inner conductor radius 0.255[mm] 
Outer conductor radius 1.095[mm] 
Antenna length 80[mm] 
Slot width 0.25-5[mm] 
Slot distance from antenna tip 0-30[mm] 
Catheter radius 1.72[mm] 
Catheter relative permittivity 2.6 
Coax dielectric relative permittivity 2.03 
Blood density 1000[kg/m3] 
Blood specific heat 3639[J/(kg*K)] 
Blood perfusion rate 3.6 e-3[1/s] 
Blood temperature 37°C 
Hepatic tissue radius 3[cm] 
Hepatic tissue relative permittivity 43.03 
Frequency 900-2500[MHz] 
Feed power 10[W] 
Time 0-600[s] 

C. Studies 

Three studies have been performed within COMSOL fo-
cused on determining the effects slot height, slot position 
from antenna tip and microwave frequency have on antenna 
efficiency. While the primary focus is the ablation itself 
since the antenna can be fed through an external impedance 
matching generator to improve efficiency as well as be 
equipped with internal cooling to reduce damage to sur-
rounding healthy tissue through unwanted heating of the 
waveguide, the target of this study was trifold: to observe 
the geometric configurations that would minimize reflected 
power, maximize deposited power in the hepatic tissue and 
provide adequate temperatures in the ablation area. The 
latter was checked by measuring temperature 5mm away 
from the antenna in a point centered on the slot. 

III. RESULTS 

A. Slot width and slot position variations at 2.45GHz 

The first study performed centered on the most common 
frequency used in MWA, namely 2.45GHz. Fig.2 and Fig.3 
illustrate the reflection coefficient and dissipated power in 
hepatic tissue obtained from this study. It is desirable for the 
attenuation and dissipated power to be maximum. As the 
two figures illustrate, this can be found at a distance of 4mm 
from antenna tip with a slot size of 4.8mm. The study has 
also found a region of minimum efficiency for the antenna, 
namely centered around 20mm distance from antenna tip, 
for all slot width values. It is advisable that manufacturers 
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avoid this specific configuration as most feed power will 
not be transmitted into the tissue and instead will heat up 
and damage the antenna and surrounding healthy tissue.  

 
Fig. 1  Attenuation of reflected power (in absolute value) as a function of 

slot width and slot distance from antenna tip 

 
Fig. 2  Dissipated power as a function of slot width and slot distance from 

antenna tip 

During MWA, exposure time is of great importance. 
Most MWA procedures operate at higher power inputs than 
this study to reduce this exposure time while still attaining 
cytotoxic temperatures. Looking at the results, we find that 
at 300s 35.48% of combinations produce a temperature 
above 50°C and only 8.11% produce a temperature in hepat-
ic tissue of 60°C or above while at 600s, 52.9% of combina-
tions produce a temperature above 50°C and 39.25% pro-
duce one above 60°C, with a maximum reached temperature 
of 67.97°C. 

B. Slot width at 900-2500MHz 

Considering the results of the previous test, the distance 
of the slot from antenna tip was fixed at 4mm. while the slot 
width was varied from 0 to 5mm. For each of these values, a 
frequency sweep from 900 to 2500MHz was performed in 
25MHz increments. As with the previous study, the reflec-
tion coefficient and dissipated power were plotted for each 
combination of parameters. The study also takes a look at 
temperature outputs at the measuring point. Figures 4 
through 6 illustrate the results. 

In terms of power transmission, S11 peaks at -25.39dB at 
2.3GHz and a slot width of 5mm while the maximum atten-
uation obtained for 2.45GHz is -22.78dB which is still con-
sidered a good value.  

 
Fig. 3  Attenuation of reflected power as a function of frequency. Each 

series represents a slot width step 

 
Fig. 4  Attenuation of reflected power as a function of frequency. Each 

series represents a slot width step 
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Fig. 5  Temperature at 300s and 600s measured at 5mm from middle of 

slot as a function of frequency 

Dissipated power in tissue (fig. 5) shows a similar situa-
tion, with the maximum located at 2.325GHz and 2.3GHz 
as next maximum, both with over 99.6% of input energy 
dissipated into the tissue. 

 

Fig. 6  Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for 
maximum attenuation (left) and maximum power dissipation (right) at 

600s. Slot position is highlighted in blue 

Temperature readings were plotted in fig. 6. The maxi-
mum temperature attained at 300s was 58.2°C, although 

only 50.38% of combinations reached temperatures above 
50°C and none reached 60°C. At 600s, 82.5% reached 50°C 
and 30.8% reached 60°C, with a maximum of 65.46°C. The 
most considerable difference between the previous study 
and the present one is the absence of any combinations able 
to reach 60°C in 300s or less, leading to a need for longer 
procedure times. 

An important fact to note is that the temperature maxima 
are not centered on the slot itself, shown in blue in fig. 7 
and, as such, care must be taken during the MWA procedure 
with regards to the correct positioning of the ablation anten-
na for best results. A second consequence of this fact is the 
difference between temperatures maxima obtained at the 
reading point and overall temperatures maxima visible in 
fig. 7. 

C. Slot position at 900-2500MHz 

The slot width was fixed at 2mm while the distance was 
varied from 0 to 30mm. For each of these values, a frequen-
cy sweep from 900 to 2500MHz was performed in 25MHz 
increments. As with the previous study, the reflection coef-
ficient and dissipated power were plotted for each combina-
tion of parameters. The study also takes a look at tempera-
ture outputs at the measuring point. 

Fig. 8 shows the resulting reflection coefficient for this 
study. Highlighted are the series corresponding to 4mm 
distance that was considered as fixed by the previous study, 
and which gives identical results (-11.886dB at 2.45GHz) in 
combination with the 2mm slot width, as well as two series 
which correspond to the first and second maxima, with 
attenuations of -34.9dB. As with the previous study, trans-
mission efficiency increases with frequency for small dis-
tances while larger distances from the antenna tip see an 
increase in efficiency at lower feed frequencies. 

Fig. 7  Attenuation of reflected power as a function of frequency. Each 
series represents a slot position step 
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Fig. 8  Attenuation of reflected power as a function of frequency. Each 
series represents a slot position step 

 
Fig. 9  Attenuation of reflected power as a function of frequency. Each 

series represents a frequency step 

Dissipated power (fig. 9, fig. 10) follows the trend of re-
flection attenuation, the slope steepness being directly pro-
portional to the feed frequency. The study also shows that 
higher frequencies provide an overall better power dissipa-
tion, with a peak of 98.3% of feed power dissipated for 
2.45GHz and only 88.9% for 925MHz. Additionally, it is 
again found that there is a band of greatly reduced power 
efficiency at 20mm distance for 2.45GHz.  

Temperatures measured at 5mm from the slot are plotted 
in fig. 11. The 4mm series highlighted in the plot provide a 
steady increase in temperature over the entire frequency 
sweep, while the 13mm and 15mm series which were found 
to give best reflection attenuation present faster rises to 
cytotoxic levels and a plateau in the middle of the frequency 
sweep, decreasing to undesirable values at the high end of 
the sweep. The study has found that 61.04% of combina-
tions have reached a temperature of 50°C at 600s and 32.2% 
at 300s while 17.56% have gone to 60°C or above at 600s 
and only 1.14% have reached 60°C at 300s. A maxima of 

67.83°C was reached at 600s and 60.48°C at 300s, compa-
rable to the values obtained in the previous study.  

Fig. 10  Temperature at 300s and 600s measured at 5mm from middle of 
slot as a function of frequency 

It must be pointed out that due to how the ablation area is 
formed, these temperatures are not entirely representative of 
the overall maxima achieved during the procedure and care 
must be taken when inserting the antenna to ensure correct 
positioning in the malignant tissue for optimal coverage. 
Fig. 12 and fig. 13 show the effective ablation area for 
925MHz and 2.45GHz for the 4mm slot position and 15mm 
slot position.  

 
Fig. 11  Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for 

925MHz (left) and 2.45GHz (right) at 4mm slot distance. Slot position is 
highlighted in blue 

At the 4mm distance, the higher frequency gives a more 
spherical volume which helps with better control over the 
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ablated tissue. At the 15mm distance however, the higher 
frequency antenna fails to heat a large enough volume of 
tissue although still presenting a small elongation of the 
heated volume. The higher frequency was also able to pro-
duce higher temperatures, reaching 80.5°C for the 4mm 
distance compared to 57.8°C for 925MHz at the same value. 

 
Fig. 12  Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for 

925MHz (left) and 2.45GHz (right) at 15mm slot distance. Slot position is 
highlighted in blue 

IV. CONCLUSIONS 
 
This paper focused on the effects geometry has on the ef-

ficiency of MWA single slot coaxial antennas. Using 
COMSOL Multiphysics three studies have been performed 
on a homogenous volume of hepatic tissue to determine 
how the size of the slot, its position from the antenna tip and 
frequency impacted the overall characteristics of the anten-
na, microwave propagation and the ablation zone. While in 
practice there are limitations to the frequency range used, 
both physical as generators and antennas cannot operate on 
the entire spectrum used, and regulatory like the ISM band, 
this paper wanted to observe antenna behavior over the 
entire spectrum and compare it to common frequencies used 
in MWA. As such, during the studies, the 2.45GHz fre-
quency was repeatedly highlighted since this is the most 
commonly used in MWA therapy. It has been shown that 
higher frequencies provide a more spherical ablation vol-
ume, thus avoiding damaging healthy tissue due to the char-
acteristic “teardrop” shape produced by lower frequencies. 
The 925MHz frequency has also been highlighted for its 
proximity 915MHz which previous studies mentioned for 
its benefits and appears in some manufacturer’s medical 
equipment [10].  

This paper has identified several geometric combinations 
which provide the best results for one of the enumerated 
factors of overall efficiency however, a single best combina-
tion of geometrical elements could not be found. This can 
be attributed to the fact that the MWA procedure is a com-
plex problem and exterior factors must be taken into ac-
count. Such factors include impedance matching feed gen-
erators, variable frequency generators, higher feed powers 
or using multiple antennas.  

This paper has also identified an important aspect of the 
ablation area, namely that it does not center on the slot it-
self, as shown in fig. 7, 12 and 13 and, as such, temperature 
readings and antenna positioning must be performed taking 
this into account. The need for larger slot distances and slot 
widths must be balanced by the fact that these combinations 
can lead to increased elongation of the ablation zone which 
is undesirable. 
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I. INTRODUCTION  

High frequency ventilation (HFV) is a technique of me-
chanical ventilation, which uses a high respiratory rate and 
low tidal volumes that are comparable to or smaller than the 
anatomic dead space in the patient's airway. From this per-
spective, HFV seems to be a safe technique of mechanical 
ventilation with a minimal risk of volutrauma [1]. HFOV 
(High Frequency Oscillatory Ventilation) and HFJV (High 
Frequency Jet Ventilation) are techniques applied especially 
in therapy of pulmonary disease of extremely preterm in-
fants with typical device representatives: 3100A (Sen-
sorMedics, CareFusion, CA) for HFOV and Life Pulse 
(Bunnell Inc., Salt Lake City, UT) for HFJV.  

However, monitoration of tidal volumes or flow, is not a 
standard use (parameter) in these devices [2]. Suitable sen-
sors for the experimental measurement of flow during HFV 
are hot-wire anemometers or orifice plates. The commer-
cially available respiratory monitor Florian (Acutronic, 
Switzerland) which uses a hot-wire for measuring flow and 
VT during HFOV is sometimes used in clinical practice but 
the the monitor is not produced anymore. However, these 
sensors, especially the orifice plate, can have a negative 
effect on the course of mechanical ventilation because the 
measuring elements increase resistance in the ventilation 
circuit [3].  

The aim of this study is to investigate whether the flow 
sensor (particularly the orifice plate) affect the ability of 
CO2 avoided and whether it is possible to compensate the 
negative effects. 

II. METHODS 

The arrangement of the experiment is presented in figure 
1 and figure 2. The experiment was realized in several var-
iations in order to compare HFOV and HFJV with and 
without the orifice plate and during different frequencies as 
it is shown in table 1. 

Table 1 Variations of the CO2 elimination experiment. 

Type of HFV Orifice plate Respiratory Rate 
[breath/min] 

H
ig

h 
fre

qu
en

cy
 o

sc
ill

at
or

y 
ve

nt
ila

tio
n 

(H
FO
V

) 

H
ig

h 
fre

qu
en

cy
 je

t v
en

til
at

io
n 

(H
FJ
V

)  

Without OP 

300 
420 

540 

660 

With OP 

300 

420 

540 

660 
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300 
420 
540 

660 

A sealed rigid bottle was used as the model of the respir-
atory system of a newborn patient with a volume 1000 mL, 
compliance 2.87 mL/cmH2O, fitted with an endotracheal 
tube with a diameter of 3 mm. It included ports for monitor-
ing pressure inside the model, for filling the modelled pa-
tient’s respiratory system by CO2 and a closed loop for 
analysing the concentration of CO2 (an exhaustion gas sam-
ple for analysis and return samples of CO2 gas back to mod-
el). Patient monitor S/5 (Datex Ohmeda,Finland) was used 
as a CO2 analyzer.  

The newborn respiratory system model was continuously 
infused by 110 mL/min (±1 mL/min) of CO2 in each con-
figuration. A VT Mobile (FlukeBiomedical, Ohio) electron-
ic flow meter was used to control the dosige rate of CO2.  
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Fig. 1 Setup of the CO2 elimination experiment using HFJV. We continuously infused 110 ml/min (±10 ml/min) of CO2 into a rigid bottle using the Fluke 
VT mobile and in the same time we tried to eliminate it out of the bottle using the Bunnel LIFE PULSE high frequency jet ventilator (PIP = 20 cmH2O – 

without compensation). A conventional ventilator was used to produce PEEP (5 cmH2O) in the system. We measured the concentration of CO2 in the bottle 
using the Datex Ohmeda patient monitor and we observed the pressure inside the bottle using the experimental system iMON. 

 
 

 
Fig. 2 Setup of the CO2 elimination experiment using high frequency oscillatory ventilation. We used the SensorMedics 3100A ventilator 

(Paw = 12,5 cmH2O, maximal intensity of oscillations).
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At the same time we were tried to eliminated CO2 from 
the rigid bottle by HF (high-frequency) ventilators accord-
ing to the Table 1.   

The pressure inside of the bottle was measured in order 
to observe decrease of pressure caused by the orifice plate. 
Specialized equipment (iMON monitor) with pressure sen-
sors 26PC01(Honeywell, United States) with a pressure 
range of 1 psi was developed for the simultaneous meas-
urement of up to three pressures at the same time. Signals 
from the sensors were amplified through instrumental am-
plifiers INA 128 (Texas Instruments, Dallas, Texas, United 
States) and recorded by a multifunctional measuring card 
NIDAQ 6009 (National Instruments, Austin, Texas, United 
States). The sampling frequency was 1 kHz. LabVIEW 
Signal Express (National Instruments, Austin, Texas, Unit-
ed States) was used for signal analysis. Pressure losses were 
compensated by adjusting a higher peak inspiratory pressure 
on the ventilators (HFJV) or changing the CDP (continual 
distending pressure) during HFOV.  

The actual concentration of CO2 was recorded by SW 
and the data were processed using Matlab Curve fitting tool 
(MathWorks, Natick, Massachusetts, U.S.A.). 

A. Sensor – orifice plate 

The experimental orifice plate was designed and made of 
stainless steel. The orifice plate is placed in the ventilation 
circuit between the jet-adapter and the endotracheal tube. 
Dimensions of the aperture are shown in Figure 3 and its 
flow-pressure characteristics are shown in Figure 4. Both 
connectors located on the orifice plate were attached to the 
differential pressure sensor but this signal was not further 
processed. 

 

Fig. 3 Orifice plate - cut 

 

Fig. 4 Pressure-flow characteristics of the experimental flow sensor  

III. RESULTS 

 The increase of CO2 concentration in the bottle can be 
described by the following equation: 

t

f ecCOc 12  

Values of the final concentration of CO2 dependent on fre-
quency (Respiratory Rate) and the time constant τ are 
shown in figure 5. 

IV. DISCUSION 

 This experiment establishes the effect of an orifice plate 
on the elimination of carbon dioxide in high frequency 
ventilation. The orifice plate was used as a flow meter for 
measuring inspiratory and expiratory flow, respectively 
volumes, during HFOV and HFJV. Time constants during 
HFJV were increased when using the orifice plate without 
compensation. The result of this phenomena was that the 
final concentration of carbon dioxide in the lung model 
increased. After the compensation for the pressure loss, 
deterioration of carbon dioxide was not detected and the 
system acted as it would without the orifice plate. For clini-
cal use of the orifice plate (as a flow sensor) is compensa-
tion of losses inevitable, but difficult for forecast. This plays 
an important role during practical application in clinics.  
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The effect of the orifice plate during high frequency ven-
tilation was not as evident as in the previous case with jet 
ventilation. The embedded sensor caused only small chang-

es in the time constants and did not affect the final concen-
tration of CO2 in the lung model. 

 
 
Fig. 5 Values of the time constant (τ) (A, B) and the final concentration of CO2 (cf) (C, D) for different variations of the carbon dioxide elimination experi-

ment. These values were found in the Matlab Curve Fitting tool. We smoothed the data using the function (1) . Goodness of fit (R2) 
intervene between 0,9865 and 0,9994 for different variations of the experiment. 

V. CONCLUSION 

We came to the conclusion that ventilation parameters 
such as flow, resp. tidal volumes, can be monitored by an 
orifice plate in HFOV, because the orifice plate doesn’t 
affect CO2 elimination significantly. In HFJV there is a 
considerable increase in the final concentration of CO2 
when the orifice plate is used. Compensation for the loss in 
pressure was effective but recognizing how to set up for it 
in clinical practice could be difficult. 
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I. INTRODUCTION  

Developments in technology and industry have simplified 
human life. However, exposure to electromagnetic fields 
(EMFs) by using electrical machines, tools, industrial instru-
ments, power lines, and communications devices has oc-
curred as a result of these technological developments and is 
causing a threat to biological lives [1]. 

Since the late 1970s, questions have been raised whether 
exposure to low frequency electric and magnetic fields pro-
duces adverse health consequences. As a result, much re-
search has been done, successfully resolving important issues 
and narrowing the focus of future research. Several interac-
tion mechanisms are well established. These enable extrapo-
lation of scientific results to the entire frequency range and 
wide-band health risk assessment. They have been used to 
formulate guidelines limiting exposures to EMF in the entire 
frequency range from static fields to 300 GHz [1, 2].  

There are established biological effects from acute expo-
sure at high levels (above 100 μT) that are explained by rec-
ognized biophysical mechanisms. External low frequency 
magnetic fields induce electric fields and currents in the body 
which, at very high field strengths, cause nerve and muscle 
stimulation and changes in nerve cell excitability in the cen-
tral nervous system. External low frequency (ELF) electric 
fields similar to static electric fields cause redistribution of 
electric charges within initially uncharged objects, and con-
sequently charging of the body surface, however, this time 
oscillating. This leads to periodic electromechanic forces act-
ing upon charged hair and may lead to perception or even 
annoyance. In addition, alternating electric charging may 
cause periodic discharges at the body surface or to grounded 
objects. These repetitive (micro-) electroshocks may also 
lead to perception or even annoyance. In contrast to static 

fields periodic recharging induces intracorporeal electric cur-
rents and electric fields strengths which, if strong enough 
may stimulate nerve and muscle cells. ELF magnetic fields 
induce intracorporeal electric field strengths that according 
to the induction law increase with frequency and cross sec-
tional area. Consequently, inside the body, the strength of in-
duced electric fields increases from zero at the center to the 
maximum at the body surface [1, 3]. 

Most electric power operates at a frequency of 50 Hz or 
60 Hz. Close to certain appliances, the magnetic field values 
can be of the order of a few hundred μT.  Underneath power 
lines, magnetic fields could be about 20 μT and electric fields 
could be several thousand volts per meter. However, average 
residential power-frequency magnetic fields in homes are 
much lower - about 0.07 μT in Europe and 0.11 μT in North 
America. Mean values of the electric field in the home are up 
to several tens of volts per meter [2, 4]. 

The growing public concern about this risk has led several 
national and international bodies to set prudentially restric-
tive limitations on permitted exposure levels, even introduc-
ing concepts such as “attention levels” and “quality goals” 
for the magnetic field component [3÷7].  

The 1999/519/EC European Council Recommendation 
(EC, 1999) defines, in its Annex I, the basic restrictions and 
reference levels for limiting exposure of the general public. 
This had been added by the directive 2013/35/EU on occupa-
tional exposure to EMF. In accordance to EC (1999) and 
ICNIRP (1998) restrictions on exposure to time-varying elec-
tric and magnetic fields that are based directly on established 
health effects and biological considerations are termed ‘basic 
restrictions’. The main national safety regulation concerning 
human exposure to low frequency electromagnetic fields is 
HG 1136 din 30/08/2006, issued by the Romanian govern-
ment [1, 3, 7]. 

Therefore, the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) [3] and the European Recom-
mendations [5] set the public exposure limit, for electric 
fields to 5 kV/m, and to 10 μT in case of magnetic fields, 
according to Table 1 (where f is the frequency). 

To respect these limitations, it is necessary to quantify re-
alistically the electromagnetic field environment associated 
with electric systems, in particular electric power lines that 
have the widest impact on the territory. Therefore, the current 
paper studies electric and magnetic field distribution around 
a Romanian high voltage power line, by numerical modeling 
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and on site field measurements. Obtained results are related 
to the appropriate regulations regarding the human exposure 
to the electromagnetic fields 

Table 1 Reference levels for general public exposure to time-varying 
electric and magnetic fields (according to ICNIRP)  

Frequency 
range (KHz) 

Electric field 
strength,  
E (V/m) 

Magnetic 
field 

strength,  
H (A/m) 

Magnetic flux 
density, B (μT) 

0,025 - 0.8 250/f 4/f 5/f 
 
Due the fact that the accuracy of numerically estimated re-

sults depends upon the degree of detail used in simulations, 
several electrical and geometrical parameters were taken into 
consideration: power line current load, the presence of sky 
wires, active conductors sag and positioning on electrical 
towers. 

II. ELECTRIC AND MAGNETIC FIELD ANALYSIS 

The accurate 3D analysis of any electrical transmission 
line requires a great amount of memory and computational 
power. Therefore, usually simplified 2D cross-section analy-
sis is done to determine the magnetic and electric field distri-
bution around power line phase wires.   

A. Evaluation of the magnetic field 

The magnetic field is produced when an alternating cur-
rent flows through a conductor. Applying Biot–Savart law, 
the magnetic field intensity H at point P produced by an infi-
nite straight conductor is expressed by [8]: 

 ]/[
2

mAu
d

IH  (1) 

where: 
I is the mean square value of the current flowing through 

conductor; 
d is the distance from the conductor to observation point 

P; 

u  is a unit vector in the φ-direction. 

 Since the power line consists of more than one single ac-
tive conductor, the summation of the magnetic fields by each 
phase wire current must be repeatedly calculated at the point 
P. Fig. 1 shows the magnetic-field intensity produced by a 
system of n carrying currents conductors ( nIII ,...,, 21 ) in the 
z-direction (perpendicular on the transversal cross-section 
plan). 

 
Fig. 1 Magnetic-field intensity for a n active conductors system 

For A.C. transmission lines, the line currents have sinus-
oidal variation with time at power frequency. Consequently, 
the produced magnetic field in the vicinity of the power lines 
also varies at the power frequency and phasor algebra can be 
used to combine several components in order to yield the am-
plitude of the required field (horizontal and vertical vectors). 
For a three-phase system with one conductor per phase (as in 
our case), I current can be written as follows: 
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The magnetic-field intensity at any point (x, y) produced 
by current iI  can be computed using equation (3) [9]: 

 
222 iPiP

yiPxiPi
i

yyxx
uyyuxxI

H  (3) 

where:   
Px and ix are the x-coordinates of the observation point 

P and conductor i respectively; 
 Py and iy are the y-coordinates of the observation point 

P and conductor i respectively; 
xu and yu are unit vector on the x and y-direction. 

 
 The x-and-y components of the magnetic field intensity 

in (3) are described in (4) and (5), while equation (6) com-
putes the total magnetic field intensity in the x and y-direc-
tions [10]: 
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where n is total number of current-carrying conductors. 
Therefore, the magnitude of the total magnetic flux den-

sity tB  (rms value) is: 

 22
ytxtt HHB  (7) 

where μ is the magnetic permeability of the medium in which 
the flux density is evaluated. 

B. Evaluation of the electric field 

To calculate the electric field under the power line, phase 
conductors are considered as infinite line charges [11]. The 
line charge densities of the phase conductors are calculated 
using equation (8): 

 VPQ 1  (8) 

where: 
][Q  is a vector representing the line charge densities of 

each power line conductor (phase wires and sky wires); 
 V  is a vector representing each power line conductor 

potential regarding remote earth; 
P  represents Maxwell’s potential coefficients matrix, 

which can be computed using image charge method, equa-
tions (9) and (10) [12]: 
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with: ih  conductor i height, ir  conductor radius, jid ,  and 

jid ,  the distance between conductor i and conductor j, re-
spectively conductor j image. 

After the line charge densities are determined, the horizon-
tal and vertical components of the field, due to the three phase 
conductors at the desired locations, are calculated separately 
using equation (11) and (12) [13]: 
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where: iD  and iD  are the distances from conductor i, re-
spectively conductor i image to observation point P.  

Fig. 4 shows the components of the electric field at the 
observation point P(x,y) due to one phase conductor and its 
image. 

 
Fig. 2 Electric field produced by conductor i at observation point P 

Resultant of horizontal and vertical components of the 
field gives the total electric field at the desired locations as 
shown in equation (13) [11]: 

 22
tytxt EEE  (13) 
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III.  NUMERICAL EVALUATION OF THE MAGNETIC AND 
ELECTRIC FIELD EXPOSURE 

The investigated power line is a Romanian single circuit 
110 kV overhead line. It is one of the main power lines that 
connect Cluj county to Bistrita-Nasaud county, explicitly the 
110/20 kV Dej substation to the 110/20 kV Nasaud substa-
tion (see Fig. 3). 

 

 
Fig. 3 Dej-Nasaud 110 kV power line 

To determine the magnetic and electric field distribution 
by the above presented relationships, the chosen power line 

 IFMBE Proceedings Vol. 59  
  

 

Evaluation of the Electric and Magnetic Field near High Voltage Power Lines 143



has been implemented in the Maxwell 14, dedicated field 
analysis software, considering an R-S-T phase distribution, 
as in Fig. 4: 

 
Fig. 4 Numerical model of the studied geometry  

Fig. 5 and 6 presents the electric and magnetic field distri-
bution around the power line, considering a maximum 105 A 
symmetrical current load on each phase wire (20 MW), and 
a 5.5m conductor sag: 

 
Fig. 5 Electric field distribution around power line (cross-section)  

 
Fig. 6. Magnetic field distribution around power line (cross-section) 

For a more detailed analysis, the electric field values had 
been extracted at 1.7 m and 0.7 m above ground (human me-
dium height and respectively sheep height) for different sep-
aration distances on both sides of power line axis (see Fig. 7). 

 
Fig. 7. Electric field values at 1.7 and 0.7 m on both sides of the power line  

According to Fig. 7 even under power line phase wires the 
imposed 5 kV/m electric field limitation for human health are 
respected [3-7]. The asymmetry one side and another of 
power line axis is as a result of the phase wires triangle posi-
tioning on pylons. 

 
Fig. 8. Magnetic field values at 1.7 and 0.7m for 52.2A current load  

Fig. 8 highlights the magnetic field values at 1.7 m and  
0.7 m on both sides of the power line axis for the minimum 
recorded current load on phase wires, 52.5 A (10 MW).  

 
Fig. 9. Magnetic field values at 1.7 and 0.7 m for 105 A current load  

Fig. 9 presents the magnetic field values at 1.7 m and  
0.7 m on both sides of the power line axis for the maximum 
recorded current load on phase wires, 105 A (20 MW). As it 
can be seen, even for maximum current load on phase wires, 
the imposed 10 μT limitation is not exceeded. 
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IV. FIELD MEASUREMENTS 

To test and validate the results obtained by numerical 
modeling and simulations, magnetic an electric field meas-
urements have been made in open field between Floresti and 
Mogosesti villages, (Bistrita-Nasaud county), more precisely 
between pylon No.142 and No.143. The separation distance 
between the two SCS1_161 type concrete pylons is 236 m, 
and conductors sag varies with temperature according to ta-
ble 2 data: 

Table 2 Conductors Sag Variation with Temperature  

 
 

The chosen measurement location is approximately at  
600 m from a national road which connects the two villages 
and it is intersected by the power line. 

To determine the magnetic and electric field distribution 
by the above presented relationships, the chosen power line 
has been implemented in the Maxwell 14, dedicated field 
analysis software, considering an R-S-T phase distribution, 
as in Fig. 5: 

The measurements were made on 10th of June 2013, from 
10:00 am to 03:00 pm. The average temperature was around 
+25oC. Therefore, a 555 cm conductor sag could be consid-
ered for phase wires. The electrical parameters of the power 
line, provided by the system operator (SC Electrica SA) were 
the following, during measurements: 

Power line voltage level: 112 kV; 
Power load: 11.2 MW; 
Current load on phase wires: 58 A; 

This time, both magnetic and electric fields were meas-
ured at 1.7 m above ground, corresponding to human height, 
using a more precise ESM–100 3D H/E field meter.  

 
Fig. 10. Magnetic field measurements with respect to separation distance. 

 

Fig. 11 presents the measured magnetic field along a 
straight perpendicular line placed at midspan and respec-
tively in line with pylon 142, on the right side of the power 
line axis. As it can be observed, due to the less current load 
on phase wires, lower magnetic field intensity has been rec-
orded around the power line. 

Also due to the presence of iron reinforcement, which con-
centrates the magnetic flux line inside the pylon, and due to 
the bigger height of the phase wires, the magnetic field 
around the pylon is much lower than at midspan. 

 
Fig. 11. Electric field measurements with respect to separation distance. 

Fig. 11 presents the electric field values measured along a 
straight perpendicular line placed at midspan and respec-
tively in line with pylon 142. The peak of the electric field 
values for both cases it was recorded under phase R conduc-
tor, where the electric field produced by this conductor is 
stronger and is not compensated by the electric fields created 
by the two other phase conductors. 

In order to examine the influence of conductor sag on the 
electromagnetic field distribution, magnetic and electric field 
measurements had been done along power line axis between 
pylon 142 and 143 at 1.7 m above ground. 

 
Fig. 12. Magnetic field measurements along conductor span. 

Fig. 12 shows the measured magnetic field values along 
power line axis. The maximum field value was not recorded 
at midspan point as an effect of the height difference between 
the two pylons. 
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Fig. 13. Electric field measurgments along conductor span. 

Fig. 13 presents the measured electric field along power 
line axis. The irregularities on the measurements are as a re-
sult of existing bushes and soil bumps under the power line. 

Analyzing the measured magnetic and electric field val-
ues, form Fig. 10÷13, it can be observed that the measured 
values are in the predicted variation range determined by nu-
merical evaluation Fig 7÷9. 

CONCLUSIONS 

Overhead high voltage lines are sources of the electric and 
magnetic fields of low frequency. Near the ground surface, 
these fields cannot exceed values determined by ecological 
and health regulations or EMC standards. According to the 
above regulations, the considered fields should be estimated 
during the power line designing.  

In this paper, an analysis of the electromagnetic field 
around a Romanian high voltage overhead line has been 
done, taking into consideration the presence of sky wires, dif-
ferent current loads on phase wires and conductor sag. Elec-
tric and magnetic field values obtained by numerical simula-
tions has been compared to on-site field measurements along 
power line axis, and along a perpendicular straight line 
placed at midspan position and in line with a lifting pylon. 

Both numerical simulation and on-site measurement have 
confirmed that the produced electrical and magnetic field val-
ues are in the imposed limitation values and no risks are pre-
sent for biological life. 
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I. INTRODUCTION  

The energy from magnetic fields used for therapeutic 
took a tremendous impetus nowadays, which is felt world-
wide. Magneto-therapy is a form of physical therapy that 
uses low frequency magnetic fields energy, noninvasive, 
being an effective remedy for treating a wide range of 
rheumatology and beyond.[1] 

The principle behind this therapy is that some cells and 
tissues in the body presents electromagnetic pulses, which 
in the case of diseases or disorders degrades. Magneto- 
therapy works by producing different levels of magnetic 
fields that can penetrate the human body, having healing 
powers on him.[2] 

Monitoring of cardiovascular parameters during magne-
to-theraphy session can provide information particularly 
helpful to personalize medical treatment.[3] 

II. STUDY OBJECTIVES 

The evaluation of patients during magneto theraphy ses-
sion by monitoring biomedical parameters aims to detect 
changes in functional status of the subject, and the activity  
of the human body in the electrical, mechanical and magnet-
ic fields.  

By measuring hemodynamic parameters we can obtain 
useful clinical information about cardiovascular function of 
the body. 

Currently, this method of improvement and healing of 
diseases attracted the attention of specialists, and the studies 

in this area has intensified proving real qualities of magnets 
theraphy. However, research towards healing effects of 
magnetic therapy is still in the early stage. The reason be-
hind the choice of the theme was the desire to bring more 
studies dedicated to magneto theraphy and its effects on the 
body. 

The monitoring parameters during magneto theraphy se-
sion aims to highlight the influence of low frequency mag-
netic fields on human body by evaluating hemodynamic 
parameters during this physiotherapy procedure.  

Hemodynamic studies referes to the factors that maintain, 
modify and regulate the movement of blood through the 
circulatory sistem.  

Blood flow (Q) is a fundamental hemodynamic parame-
ter, which is the volume flowing (  V) through the unit time 
(t) in section (D) [3]: 

  Q =  V / D*t     (1) 
The flow rate is a derived parameter, represented by the 

cross-sectional area relative to the volume flow [3]:  
v = D / S    (2) 

The structural and functional large arteries are vessels to 
be conductive, while arteries and arterioles are resistance 
terminal vessels. In turn, the veins are vessels through 
which blood circulates capacitive under low pressure. Re-
gardless of the vascular territory, the movement of blood 
through the blood vessels is determined by two main fac-
tors. 

The difference pressure between the two ends of the ves-
sel (P1 and P2) as the biasing force and displacement of the 
blood by the pressure within the high to the low pressure; 

Many staff who resists blood flow, called vascular re-
sistance. 

 
Fig.1 The expression of vascular resistance [3] 

P1 is the pressure of blood vessel origin; at the opposite 
end, the pressure is P2. Resistance occurs due to the friction 
between the bloodstream and the intravascular endothelium 
over the entire inner surface of the vessel. The flow through 
the vessel can be calculated using the formula [3]: 
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F = Ap / R (Ohm's law )   (3) 
 

F is the blood flow, Ap is the pressure difference (P1-P2) 
between the two ends of the vessel, and R is resistance. This 
formula is in effect saying that blood flow is directly pro-
portional to the pressure difference, but inversely propor-
tional to resistance.  

It is very important to remember, that the pressure differ-
ence between the ends of the vessel, is not absolute pressure 
in the vessel, which determines the flow rate. For example, 
if the press-united at both ends of the vessel is 100 mm Hg, 
and there is no difference in pressure between the two ends 
of vascular, there will be no flow though a pressure of 100 
mmHg. [4] 

When the body is under the influence of a magnetic field, 
blood flow increases and the oxygen is absorbed into the 
tissues. This is probably one of the mechanisms that helps 
in healing and one of the reasons why it is helpful in so 
many different diseases. 

III. RESULTS  

Magnet has a great influence on our organism, this being 
discussed and analyzed in numerous documents and publi-
cations. The research made so far to make a statement that 
there is a series of variations in the human body signals 
during magneto-theraphy session are highlighted by various 
records during this procedure, and photoplethysmography is 
one of the body signals who helps as to get information 
from the circulatory sistem. For a more accurate assessment 
of biosignals obtained from the pacient in this study we 
have decided to record the photopletysmography before, 
during and after  magneto-theraphy session. 

 Venue of research is the Department of Medical Reha-
bilitation from the Hospital CF, Iaşi, department specialized 
in all new methods of recovery and physical medicine,. 

Magneto theraphy is the physiotherapy procedure chosen 
for research. During this procedure we monitored the blood 
flow parameters in patients that received therapy with low-
frequency magnetic fields due to their diagnosis of diseases 
including the treatment procedure. 

The device for magneto theraphy used in our study is a 
product of Romanian origin, and consisting of two sole-
noids and two inductors coil that blur associated with the 
following parameters: 

Commonly 50Hz; 
Intensity fixed: - 4 mT for cervical coil; 

                - 2 mT for lumbar coil; 
                - 20 to 23 mT for locating coils. 

The effects of therapy with low-frequency magnetic 
fields device are: 

-to continues unmodulated form: sedative, sympathicolit-
ic, trophotrope; 

-to interrupted form: excitatory, sympathicotonia, er-
gotrop.  

The patient is placed in a comfortable position (supine) 
on parallelipipedal component and placed in the magnetic 
field by placing the coil with diametrically di largest in the 
lower limbs. Jewelry and the metal objects are removed 
from the patient. 

 
Fig. 2 The position of the pacient in the magneto-theraphy device 

 Duration and stages of research 
 For research we monitored during the magnet therapy 
procedure 37 patients with different diagnoses,  in several 
days (the monitoring was in at least one day and up to six 
days). 

 
Fig. 3 Age repartition of the patients 

For each pacient we recorded the biomedical signals us-
ing photoplethysmography before, in time and after the 
magnto-theraphy session, obtaining a PPG (photoplethys-
mogram) and a APG (Acceleration PlethysmoGram) wave 
form. 

 
Fig. 4 A typical waveform of the PPG and its characteristic parameters, 

whereas the amplitude of the systolic peaks is x while y is the amplitude of 
the diastolic peak [5].  

There are different types of APG waveforms. The first 
APG waveform A (far left) refers to good circulation, 
whereas the amplitude of B wave is lower than C wave. The 
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last APG waveform G (far right) refers to distinctively bad 
circulation, whereas the amplitude of C wave is lower than 
B wave [5]. 

 
Fig. 5 APG waveforms and types of photoplethysmogram  [5] 

After collecting all necessary data we have made an 
analysis of results and graphical method was used to high-
light more clearly the level of every patient and its future 
evolution. 

Most indices are based on the second derivative of the 
finger photoplethysmogram (APG) which seems to provide 
more information than the first derivative of PPG. The indi-
ces calculated from the APG waveforms can be correlated 
with the distensibility of the carotid artery, age, the blood 
pressure, the estimated risk of coronary heart disease, and 
the presence of atherosclerotic disorders 

By interpreting the APG form we could decide in which 
category of hemodynamic  risk we can include our pacient. 
For example in figure 5 we can observe that from the inter-
pretation of APG obtained during theraphy session, the 
pacient is in a risk category and the blood circulation is 
getting worse, because the blood pressure is increasing due 
to the fact that the blood vessels wall narrows. 

 
Fig.6 The APG obtained during theraphy session to pacinet A.M. 

For each age category we did records, as illustrated in 
fig.6, fig.7 and fig.8 for wave APG: 

 

 
Fig. 7 APG wave for pacients between 40-50 years 

 
Fig. 8  APG wave for pacients between 51-60 years 

 

 
Fig. 9 APG wave for pacients between 61-78years 

As we can see from these three graphs, the age of the pa-
cient influences the APG wave form, because the elasticity 
of the blood vessels is decreasing with age.   

For all 37 subjects included in the research, were record-
ed four individual sheets with daily monitoring  of their 
biomedical parameters that enable better analysis and inter-
pretation of the evolution of each patient during magneto-
theraphy and at end of treatment. 

The graphical representation of the variation in mean 
heart rate (HR avg) of the entire group of patients undergo-
ing research: 

 
Fig. 10 Change in HR prior magneto therapy session 

 

 
Fig. 11 Change in HR in time of  magneto- therapy session 

 
Fig. 12 Change in HR after  magneto- therapy session 
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As we can see from the statistical interpretation of the 
obtained data, the blood circulation improved, evidenced by 
regulating heart beat (HR).  

 
Fig. 13 HR mean before magnetoteraphy session 

 
Fig. 14 HR mean in time of  magnetoteraphy session 

 
Fig. 15 HR mean after magnetoteraphy session 

IV. CONCLUSIONS 

Magneto-therapy, is one of the basic pro-cedures on 
physiotherapy, and brings a lot of benefits to patients who 
can enjoy this therapy, and as has been observed in our 
study, the parameters from the circulatory system are modi-
fied, and helps on the healing of the pacient.   

Photoplethysmography used as an objective method for 
registration of  biomedical parameters  has failed to identify 
magneto-theraphy impact on the human body. APG wave 
illustrates the changes in hemodynamic parameters during 
this physiotherapy procedure. This method of biomedical 
signals recording, enabled better analysis of the impact of 

this therapy on the human body. Thus we have observed an 
improvement in blood circulation, evidenced especially by 
regulating heart rate. 

In conclusion, we can say that the therapy with low fre-
quency magnetic fields is a safe, tackle low and surprising 
benefits for treating various diseases. It is undeniable the 
influence of magneto-theraphy to human body. Because of 
the many indications in a wide variety of diseases and the 
few contraindications, magnet should be one of the most 
popular and most used methods of treatment both prophy-
lactically and therapeutically. 
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I. INTRODUCTION  

Pulmonary hypertension (PH) is a condition defined by an 
increased mean pulmonary arterial pressure (mPAP≥25 

mmHg), measured at rest, by right heart catheterisation 
(RHC). 

According to pathophysiology, clinical presentation, and 
therapeutic approaches, PH wasdivided at the Dana Point 
congress into 5 groups [6] as follows: Group 1: Pulmonary 
arterial hypertension (PAH), Group 2: Pulmonary 
hypertension due to left heart disease (PH-LHD), Group 3: 
Pulmonary hypertension owing to lung disease and/or 
hypoxia (PH-Lung), Group 4: Chronic thromboembolic 
pulmonary hypertension (CTEPH), Group 5: Pulmonary 
hypertension with unclear or multifactorial etiologies. Only 
group 1 (PAH) and group 4 (CTEPH) have a defined clinical 
treatment, whereas for the other three groups, the optimal 
treatment is not clear, being determined mainly by the 
treatment of the underlying cause.  

Pulmonary arterial hypertension (PAH) is a severe, low 
survival and rapidly progressive disease [7], characterised by 
an increase in the pulmonary vascular resistance (PVR) and 
decrease in the compliance (C). Both are contributing to an 
increase in the heart afterlod, leading to heart failure, which 
is one of the most common death causes in PH[8].  

According to the guidelines, once the PAH diagnosis is 
established at baseline, a 6 to 12 months RHC follow-up is 
recommended. RHC presents risks to the patient, including 
bleeding, hematoma formation, vessel puncture, reaction to 
the contrast dye, abnormal heart rate and, in extreme cases, 
heart attack, stroke and death [9],[10]. Although the severe 
complications are reduced when the procedure is performed 
in a specialist centre[11], non-invasive methods for PH diag-
nosis and assessment are highly desirable to reduce the risks 
and improve patient’s life quality. 

A three element (Rc-C-Rd) electrical analogue Windkessel 
model was previously proposed by the authors [2] to estimate 
the overall pulmonary system resistance and compliance 
based on MRI flow and anatomy data and showed promising 
results for differentiating between healthy volunteers, pa-
tients without PH and clinical patients with stratified PH.  

The aim of this study was to evaluate whether the pulmo-
nary resistance and total vascular compliance computed us-
ing the Windkessel model (Fig. 1) can assess the therapy re-
sponse in PAH patients using MRI.  
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II. METHODS 

A. Patients 

56 treatment naïve patients, 32 women and24 men, diag-
nosed with PAH at RHC, underwent magnetic resonance im-
aging (MRI) of the main pulmonary artery (MPA) at baseline 
and one year follow-up.  

B. Right heart catheterization  

RHC was performed via the internal jugular vein using a 
Swan-Ganz catheter. PH was defined as mPAP ≥ 25 mmHg 
at rest with PAH being diagnosed when the pulmonary capil-
lary wedge pressure (PCWP) ≤ 15 mmHg[12].  

C. Magnetic Resonance Imaging  

MRI images of the main pulmonary artery (MPA) were 
acquired for all the subjects, under breath hold, using phase 
contrast (PC) and balanced steady state free precession 
(bSSFP) sequences. The two sets of acquired images were 
co-registered in time (same number of temporal phases) and 
space (same matrix dimensions) and were used to obtain sim-
ultaneous time varying flow and pressure (from the measured 
radius as previously proposed [2]).The PC and bSSFP images 
were spatially and temporarily synchronised, using the same 
pixel size (256x 128 matrix dimensions, 480x288 mm FOV) 
and same number of cardiac images (40). For the PC se-
quence a value of Venc= 150cm/s, 5.85 ms repetition time 
(TR) 2.87 ms echo time (TE) and 10% arrythmia rejection. 
For the bSSFP acquisition, a 3.73ms TR and 1.62 ms TE were 
used. 

D. Image processing  

Using a semi-automatic registration based segmentation 
method[13] implemented under ShIRT (Sheffield University 
Registration Toolkit), the images were post-processed in 
MATLAB(R2014a, The MathWorks Inc.) in order to extract the 
MPA cross-sectional area and quantify the flow variation 
during the cardiac cycle. The applied method is using an av-
erage image as a fixed image, as previously described in [14]. 

E. Windkessel model 

The total vascular compliance and distal resistance were 
estimated by optimising the electrical parameters of a three 
element Windkessel model (Rc-C-Rd), using as input MRI 
derived flow and area waveforms. The Windkessel model of-
fers a global representation of the entire pulmonary circula-

tion through the means of electrical analogy. The compo-
nents of the proposed electrical circuit are: the proximal re-
sistance, Rc, representing the characteristic resistance of the 
main pulmonary artery (MPA), the total pulmonary vascular 
compliance, C and the distal resistance, Rd, representing the 
pulmonary resistance of the distal vasculature. The sum of 
the two resistors is equal to the total vascular resistance and 
it is referred in this article as the Windkessel resistance, RWk 
(RWk=Rc+Rd). The computation method, proposed in [2], re-
turns the best set of electrical parameters that minimizes the 
cost function between the measured and model computed 
pressure (radius used as surrogate) waveforms. 

 

 

 

A graphical user interface (GUI) was implemented in 
MATLAB to integrate the segmentation of the MRI images, 
computation of the area and flow waveform and the optimi-
zation of the Windkessel parameters. The plug-in allows the 
user to upload the MRI images, perform and correct the seg-
mentations and compute the Windkessel parameters.  

F. Statistics 

IBM SPSS 20 (SPSS, Chicago,IL) was used for statistical 
analysis and GraphPad Prism 6.0 (San Diego California 
USA)was used for data presentation.  

The normality condition was tested by visual inspection of 
histograms and confirmed by the Shapiro-Wilk normality 
test. Since the normality condition was violated, the non-par-
ametric Wilcoxon statistical test for 2 related samples was 
applied. A p-value<0.05 was considered significant for all 
statistical tests."

III. RESULTS AND DISCUSSION 

The RHC baseline hemodynamic data according to pa-
tient’s sex is displayed in Table 1. No statistically significant 
differences were found between any of the measured metrics, 
evaluated using independent group Mann-Whitney U non-
parametric test.  
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Fig. 1 The three element Windkessel model (RcCRd) used for the anal-
ysis of the pulmonary circulation in PAH at baseline and follow-up 
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Table 1 RHC hemodynamic data for the analysed cohort, according to pa-
tient sex  

  H."p?54" O."p?46"

cig."{" 52 59 

oRCR."ooJi" 52 ±13 50 ±11 

EQ"."n1okp" 4.6 ±1.3 4.5 ±1.1 

RXT."YW" 10.2 ±4.5 8.2 ± 3.1 

The Wilcoxon signed-rank test was used to evaluate the 
baseline to follow-up differences between the Windkessel re-
sistance (RWk) and compliance (CWk). The results for the en-
tire cohort (n=56), showed statistically significant increase of 
the compliance, CWk(p<0.05), and decrease of the resistance, 
RWk (p<0.01). 

Separated according to the patient’s sex, the female sub-
group showed a statistically significant increase in pulmo-
nary compliance (p<0.01) and decrease of the resistance 
(p<0.001). However, the male sub-group showed statistically 
significant reduction of the resistance (p<0.05) but no signif-
icant decrease of the model’s compliance (p=0.19). 
The mean values for the Windkessel resistance and compli-
ance at baseline and follow-up, together with the p-value re-
turned by the statistical signed-rank test are displayed in Ta-
ble 2. The CWk metric increased at follow-up for 75% of 
women (24/32) and for 63% of men (15/24). The RWkmetric 
decreased at follow-up for 81% of (26/32) women and 67% 
(16/24) of men. In one female patient, the RWk metric re-
mained constant, while for other two women, the increase 
was only of 1%.  

Table 2 Changes in the non-invasive computational pulmonary resistance 
and compliance at follow-up in PAH naïve patients, separated based on sex 

rctcogvgt" H."p?54" O."p?46"

 dcug/
nkpg"

hqnnqy"
wr"

r"
xcnwg"

dcug/
nkpg"

hqnnqy"
wr"

r"
xcnwg"

TYm."
ooJi"
u1on"

0.88 0.57 <0.001 1.21 0.74 0.04 

EYm."
on1ooJi"

0.69 1.06 <0.001 1 0.92 0.19 

Separated upon patient’s age, younger patients (age≤50 
years, n=19) showed statistically significant decrease of the 
Windkessel resistance (p<0.01) and increase of the compli-
ance (p<0.05), while older patients (age>50 years, n=37) 
showed statistically significant reduction of the resistance 
(p<0.01) but no significant decrease of the Windkessel com-
pliance (p=0.21). 

The scatter plot from Fig. 2 shows the distribution of the 
changes in the Windkessel resistance and compliance be-
tween baseline (RWk1 and CWk1) and follow-up (RWk2and 
CWk2) in PAH patients separated according to their age and 
sex. The figure was divided in four, by two dotted vertical 
and horizontal lines, marking no change in the Windkessel 
compliance and resistance at follow-up.  

 
Fig.2 The distribution of the changes in the Windkessel resistance and 

compliance from baseline to follow-up in PAH patients separated 
according to their age and sex. 

Considering that a lower resistance and a higher compli-
ance at follow-up are suggesting an improvement in the heart 
afterload and of the patient’s condition, it can be argued that 
the patients found on the top-left panel of Fig. 2 are doing the 
worst, while the patients from the lower-right panel are doing 
the best at follow-up. It can be noticed from the figure, and 
confirmed by Table 2than most of the patients have a lower 
resistance at follow-up, while a smaller number of patients 
were improving their Windkessel compliance. 

Separated according to patients’ age and sex, the results 
indicated that younger patients (light colors) are mainly po-
sitioned in the lower-right side of the graph. Additionally, the 
proportion of female patient found in the area suggesting fol-
low-up improvement is higher than the male patient propor-
tion. A study of Gabler et al. [3] concerning the response to 
therapy according to patient’s race and sex, showed that fe-
male patients have better outcome following PAH treat-
ment.Jacobs et al.[15] showed that although male and female 
patients had similar reduction in PVR at one year follow-up, 
the female patients had a better improvement of the ventric-
ular functions. Similar findings were also noted by Swift et 
al. [16] in patients withidiopathic pulmonary arterial hyper-
tension (IPAH). According to these studies, although PAH is 
prevalent in female patients, male patients have a worse ther-
apy outcome. This idea is often referred clinically as the “es-
trogen paradox” [17], suggesting that the female hormone 
might favor the PAH development, but it also might have a 
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positive influence on the response to treatment.Several pul-
monary hypertension registry studies [4], [5] have been 
shown that age isalso an independent marker of poor outcome 
in patients with PAH. In the study of Benza et al. [5], male 
patients over 60 years of age were revealed to have a worse 
outcome than female patients regardless of their age, while 
the study of Ling et al. [4]showed that patients younger than 
50 years old had better survival comparing to older patients.  

IV. CONCLUSIONS  

These results are in agreement with previously reported 
invasive findings[3],[4], [5], suggesting that the non-inva-
sively computed resistance and compliance could be used for 
the PAH assessment, in order to reduce the frequency of the 
RHC interventions at follow-up 
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I. INTRODUCTION 

Vjgtocn"Eqohqtv"as explained by the"BS EN ISO 7730 
[6] is “Thermal comfort is that condition of mind which ex-
presses satisfaction with the thermal environment”. Due to 
considerable individual differences, it is impossible to define 
a thermal comfort (not only air temperature) that will satisfy 
everybody, those individual parameters will help ultimately 
to define the “human thermal environment”. The effort made 
by the human body to maintain the functional equilibrium 
may be severely influenced by excessive conditions, having 
negative influence upon human health.  

As it establishes a dual link between external thermal pa-
rameters and the human body capacity of self-regulation 
(heat gain or loss) the thermal comfort comprises two com-
ponents: one is physiologic and the other is economic (in-
creases work productivity). 

II. CONSIDERATIONS REGARDING THE MAIN PARAMETERS 
INFLUENCING THERMAL COMFORT 

Those parameters can be divided in two categories: 
1. Environmental parameters: 
-radiant temperature, 
- air temperature, 
-air humidity, 
-air velocity. 
2. Personal parameters: 
-clothing insulation, 
-metabolic heat (the metabolic rate allows the thermal risk 

evaluation in relation with the activity level, age, sex, gender, 
body weight) 

 
Fig.1 The main parameters influencing the thermal comfort 

The human being is homoeothermic, having a complex 
thermal-regulation capacity, maintaining a relatively con-
stant temperature (< 37 oC), independent of the variation of 
the surrounding climate conditions, provided that the varia-
tion is not an excessive one.  

Where the variations are important, the human body ca-
pacity of self-regulation is exceeded, therefore it is necessary 
to use additional measures to restore the thermal equilibrium, 
like adequate clothing and climate control using heating, ven-
tilation and air-conditioning systems. 

The human body maintains its thermal balance through: 
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Modifying the metabolic rate, namely the heat produc-
tion  chemical regulation;"

Regulation of heat loss through physical mechanism like 
radiation, convection, conduction and vaporization  physi-
cal regulation. 

When exposed to cold environment the heat loss regula-
tion is being made mainly through chemical regulation, 
whereas when exposed to heat the regulation is being made 
physically.  

Obviously those processes are not exclusive but compen-
sate each other.  

A remarkable progress related to the global evaluation of 
the hygro-thermal comfort is achieved through usage of the 
Fanger equation [8] (rectified by Olesen) which is based on 
the thermal balance of human body, starting from the equality 
between the heat produced by the body and the heat ex-
changed with the environment.: 
           S = M  W  R  C K - E –RES             (1) 

where:  
S represents the heat accumulated by the body; 
M - Metabolic heat production; 
W - External mechanical power; 
R, C, K – heat exchange through radiation, convection, con-
duction; 
E, RES – heat loss through sweat and respiration. 
 

 
Fig.2 Thermal balance of human body 

Considering the case of dressed people, the thermal bal-
ance becomes a double equation: 
"""""""""""""""M  W -E -RES = Kimb = R C               (2) 

where Kimb is the heat passing through clothing. 
This double equation is based on the equality between the 

metabolic heat produced added or subtracted by the heat lost 
through mechanical power, sweating and breathing and the 
heat received or given to the clothing respectively to environ-
ment through radiation and convection. The conduction com-
ponent has a negligible value therefore it will not be taking 
into consideration.  

The variables of Fanger’s equation will be briefly ex-
plained below: 

O is the energy released into the body through oxidation 
processes, which is partially converted into mechanical 
power (W) but mainly into internal body heat. The value of 
O may suffer variation between 45W/m2 skin surface, in 
resting state, and 500 W/m2 for running man. Metabolism is 
being expressed in “met“; 1met =58.15W/m2 being defined 
as the metabolism of a person during resting. The literature 
is specifying the values of O for different activities. 

External mechanical power Y may be positive or nega-
tive. If the energy is used by the human being for a certain 
activity then Y >0, and if the energy used is transformed into 
heat (muscles for example) then Y"<0. 

The heat lost through evaporation (sweat) G may be ex-
pressed as : 

        E= Ed + Etr      [W/m2]               (3) 

 where:  
Gf - heat lost through water vapor diffusion through skin 
[W/m2] or insensible perspiration: 

   Ed = 3.05 *10-3 (ps -pv) =3.05 *10-3 (256Tp-3373- pv)  (4) 

ps – saturated water vapor pressure at the skin temperature 
(Tp) [Pa]; 
pv - water vapor pressure in the environment [Pa]. 

 This component (Ed) is being permanently produced and 
it is not controlled by the human body thermo-regulation sys-
tem. 
Gvt – is the heat lost through evaporation of sweat on the skin 
surface [W/m2]. 

 Component (Etr) is has large variations conditioned by 
the physical activity from 0 W/m2 during rest, to a maximum 
of 400W/m2, during high physical activities, in a warm and 
dry environment; it is mainly influenced by the environmen-
tal temperature and its relative humidity. 

The heat lost through respiration TGU is due to the fact 
that the temperature of exhaled air (cca. 34oC) is generally 
higher than the one inhaled and more humid as well. 
RES = 0.0014M(34-Ta )+ 1.72 *10-5M(5867-pv ) [W/m2] (5) 

where:   

M – metabolism rate [W/m2]; 
Ta = environmental temperature [oC]; 
pv = inspired water vapor pressure [Pa]. 

Generally for normal activities, at Ta 20oC , RES =2÷5 
W/m2 therefore negligible. 

The heat lost through conduction through clothing Mkod"
[W/m2] is: 

           
imb

imbp

cl

imbp
imb R

TT
R

TT
K

155.0
     [W/m2]        (6) 

where:   
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Tp – skin temperature [oC]; 
Timb – clothing surface temperature [oC]; 
Rcl – clothing thermal resistance in “clo”, 1clo = 0.155 
m2K/W; 
Rimb – clothing thermal resistance in [m2K/W]. 

Heat exchanged by the body through radiation “T” 
[W/m2] between the body surface and environment is being 
calculated using Lambert, Stefan-Boltzman and Kirchhoff 
laws. 

Heat exchanged by the body through convection “E” due 
to the surrounding air flowing on the body surface. It is being 
calculated using Newton law where the thermal transfer co-
efficient through surface cv results from using the phenom-
enon analysis and using criteria formulas obtained from the 
theory of similitude related to the fluid flow. 

III. EXPERIMENTAL TESTS AND DISCUSSIONS 

To ensure the optimal thermal comfort conditions in hos-
pitals is necessary to solve problems one set of environmental 
factors and specific humidity. 

The measurements and their interpretation have been 
made for a hospital building with the structure mono-layer 
from bricks BCA-GBN 35, 40 cm thickness bound with mor-
tar M 25, and plastered internally and externally with M 50 
mortar having a thickness of 1 cm respectively 2 cm (A) and 
two alternatives for externally mounted thermal insulation, 
respectively expanded polystyrene with 15 cm thickness(so-
lution1) (B) and mineral wool G.100 in rigid plates protected 
with polyethylene foil with 0.15 mm thickness (final thick-
ness15 cm)(solution 2)(C). 

The comparison criterion is the overall behaviour related 
to hygro-thermal parameters. Also, it is obvious that achie-
ving higher efficiency levels, it is required to make a correla-
tion between the thermo-physical features, their dimensions 
and their construction, but also the disturbing elements (ther-
mal bridges, air infiltration, etc.)  

Because the marginal influence on the occurrence of con-
densation is minimized, a 60x60 cm perimeter was defined 
for each of the three segments of the analyzed panel, centered 
on the transverse axis of each segment. Table 1 shows the 
risk of condensation expressed through maximum allowable 
relative humidity of the interior air, for prevention of the in-
terior surfaces’ condensation. 

The risk of condensation is less as the value of maximum 
allowable relative humidity is higher. 

An optimal solution for building thermal protection has to 
be established, prior to rehabilitation in order to ensure opti-
mal thermal comfort. Therefore, the measurements of 3 panel 
segments have been numerically modelled [7]. The numeric 
modelling allows both the influence analysis of the various 

external factors and optimizing the technical solutions for 
closing elements. 

Table 1 Maximum allowable relative humidity of interior air, adjacent to 
internal surfaces 

Panel segment 

Average tem-

perature of 

the interior 

surface 
0C  

Average tem-

perature of air 

adjacent to 

the area 
0C  

Maximum 

allowable 

relative hu-

midity 

 

(A) 15.3 17.6 86.4 

(B) 18.1 19.1 94.0 

(C) 18.4 19.0 96.4 

 
Modelling involves the input of several material types, 

their dimensions and heat loads. The software [7] allows in-
puts for punctual or surface heat loads and tempe-ratures and 
convection loads (temperatures and conductive transfer coef-
ficients). The software used for numerical modelling is a 
meshing and automatic data input, writing programs of ele-
mentary equations, their assembly into the overall system and 
solving the obtained data. Thus, on the existing and studied 
structural frame, the simulation was done with the use of two 
types of externally mounted thermal insulation where the in-
door temperature is Ti 20 0C and the outdoor temperature is 
Te  -15 0C. 

The results achieved for the base structure and solution 1 
are shown in figure 3.  

The results for base structure and solution 2 are shown in 
the figures 4, 5 and 6. 

Comparing the two alternatives where the structure is 
identical, but the thermal insulation is composed of expanded 
polystyrene and the second one in mineral wool plates, hav-
ing the same thickness, it can be noticed that for the same 
building and same temperature conditions, the density of 
thermal flux is almost identical, with a difference of  0.2 %. 

 
Fig.3 Detail with areas with maximum flux density 
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Fig.4 Equal thermal flux for the considered section 

 

Fig.5 Equal density thermal flux lines for the considered section 

 

Fig.6 Equal density thermal flux lines for the most unfavorable area at the 
junction between the window and wall 

The maximum value for the thermal flux is in both cases in 
the same sections (at the joining between wall and window 
frame).  Variation of the lines of equal thermal flux density 
is obvious in the jointing areas between the building structure 
(external wall) and windows. The maximum values, for the 
solutions 1 and 2 are 147.80 W/m2 and 144.64 W/m2 respec-
tively, with a 3% difference.  

IV. CONCLUSIONS 

1. It is absolutely necessary to improve the thermal behav-
ior of the building elements which are composing the build-
ing envelope in order to reduce the heat losses and avoiding 
to the extent possible the condensation. 

2. The maximum allowable relative humidity is higher, 
the lower is the risk of condensation. For the studied materi-
als, the highest value of allowable maximum relative humid-
ity is for the mineral wool (2.1 % higher than the expanded 
polystyrene). Considering this criterion only, it has been con-
cluded that the optimal solution is the one with mono layer 
brick masonry and thermal insulation with mineral wool. 

3. The lines of equal thermal flux density are showing its 
variation for the studied structure. This change in the lines 
shapes is obvious in the intersection areas between the con-
struction elements, around the windows and doors openings, 
and where the material properties are different. In those areas 
the thermal flux density is the highest, with a 3% difference 
between the two insulation solutions. 

As a conclusion, it is obvious that from the thermal point 
of view, there is a major need to eliminate or reduce at its 
most the presence of thermal bridges, especially in the inter-
section areas and around the windows and doors in order to 
ensure the thermal comfort in the buildings with a structure 
and insulation similar to the studied ones.  
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I. INTRODUCTION  

The cell remains in polarized (passive) state, as long as 
there is no action exercised by any external factor, in order to 
disturb the balance of the membrane (the so-called rest state) 
[1], [2]. These external factors that can cause depolarization 
of the membrane cell are called stimuli or stimulus factors. 
Their action is called stimulation. Artificial stimulation of ex-
citable tissues is an important tool in restoring muscle and 
nerve functions lost due to different accidents [3], [4]. The 
stimulation is also important in cardiac defibrillation [5].  

The membrane cell depolarization is initiated locally, on a 
small area, by an electrical process (the value of the trans-
membrane potential changes). The increase of the transmem-
brane potential value above a certain threshold to the rest 
level, triggers depolarization of the cell membrane in the 
form of an impulse, called action potential. The response of 
the membrane is characterized by a sudden initial increase of 
the transmembrane potential; it reaches a maximum followed 
by a slow return to its resting value [1], [2].  

In this paper, the propagation mechanism of the passive 
waves (the transmembrane potential) along the nerve fibers 
will be analyzed. The geometrical and electrical properties of 
the fiber are known. We also consider possible inhomogene-
ity’s of the membrane cell; these will be modeled by varying 
its electrical parameters along the nerve fiber. This variation 
has a significant influence on the membrane response during 
stimulation of the nerve fiber, which can lead to changes in 

transmembrane potential, e.g. modification of the nervous 
excitability threshold. 

II. THEORETICAL BACKGROUND 

From the electrical point of view, the cell behaves simi-
larly to a coaxial cable: the core conductor of the cable is the 
cytoplasm, with good electrical conductivity; the membrane 
is an insulator coaxial layer and the external environment (in-
terstitial fluid) is a coaxial conductor new layer, with a higher 
electrical conductivity than the cytoplasm, but with the same 
order of size [6], [7]. In order to model the electrical proper-
ties of the nerve fiber we will use the well kwon cable equa-
tion that modeled the electrical properties of the nerve fiber 
[1], [6], [8], [9]. The solution of the passive cable equation 
provides a direct determination of membrane voltage, so the 
passive cable model specifies the behavior of the membrane 
in subliminal state [1], [6], [8], [9]. 

The nerve fiber is considered infinitely long, and it can be 
approximated by an electrical network made up of resistive 
and capacitive elements each compartment of the cable hav-
ing the same length – Fig. 1 [1], [6], [8], [9]. The output of a 
section is the input for the next section. Electrical network 
modeling the axon is similar to a two-conductor transmission 
line [6]. 

 
Fig. 1 The electrical circuit of the passive cable for the nerve fiber [6] 
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The quantities from the model are: 
- Ii the longitudinal current from the intracellular medium 

[μA]; 
- im the total transmembrane current per unit length of the 

fiber [μA/cm]; 
- Vr = -65 [mV] the resting potential of the membrane. 
Knowing the values for the resting potential, the mem-

brane capacitance per unit area - Cm=1.0 [μF/cm2], the axo-
plasma resistivity - i=0.0354 [k cm], the specific re-

sistance of the membrane - Rm=0.0354[k cm2] and the fiber 
radius - a=0.005[cm], we will compute the following param-
eters of the membrane per unit lenght: 

 

m m

m
m

i
i 2

c 2 aC 0.0314 [ F / cm]
R

r 106.0926[k cm]
2 a
R

r 2202.704 [k / cm]
a

 (1) 

 The transmembrane voltage of an excitable cell is defined 
as the difference between the electric potential of the inner 
surface of the cell membrane, Vi, and of the outer surface, Ve. 
The outer surface of the membrane potential is considered as 
a reference potential (Ve = 0). Therefore, instead of the con-
cept of the transmembrane voltage, we will use the term of 
transmembrane potential or membrane potential. 
 The equation that describes the variation of the membrane 
voltage (transmembrane potential) in time and space is [1], 
[6], [8], [9]: 

 
2V V2 m m V 0m2 tx

 (1) 

, where 
i

m

r
r2 , λ=0.1294[cm] is the spatial constant of 

the fiber and mmcr  = 3[ms] is the time constant. Using 
the above equation, it can be described the membrane voltage 
variation along the fiber below the depolarization threshold. 

III. ELECTRICAL STIMULATION MODELING OF THE NERVE FIBER 

A. Stimulus represented by an impulse current 

In order to study the behavior of passive nerve fiber, the 
fiber is intracellular stimulated at x=0 (the left extremity), 
with a current source. At the right extremity of the fiber the 
transmembrane potential is set to zero. The passive wave 

propagation from the stimulated electrode (left extremity) to 
the opposite side, must be characterized through time repre-
sentation.  

Figure 2 shows the train of impulses used to stimulate the 
nerve fiber. We will consider three excitation pulses and an 
inhibitory one. The impulses have the same length but differ-
ent amplitudes. Duration of stimulation is 40 [ms], and the 
time step is 0.004 [ms]. 

 
Fig. 2 The train of impulses used to stimulate the nervous fiber 

The time variation of the transmembrane potential was 
studied using an electrical circuit analysis program. The elec-
tric circuit of the fiber is illustrated in the Fig. 3. The length 
of the fiber is L=2[cm] and the electric cable is composed of 
10 compartments. 

 
Fig. 3 The equivalent electrical circuit of the fiber 

From the simulation analysis – Fig. 4, one can notice that, 
when an inhibitory impulse is applied, the value of the trans-
membrane potential becomes negative; this represents the ar-
eas where the membrane is hyperpolarized (inhibition of the 
nervous impulse). Also, the transmembrane potential rapidly 
decreases along the fiber (V(1)>V(2)>V(3)>V(4)>V(5)). 
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Fig. 4 Time variation of the transmembrane potential.  

(Representation is made for the first 5 compartments of the cable.) 

B. Stimulus represented by the transient current from the 
RLC series circuit 

The stimulation circuit can be modeled through a series 
RLC circuit, working in transient regime. Considering the 
coil inductance L = 0.165 [mH], the capacitance C = 200 [μF] 
and the resistance R = 3 [Ω], knowing that the damping factor 

is ω1= 
L

R
2

=9.091[ms-1] and the pulsation ω2=

2R 1
2L LC

=7.235[ms-1], the circuit works in 

overdamped regime, because
2R 1

2L LC
. The waveform of 

the current through the coil is represented in Fig. 5. 

 
Fig. 5 The current pulse generating the nerve fiber stimulation 

The current pulse generated by the RLC series circuit, de-
termines the stimulation of the nerve fiber and the transmem-
brane potential changes. The stimulation is excitatory or in-
hibitory, depends on the stimulus applied. 

For a lower intensity of the applied stimulus, the trans-
membrane potential will not reach the threshold value, and 
the membrane is not activated. 

To describe the subliminal behavior of the fiber inside the 
tissue, we will use the passive cable model. The electrical cir-
cuit representing the nerve fiber is shown in Fig. 6, having 
the same finite length L = 2 [cm], and the cable was still con-
sidered to be composed of 10 compartments. One ca see that 
the stimulus is not apply at one end of the fiber as in the case 
described in paragraph A, but in the middle. The necessary 
stimulation signal is taken through a current source con-
trolled in current. The amplifying of this source is considered 
unitary. 

 
Fig. 6 The equivalent circuit of the nerve fiber; stimulation impulse is 

generated by a series RLC circuit, working in transient regime 

The response of the membrane cell is shown in Fig. 7 and 
represents the transmembrane potential determined on each 
section of the cable.  

 
Fig. 7 The subliminal response of the nerve fiber  

 One can easily notice that at the 5 level, where stimulus is 
applied, the transmembrane potential has the highest value, 
decreasing gradually as the intensity of the stimulus de-
creases. 

 IFMBE Proceedings Vol. 59  
  

 

Modelling the Passive Behavior of the Nervous Cell. Influence of Electric Parameters Variation 161



Three-dimensional representation of the transmembrane 
potential, Vm, as a function of space and time along the nerve 
fiber, is illustrated in Fig. 8. 

 
Fig. 8 The transmembrane potential variation 

IV. INFLUENCE OF THE ELECTRIC PARAMETERS VARIATION OF 
THE MEMBRANE CELL OVER THE NERVE FIBER RESPONSE 

In the simulations, the properties of the membrane cell 
were considered to be uniform along the fiber. Further on, we 
will consider possible inhomogeneities in the membrane cell, 
shaped by varying its electrical parameters along the nerve 
fiber [9]. This can have a significant influence over the nerve 
fiber response during stimulation and will lead to changes in 
transmembrane potential, with the possibility to modify the 
nerve excitability threshold [11], [12], [13]. 

The modified parameters’ of the membrane cell were cm, 
rm, şi ri. These parameters were varied in a range of 2-20% 
from the initial value: for example i1 i ir r 2% r , 

i2 i ir r 6% r , i3 i ir r 10% r etc. First, we began with the 
change, in turn, of the value of each parameter and studied 
how this will affect the value and pulse shape of the trans-
membrane potential.  

From figure 9, one can see that the change of the axial in-
tracellular resistance value per unit length, will lead to a 
slight decrease in transmembrane potential, compared to the 
model with constant parameters.  

Next, we study the effect of the resistance and capacitance 
variation over the time distribution of the transmembrane po-
tential – Fig. 10 (a) and (b). 

 
Fig. 9 Time variation of the transmembrane potential for the node 5 of the 

fiber, when the intracellular resistance changes 

 
a) 

 
b) 

Fig. 10 Transmembrane potential variation. a) the membrane resistance, rm 
, varies; b) the membrane capacitance, cm, varies. 
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The variation of the rm and cm leads to different effects on 
the cell membrane behavior, under subliminal conditions. 

The membrane resistance variation leads to a decrease of 
the transmembrane potential value compared with its initial 
value, when rm was constant along the nerve fiber. 

On the other hand, changing the membrane capacitance 
along the nerve fiber leads to a potential increase of the Vm 
amplitude, compared to the case when the parameter was 
constant. 

The most significant variation of Vm can be observed for 
the variation of cm, the transmembrane potential increases 
about 4 [mV] to the case of constant parameters. 

Simultaneous modification of these three parameters, de-
termines a higher value of the membrane potential Vm = -44.5 
[mV] compared to the case when the cell membrane proper-
ties were uniform throughout the fiber Vm = -47 [mV] – Fig. 
11. 

 
Fig. 11 Transmembrane potential resulting from the simultaneous variation 

of the three parameters of the cell membrane - compared with the model 
with constant parameters 

Figure 12 shows the time variation of the transmembrane 
potential Vm, as a function of distance along the nerve fiber, 
computed using the Matlab software. 

When the stimulus intensity is below the threshold, the 
nerve fiber behaves passive and the membrane voltage local 
growth, determined by the stimulus, is dissipated very 
quickly. Comparing the chart below – Fig. 12 - with that of 
Fig. 8, one can notice an increase in the value of Vm with 
about 6%.  

 
Fig. 11 Vm at the electrical parameters variation of the cell membrane  

V. CONCLUSIONS  

Knowing the effects of the stimulation mechanism on the 
neural structures provides a better understanding of how to 
realize the nervous excitability. In this paper we studied the 
behavior of the nerve fiber in subliminal regime, and we an-
alyzed the propagation mechanism of the action potentials 
along the nerve cells. 

The nerve fiber was electrically stimulated using both a 
train current pulse and a current impulse generated by a RLC 
series circuit working in overdamped transient regime. 

For the stimulation with the train of impulses, we used 
both excitation and inhibition impulses, that leads to signifi-
cant changes in the amplitude of Vm. 

By applying an inhibitory pulse, Vm takes values lower 
than -65 [mV], this being the area where the cell membrane 
is hyperpolarized or zones of inhibition of nerve impulses. 

The areas where the membrane potential has values 
greater than -65 [mV] represents the depolarization areas, 
these are stimulation areas. 

Also, in this paper, we analyzed the influence of the mem-
brane electric parameters variation on the transmembrane po-
tential (nerve fiber response). There is an increase up to 6% 
of Vm, when the cell membrane parameters vary, compared to 
the case where they are kept constant. 
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ocvjgocvkecn"uqnwvkqp"ku"c"igpgtcn"qpg"fwg"vq"vjg"hcev"vjcv"kv"tg/
ockpu" xcnkf" hqt" dqvj" vjg" tqvcvkqp" cpf" tqvq/vtcpuncvkqp"oqxg/
ogpv0" Hqt" vjg" korngogpvcvkqp" qh" vjg" qdvckpgf" ocvjgocvkecn"
oqfgn."kp"qtfgt"vq"dg"ukowncvgf."c"rtqegfwtg"dcugf"qp"vtcpuhgt"
hwpevkqpu"ku"wugf0"Vjg"ockp"qdlgevkxg"qh"vjg"rtgugpv"tgugctej"ce/
vkxkv{" ku" vq" qrgp" vjg" rtgokug" qh" vjg" crtkqtkv{" crrtqzkocvkqp"
vjtqwij"ukowncvkqp"qh"vjg"qtvjqfqpvke"vtgcvogpvu"fwtcvkqp0""""

Keywords—" Ukowncvkqp." qtvjqfqpvke" vtgcvogpv." vtcpuhgt"
hwpevkqp."ogfkecn"rtqeguu."fkuvtkdwvgf"rctcogvgt"rtqeguu0"

I. INTRODUCTION  

The orthodontic treatment [1] consists in the application 
of external forces to the teeth in order to imply their move-
ment. One of the most challenging research directions in Or-
thodontics is referring to the precise approximation of the du-
ration of the orthodontic treatment. This problem is a very 
difficult one, due to the fact that the mathematical model of 
the teeth movement process (which is a medical process) is 
hard to be obtained. The main explanation of the previous 
remark is due to the fact that the structure parameters (time 
and length constants) of the biological tissues vary from a 
person to another one. In this contest, we consider that the 
approach of the modeling-simulation problem of the medical 
orthodontic process is an appropriate one.  

In this paper, the case of using the dental braces with a 
high level of elasticity is considered. Also, as case study, the 
movement process associated to a central incisive is consid-
ered.         

II. THE THEETH MOVEMENT PROCESS  

In order to describe the teeth movement process, the ex-
ample from Fig. 1 is considered. The significance of the no-
tations from Fig. 1 is: u(t) – input signal representing the ex-
ternal force applied to the tooth; y(t,p) – output signal 
representing the tooth movement and depending both on time 
(t) and on the position from the tooth longitudinal symmetry 

axis (p) – resulting that the considered medical process is a 
distributed parameter one [2,3]; α-β – longitudinal symmetry 
axis of the tooth; pa’ = 0mm – reference position representing 
the tooth top; p0 – the position from the α-β axis where the 
u(t) signal is applied; pa – the position from the α-β axis rep-
resenting the gum level; pC1 – the position from the α-β axis 
of the tooth rotation centre in the case of the rotation move-
ment; C1 – rotation centre of the tooth in the case of the rota-
tion movement; pf – reference position representing the tooth 
apex (the distance on the α-β axis between the tooth top and 
the tooth apex); pf1 - the distance on the α-β axis between the 
point where the input signal is applied and the tooth apex; pC2 
- the position from the α-β axis of the tooth rotation centre in 
the case of the roto-translation movement; C2 – rotation cen-
tre of the tooth in the case of the roto-translation movement; 
yα’ = y(t,pa’) – – tooth movement (the distance passed 
through of the tooth) in relation to time in the position corre-
sponding to p = pa’; y(t,pi) (for i {1; 2} –– tooth movement 
in relation to time in the intermediary positions from the α-β 
axis corresponding to p = p0 and p = p1; yβ = y(t,pf) - tooth 
movement in relation to time in the position corresponding to 
p = pf (yβ ≤  ≤ 0mm in the case of the rotation movement and 
yβ ≥ 0mm in the case of the roto-translation movement). In 
Fig. 1, the external force u(t) (which is considered the input 
signal in the medical process) is applied to the tooth (central 
incisive) at the distance p0 – pa’ = p0 from its top. Depending 
on the treatment type, the imposed movement can be either 
rotation or roto-translation. In the case of the rotation move-
ment, the rotation centre C1 belongs to the α-β axis, more ex-
actly to the interval {p0; pf}. In the case of the roto-translation 
movement the rotation centre C2 belongs to the continuation 
of the α-β axis above the pf  point (practically the position of 
C2 is outside from the tooth volume). In order to simplify the 
presentation and due to the fact that pf has a much bigger 
value than the y(t,p) signals, only the rectilinear movement 
of the tooth is considered in the evaluation of the output sig-
nal value. In Fig. 2, the input signal u(t) and its components 
are presented. The significance of the numerical notations 
from Fig. 2 is: 1 – elastic decreasing force of the resort; 2 – 
plastic remanent increasing force;     3 – u(t) force which ac-
tivates the orthodontic treatment (resultant of 1 and 2 com-
ponents).  
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Fig. 1 Case study for the central incisive movement 

 
Fig. 2 Components of the u(t) input signal and u(t) signal 

The other notations from Fig. 2 are: Ku – initial value of 
the elastic decreasing force of the resort and implicitly of the 
input signal u(t) measured in [grf]; uf – steady state value of 
the plastic remanent increasing force; tfu – settling time of the 
component 1; tfu1 – settling time of the component 2. From 
Fig. 2, it can be remarked the fact that we consider the case 

when the component 2 is slower than the component 1 (tfu1 > 
tfu). Also, the value of uf can be considered as percentage 
from the initial value Ku of the u(t) signal. The plastic rema-
nent increasing force is due to the disturbed tissue (through 
compression – depression).  
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In order to obtain mathematical model of the u(t) signal 
evolution, the Laplace transformation for null initial condi-
tions is used. The model of the component 2 (notated with 
uR) from Fig. 2 is presented in Eq. 1:      

 

 R f
3u 4u

1U (s) U (s)
(T s 1) (T s 1)

 (1) 

 

where the transfer function 1
3u 4u

1H (s)
(T s 1) (T s 1)

makes the connection between the signals UR(s) and Uf(s), 
T3u and T4u being the corresponding time constants. Practi-

cally, the signal Uf(s) can be written as f f
1U (s) u
s

, where 

1
s

  represent the Laplace transformation of the unit step sig-

nal. The model of the component 1 (notated with FE) from 
Fig. 2 is presented in Eq. 2: 
 

                 u
E

1u 2u

K 1F (s) (1 )
s (T s 1) (T s 1)

        (2) 

 

where uK
s

represents a step signal with the steady state value 

equal to Ku, respectively T1u and T2u represent the time con-

stants of the transfer function 2
1u 2u

1H (s)
(T s 1) (T s 1)

. Due to the fact that tfu1 > tfu, T1u  and T2u are smaller as value 
than T3u  and T4u.  

Considering Eq. 1 and Eq. 2, the input signal U(s) (U(s) is 
the Laplace transformation for null initial conditions of u(t)) 
is given by: 

 
u

E R
1u 2u

f u

3u 4u

K 1U(s) F (s) U (s) (1
s (T s 1) (T s 1)

u / K
)

(T s 1) (T s 1)

  

  (3) 
"
where uf/Ku represents the ratio between the two constant val-
ues.  

The mathematical model of the orthodontic process, 
which makes the connection between the applied force U(s) 
(considered input signal in the orthodontic process) and the 
distance passed through by the teeth, as effect of the applied 
force, Y(s) (considered output signal from the orthodontic 
process) is presented in the following equation: 

 

                

y
3

1 2

KY(s)H (s)
U(s) (T s 1) (T s 1)

     (4) 

 
where Ky is the proportionality constant of the orthodontic 
process, respectively T1 and T2 are the time constants of the 
orthodontic process. Analyzing the structure of the element 
from Eq. 4, it results that the orthodontic process is a second 
order one (modeled using a second order transfer function). 
Eq. 4 describes only the process dynamic in relation to time. 
Introducing, also, the dynamic in relation to the independent 
variable (s), the output signal Y(s,p) is given by:  
 

             

y
0P

1 2

K
Y(s,p) F (p) U(s)

(T s 1) (T s 1)
        (5) 

 
where the linear function F0P(p) introduces in the model the 
effect of (p) independent variable, being given by: 
 
                               0P 0 1F (p) p .                              (6) 
 

In Eq. 6, the constants can be computed with the formulae: 
'

0 y  (the imposed movement in steady state regime for 

the tooth top) and 
'

1
f

y y
p  

(the slope of the F0P(p) 

function). Applying the inverse Laplace transformation to 
Eq. 5, we obtain the output signal written in time domain: 

 

                  
0P y 0Ty(t, p) F (p) [(K F (t))*u(t)]         (7) 

 
where “*” represents the convolution product between the 
signals u(t) and F0T(t). The exponential function F0T(t) is 
given by: 
 

                       

1 1t t
T T1 2

0T
1 2

1F (t) (e e )
T T

 .                (8) 

 
In other words, in Eq. 7, the expression of the analytical 

approximating solution which models the y(t,p) deformation 
is presented. Also, the analytical solution from Eq. 7, depend-
ing on two independent variables (t) and (p) represents prac-
tically the solution of a partial differential equation [4,5] 
which can be determined in order to express the complete 
model of the process. The evolution of the analytical solution, 
in relation to both independent variables (t) and (p), is pre-
sented in Fig. 3.    
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Fig. 3 The evolution of the analytical solution in relation to both independent variables (t) and (p) 

In Fig. 3, the sine parallel curves signify the fact that the 
distances from the corresponding axes are much bigger (the 
scale of the graph is not respected on the mentioned inter-
vals). Also, in Fig. 3, the increasing evolution of the analyti-
cal solution in relation to time (t), respectively its decreasing 
evolution in relation to (p) independent variable, are high-
lighted. The significance of the new notations used in Fig. 3 
is: 1- the curve yβ in the case when it is ≤ 0mm; 2 – the curve 
yβ in the case when it is ≥ 0mm; 3 – the linear variation of the 
analytical solution in relation to (p) independent variable for 
the case when yβ ≥ 0mm; 4 - the curve yα’ in both cases (yβ ≥ 
0mm and yβ ≤ 0mm); 5 – the linear variation of the analytical 
solution in relation to (p) independent variable for the case 
when yβ ≤ 0mm; tfy – the settling time of the y(t,p) signal.  

From Fig. 3, it results that tfu1 << tfy, implying the fact that 
the input signal can be assimilated with an impulse type sig-
nal. Practically evolution form from Fig. 3 represents the 
y(t,p) signal response at u(t) signal and the u(t) signal repre-
sents the response of the element 

f u

1u 2u 3u 4u

u / K1(1 )
(T s 1) (T s 1) (T s 1) (T s 1)

  (from 

Eq. 3) at the uK
s

 step input signal. The wide arrows from 

Fig. 3 show the position evolution of the rotation centre C2 
(case of the roto-translation movement) with the increase of 
the ratio between yα’ and yβ. Also, in the case of the rotation 
movement, the C1 centre presents the evolution according to 
the arrows at the increase of the same ratio.     

III. SIMULATIONS RESULTS 

The simulations of the teeth movement process are made 
in MATLAB/Simulink.  

The simulation structure implemented in Simulink is pre-
sented in Fig. 4. In the left part of the structure, the step signal 
with the final value Ku is generated and applied to the medical 
process.  

The time constants and the proportionality constants 
which occur in the presented model (Eq. 1-8) are initialized 
according to some measurements practically obtained 
(through some experiments). These values are not given in 
the paper in order to simplify the presentation.   
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Fig. 4 The simulation structure implemented in Simulink 

Between the step signal generator and the adder, the u(t) 
signal is formed as: 

 

                      
1 2 3u(t) u (t) u (t) u (t)                       (9) 

 
practically implementing Eq. 3. In this context, 

1 u
1

K
u (t) { }

s
L , 1 u

2
1u 2u

K
u (t) { }

s (T s 1) (T s 1)
L  (the 

two components of FE(t)) and u3(t) = L-1{UR(s)} (from      Eq. 
1). The notation L-1{} represents the inverse Laplace trans-
formation of the function between the {}. It can be remarked 
the fact that in Fig. 4, all the signals are presented in time 
domain and the elements models are presented using transfer 
functions (for a more intuitive understanding of the struc-
ture). The element H3(s) models the orthodontic process (Eq. 
4), the output signal from it being ((Ky∙F0T(t))*u(t)). Finally, 
the signal ((Ky∙F0T(t))*u(t) is multiplied with the value of 
F0P(p) function (Eq. 6), value which is computed (in relation 
to (p) independent variable) using the computing element 
from the right-down part of the structure. The output signal 
from the mentioned element is the final form of the y(t,p) 
output signal from the medical process.  

In Fig. 5, the results of the simulations of the medical pro-
cess are presented, in the case of the teeth rotation movement. 
In this figure, the variation form of the output signal y(t,p) is 
presented for 9 different values of the (p) independent varia-
ble. In Fig. 5 it is highlighted again the increasing evolution 
of the y(t,p) in relation to time (t) and its decreasing evolution 
at the increase of the (p) independent variable value. 

From the figure, it can be remarked that the rotation cen-
tre is placed at pC1 = 18 mm from the teeth top (case figured 
with yellow color on Fig. 5). Practically, in this case, the 
value of y(t,p = 18mm) = 0mm the entire period of simulation 

(t [0,7] weeks) due to the fact that the rotation centre re-
mains immovable.  

 
Fig. 5 The evolution of the y(t,p) signal in relation to both independent 

variables, for the rotation movement case 

In Fig. 6, the results of the simulations of the medical pro-
cess are presented, in the case of the teeth roto-translation 
movement.  

The same remarks as in the case of the rotation movement 
are valid regarding to the evolution of the y(t,p) signal. In 
contrast with the previous case, the y(t,p) signal evolution 
corresponding to the position of C2 rotation centre is not pre-
sented due to the fact that C2 is placed outside from the tooth 
volume. For the simulation from Fig. 6,               pC2 = 54mm. 
Also, the curves from Fig. 6 present only positive values. The 
steady state values of the curves presented in Fig. 5 and Fig. 
6 are presented in the Table 1. 
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Fig. 6 The evolution of the y(t,p) signal in relation to both independent 

variables, for the roto-translation movement case 

Table 1 The steady state values of the curves from Fig. 5 and Fig. 6 

p y(t = tfy,p) (Fig. 5) y(t = tfy,p) (Fig. 6) 

pa’ = 0mm 1 mm 1 mm 
p0 = 4mm 0.7773 mm 0.9253 mm 
pa = 8mm 0.5552 mm 0.8513 mm 
p =12mm 0.3331 mm 0.7773 mm 
p =16mm 0.111 mm 0.7033 mm 
p =18mm 0 mm - 
p =20mm -0.111 mm 0.6292 mm 
p =24mm -0.3331 mm 0.5552 mm 
p =27mm -0.5 mm 0.5 mm 
   

 
The values of y(t = tfy, p) from Table 1 represent the dis-

tance passed through by different points from the symmetry 
axis α-β after 7 weeks.  

In Fig. 7, the evolution of the position of the rotation cen-
tres C1 and C2 (for the two movement cases: rotation and 
roto-translation) is presented in relation to the ratio               r 
= |yα’ / yβ |. In both cases yα’ = 1mm value is maintained. In 
the case of rotation, yβ is initialized at the value -1mm and it 
is increased progressively with the value of 0.01mm to 0mm. 
In the case of roto-translation, yβ is initialized at the value 
0.5mm and it is decreased progressively with the value 
0.005mm to 0mm.   

In Fig. 7, the positions of the two rotation centres from 
Fig. 4 and Fig. 5 is also highlighted (pC1 and pC2). For rotation 
movement (the blue curve from Fig. 7), the value of the rota-
tion centre position increses at the increase of r and in the 
case of roto-translation movement (the red curve from Fig. 
7), the value of the rotation centre position decreases at the 
increase of r. 

 
Fig. 7 The evolution form of the pC1 and pC2 positions in relation to the ra-

tio r = |yα’/yβ| 

IV. CONCLUSIONS  

The paper proposes an original method for the modeling 
and the simulation of a medical process (in particular an or-
thodontic process). In Paragraph III, some interesting simu-
lation results of the proposed mathematical model are pre-
sented. The medical process is simulated both for rotation 
and roto-translation movement. In order to apply the simula-
tion method for predicting the duration of the orthodontic 
treatment, a study about the resistance of the biological tissue 
of each subject has to be made. This study is necessary in 
order to determine the time constants and the proportionality 
constants of the model presented in Eq. 1-8.  
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Part III
Biomedical Signal and Image Processing
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cpcn{uku" cpf" rtgfkevkqp0" Vjku" rcrgt" fgcnu" ykvj" crrtqzkocvg"
gpvtqr{"cpf"ucorng"gpvtqr{"ecnewncvkqpu"kp"qtfgt"vq"hkpf"wptg/
xgcngf" rtqrgtvkgu" qh" vjgug" ukipcnu0" Vjg" wugf" ukipcnu" ctg" qd/
vckpgf"htqo"vjg"OKV/DKJ"Nqpi/vgto"GEI"fcvcdcug0"Vjg"cko"
qh"vjku"rcrgt"ku"vq"ogcuwtg"kphqtocvkqp"vjgqt{"dcugf"rctcog/
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ekcnkuvu0"
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r{."ucorng"gpvtqr{0"

I. INTRODUCTION  

From over hundred years electrocardiogram (ECG) plays 
an important role in the analysis of human heart activity and 
the identification of different cardio-diseases. In an attempt 
to obtain a better understanding of the mechanisms of 
ECGs, procedures based on different theories such as in-
formation theory, chaos and fractal theory have been used to 
extract linear and nonlinear information from these signals.  

Heart rate variability (HRV) analysis is a relatively new 
method for measuring the effects of interactions with the 
environment of human body. It is measured as the time 
difference between heart beats (named R peaks on regular 
ECGs) and its variations are correlated to health status. 
High HRV is an indication of healthy autonomic and cardi-
ovascular response. Low HRV may indicate that the sympa-
thetic and parasympathetic nervous systems aren’t properly 
coordinating to provide an appropriate heart rate response 
[8].  

In 1996 a Task Force of the European Society of Cardi-
ology (ESC) and the North American Society of Pacing and 
Electrophysiology (NASPE) defined and established stand-
ards of measurement, physiological interpretation and clini-
cal use of HRV. Time domain indices, geometric measures 
and frequency domain indices nowadays constitute the 
standard clinically used parameters [15]. 

Electrophysiological time series (as HRV) are usually 
stochastic; lately using different new theories these have 

been identified as fractal-like and as being generated by 
scaling phenomena [14], [6].  

There are many methods to study and analyze HRV sig-
nals; these are usually grouped under linear and non-linear 
methods. The linear methods are defined in time-domain 
(based on the beat-to-beat or NN (normal in sinus rhythm) 
intervals, which are analyzed through parameters as stand-
ard deviation of different intervals or differences, root mean 
square of successive differences, the number or proportion 
of different pairs of successive NNs that differ by more than 
a fixed time interval [15]) and frequency-domain (power 
spectral density computation by several parametric or non-
parametric methods in different frequency bands of interest, 
which are typically high frequency (HF) from 0.15 to 0.4 
Hz, low frequency (LF) from 0.04 to 0.15 Hz, and the very 
low frequency (VLF) from 0.0033 to 0.04 Hz) [1]. 

The most commonly used non-linear method of analyz-
ing HRV is the Poincaré plot which quantifies by fitting 
mathematically defined geometric shapes to the data repre-
sented as a pair of successive beats. The graphical represen-
tation means that on x-axis is represented the current RR 
interval, while on the y-axis is the previous RR interval [2]. 

In this paper an information theory approach to support-
ing the analysis of HRV signal is proposed. Information 
theory parameters as sample entropy and approximate en-
tropy of R-R intervals extracted from regular ECG signal 
were calculated and analyzed [9]. These parameters of R-R 
interval dynamics can exhibit different patterns. This paper 
presents approximate entropy and sample entropy computa-
tion applied to three different long term ECG signals ob-
tained from MIT-BIH database. 

II. NONLINEAR METHODS IN HRV ANALYSIS 

A. Heart Rate Variability 

The HRV recorded as time duration between two heart-
beats or as a distance R-R (R being the peak of QRS com-
plex) on a surface electrocardiogram (ECG) is strongly 
related to the activity of autonomic nervous system. This is 
irregular if measured in milliseconds. This variation is sig-
nificant and is related to physiological (controlled by the 
autonomous nervous system) conditions. A reduction of 
HRV has been reported in several diseases.  
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Moreover, HRV also may have a prognostic value and is 
therefore very important in risk stratification [12]. Previous 
studies demonstrated a fractal-like complexity pattern in the 
variability of heart rate (HRV) which is possible to be 
measured, evaluated and quantified [9]. Fast variations 
(fluctuation) of HRV can reflect changes of sympathetic and 
parasympathetic activity; in other words, HRV is a noninva-
sive index of the autonomic nervous system’s control on the 
heart. Many studies suggested that mechanisms involved in 
the regulation of cardiovascular system interact with each 
other in a nonlinear way and that it is possible to study these 
mechanisms with several algorithms for non-linear signals 
and systems [10], [11]. Recent data suggest that non-linear 
analysis in comparison to standard HRV measurements 
seems to detect abnormal patterns of RR fluctuations more 
efficiently [13]. 

B. Nonlinear dynamics in time series analysis 

a) Approximate Entropy: 
The approximate entropy is a statistical parameter inspired 
on the chaotic systems measures used to quantify the degree 
of regularity and the unpredictability of fluctuations over 
time-series data. This entropic measure was first proposed 
by Pincus [2], and it exhibits a good performance in the 
characterization of randomness even when the data se-
quences are not very long. In order to compute the approx-
imate entropy, the embedded dimension m, that is, the 
length of the vectors to be compared, and a noise filter 
threshold  are required. Given  data points 

 of an HRV signal, a sequence of vectors 
 is formed, where 

 
              (1) 

 

Using the previous defined sequence  for each i satisfy-
ing   , on construct  

 (2) 

where  represents the distance between the 
vectors  and , given by the maximum difference in 
their respective scalar components. It’s important to observe 
that j takes on all values, so the match provided when i=j 
will be counted (the subsequence is matched against itself). 
This distance is calculated as follows 

      (3) 

 Than the parameter approximate entropy  is 
defined as follows: 

 (4) 

where 

         (5) 

Parameter selection as length of data  and noise filter 
threshold  hardly depends on the chosen application. Ap-
proximate Entropy reflects the likelihood that similar shapes 
of observations will not be followed by additional similar 
observations [5]. 

b) Sample Entropy: 
The sample entropy is the negative natural logarithm of 

the conditional probability that two sequences similar for  
points remain similar for  points, where self-matches 
are not included in calculating the probability. Thus, a lower 
value of sample entropy also indicates more self-similarity 
in the time series. To be defined, sample entropy requires 
only that two templates similar for  samples remain simi-
lar for  samples. Distance between every pair of vec-
tors  and  is computed as before (equation (3)). Then, 
for given , a probability function is computed as: 

  (6) 

Where  is the Heaviside function, defined as 

  (7) 

The probability that two sequences match for  points 

 (8) 

For ,  and  are calculated. Finally, 
sample entropy is: 

  (9) 

It is clear from the definition that  will always have 
a value smaller or equal to , Therefore,  will 
be always either be zero or positive value. A smaller value 
of  also indicates more self-similarity in data set or 
less noise. 
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III. PROCEDURE 

The long term ECG signal is first filtered (regular noise, 
baseline wandering) than R peaks are detected as local max-
ima in the signal. Both time moments and R peak values are 
introduced in a bi-dimensional vector, after that the R-R 
intervals are revealed. These time series are ready to be 
evaluated through non-linear procedures. The RR intervals 
are considered as discrete time series (one dimensional 
vectors) and they are evaluated through computing sample 
entropy and approximate entropy for different embedded 
lengths and thresholds. The main idea is to find a relation-
ship between regularity or unpredictability of fluctuations 
over these HRV data and their computed entropies. 

IV. RESULTS 

A. Approximate Entropy calculation 

In this paper are presented results obtained with signals 
14184 (101543 samples, standard deviation 0.1638), 15814 
(103354 samples, standard deviation 0.1032) and 14172 
(66006 samples, standard deviation 0.2911) from the MIT 
BIH Long term ECG database. The histograms (graphical 
representation of the distribution) of these signals (128 
equal sized bins) are presented on figure 1. 

Fig. 1 The histogram of studied signals 

Using the already presented mathematical background 
the approximate and the sample entropies were calculated 
for various lengths of signal (chosen to be a power of two in 
order to have better results in signal processing. The compu-
tational procedures were performed in Matlab environment 
using specific toolboxes. The chosen threshold for sample 
entropy was  and  of standard deviation for approxi-
mate entropy as recommended in literature [7]. 

 The approximate entropy values were computed for dif-
ferent lengths (embedded dimensions), these lengths were 
chosen in six steps in order to see how the obtained values 
are influenced by these lengths. The obtained approximate 
entropy values are presented on figure 2 
 

 
Fig.2 Approximate entropy versus number of samples 

A time series containing many repetitive patterns has a 
relatively small value of approximate entropy; a less pre-
dictable process has a higher [4]. 

B. Sample entropy computation 

The sample entropy values were obtained, using the pre-
sented computational framework (equations (6) to (9)) for 
different lengths (embedded dimensions), these lengths 
were chosen in eight steps as presented on figure 3. Their 
variations present similarities with the approximate entropy. 

 
Fig.3 Sample entropy versus number of samples 

To avoid a significant effect of noise in entropies calcula-
tion, one must choose threshold  larger than most of the 
noise [3]. The dependence between sample entropy and 
different values of chosen threshold is presented on figure 4. 
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Fig.4 The variation of sample entropy with the threshold  

V. CONCLUSIONS  

Approximate entropy and sample entropy are nonlinear 
indexes of heart rate dynamics that describes the complexity 
of R-R interval behavior, meaning regularity, unpredictabil-
ity of fluctuations and self-similarities and can be helpful 
when others such as mean or variance cannot distinguish 
between discrete time series. Accurate entropy calculation 
of HRV signals usually requires vast amounts of data, and 
the results can be influenced by the accuracy of R peak 
detection and system noise. The HRV signals obtained from 
long term observations are more valuable from a medical 
point of view to, lower values indicating presence of various 
diseases. There is an organic relationship between sample 
values distribution (seen on histograms) and obtained entro-
pies, lower entropy values indicates more regularity, higher 
values means more unpredictability. 

The criteria for selecting threshold  can be adapted in 
different heart rate studies depending on the followed pa-
rameters. Usually electing the  value which maximizes 
approximate entropy seems to be a reasonable approach, 
because this choice would allow quantifying more of the 
time series irregularity than any other. In any case, whatever 
will be the criterion for selecting r, it is hardly recommend-
ed a preliminary quantification the whole entropy to get a 
more complete view of the phenomenon  

As further work these entropies can be extended in mul-
tiscale domain through time-frequency (wavelet) transfor-
mation in order to get more accurate information about their 
non-linear dynamics. 
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I. INTRODUCTION  

High-frequency oscillatory ventilation (HFOV) is a mode 
of unconventional mechanical ventilation intended for pedi-
atric and adult patients with acute respiratory distress syn-
drome and for neonatal patients with infant respiratory dis-
tress syndrome. HFOV function is based on an application 
of relatively high mean airway pressure (PAW) which keeps 
ventilated lungs open and on application of high-frequency 
pressure oscillation superimposed on PAW. These pressure 
oscillation ensures exchange of ventilator mixture in respir-
atory system. Ventilators 3100A and 3100B (Carefusion, 
Yorba Linda, CA) are most commonly used ventilators for 
HFOV in the clinical practice. Recent studies have shown 
that tidal volumes (VT) delivered by the ventilators are af-
fected by set PAW value [1, 2]. Link between these two 
HFOV variables can be direct or indirect. Direct relation-
ship means that VT will change its value with PAW regardless 
of changes in the mechanical properties of the respiratory 
system induced by PAW. Indirect relationship means that 
changes in VT are caused by changes in respiratory mechan-
ics which in turn are induced by change in PAW.  

The aim of the present study was to examine dependence 
between PAW and VT in HFOV under the constant mechani-
cal properties of the respiratory system. 

II. METHODS 

A. Measurements 

Measurements were carried out with 3100B ventilator 
which was connected to one of used rigid respiratory system 
models. Models of volumes: 25 L, 35 L and 50 L were used. 
Measurement was also conducted with one model based on 
respiratory system anatomy with overall volume of 120 L 
[3]. Rigid respiratory system models with specified volumes 
were chosen because of their particular compliance ranges 
from 24.2 mL/cmH2O to 116.2 mL/cmH2O. 

Flow sensor based on measurement of pressure differ-
ence was placed at joint of ventilatory circuit and connect-
ing tube of the given respiratory system model. Volume 
flow was measured with a steel custom-made orifice spe-
cially designed for HFOV measurements. Data from orifice 
were digitized (DAQCARD 6009, National Instruments, 
Austin, TX) at sample rate 1 kHz and collected with cus-
tom-built software developed in Signal Express software 
(National Instruments). Mentioned measurement system 
including custom-made orifice is described in detail in [4]. 
Hot-wire anemometer 2100 Respiration Monitor (SLE, 
Croydon, UK) was placed next to the orifice in order to 
validate the measured data. Value of PAW was taken over 
from 3100B ventilator. Scheme of the measurement setup is 
presented in Fig. 1. 

B. Mapping PAW-VT Relationship 

Baseline setting of 3100B ventilator prior to start of an 
experiment was: PAW value 17 cmH2O (13 cmH2O in case of 
120 L model), bias flow 25 L/min, inspiration time 50 %, 
frequency of pressure oscillations 5 Hz and pressure oscilla-
tions amplitude (∆P) varied in range from 67 cmH2O to 78 
cmH2O in dependence on used respiratory system model. 

PAW was changed every 1.5 min by 4 cmH2O to maximal 
value 57 cmH2O (45 cmH2O in case of 120 L model). PAW 
was changed by increasing expiratory valve resistance. 
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 Control voltage of ∆P was held constant throughout ex-
periments. Despite this fact ∆P varied with PAW. List of ∆P 
values for individual models and PAW values in course of 
experiments is summarized in Table 1. 

The flow was recorded continually throughout the whole 
course of conducted experiments. Value of tidal volume 
measured with 2100 Respiration Monitor was recorded 
before each change in PAW value. 

Fig. 1 Scheme of measurement setup, crucial elements are highlighted by 
red color 

Table 1 Values of ∆P (cmH2O) for different models and PAW values 

PAW value 
(cmH2O) 

Respiratory system model 
25 L 35 L 50 L 120 L 

13    73 
17 77 67 78 80 
21 80 81 81 85 
25 83 84 84 87 
29 85 86 86 89 
33 87 88 88 90 
37 88 88 89 91 
41 89 89 90 92 
45 89 89 90 92 
49 89 89 90  
53 88 89 89  
57 89 89 89  

C. Data processing 

Flow signal measured with custom-made orifice was 
numerically integrated to compute a volume. Flow signal 
was not filtered during processing, because it wasn’t con-
sidered necessary due to negligible amplitude of noise com-
pared to amplitude of desired signal, see Fig. 2. Delivered 
VT was calculated by subtracting maximal and minimal 
volume during the same respiratory cycle. Calculated VT 
values were compared with values of VT measured by 2100 
Respiration Monitor. 

Set of 200 VT values was selected for each PAW level in 
order to carry out statistical testing. Selected data were 
tested for normality using Chi-Square Goodness of Fit test 
and statistical significance of differences between VT values 
on different PAW was tested using one-way ANOVA. Dunn 
and Sidaks’s post-test was applied to all ANOVA analyses. 
Value of p less than 0.05 was considered statistically signif-
icant. Statistical testing was performed using Statistics and 
Machine Learning Toolbox of Matlab R2015b (MathWorks, 
Natick, MA). 

Fig. 2 Example of flow signal with superimposed noise in course of one 
respiratory cycle 

III. RESULTS 

Mean values of sets of VT measured with custom-made 
orifice (red line) and VT values measured with 2100 Respi-
ration Monitor (black line) for 25 L respiratory system 
model are depicted in Fig. 3 as a function of PAW. 

Same data are presented for 35 L, 50 L and 120 L model 
in Fig. 4, Fig. 5 and Fig. 6 respectively. 

Standard deviations of sets of VT measured with custom- 
made orifice had values of two to four tenths of milliliter. 
All standard deviation values are summarized in Table 2. 
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All sets of VT had normal distribution (p > 0.06). 
Differences between VT on each PAW level were statistically 
significant for all used models (p < 1.57·10-9). 

Fig. 3 VT measured with custom-made orifice (red line) and VT from 
2100 Respiration Monitor (black line) as functions of PAW for 25 L model 

Fig. 4 VT measured with custom-made orifice (red line) and VT from 
2100 Respiration Monitor (black line) as functions of PAW for 35 L model 

Fig. 5 VT measured with custom-made orifice (red line) and VT from 2100 
Respiration Monitor (black line) as functions of PAW for 50 L model 

Fig. 6 VT measured with custom-made orifice (red line) and VT from 2100 
Respiration Monitor (black line) as functions of PAW for 120 L model 

Table 2 Standard deviations of VT  (mL) for different models and PAW 
values 

PAW value 
(cmH2O) 

Respiratory system model 
25 L 35 L 50 L 120 L 

13    0.26 
17 0.29 0.38 0.28 0.24 
21 0.27 0.27 0.30 0.25 
25 0.28 0.27 0.27 0.26 
29 0.27 0.28 0.28 0.27 
33 0.26 0.24 0.27 0.25 
37 0.25 0.24 0.26 0.28 
41 0.26 0.25 0.26 0.29 
45 0.25 0.26 0.26 0.31 
49 0.26 0.28 0.33  
53 0.27 0.27 0.25  
57 0.22 0.26 0.28  

IV. DISCUSSION 

It was shown that there exists a statistically significant 
direct dependence of VT in HFOV on PAW under the constant 
mechanical properties of the respiratory system. 

Figures in section Results show that VT increased with 
PAW value to 21 cmH2O, or to 25 cmH2O in case 120 L 
model. In higher PAW values VT decreased with PAW. Initial 
rise in VT was clearly caused by rise in ∆P, see Table 1. 
Subsequent decrease in VT was probably due to ongoing 
increase in PAW which wasn’t sufficiently compensated by 
rise of ∆P. (Detailed explanation of this phenomenon: PAW 
was increased by changing expiratory valve resistance. With 
help of electroacoustic analogy and Ohm’s law one can 
establish relationship between flow, pressure and acoustic 
impedance. Higher pressure means higher flow and higher 
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acoustic impedance means lower flow. If acoustic imped-
ance (PAW) rises faster than pressure (∆P) then flow (after 
numerical integration VT) will have downward trend.) 

It can be also seen from Figures 3 to 6 that VT measured 
with custom-made orifice differed from VT measured with 
2100 Respiration Monitor. Mean value of this difference is 
22.9 mL. This could be caused by inaccurate calibration 
function from voltage to volume flow of custom-made ori-
fice, or by filtration of flow signal in 2100 Respiration 
Monitor. However, data from custom-made orifice and 
2100 Respiration Monitor possessed the same trend, except 
120 L rigid respiratory system model. In this one particular 
case measured VT values differed by less than 1 mL between 
some of the set PAW values. This difference is under the 
measurement resolution of 2100 Respiration Monitor, 
which is 1 mL. 

The values of PAW higher than 40 cmH2O are used only 
rarely in the clinical practice because of possible barotrau-
ma. 

Major limitation of this study is the use of rigid respirato-
ry system models instead of animal models. Rigid models 
were chosen because of their constant mechanical properties 
which is the feature that cannot be assured in case of real 
lungs. However, this choice resulted in almost negligible 
standard deviation in VT values on the same PAW level. This 
in turn led to the fact that even the smallest change in VT 
between two PAW levels caused statistical significant differ-
ence. Conclusion of this study is that there exists statistical 
significant direct dependence of VT on PAW, but authors 
proved, on the basis of the above, that this dependence is 
not clinically significant. Almost negligible standard devia-
tion in VT also resulted in minimal p values. 

V. CONCLUSION  

Statistical significant dependence of VT on set value of 
PAW under the condition of constant mechanical properties 
of the respiratory system in HFOV was described in this 

study. We proved that the dependence has insignificant 
clinical impact upon the ventilated patients. 

It was also proved that used custom-made orifice is suit-
able for measurement of tidal volumes in HFOV. 
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I. INTRODUCTION  

A. T-reflex and its importance 

To develop force, the striate muscle elicits the muscular 
fibers contraction through the neural command received from 
motor neurons. The motor behavior is controlled at lower lev-
els by spinal reflexes [1]. A significant reflex is the stretch 
reflex (SR), representing the contraction of the muscle while 
being abruptly lengthened by external forces. Mechanically, 
SR consists of a short-lasting (phasic) contraction determined 
by the speed of the length change and a longer-lasting (tonic) 
contraction determined by the actual static length of the mus-
cle. Within the SR EMG response, two distinct components 
can be seen: M1 (short-latency) and M2 (long-latency) re-
spectively. It was shown [2] in experiments with human sub-
jects that M2 originates in skin and/or subcutaneous nerve 
terminals and accordingly, only M1 is elicited by the muscle 
stretch receptors. The reported latencies [2] are 30-35 ms 
(M1) and 50-60 ms (M2) for the First Dorsal Interosseus 
muscle (FDI). The assessment of the clinically relevant in-
tegrity of the spinal neural paths, can be accomplished 
through the detection of SR M1 & M2 in single trials. Till 
now M1 & M2 could be recorded only through coherent av-
eraging of the SR EMG, when the stimulus time location is 
known. It allows only statistical (averaged) results. In this 
way, the individual relationship of the events with time is 

lost. With coherent averaging many trials are needed, which 
is time-costly. The detection of SR M1 & M2 in single trials 
is difficult because of (i) background EMG and noise, (ii) 
their shape and amplitude variability. To overcome the above 
difficulties and prepare for a dynamic, trial-by-trial detection 
of SR M1 & M2 from the EMG evoked during SR, we used 
previously the wavelet transform related techniques due to 
their ability to locate events in time, to extract time dependent 
spectral properties of the signals and to detect changes within 
signals [3, 4, 5, 6, 7] together with using a new experimental 
paradigm [8].  

In a relaxed hand there are trials with no reflex response, 
therefore the subject was asked [5] to elicit a little voluntary 
muscular pre-activation, which improved the sensitivity to 
stretch and reduced the number of passive trials. Such volun-
tary pre-activation induces background EMG noise superim-
posed onto the SR EMG, which makes the onset detection 
even more difficult. This was the main drawback of the wave-
let approach [5], because the spectral composition is similar 
for the M1, M2 and for the pre-activation EMG. The present 
work shows it is possible to detect the SR M1, M2 in single 
trials, only with processing the SR EMG in the time domain. 

 
B. Aim of the paper 

We aimed to develop a method for a time-scale dynamic, 
trial-by-trial detection of SR M1 & M2 from the evoked SR 
EMG, to alleviate the above reported drawbacks. Therefore 
we considered the signal in the time domain and used the ap-
proximated generalized likelihood ratio test (AGLR), to de-
tect the SR M1, M2 as abrupt changes within the signal. In-
stead of using the cumulative sum decision rule (CUSUM) 
test, used in [6], we used the AGLR method [7]. With this 
method it is easier to approximate the statistical parameters 
for real signals, as the SR EMG. 

II. MATERIAL AND METHODS 

A. Informed Consent and of Human and Animal Rights 

The noninvasive experiments were performed with the 
consent of the subjects and in accordance with the ethical 

Towards a Trial-based, Time-scale Dynamic Detection of M1 and M2 Components 
from the EMG Stretch Reflex Response 

M. Tarata1, M.S. Serbanescu1, D. Georgescu1, D.O. Alexandru1, and W. Wolf2 

1 University of Medicine and Pharmacy of Craiova/Medical Informatics, Craiova, Romania 
2Universität der Bundeswehr München, EIT-3-2, Neubiberg, Germany 

 
© Springer International Publishing AG 2017 181
S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;  
12th - 15th October 2016, Cluj-Napoca, Romania, 
IFMBE Proceedings 59,  
DOI: 10.1007/978-3-319-52875-5_40  



standards of the responsible committee on human experimen-
tation (institutional and national) and with the Helsinki Dec-
laration of 1975, as revised in 2000 and 2008. 

 
B. Acquisition setup 

A hardware and software acquisition setup was developed 
in order to trigger the stretch reflex of the FDI of the right 
hand and to acquire the EMG response of the muscles to-
gether with other parameters describing the event (torque, an-
gle, trigger signal), whose description can be found in our pi-
lot study [5] based on our new experimental setup [8]. 

The subjects (dominant right hand) were 8 females (age 
19.6 ± 0.74) and 8 males (age 21.88 ± 5.18), healthy and mo-
tivated. The subject was comfortably seated in a chair, with 
hand and forearm supported by a table and strapped to a 
heavy plastic plate. The subject’s index finger was immobi-
lized within an orthopedic finger splint fixed on a lever. Two 
surface electrodes were placed on the abrazed, clean skin, 
longitudinally above the FDI muscle. The lever was attached 
to a torque motor. At randomized time intervals, unexpected 
impulse-like load changes (square signal of 350 ms duration) 
were applied by the torque motor causing full extension of 
the FDI muscle (Fig. 1). For each subject, 100 trials were per-
formed. Two more parameters were logged: torque and fin-
ger angle. 

The subjects kept a small muscular pre-activation before 
the stretch, to improve the sensitivity of the spindle transduc-
ers [1] and thus to increase the chance to elicit a SR EMG 
response.  

 
C. Data acquisition  

The signals were acquired during 2 seconds in each trial, 
at 2000 Hz sampling rate on all the channels (EMG, torque, 
angle, trigger signal) simultaneously, via NI 6052 board (Na-
tional Instruments Inc., USA).  

The EMG signal was amplified (gain 5000) (BIOPAC 
SYSTEMS INC, USA), filtered with a built-in 10-500 Hz 
band-pass filter and normalized against the maximum value.  

The first second (2000 samples) of each trial was acquired 
to appreciate the level of pre-activation (Fig. 1, Pre-activa-
tion). The onset of the stretch-trigger was set after the first 
acquired second and had a duration of 350 ms. This window 
of 350 ms is also the time-window where the M1 & M2 can 
be seen (Fig. 1, Stretch-reflex). The rest of the acquired sig-
nal (650 ms) was acquired to appreciate the pre-activation 
within the post stretch reflex   (Fig. 1, Post-activation). 

The acquired EMG signals were normalized against the 
maximum value. The acquisition software was developed in 
Matlab (Mathworks, USA).  

Fig. 1 shows an example of the signals. 

 
Fig. 1. Timing and acquired signals. Top to bottom: surface electromyog-

raphy channel, mechanical engine torque and finger angle. 

D. Manual onset detection of M1 and M2 components 

For each trial, when elected, the onset of M1 and M2 of 
the stretch reflex were marked by skilled operators in order 
to be used as reference for the proposed automated method. 

 
E. AGLR – computing the DETECTION signal 

The rectified EMG signal was used to detect the onset of 
the muscular activity, as the moment when a change in the 
statistical properties, occurred according to the following. 

Accepting an approximation of the model parameters as 
valid, a CUSUM type decision rule can be implemented by 
comparing the cumulative sum 
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with a threshold. In (2), p i, p 0  are the probability density 
functions of the i-th random variable before and after a pos-
sible change  at moment j. Assuming a Gaussian density dis-
tribution, they are described by the variance and mean of the 
process. Since the position of the change is not known, it is 
replaced by its maximum likelihood estimate, i.e. a maxi-
mum operator selects the largest value of the test function 
with respect to all possible change times .1 kj  With the 
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above observations, in the AGLR implementation [5], (1) be-
comes: 
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where: 
u – the average profile of the signal (either real or esti-

mated); 
i – the rectified EMG signal at moment i; 
0(i) – actual signal value at moment i; 
 – the variance of the signal preceding the moment j. 

 
The input sequence is analyzed by a growing observation 

window, from the beginning up to the actual observation k. 
A test window with the bounds j and k respectively, proceeds 
reversely in time, computing the log-likelihood ratios. The 
time j, at which the maximum value is obtained, acts as the 
maximum likelihood estimate of the unknown change time, 
namely the onset time in our case. 

F. Automated onset detection of M1 and M2 components 

(i) The AGLR based decision signal (AGLREMG) is com-
puted from the SR EMG.  

(ii) Next, from the AGLREMG signal a new signal 
(DETECTION signal) is computed as a moving standard de-
viation of 5 samples following each point within the signal 
(Fig.2, DETECTION). 

(iii) Two different elements are revealed from the 
DETECTION signal: a) the highest peaks from M1 and M2 
time windows and, b) the potential silent periods preceding 
M1, M2, processed within the M1 and M2 time windows: 
a) the highest peak is considered as the maximum positive 

amplitude within M1 and M2 windows and stays for the 
maxim probability of a coherent change within the signal 
(Fig. 2, M1 & M2 maximal peak). 

b)  using the signal standard deviation, within the first sec-
ond (2000 samples) before the mechanical stimulus, as a 
variable threshold relative to the highest peak detected 
in each M1 and M2 time windows of the DETECTION 
signal, we consider as a potential silent period all sam-
ples lower than the threshold. Several potential silent pe-
riods are thus detected, having an onset and an offset 
(Fig. 2, Silent periods). 

(iv) The criteria to decide on the M1, M2 onset is the ratio 
between the current silent period duration and the duration 
from its offset to the next maximum peak within the 
DETECTION signal. M1 and M2 onsets are considered when 
this ratio is maximal (Fig. 2, Detected M1 & M2). 

 

Fig. 2. Automated detection. Top to bottom: DETECTION signal, compu-
ted silent periods, and surface electromyography channel. 

III. RESULTS 

A. Manual onset detection of M1 and M2 components 

From all the 1980 trials, both M1 and M2 were detected  
manually in 1112 trials, from the original SR EMG signal 
(Table 1).  

 
Table 1 M1, M2 onsets (F- females, M- males) 

 

 
SR EMG 
M1 onset 

(ms) 

SR EMG 
M2 onset 

(ms) 

AGLR 
M1 onset 

(ms) 

AGLR 
M2 onset 

(ms) 
F 30.91 ± 6.93 61.19 ± 9.03 30.79 ± 9.49 59.77 ± 18.81 
M 33.71 ± 7.12 65.83 ± 7.69 29.28 ± 12.57 64.50 ± 14.12 

 
The M1 component could be identified in other 216 trials 

and the M2 component in other 356 trials, individually.  
 

B. Automated onset detection of M1 and M2 components 

On the 1112 trials where both components were identified 
by the human operator, the mean values were 30±11 ms for 
the M1 component and 62±16 ms for the M2 component (for 
males and females, together).  

The results, separated on gender, are shown in Table 1. 
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IV. DISCUSION 

Initially we attempted to detect the SR M1, M2 compo-
nents from within the time-scale domains, as shown in our 
pilot study [5], based on our new experimental setup [8]. 
Which is new now, is the detection of M1, M2 from within 
the time-domain, working directly on the SR EMG signal, to 
avoid the incapacity of the wavelet-based approach to deal 
efficiently with the noise-like infestation of the signal, due to 
the voluntary pre-activation. Because some voluntary pre-ac-
tivation is necessary to improve the rate of elicited SR re-
sponses, this also acts as noise, making more difficult the de-
tection, also because it alters the silent periods within the 
EMG. The silent periods, occurring before the M1, M2 com-
ponents, play an important role within the detection process.  

Having no control mechanism for the automatic detection 
accuracy, when taking into consideration only the 544 trials 
where automated detection was within 10 ms from the man-
ual detection on both M1 & M2,mean values were 32±7 ms 
for M1 component and 63±8 ms for M2 component. The av-
erage error was 3.03 ms for the M1 component and 3.06 ms 
for the M2 component. To conclude, in 28% from all the tri-
als, the automatic detection was close to the human detection 
(time deviation less than 10 ms), in another 28.2% the time 
deviation was greater. In total, from 1980 trials, in 868 trials 
the human operator could not decide on the onsets, i.e. 43.83 
%. The main reason of detection failure is the noise within 
the EMG signal, i.e. also the pre-activation signal, as dis-
cussed. A better detection of the silent periods is one way to 
further improve the algorithm. 

V. CONCLUSIONS  

The actual implementation improves the refined experi-
mental setup (hardware & software) to be further used in 
physiological and clinical research and the algorithmic basis 
to proceed to the dynamic (automatic) detection of the M1 & 
M2 onsets from the SR EMG, in the time-domain on single 
trials. The novelty which the method brings consists in using 
only the time-domain to provide the real time detection of the 
M1 & M2 in specific experimental closed loop paradigms, 
comparing to the complexity and time-consumption while 
using frequency/scale domains. 

The advantages of the actual approach: 
the use of the time domain, which improves the 
speed,  
the use of human-mind logic, based on the specific-
ity of the SR EMG, which adds flexibility. 

We shall further consider refining the method, in the sense 
of introducing exclusion decision on trials that are inappro-

priate for manual and automated detection, together with im-
proving the detection of the silent periods preceding the SR 
M1, M2.  
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I. INTRODUCTION  

In our daily life, we can hear, besides human speech, a va-
riety of animal’s sounds, including bird songs, dog barks, 
frog calls, cricket calls, etc. Many animals generate sounds 
either for communication or to accompany their living activ-
ities such as eating, moving, flying, etc. Identification of an-
imals by their sounds is important for biological research and 
biodiversity assessment, especially in detecting and locating 
animals [1]. Some research difficulties when processing ani-
mal vocalizations are connected to noisy data, imperfect data 
labeling and poor knowledge about how animals produce and 
perceive sound. The incorporation of noise models is im-
portant since the recording environment is usually populated 
with many interfering noise sources. This noise can signifi-
cantly reduce classification accuracy, especially when the 
characteristics of the noise vary across the dataset. Detecting 
state of an animal is a challenging task since humans can only 
guess as to what an animal is trying to communicate acousti-
cally [2]. 
 One of the important tasks when analyzing animal sounds 
is the measuring of acoustically relevant features. Majority of 
bioacoustics signals processing systems use time-frequency 
techniques such as the short-time Fourier transform, wavelets 
and energy distributions [3]. Most authors use the Mel fre-
quency cepstral coefficients (MFCC) as acoustic characteris-
tics for training and then testing under different classification 
systems. 

In this paper we investigate the use of certain MFCC co-
efficients with TESPAR analysis to differentiate the sounds 
of different animal species. The choice is justified by the fact 
that only some of the MFCC coefficients contain specific in-

formation about the emitter of sound, while the rest contain-
ing information about the message. On the other hand, 
TESPAR analysis allows obtaining a specific fingerprint, of 
fixed length, for the sound emitter. 

II. CEPSTRAL COEFFICIENTS 

In order to obtain spectral features, usually the acoustic 
signal is pre-processed before extracting features by [4]: 

preemphazis: the signal samples are filtered by a high 
pass digital filter; 
frame blocking: the acoustic signal is blocked into 
frames of samples with an overlap factor of frames; 
windowing: favor the samples towards the center of the 
window; this fact coupled with the overlapping analysis 
performs an important function in obtaining smoothly 
varying parametric estimates. 

Mel cepstral analysis [4] use Mel scale and a cepstral 
smoothing in order to obtain the final smoothed spectrum. 
First, the short-term spectrum of the vocal segment is evalu-
ated. Then, this spectrum is integrated over gradually widen-
ing frequency intervals on the Mel scale using a triangular 
filter bank. The resulting Mel-warped spectrum is projected 
on a cosine basis in order to obtain an uncorrelated cepstral 
coefficients MFCC (Mel Frequency Cepstral Coefficients). 

The first cepstral coefficient (C0) describe the shape of the 
log spectrum independent of its overall level. The second 
cepstral coefficient (C1) measures the balance between the 
upper and lower halves of the spectrum while higher order 
coefficients are concerned with increasingly finer features in 
the spectrum. 
 Another type of coefficients are obtained if, first, apply the 
Teager energy operator (TEO) on acoustic signal and then 
repeat the same operations described before. In this way, we 
obtain so-called Teager MFCC coefficients (T-MFCC) [5]. 
The Teager Energy Operator (TEO), is a nonlinear energy-
tracking signal operator used to estimate the amplitude enve-
lope of an AM signal and the instantaneous frequency of a 
FM signal [6]. For discrete signals, TEO is defined as: 

 11
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The TEO has important applications in energy and time fre-
quency estimation and has been widely used in speech sig-
nals analysis. 

III. TESPAR ANALYSIS 

TESPAR (Time Encoded Signal Processing and Recogni-
tion) is a technique which classifies time domain signals 
based on some specific signal shape parameters. The 
TESPAR method is based on the approximations of the loca-
tions of the signal zeroes (real and complex). The real zeroes 
correspond to the zero crossings of the signal while the com-
plex zeroes are associated with local minima, maxima, points 
of inflexion etc. The real zeroes of a signal and some complex 
zeroes can be easily detected by visual inspection of signal 
waveform (Fig. 1), but the detection of all complex zeroes is 
difficult and time consuming. This drawback can be over-
come in this way: the waveform is segmented between suc-
cessive real zeroes, thereby generating a number of epochs 
with a certain durations (lengths); then, this duration infor-
mation is combined with simple approximations of the shape 
between two successive real zeroes. 
In this way an important number of complex zeroes may be 
identified by analyzing the shape of the waveform between 
its successive real zeroes. 

In the simplest implementation of the TESPAR method 
[7], two descriptors (attributes) are associated with each 
epoch of the waveform: 

the duration (D) between two successive real zeroes ex-
pressed as the number of samples; 
the shape (S) between two successive real zeroes ex-
pressed as number of minima of that epoch. 

 
Most signals can be described by a series of discrete nu-

merical descriptors based on TESPAR symbol alphabets.  
The standard alphabet can be used to convert the sequence 

of epochs into an equivalent TESPAR symbol stream, map-
ping the duration/shape (D/S) attributes of each epoch to a 
single descriptor or symbol by a coding process [6] (Fig. 2). 

Another approach use an additionally descriptor A, for 
each epoch, such as epoch maximum amplitude, epoch en-
ergy, etc. In this case, the coding is based on a comparison of 
two successive epochs (for each descriptor D, S, A), as shown 
in Fig. 3. In this case, we get a fixed number of symbols (27) 
regardless of the duration or complexity of an epoch. This is 
TESPAR DZ alphabet [8]. 

The resulting TESPAR symbols string may be converted 
into a variety of fixed-dimension matrices [6]. The S-matrix 
is in fact a histogram of TESPAR symbols. Given a stream 
s(i) of symbols Ti, the elements of S matrix can be expressed 
as: 

 
Fig.1. TESPAR waveform analysis 

 
Fig.2. TESPAR coding process 

NnT
N

S
M

i
in 1,1

0
  (2) 

 

where:   
otherwise

nisif
Ti ,0

)(1  

The contribution of each symbol to the S-matrix values 
can be weighted by the value of the associated A descriptor. 

Another type of matrix is the A-matrix, a two dimensional 
N x N matrix that contains the number of times each pair of 
symbols appears, with a possible lag of L symbols between 
the pair elements:  
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where: 
otherwise
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Again, the contribution of each pair of symbols can be 
weighted with a value that implies values of A descriptor 
from each epoch associated with that symbols. 
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Fig.3. TESPAR DZ alphabet with fixed number of symbols 

IV. EXPERIMENTS AND RESULTS 

For our experiments, a dedicated application was designed 
that allows: 

selecting a file with an acoustic signal; 
determine and eliminate silence zones; 
pre-processing the acoustic signal, with a selected frame 
length (ms); 
selecting a type of features (LPC, LPCC, MFCC, T-
MFCC) and computing a specified number of 
coefficients for each frame; 
TESPAR analysis of a selected feature values, with the 
possibility to vizualize the epochs; 
generating symbol stream (coding) specifying the 
alphabet used (standard or DZ) and the type of additional 
epoch descriptor (maximum amplitude, average energy); 
generate and vizualize TESPAR matrices, S and A (for 
different values of the lag parameter L), with the 
possibility of applying a weight to each symbol or pair 
of symbols. 

In our experiments, we used sounds from different animal 
species (domestic and wild: pig, sheep, bear and hawk) [9], 
[10]. For all animal sounds, 16-bit mono audio recordings, at 
22,050 KHz sampling frequency were used. 

We performed several experiments with our application, 
using 10ms signal frames, computing 12 MFCC and T-
MFCC coefficients, using DZ TESPAR alphabet with maxi-
mum amplitude as additional descriptor for each epoch. 

At this stage, we used visual comparison of S matrices. In 
all cases, the use of weighting lead to greater differences 
between the animal sounds. The best results were obtained 
using C3, C4 and C8 coefficients. Figures 4-6 shows TESPAR 
S-matrices for T-MFCC coefficients (a-pig, b-sheep, c-bear, 
d-hawk) while figures 7-9 shows same matrices for MFCC 
coefficients. 

 

 
Fig.4. TESPAR DZ S matrix for T-MFCC C3 coefficient 

 
Fig.5. TESPAR DZ S matrix for T-MFCC C4 coefficient 

 
Fig.6. TESPAR DZ S for T-MFCC C8 coefficient 
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Fig.7. TESPAR DZ S for MFCC C3 coefficient 

 
Fig.8. TESPAR DZ S matrix for MFCC C4 coefficient 

 
Fig.9. TESPAR DZ S matrix for MFCC C8 coefficient 

Visual interpretation of these matrices should consider the 
following: 

first and last symbol occurring more frequently for this 
type of alphabet, which emphasizes the normal evolution 
of the acoustic signal: early vocalization sounds sup-
posed epochs of increased complexity  (symbol 1), while 
the end of sounds vocalization generates epochs of low 
complexity (symbol 27); 
matrices differ both in terms of their form (symbols ap-
pearing and the relative values of the number of sym-
bols) and in terms of absolute values of histograms. 

Remarkable obvious differences between mammals and 
birds, for both coefficients. In mammals, T-MFCC coeffi-
cients allow obtaining high complexity matrices (number of 

symbols and associated values) which allows better differen-
tiate between species. 

V. CONCLUSIONS  

In this work, we investigate the use of TESPAR S-matri-
ces to discriminate between animal species based on their 
sounds, using cepstral coefficients (MFCC, T-MFCC) in 
TESPAR analysis. First results show that the TESPAR S-ma-
trices can be successfully used for this purpose. Some of co-
efficients allow better discrimination between species. More 
experiments on a larger database with animal sounds are 
needed, using a classifier to automate discriminate between 
different animal species. 
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I. INTRODUCTION  

Neuronal activity has complex dynamics, its behavior re-
sembling that of chaotic systems, where small perturbations 
trigger highly a nonlinear response [Gttqt#" Tghgtgpeg"
uqwteg" pqv" hqwpf0]. Electrophysiological signals recorded 
from cortical structures reflect this by showing a high level 
of non-stationarity [Gttqt#"Tghgtgpeg" uqwteg"pqv" hqwpf0]. 
Moreover, coding in the brain is achieved through time-
related features, but also through spectral features such as 
oscillatory activity and coherence [Gttqt#" Tghgtgpeg"
uqwteg"pqv"hqwpf0].  

The analysis and visualization of this type of data is often 
difficult due to the multiple relevant dimensions of the ex-
tracted information. For example, in order to analyze the 
neuronal response to a particular stimulus from a spectral 
point of view, the average power spectrum of the response 
period will reveal general spectral components of the re-
sponse, but will hold no information about the temporal 
localization of the spectral feature. Also, such averaging 
cannot dissociate between a strong, short burst of oscillatory 
activity and a weak prolonged oscillation. Moreover, fre-

quency variation within response period will appear as a 
broad spectrum response in a time-averaged spectrum.  

For these reasons, a time-resolved analysis of spectral 
patterns is of interest. But in this case, the response pattern 
is a three dimensional component, defined by time, frequen-
cy and power. Also, multiple oscillatory modes coexist, 
each representing either a different underlying cortical pro-
cess or a harmonic of the main response component. In 
order to independently isolate these three dimensions and 
further isolate the main response from multiple oscillatory 
modes, we introduce a new method to structurally define the 
trajectory of neuronal activity through this three dimension-
al space, rendering the independent analysis of each dimen-
sion possible. Further, we describe a method of dissociating 
modulatory effects on these individual parameters via a 
time-domain spectral decomposition method, without being 
perturbed by the non-stationary nature of the analyzed sig-
nals. 

We apply these methods to analyze gamma-band oscilla-
tory response in the visual cortex. Gamma oscillations occur 
in the range of 30-120 Hz and are associated with multiple 
processes in the brain, from perception to high level cortical 
processes such as attention and memory [Gttqt#"Tghgtgpeg"
uqwteg"pqv" hqwpf0]. In the visual cortex, this component is 
known to be modulated by visual input strength, such as 
contrast, but the nature of this modulation is not yet under-
stood [Gttqt#"Tghgtgpeg"uqwteg"pqv" hqwpf0]. Specifically, 
frequency and power increase with input strength. The rela-
tionship between frequency, power and input strength of 
gamma oscillations represent hallmarks for underlying 
mechanisms. For example it is hypothesized that intrinsic 
membrane properties of neurons within the cortical volume 
of interest affect the frequency stability and power of gam-
ma [Gttqt#"Tghgtgpeg"uqwteg"pqv"hqwpf0].  

We implemented a series of methods that can evaluate 
the relationship between frequency and power in the local 
field potential (LFP) spectral response. We apply these 
methods in the study of transient oscillatory responses. 
Also, we look at the evolution of these parameters with 
respect to different stimulus characteristics to test whether 
they establish a codependent relationship in all circum-
stances. 
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II. METHODS 

All the experiments were conducted in accordance with 
the European Communities Council Directive of 24 No-
vember 1986 (86/609/EEC), according to the guidelines of 
the Society for Neuroscience and the Romanian law for the 
protection of animals, approved by the local ethics commit-
tee and overseen by a veterinarian. 

We acquired electrical signals using silicon probes from 
the visual cortex of isoflurane anesthetized mice while they 
were presented moving orientation gratings. We had two 
types of stimuli, one where contrast of the gratings was 
fixed and the spatial and temporal frequencies were low (0.1 
cycles/degree, 1.75 cycles/s) and another where contrast 
was following a triangular modulation and spatial and tem-
poral frequencies were higher (0.28 cycles/degree, 5 cy-
cles/s). The acquired signal was filtered with a low pass 
filter with a cutoff frequency of 300 Hz.  

III. SPECTRAL PATTERN DETECTION  

We defined a method capable of following an oscillatory 
pattern through a three-dimensional space, based on the 

assumption that the movement through this space happens 
smoothly on all axes. For this purpose, we computed a time-
resolved Fourier decomposition and computed the spectral 
power. On this three-dimensional space, we traced the pow-
er crest of the response. 

Specifically, we split our response period into windows 
which we multiplied with a Blackman window to minimize 
border effects. Then, we adjusted the length of the window 
with zero padding to have enough resolution in frequency. 
We computed the fast Fourier transform and computed the 
power for each time and frequency bin.  

Our method makes, several assumptions: 
- Response is defined by increase in power with re-

spect to baseline conditions. Therefore, we normal-
ized the spectrum to a baseline period, where no 
stimulation was provided.  

- The point of maximum power is part of the re-
sponse of interest. 

- In two successive time bins, the closest maxima in 
frequency is part of the same oscillatory compo-
nent. 

 

 

 
Fig. 1. Pattern analysis of the time-resolved FFT of simulation LFP: A - time-resolved FFT across response period. Red line mark the selected trajectory in 
peak following; below are the power and frequency of the followed peak across time; B - A three-dimensional view of the response and the crest-detection 
algorithm. C - Scatter plots of power versus frequency of the followed peak and histograms of each measure; Red line marks the linear correlation and the 

coefficient value is noted for each plot. 
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We mention that the time-frequency response could also 
be defined using other decomposition methods, such as a 
wavelet transform.  

Therefore, the definition of spectral component is deter-
mined taking the following steps: 

 
- The time and frequency band of interest are de-

fined. Pqvg that the presence of a response within 
these bands of interest is necessary for the effec-
tiveness of the method. A good way to determine 
response time is through a power threshold, there-
fore eliminating periods of time where there is no 
relevant pattern to detect. Limiting the frequency 
band can be of interest when dissociating between 
multiple oscillatory components of different power 
ranges. 

- The coordinates of the point of maximum power is 
detected. This will be the starting point for tracing 
the response trajectory. 

- Through an iterative process, the closest maxima on 
the frequency axis is determined for each time bin 
while moving away from the point of origin to-
wards the beginning and towards the end of the re-
sponse period respectively.  

- For each point, define the time, frequency and 
power. 

Fig. 1shows an application of this algorithm on electro-
physiological local field potentials (LFP) recorded in the 
primary visual cortex of anesthetized mice while they were 
presented a visual stimulus composed of moving gratings of 
variable contrast. The response pattern shows that power 
and frequency vary across time. From here on, the shape of 
each trajectory parameter can be assessed independently. In 
this case, the correlation between the two parameters is 
computed and the histogram of each is displayed.  

IV. EMPIRICAL MODE DECOMPOSITION 

We wanted to analyze the differential effect that stimulus 
features had on power and frequency of the LFP spectral 
pattern. We introduced two degrees of variability in our 
stimulus: one was a moving sinusoidal grating. The passage 
of the grating through the receptive field of the recorded 

brain area causes local luminance fluctuations, altering both 
power and frequency of the response. The second variable 
was contrast: the difference between the brightest pixel and 
the darkest one was modulated by a triangular carrier. Con-
trast varied in a slow timescale (one period = 4.5 s) while 
local luminance varied rapidly (200 ms). We needed a 
method to reliably separate the modulations induced by 
each factor, when we knew the timescale of each modulato-
ry effect. We therefore needed to break down signals which 
were non-stationary and non-linear, with no assumptions of 
periodicity or sinusoidal approximation. 

For this, we applied an algorithm of empirical mode de-
composition, which represents an alternative to spectral 
decomposition methods [Gttqt#" Tghgtgpeg" uqwteg" pqv"
hqwpf0]. It offers the advantage of an easy implementation 
operating integrally in the time domain. 

The basic principle is an iterative filtering and subtrac-
tion of independent mode functions (IMFs), also called the 
sifting process. 

An IMF is defined as a function that 
- Has one extreme between zero crossings and 
- Has a mean value of zero. 

The algorithm comprises of the following steps: 
- For a signal , the local minima and maxima are 

detected. The definition of locality determines the 
effectiveness and calculation time of the EMD. 

- The upper and lower envelopes are determined by 
cubic spline interpolation of the points of local 
maxim and minima.  

- The average of the upper and lower envelopes 
 is computed and subtracted from the origi-

nal signal. 
 

 
 

- The residual is then treated as the input data in 
an iterative process of subtraction of mean envelopes 
until is an IMF, that is: 
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Fig. 2. Adapted variant of Empirical mode decomposition algorithm example: A – a power profile of neuronal response to moving gratings of variable 
contrast. Blue markers indicate the detected minima and maxima. Red dotted lines are the computed envelopes and the blue dotted line is their mean. B – 
the slow component of the decomposition resulted by the subtraction of the first mode from the original signal. C – the detected first mode, using a defini-

tion of locality restricting maxima and minima that are at least 100 ms apart.   

 
- Therefore  is the first intrinsic mode function, 
containing the shortest period component of the signal.  

 
- This component is subtracted from the original sig-
nal: 

 
And the same process is performed on the residual until 
the residual does not contain any fluctuations, that is: 

 
The components  are the modes of the 
signals and create a nearly orthogonal basis of the sig-
nal. 

In our experimental conditions, we wanted to separate 
between a fast and a slow component of the data, without 
making any assumption on the harmonic structure of the 
oscillation, its stationarity or its stability in frequency. 
Therefore we adapted the EMD algorithm so that we could 
achieve this in the fastest, simplest way.  

We first limited the range of timescales of the decomposi-
tion by limiting the number of local minima and maxima 
detected. We therefore imposed a minimum distance in time 
between two maxima and minima respectively so as to 
ignore components that are above our frequency of interest, 
but still preserve the features for further analysis.  

Second, we only needed to dissociate between two time-
scales. Therefore, we extracted the first mode as the fast 
modulatory effect and the first residual as our slow modula-
tory effect. Fig. 2 shows an example of this decomposition 
applied on power fluctuations in LFP in response to fast 
luminance (Fig. 2 C) and slow contrast (Fig. 2 B) variation. 

V. DISCUSSION 

The structural detection of spectral components is rele-
vant when each element represents a different underlying 
mechanism. In our case, we were interested in the isolation 
of an oscillatory component of neuronal responses which 
has a large range of frequency variation, but represents the 
same underlying process. To characterize this process with-
out limiting the frequency range of its fluctuation or smear-
ing its properties by averaging across a wide range of fre-
quencies, we chose to structurally follow the pattern of the 
response within the three dimensional space of time, fre-
quency and power. We found this algorithm useful for inde-
pendent analysis of the power and frequency dimension of 
the oscillatory response in particular, eliminating any arte-
facts caused by the variation of one with respect to the oth-
er.  

This algorithm was especially useful when oscillatory re-
sponse was non-stationary. For example, we looked at re-
sponse properties of gamma oscillations where the spatial 
and temporal frequency of the stimulus was low enough to 
elicit transient responses at each grating passage through the 
receptive field (Fig. 3). In this case, our algorithm success-
fully traced the power and frequency patterns of the re-
sponse, revealing a complex trajectory. Frequency and 
power in this case did not follow the same pattern, as pre-
dicted by other studies. 
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Fig. 3. Pattern analysis of transient oscillatory responses."From top to 
bottom: visual stimulus profile presented; time-resolved Fourier transform 
of the response period. Red dots mark the selected points in peak follow-

ing. Note that a power threshold was selected so as only to look for patterns 
where there is a response; Power and frequency of the followed response 

pattern. Red vertical lines show start and end of visual stimulation; Scatter 
plot of power versus frequency of the followed oscillatory component. Red 
line represents the linear correlation of the two values whereas the correla-

tion coefficient r is listed. 

Further, we looked at the relationship between frequency 
and power when different stimulus manipulations occurred. 
By separating the effects induced by luminance and contrast 
variation using the adapted variant of empirical mode de-
composition, we were able to independently test the correla-
tion between frequency and power for each of the varied 
parameter. 

We found that power and frequency are differently corre-
lated as a function of local luminance and contrast level 
respectively. Specifically, power and frequency were highly 
correlated with respect to contrast, but luminance of the 
receptive field induced a lower correlation between the two. 
This fact corresponds to our observations when looking at 
the response pattern at lower spatial and temporal frequen-
cies (Fig. 3), where we see a low correlation between power 
and frequency when only luminance is varied.  

 

 
Fig. 4. Power and frequency correlations as a result of modulatory causes 

of different timescales. Scatter plots of frequency versus power of the 
response pattern in slow timescales (Right), corresponding to contrast 

modulation, and fast timescales (Left) corresponding to the passage of the 
grating through the receptive field.  

These observations have important implications in the 
study of mechanisms underlying oscillatory behavior in the 
cortex. They suggest that existing theories about interac-
tions giving rise to synchronization and increase in local 
field potential power within a specific frequency range fail 
to explain all features that are observed experimentally. In 
particular, the Pyramidal-INterneuron Gamma (PING) 
mechanism [Gttqt#"Tghgtgpeg"uqwteg"pqv"hqwpf0] predicts 
that a stronger input is associated to a larger gamma power 
and a higher frequency [Gttqt#" Tghgtgpeg" uqwteg" pqv"
hqwpf0] [Gttqt#"Tghgtgpeg"uqwteg"pqv"hqwpf0]. Our results 
indicate that this seems not to be the case when the activity 
of the cortical circuit is modulated by the local luminance 
fluctuation in the receptive fields of underlying cells. 

VI. CONCLUSIONS  

The study of oscillatory components across time and 
their dependence on input parameters within cortical net-
works is extremely important, impacting directly on our 
understanding of the functional role of such oscillations. 
Here, we proposed two methods which aim to characterize 
transient oscillatory responses more precisely and to disam-
biguate between dimensions of these responses and the 
various causes that lead to modulations of the response. We 
showed the application of these algorithms in the spectral 
analysis of local field potentials recorded in the visual cor-
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tex of anesthetized mice, while being presented a series of 
moving stimuli with variable contrast and local luminance. 
With the aid of these methods, we were able to determine 
the trajectory of the response through a three-dimensional 
time-frequency-power space and separate the effects of 
modulation of different timescales on each of these dimen-
sions. Our results indicate that such analysis methods reveal 
features which are not explained by current theories about 
mechanisms of gamma oscillatory responses and are there-
fore of great relevance in the development and testing of 
novel theories.  
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vwoqt" fgnkokvcvkqp" htqo" ownvkoqfcn"OT" kocigu0" Vjg" fgvge/
vkqp" qh" vwoqt" tgswktgu" c" ygnn/fghkpgf" rtqeguu/ugswgpeg" qp"
gxgt{" cpcn{|gf"OTK" kpenwfkpi" rtgrtqeguukpi." hgcvwtg" gzvtce/
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paper is to analyze and compare these three classification 
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I. INTRODUCTION  

The spread of MRI equipment creates new possibilities 
in preventive medicine. The early diagnosis of most diseas-
es can change and improve life quality. In this domain the 
MRI image processing will play always an important role. 
The brain tumor segmentation from MRI images is focused 
only on detection and delimitation of cancerous tissues. The 
tumor segmentation can be very helpful in clinical diagno-
sis, drug or radiotherapy treatment planning and in tracking 
tumor evolution. The automat segmentation system can 

enhance the diagnostic capabilities of physicians and reduce 
the time required for accurate diagnosis. Manual segmenta-
tion methods are time consuming, can take around 3 hours 
to complete. Furthermore, there are large variations between 
expert segmentation even though they use an accurate anno-
tation protocol. In lots of cases an efficient computer based 
system is required that accurately examines the boundaries 
of brain tissues with little any human interaction or even 
without it. Despite numerous efforts and promising results 
obtained in medical imaging processing, reproducible seg-
mentation and classification of tumors still remains a chal-
lenging task. It is considerably influenced by different 
shapes, locations and image intensities of the analyzed tis-
sues. In this article we present our discriminative segmenta-
tion system for brain tumor delimitation from multimodal 
MR images. The main part of this system is the classifica-
tion function built obtained by a learning algorithm. There 
are lots of algorithms used for the same segmentation task; 
the choice of the most adequate classifiers is not straight-
forward. The top 10 classifiers were analyzed in [1]. The 
ranking based on classifiers performances is very difficult, 
because the evaluation of them is task dependent. These 
classifiers were selected by numerous researchers in the 
domain without any ranking criteria. A. N. Mizil in [2] 
compared the relationship between the predictions made by 
different learning algorithms and true posterior probabili-
ties, on 8 binary classification problems. The empirical 
results show that boosted trees, random forests, and SVMs 
predict the best probabilities, of course after calibration. 
Following this work R. Caruana et. al. [3] extended the 
empirical evaluation of supervised learning on high dimen-
sional data. They concluded that boosted trees do very well 
in modest dimensions, but lose ground to random forests, 
neural nets, and SVMs as dimensionality increases. 

The AdaBoost [4, 5] with boosting variants, the 
SVM [6, 7] and the RF [8, 9] are classifiers intensively used 
in image segmentation and also in brain tumor segmenta-
tion.  

The paper is organized as follows: after a short introduc-
tion of the similar systems in the state of the art we briefly 
present our approach (section II) and the three algorithms 
compared in this papers: random forest (section III), Ada-
Boost (section IV) and Support Vector Machines (section 
V). The theoretical sections are followed by our compara-
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tive experiments and results concerning the MR brain tumor 
segmentation.  

II. THE PROPOSED DISCRIMINATIVE MODEL 

The proposed discriminative model is similar to previ-
ously used model (fig. 1) in [10]. 

 

Fig. 1 Components of our system 

The performances of our segmentation model, built on a 
discriminative function, are mainly determined by three 
important issues: the quality of annotated image-database, 
the classification algorithm applied and feature set used. 

The BRATS 2015 [11] dataset contains 220 high grade 
(HG) and 54 low grade (LG) brain images with gliomas, 
assures sufficient diversity, requirement for a performant 
database. All cases were acquired with similar protocol and 
contain four types of images: T1, T1c (with contrast materi-
al Gadolinium), T2 and FLAIR. A dataset for one patient 
contains these four types of 3D images and the annotation 
image. In our approach we consider three classes for per-
formance evaluation used in BRATS Challenges. These 
classes are: whole tumor - WT (including all four tumor 
structures), tumor core – TC (including all tumor structures 
except edema) and active tumor - AT (only the enhancing 
core). 

In our work we have analyzed three important artifacts: 
inhomogeneity, noise and intensity nonstandardness. For 
inhomogeneity reduction in MR images, we have applied 
the N4 filter implemented in the ITK package [12]. For 
noise reduction we used the anisotropic filtering from the 
same package. Intensity normalization was done by histo-
gram linear transformation in such a way that the first and 
third quartiles have predefined values. 

In our approach we started with defining a large feature 
set, but this is later reduced. We defined, for each feature, 
many low-level characteristics that describe the intensities 
in the neighborhood of the voxels studied. In our application 
we have used the following features: first order operators 
(mean, standard deviation, max, min, median, Sobel, gradi-

ent); higher order operator (Laplacian, difference of Gaussi-
an, entropy, curvatures, kurtosis, skewness); texture features 
(Gabor filter); spatial context features. 

By extracting all of these features for every voxel in all 
modalities, we transform the image segmentation task into a 
statistical pattern recognition problem. The segmentation 
process obtained with this statistical model also requires the 
analysis of variable importance. The appropriate selection 
of the attributes has to be done according to the target ob-
jects. First, we extracted 240 image features of each modali-
ty and we obtained a feature vector with 960 elements. 

Our algorithm [13] was created to manage this big data-
base and to select a set of adequate features for the given 
segmentation task. We applied our algorithm several times 
by evaluating the overall OOB (out-of-bag) error, in order to 
determine the optimal number of attributes (M) used. 

III. RANDOM FOREST ALGORITHM 

The random forest is an ensemble classifier built from 
binary decision trees [14]. The RF classifier is built on two 
random processes: the random built of bootstrap set and the 
random feature selection in each node. The creation of RF is 
based on two sets: the bootstrap set, containing the instances 
for building a tree and the OOB set (out-of-bag set), con-
taining test instances not included in bootstrap set. The 
maximization of information gain is the splitting criterion 
applied in every node. Applying this criterion each node 
splits the incoming in-stances in two sets. In order to evalu-
ate the information gain, the RF uses in each node only a 
small number of variables (mtries) out of all existing varia-
bles (M). These mtries variables are chosen randomly and the 
splitting criterion is maximized only with these variables. 
The RF algorithm has two main parameters: the number of 
trees Ktrees used in forest and the number of randomly cho-
sen variables in each node mtries. In the state of the art there 
are no indications regarding the choice these parameters. 
They are dataset dependent. Determining the appropriate 
values of these variables may be the objective of an optimi-
zation framework [10] 

IV. ADABOOST ALGORITHM 

One of the most used algorithms in images processing in 
the last decade is the AdaBoost algorithm, proposed by 
Freund and Shapire [15]. It constructs an ensemble of clas-
sifiers and uses a voting mechanism for the final classifica-
tion. The idea of boosting is to use several weak classifiers 
to form a highly accurate prediction rule by calling the weak 
classifier repeatedly on different distributions of the training 
set. AdaBoost was the first adaptive boosting algorithm, 
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which automatically adjusts its parameters of the algorithm 
according to the data used in the current iteration. Initially, 
all the weights are set equally, but each round the weights of 
incorrectly classified examples are increased so that the 
images which were incorrectly classified by the previous 
classifier, will receive greater weight on the next iteration. 
This forces the learner to concentrate on the hard examples. 
The weight of the weak learner is computed, in fact, from 
the classification error of the current weak classifier. The 
final classifier reduces the statistical dispersion of the deci-
sion and at the same time reducing the classification error 
too.  

This algorithm [15] is an iterative method. In each itera-
tion, a weak classifier having the lowest error rate on the 
training set, is selected. This step is followed by the re-
weight of the input instances, putting an accent on hard 
examples. The restriction of the used weak classifiers is 
related to their performance which has to be better than the 
random decision. Thus, weak classifier has to eliminate 
more than half of the backgrounds. This means that the final 
classifiers formed of N weak classifiers will have a very 
small false detection rate. 

The most important theoretical propriety of AdaBoost 
concerns in its ability to reduce the training error. The Ada-
Boost converts a set of weak classifiers into a strong learn-
ing algorithm which can generate an arbitrarily low error 
rate on the training set. Practically this statement is limited 
in two ways. First, the number of used classifiers is finite, 
thus an arbitrary low error rate is not possible to obtain. 
Second, the computational complexity of training phase 
increases with each classifier added. By obtaining and equi-
librium between the two factors we are able to combine 
enough weak classifiers in order to create the desired strong 
classifier [16]. 

The most important drawback of the algorithm is the 
overfitting. On the phenomenon of overfitting we under-
stand the fact that the training set is much better approxi-
mated. The classification surface lies exactly on the training 
entities and underperformes for the real data. To avoid over-
fitting, the task for the algorithm therefore should not be to 
find the best possible classifier for the underlying training 
sample, but rather to find the best prediction rule for a set of 
new observations [17]. 

V. SUPPORT VECTOR MACHINES 

The Support Vector Machines [18] are supervised learn-
ing machines for binary classification problems. They are 
able to separate the inputs linearly, or if they are not linearly 
separable they can map them in a higher dimensional fea-
ture space, where the linear separation is possible. The 

learning algorithm finds the best hyperplane, which sepa-
rates the entities included in the training set. In other words, 
it finds the hyperplane which maximizes the distance to the 
nearest entities in each class. The larger the separating mar-
gin between the classes the lower is the generalization error 
of the obtained classifier [19]. The optimization problem 
consists of maximizing the distance between the closest data 
points. 

Given k inputs in the training data set  

 ( , ) | , 1, 2, ,1, 1 ; ...n
i i i iS x y x y i kn ,,,,  (1) 

The classification is achieved by a hyperplane of this 
form: 

 ( ) 0, ,T nw x b w b,n b,b,  (2) 

where Φ is the transformation of the inputs in a higher-
dimensional space, b is the bias, the translation of the hy-
perplane from origin and the w is the normal vector of the 
hyperplane [20]. 

The distance from a point ix to the hyperplane P is the 
length of the perpendicular segment from the point ix . Or it 
can be computed as the distance of the projection of ix  on 
the normal vector of the plane and any point on the plane 
x P the distance has the form: 

 1 1Φ ΦT
idist w x x

w w
 (3) 

The optimization problem becomes the maximization of 
the distance 

 1max
w

 with the constraint Φ 1T
i iy w x b   (4) 

where 2 Tw w w   The solution is obtained from the La-
grangian of the problem with respect to k inequality con-
straints. 

 
1

1, , Φ 1
2

k
T T

i i i
i

w b w w y w x bL   (5) 

The solution will be given by the quadratic programming 
with Sequential Minimal Optimization SMO [21]. 

The most important advantages of SVM is its robustness 
and classification accuracy for the training data set. In case 
of a sufficiently general training data set it also offers cor-
rect classification of the future data instances. It can handle 
classification in two different classes regardless the dimen-
sionality of the data. If the linear separation is not possible 
several kernels may be used to transform the original non-
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separable data into a higher dimensional space where the 
linear separation is possible. The classification of new in-
stances is very simple; it only verifies the position of them 
relative to the hyperplane. SVM has also considerable dis-
advantages. The optimization of the quadratic programming 
problem is not obvious. It can be solved only with iterative 
methods. The analytical solution is not possible. The mul-
ticlass classification can be done only with pairwise two 
class decisions. The final classification is a binary decision 
which can be transformed in a weighted decision if the 
distance of the analyzed instance to the hyperplane is taken 
in consideration. 

VI. EXPERIMENTS AND RESULTS 

We have measured the obtained performances of the 
above presented three classifiers. Each algorithm created its 
classifier by using the same training set. This training da-
taset is a random subsample 50:1 of the total information 
from 20 HG images used in BRATS 2013 Challenge [11]. 
Thus, the training set size is about 2% of the whole dataset. 
The test set contains all information of 10 HG images. In 
order to transpose the image segmentation into a statistical 
pattern recognition task, we applied a voxelwise classifica-
tion, in each voxel we evaluated 120 low level image fea-
tures. These features were obtained from a large set by 
evaluating their importance for brain tumor 
segmentation [13]. Our optimized RF classifier is composed 
of Ktrees=100 trees, each having a size of Tsize=2048 
nodes [10]. The splitting criterion is evaluated with mtries=9 
randomly chosen features from the whole M = 120 feature 
set. The classification performance can be easily converted 
in Dice coefficient, which is used to compare segmentation 
performances: 

 1 2 1 22Dice S S S S  (6) 

where: | | is the cardinality, S1 the true region, S2 the ob-
tained segmentation. The segmentation results obtained on 
10 test images are graphically given in fig. 2.  

In order to test the AdaBoost classifier we used decision 
stamps and 12 iterations, the same depth as used for tree 
size in RF. The SVM used a polynomial kernel with opti-
mized exponent. For these two classifiers we defined two 
class classification tasks: WT-vs.-all and TC-vs.-all. The 
segmentation results obtained on the same test set are 
shown in fig. 3 and fig. 4. Table 1 presents a statistical 
evaluation of Dice coefficient obtained with each of the 
three classifiers. Overall, we can conclude, based on these 
results, that the RF classifier reaches significantly more 
accurate performances then the other two classifiers.  

Table 1. Statistical parameters of the compared algorithms 

 TH" UXO" CfcDqquv"

 Mean Std. Mean Std. Mean Std. 

YV" 0.905 0.035 0.736 0.050 0.720 0.094 
VE" 0.887 0.046 0.817 0.072 0.791 0.094 

 

Fig. 2 Dice coefficients of Random Forest 

 

Fig. 3 Dice coefficients of SVM algorithm 

 

Fig. 4 Dice coefficients of AdaBoost 
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Fig. 5 Segmentation on the test set – usual example 

 

Fig. 6 Segmentation on the test set – hard example 

VII. CONCLUSIONS  

The segmentation performances obtained by our disrimi-
native model built on RF are explainable by the most im-
portant characteristics of this classifier: 

- efficient run on big data sets; 
- easy handling of multi classification task; 
- smooth transition between class borders [22]. 
Following the results obtained, during our research de-

scribed in this work and also in the previous articles [10, 13] 
we have built a segmentation system. In fig.5 and fig.6 we 
graphically presented our segmentation results on a brain 
slice of the test set. The black line is the contour of the an-
notation. The light gray region is the detection of the edema 
(WT); the white region is the result for the tumor core (TC) 
and dark grey is the necrotic part of tumor. The segmenta-
tion obtained by our approach has performances comparable 
to state-of-the-art systems (table 2) [11]. 

In the future we intend to adapt and integrate the pro-
posed system for biometric images, more exactly for dorsal 
hand vein segmentation. 

Table 2. Comparison of segmentation results 

"
Qwt"encu/
ukh0"

Dtcvu4234"
[11]"

Dtcvu"4235"
[11]"

YV"JI" 75-86% 63-78% 71-87% 

EV"JI" 71-82% 24-37% 66-78% 
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ugiogpvcvkqp" wukpi" c" enwuvgtkpi"ogvjqf." gnkokpcvkqp" qh" uocnn"
tgikqpu." dnqdu" cpf" eqpvqwt" fgvgevkqp" cpf" c" fgpukv{" cpcn{uku0""
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rj{"fcvcdcugu"cpf"vjg"tguwnvu"ctg"eqorctgf"ykvj"vjg"ugngevkqpu"
tgcnk|gf" d{" urgekcnkuvu0" Vjg" vguvu" ujqy" vjcv" vjg"ogvjqf" qhhgtu"
iqqf"tguwnvu"qp"kocigu"vjcv"rtgugpv"ygnn"fghkpgf"cdpqtocnkvkgu"
cpf" d{" cflwuvkpi" uqog" rctcogvgtu" kv" ecp" gxgp" fgvgev" fkuvqt/
vkqpu"fkhhkewnv"vq"dg"pqvkegf"d{"rj{ukekcpu0"

Keywords—" ugiogpvcvkqp." fgvgevkqp." ocooqitcrj{." cd/
pqtocnkv{."dtgcuv"ecpegt"

I. INTRODUCTION  

A lot of researchers from many domains concentrate their 
efforts in helping identification and treatment of different 
diseases. A very serious malady that affects a huge number 
of people is cancer. Breast cancer is the most common can-
cer in women worldwide, and the second cause of death all 
over the world, after lung cancer [1]. 

Therefore, early detection of any kind of abnormalities in 
breasts could save lives. At present, X-mammography is the 
most used screening technique for early detection of breast 
cancer. Screening mammography presents low reliability on 
dense breasts of young women, but high sensitivity on fatty 
breast and good results in microcalcification detection. A lot 
of examinations are realized every day, resulting in a large 
number of mammograms that have to be interpreted by 
radiologists. In order to offer support to radiologists in their 
work and to improve efficiency of the examinations, com-
puted-aided diagnosis (CAD) systems have been introduced 
in screening processes. In the last two decades, there has 
been great progress in the investigation, development and 
clinical deployment of such systems in screening mammog-
raphy. 

In order to detect breast cancer, some typical signatures 
of this disease have to be targeted in mammograms: masses 
and calcifications. Abnormal regions present characteristics 
that are slightly different from the rest of the image. Alt-
hough these areas have colors situated in the proximity of 
the upper level of the grayscale, similar to the glandular 
breast tissue, they also present their own properties that 

have to be targeted in the image: higher density or intensity 
and often relatively circular shape. 

Many image-processing methods have been proposed for 
breast tumor detection. The techniques in the field of com-
puter aided mammography include image preprocessing, 
image segmentation techniques, feature extraction, feature 
selection, classification techniques and features for mam-
mograms [2]. Various technologies such as fractal analysis 
[3], discrete wavelet transform, and Markov random field 
have been used. In [4] a multiple circular path convolution 
neural network architecture was proposed that has been 
designed for the analysis of tumor and tumor-like structures. 
A two-stage adaptive density weighted contrast enhance-
ment algorithm was also proposed for tumor detection in 
mammograms [5]. Another paper [6] presents a method of 
detection and analysis of breast tumor based on texture 
segmentation. Other methods were also used for tumor 
detection, such as: Hough transform, marker-controlled 
watershed segmentation, non-extensive entropy, as is shown 
in [7]. Another method that offers good results in breast 
tumor detection is reported in [8] and is based on template 
matching with mutual information. 

In this paper, we propose a method for detection of ab-
normalities in mammograms, using some preprocessing 
techniques, segmentation, contour and blob detection and 
densitometry analysis.   

II. THE PROPOSED METHOD  

CAD systems for breast cancer identification have to re-
alize a separation of the suspicious areas from the rest of the 
tissues. In other words, they have to be able to distinguish 
regions that present alteration on density, shape and mar-
gins. The cancer cells produce architectural distortions that 
could be identified in images as masses, asymmetry or cal-
cifications. To highlight these areas, different segmentation 
techniques have been proposed.  

For an accurate segmentation is important to eliminate 
artefacts that may be present in image, so some prepro-
cessing steps usually precede this process. Digital mammo-
grams may be affected by noise and some of them presents 
low contrast. Therefore, the first steps of our method are 
focused on image enhancement, filtering out the noise and 
increasing the contrast. Figure 1 shows these preprocessing 
steps. 
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For noise removal, we choose to use adaptive median fil-
ter. In [9] there is a study that shows that the effects of this 
filter are better in image mammograms enhancement in 
comparison with standard median filter, wiener filter and 
median filter. This filter presents advantages over the stand-
ard median filter in terms of reducing the effects of the 
impulse noise and preserving details, as well as smoothing 
non-impulse noise. The algorithm is presented in [10]. 

 
Fig. 1 Preprocessing steps of the mammogram 

The enhancement of the image is realized by using con-
trast-limited adaptive histogram equalization. This method 
operates on small data regions of the image (tiles). Each 
tile's contrast is enhanced so that the histogram of each 
output region approximately matches the specified histo-
gram (uniform distribution, in our case). The resulting 
neighboring tiles are then stitched back seamlessly using 
bilinear interpolation, thus removing the artifacts in tile 
borders. The contrast enhancement can be limited in order 
to avoid amplifying the noise that might be present in the 
image. 

The next stages of our method are presented in Figure 2. 
In order to segment a grey scale image on different classes 
we use K-means clustering. K-means is one of the simplest 
unsupervised learning algorithms that solve the clustering 
problem. It is an iterative technique used to partition an 
image [11], by classifying the given data set through a cer-
tain number of clusters fixed beforehand. The main idea is 
to define k centers, one for each cluster. 

The purpose of this clustering is to retain from the image 
those pixels that have high intensities, therefore we choose 
to split the image into three clusters. Considering the pre-
processed image, we initiate the centroids based on the 
histogram. A classified image is obtained by applying this 
kind of clustering. One of the clusters contains only that 
pixels that have values in the proximity of the maximum 
value of the greyscale. This is the image that we use in the 
next steps, because the regions of interest in mammograms 
are represented by these intensities.  

In the next step, a binary image is obtained using thresh-
olding and by complementing the image. This way, pixels 
that have values greater than the threshold will have 0 value 

and the pixels that have values under the threshold will be 
assigned the value 255.  Through this, we create a first mask 
for the image.  

The removal of the small parts that could affect the fol-
lowing steps can be realized by applying some morphologi-
cal operations on the binary image. The erosion deletes 
small spots and the opening smoothies the remaining ones. 
A mask is therefore created that contains only those parts of 
the image that are representative for the following pro-
cessing.  

As cancerous cells tend to form masses or calcifications, 
a method of identification could be the detection of the 
blobs in the image. A blob is a region of an image which 
has some approximately constant properties, all points being 
similar to each other. We used blob detector method using 
facilities offered by OpenCV (Open Source Computer Vi-
sion) library [12]. This method allows us to detect blobs 
based on finding contours in the image and to determine 
their centers. There are some characteristics that can be 
established for the blobs by setting some parameters related 
to size and shape. Size specifies the minimum and maxi-
mum values for the surface area of the blob and the shape is 
characterized by the minimum and maximum values for 
circularity, convexity and inertia ratio.  

 
Fig. 2 Structure of the proposed method 

Contours of the detected blobs delimitate regions with 
approximately the same characteristics, so they could be 
considered as bounds of certain abnormalities in the mam-
mogram. 

In some mammograms there appear spots that represent 
abnormalities, but which are not well defined, their shape is 
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irregular and their margins are not outlined. Therefore, we 
also propose an analysis of the density of the regions that 
remain after applying the mask.  

In the present stage of our implementation, the density 
analysis consists in computing the following method: for 
every detected contour in the image, the mean value of the 
pixels’ values is calculated. If the difference between this 
value and the value of the pixel situated in the center of the 
area are close enough, the region is labeled, otherwise this 
region is not considered to be a region of interest. For future 
work we will take into consideration methods based on 
texture parameters proposed by Haralick, and which are 
used in other studies, as [6] and [13].  

III. TESTS AND RESULTS 

This section presents the results of our method in the de-
tection of abnormalities in mammograms. Our selection is 
displayed in green to separate our results from the selections 
made by the radiologists (with red). 

During our tests, we used images from two databases: 
DDSM (Digital Database of Screening Mammography) and 
MIAS (Mammographic Image Analysis Society).  

In DDSM [14], information is organized in volumes and 
cases and every case presents some images. These images 
are already analyzed, classified and hand-labeled and could 
be used as references for automatic detection. 

The MIAS database [15] contains left and right breast 
images of 161 patients. It consists of 322 images, which 
showcase three types of tissues: normal, benign and malig-
nant. It also includes radiologists’ truth’ marking on the 
locations of any abnormalities that may be present. The 
database consists of four different kinds of abnormalities, 
namely: architectural distortions, suspicious lesions, cir-
cumscribed masses and calcifications. 

Figure 3 shows images obtained in different steps of the 
proposed algorithm. The second image is the one obtained 
by enhancement operations, the third one is achieved after 
clustering. The fourth image represents the mask and the 
blob is outlined with a little red circle. The last one is the 
mammogram, containing the contour achieved with our 
method and the specialists’ selections. For this image our 
method identified exactly the same region that was outlined 
by the specialist.  

The results obtained using our method can be different, 
depending on the values of the blob detection parameters. In 
Figure 4, we present the result obtained using a value of 100 
for a minimum surface area of the blob and that obtained for 
a value of 200. In the first case, we obtain blobs that are not 
labeled by the radiologist, in the second case these blobs do 
not appear. 

 

     
a)                      b)                           c)                 

   
             d)                                       e) 

Fig. 3 Our detection phases: a) original image, b) enhanced image, c) 
selected cluster, d) binary image (mask), e) detection result (green – our 
result, red – hand-labeled). Volume 10  Case 1574 - Right CC  

      
           a)                             b)  c) 

Fig. 4 Results obtained depending on the minimum value of the 
abnormality surface area. a) original image, b) min area=100, c) min 

area=200. Volume11- Case 1236 - Right CC 

Both images (Figure 3 and Figure 4) present tumors that 
are reported by specialists to have shapes with architectural 
distortions. 

In Figure 5 there is an image from the MIAS database, 
which has lower contrast, but presents a tumor with circular 
shape, well contoured. An analysis based only on intensities 
could identify other areas as being abnormal, as in Figure 
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5b), but if the shape is taken into account, these regions will 
be not outlined (as in Figure 5c)).  

In the MIAS database the specialist’ selections are not 
outlined on the image, but for each image, the center of 
abnormalities coordinates and an approximate radius are 
presented. Using this information, we outlined the specified 
area with red. The green color marks our results. 

 

   
Fig. 5 Selection obtain with our method on image mdb010 from MIAS; a) 

original image, b) results without shape specifications for the blobs, c) 
results that take into account the circularity of the blobs 

IV. CONCLUSION AND FUTURE WORK 

It is well known that cancer is an implacable disease that 
affects people all over the world. Early diagnosis is very 
important and is realized mostly by radiologists based on 
images acquired with different medical modalities. For 
prevention and early detection of breast cancer, specialists 
have to examine a lot of mammograms daily. In this situa-
tion, CAD systems that could realize a fast detection of 
abnormalities in images are very useful and can facilitate 
diagnosis to a great extent. 

 This paper presents a method for identification of ab-
normalities in mammogram images. Our method is based on 
segmentation using K-means clustering, contour detection, 
blob identification and density analysis of certain regions. 

The comparison with annotated images from specialized 
databases shows that our method offers good results. There 
are some parameters that are established in the application 
and which affect the results, like the threshold value used to 
eliminate some parts of the image, the dimension of the 
little spots that are removed from the image, circularity and 
minimum area of the spots. These values could be adapted 
according to the physician’ indications, in order to obtain 
accurate results. 

Future work will integrate texture analysis based on 
Haralick parameters in order to use more information about 
the image’s structure. Different studies can be made by 

calculating the correlation between identified areas and the 
labeled ones. 
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I. INTRODUCTION  

Wireless Sensor Networks (WSN) consist of multiple 
communicating smart sensor nodes, which are low power 
devices equipped with one or more sensors, a processor, 
memory, a power supply, a radio, and an actuator [1]. 

WSNs are considered to be one of the most promising re-
search and development field in engineering and computer 
science. The countless number of applications range from 
logistic, environment or healthcare applications to military 
applications. A 2015 forecast by Gartner, Inc. [2] shows a 
massive adoption of wireless sensors in all IoT (Internet of 
Things) connected applications. By 2020 a number of 20.8 
billion devices are predicted to be connected in the IoT.  

An important sector, where WSNs can have an influence 
on people’s everyday life is e-health. Ranging from inten-
sive care monitoring to surveillance of chronically ill pa-
tients or elderly, wireless sensor networks can improve the 
quality of life.  

Eysenbach [3] provides a comprehensive definition for 
the e-health term, stating that e-health lays at the intersec-
tion of medical informatics, public health and business, and 
refers to health services and information delivered or en-
hanced through the Internet and related technologies.  

Smart hospitals are designed to fully use the facilities 
provided by wired and wireless sensor networks, to monitor 
their patients and staff with the aim of offering enhanced 
services. Legacy medical devices, also referred in this paper 
as non-smart devices, are missing network communication 
capabilities and the ability of being integrated into the smart 

hospital architecture. Replacing this type of devices, con-
sidering that the large majority of them are still in use and in 
their normal operating and lifetime limits, carries significant 
costs for a hospital’s budget. 

The paper proposes to provide a technical solution for in-
terconnecting non-smart medical devices and collecting 
heterogeneous patients’ data using a WSN infrastructure.  

The original contributions of the paper consists of: 
- the introduction of  a novel concept called “WSN as a 

platform” (WSNaaP); 
- the development of a technical solution for intercon-

necting heterogeneous non-smart medical devices 
using an Libelium WSN infrastructure. 

The paper is organized as follows: Section II provides 
background information related to wireless sensor networks 
and research topics in the area of e-health. Section III pre-
sents the architecture of the proposed WSN platform for 
interconnecting e-health systems, with its main modules and 
communication protocol. The experimental results are de-
scribed in section VI. Section V presents the limitations of 
the current study, future developments and concludes the 
paper. 

II. BACKGROUND  

WSNs are designed to gather information about the state 
of physical world and transmit sensed data to a processing 
unit.  

Generally, a WSN consists of a number of wireless sen-
sors (nodes) which can communicate with other sensors or 
with a base station (gateway or sink) using a radio connec-
tion. The data are collected and compressed at the wireless 
sensor layer and then relayed to another sensor or sent di-
rectly to the gateway [4]. The data is further transmitted 
from the base station to the core system (local database, 
cloud, processing system) for storage and data analytics.  
There are many communication protocols used, most of the 
nodes using IEEE 802.11 series, IEEE 802.15.1 (Bluetooth) 
or IEEE 802.15.4 (ZigBee). 

Wireless sensors networks can incorporate multiple types 
of sensors, thus there is a wide range of application areas 
where WSNs are being used. 
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In the environmental area, sensors can monitor precipita-
tions, weather conditions and water levels to provide useful 
information in flooding detection as seen in USA’s ALERT 
system [5]. Another example is found in [6], where wireless 
sensors are used to monitor weather conditions, microcli-
mate conditions, air temperature, humidity, leaf wetness and 
rainfall to predict the spread of grapevine pests and diseas-
es. 

WSNs can be part of military command, control, com-
munications, computers, intelligence, surveillance, recon-
naissance and targeting systems (C4ISRT) as seen in [7]. 
The rapid deployment, self-organization and fault tolerance 
characteristics are some of the reasons why wireless sensor 
networks are so appreciated, not only for military applica-
tions. 

Several research projects have studied the use of WSNs 
in e- health for monitoring of patients using wearable and/or 
implantable sensors [8] [9] [10]. Several recent research 
projects [11] [12] are sustaining the development of smart 
home monitoring of elderly solutions using wireless sensor 
networks. Body wearable sensor networks solution are be-
ing developed to gather patient data and to monitor their 
daily activities for medical purposes [13]. 

In the current research the authors propose to make use 
of the available and unexploited WSN infrastructure pro-
cessing capabilities, in order to transport data from non-
smart medical devices to a central processing and storage 
system. Classically, a WSN captures and manages data only 
from the connected sensors at certain time intervals. In the 
remaining time, the WSN is in idle state, when no pro-
cessing occurs at sensors’ level. 

For the proposed goal, a novel concept called “WSN as a 
platform” (WSNaaP) is introduced. WSNaaP is defined as 
the usage of a WSN infrastructure with the aim of gather-
ing, encapsulating and transporting data generated from 
different devices other than the sensors that form the WSN. 
Customers can also develop and manage applications on top 
of an available WSN infrastructure. 

Several constrains can arise when defining and designing 
a WSNaaP.  

Firstly, the energy consumption of the sensors must be 
addressed. Wireless sensor networks are typically con-
strained by the lifetime of their batteries. In [14] the authors 
emphasize that the critical issue in developing WSN appli-
cations is the limited amount of energy available at sensors 
level and present an approach for evaluating the power 
consumption of wireless sensor networks. In a smart hospi-
tal, the majority of sensors are fixed and connected to a 
continuous power source, rather than batteries. Also, several 
methods for improving the lifetime of wireless sensor net-
works exist [15] [16]. Thus, the energy constrains can be 

overcome for medical applications developed in smart hos-
pitals. 

Secondly, a priority scheme must be implemented that 
will ensure that highest priority traffic and functions - gen-
erated by the WSN acquisition sensors, will not be affected 
by less priority traffic and functions - generated by other 
devices and systems that will use the WSN as a platform. 

Using the proposed WSNaaP concept can bring several 
economic advantages to customers: 

- Lower deployment time and reduced costs - by us-
ing an existing infrastructure, instead of developing 
a new one; 

- Development of several innovative services on top 
of existing WSN infrastructures; 

- Easier integration into the Smart City concept. 

III. WSN PLATFORM FOR INTERCONNECTING E-HEALTH 
SYSTEMS  

In e-health systems, wireless sensor networks can be 
used for several purposes: monitoring and tracking patients’ 
health conditions; tracing which medical personnel interacts 
with certain patients; providing the location of a particular 
physician, patient or medical device. 

Every patient can have attached a sensor or multiple sen-
sors which can track and get data from the medical device 
that monitors specific health conditions. The sensors pro-
cess and encapsulate the received data and afterwards send 
the data to a gateway. The role of the gateway is to process, 
parse and store the received data into the local database. 
From this stage it can send all the needed information to an 
external database or to a cloud storage service. 

Considering the classification from [1], used to group the 
tasks required to enable wireless sensor applications, the 
proposed WSN platform resolves challenges associated with 
the system group - responsible for supporting different ap-
plication software on a sensor system. 

The WSN platform proposes the interconnection of non-
smart devices using the existing sensor architecture of smart 
hospital. Non-smart (legacy) medical devices can com-
municate with other devices using a range of physical inter-
faces, from RS232 to the modern USB, and usually adhere 
to CEN ISO/IEEE 11073 Health informatics - Medical / 
health device communication standards. For interfacing a 
non-smart medical devices with different types of sensors, 
intermediary devices can be added to enable communication 
between different communication standards. Low cost de-
vices (e.g. Arduino, RaspberryPi) and adapters (e.g. USB to 
RS232 Serial Adapter) facilitate events and data collecting.  
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A. WSN platform architecture and components 

For achieving the proposed goals, the WSN platform ar-
chitecture is composed of six main module: 

(i) the medical device interface module has the role to 
interface WSN sensors with the appropriate medical ap-
plication/device. Sensors will be notified if an event has 
been triggered in the monitoring process of physiologi-
cal parameters, 

(ii) medical and control data is sent to the physical 
components using the network interface communication 
module,  
(iii) events and resource management module detects 
events from the medical device, log the events and starts 
the associated tasks. 
(iv) tasks planning service module is responsible for 
planning and launching tasks, based on events detected 
by the events and resource management module. 
(v) time service module offers service to all the other 
module – synchronization, timestamps on the recorded 
events and data, etc. 
(vi) the storage module is used to manage the different 
storage resources (SD card, EEPROM, RAM etc.). 

Figure 1 depicts the high-level architecture used for the 
proposed WSN platform. 

 
Fig. 1 Proposed WSN platform architecture 

For the implementation of the proposed WSN platform, 
Libelium Waspmote [17] sensors and a Libelium Meshlium 
[18] gateway were used.  

Waspmote wireless sensors, together with intermediary 
devices if necessary, are responsible with the collection of 
data from medical devices that monitor patients’ health 
status. Collected data is pre-processed and prepared using 
Waspmote encapsulation methods. For the forwarding pro-
cess (sending data to the gateway), Waspmotes are designed 
to operate in three main modes, modes that are mapped to 
real-life situations: 

sending data based on patient’s health status - data 
about a patient’s health is sent when a worsening 
of the health status is detected (threshold based),  
regularly sending data – data about a patient’s 
health is sent at predefined time intervals, 
triggered-based sending of data – data about a pa-
tient’s health is sent when decided by a authorized 
user (health professional).  

 After receiving, pre-processing, encapsulating and send-
ing the data, sensors enter in hibernate or sleep mode to 
conserve energy and to avoid creating interference with other 
sensors. After the short sleep or hibernate period the cycle is 
resumed again. 

 Meshlium router is the gateway for the WSN platform 
deployment scheme. It has the role of collecting, processing 
parsing and storing data sent by Waspmotes into the local 
database. Waspmote encapsulates data in a format that can 
be sent to and understood by the Meshlium. Received data is 
saved into a log journal together with the corresponding 
sensor id, thus every entry can be easily traced. Stored data 
can be further sent to an external database or to a cloud stor-
ing service.  

B. Data sending modes 
Waspmotes receive and pre-process the data from the 

medical devices and if one of the parameters being moni-
tored by the medical device is over or under a specified 
threshold, sensors forward the data to the Meshlium. At this 
point an application can detect the emergency and inform 
the appropriate medical personnel. In a similar manner, the 
wireless sensor can detect if a patient is having a convul-
sion/seizure, using the built-in accelerometer, sends the data 
and the responsible health professionals are informed. 

A second implemented mode is when the wireless sensor, 
monitoring data received from the medical device, sends 
them to the gateway at regular intervals according to a pre-
defined time. 

The last implemented mode is where Waspmote receives 
data from the medical devices and stores it locally, to an SD 
card, therefore every entry is in a ready-to-be-sent form. 
Whenever a health professional requires the medical data, 
the Waspmote can be triggered to forward them to Mesh-
lium. In this mode, the health professional decides when to 
send the data. The described components and sending 
modes are exemplified in Figure 2. 
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Fig. 2 Data sending modes 

C. Collected data format 
Received data from medical devices is pre-processed and 

encapsulated by Waspmotes. After the encapsulation takes 
place, the data are structured in a frame having the structure 
depicted in Figure 3. 

 

 
Fig. 3 Frame format [19] 

The frame facilitates the understanding of the recorded 
data and also helps Meshlium parse them in an automatic 
way. The frame structure has two distinct parts. The first 
part always has the same structure and corresponds to the 
header. The second part corresponds to the payload and is 
where data values are included.  

The first structure field (<=>) is called start delimiter and 
is necessary to identify the start of each frame. The Frame 
Type field is used to determine the type of the frame (ASCI 
or binary) and the aim of the frame (event frame, alarm 
frame, etc.). The Number of Bytes field is used to determine 
the frame length, including the payload. The Serial Id field 
is used to uniquely identify the sensors sending the data. 
The sensor’s identifier is integrated in a specific chip, thus it 
is different for each device. Waspmote ID is a user-defined 
identifier designed to facilitate sensor’s identification in the 
corresponding network. The “#” structure field is used as a 
separator between the frame fields. The sequence field rep-
resents the frame sequence number and it is used for order-
ing the frames and for detecting frame loses [19]. The frame 
payload is composed by several sensor data. All data sent in 
this fields correspond to a predefined sensor data type and 
here is where the parameters received from the medical 
device and their corresponding values will be placed. 

D. Database connection 
Meshlium is responsible for processing and parsing data 

received from the wireless sensors. After this step, Mesh-
lium connects to the local database where a sensor table is 
available containing the predefined sensor data types.  The 
gateway interacts with the database to inserts the received 
parameters’ values into the corresponding fields, storing the 
parsed data into the database and making it available to 
interested applications. 

IV. EXPERIMENTAL RESULTS 

For the experimental part, the platform was composed of 
three Libelium Waspmote sensors, a Libelium Meshlium 
gateway and a MySQL server were used.  

Three type of medical data were emulated and stored 
(both in the RAM memory and also on the sensors’ SD 
cards) at sensors’ level: a) heart rate measured as beats per 
minute (bpm); b) blood pressure measured as systolic and 
diastolic values (sys, dia) and c) generic data (for further 
developments). Values were taken from MIMIC II (Mul-
tiparameter Intelligent Monitoring in Intensive Care) Clini-
cal Database [20]. 

According to the implemented data sending modes, 
Waspmotes behaviors are slightly different. In this chapter 
the implemented modes and associated behavior will be 
covered, along with the preliminary experimental results. 

E. Health status change mode  
In the first mode, the Waspmote monitors the parameters 

received from the medical device and if one of them ex-
ceeds the upper or lower predefined threshold value the 
communication part is triggered. The sensor creates the 
frame and adds to it the monitored parameters and their 
values. After the frame is ready, it is sent to the Meshlium 
and then the Waspmote waits for a confirmation from the 
gateway.  

Convulsion triggered mode 
As a subcategory of health status change mode, a convul-

sion detection mode was implemented. The wireless sensor 
waits in an idle mode conserving energy. When the patient’s 
convulsions start (detected by the embedded accelerome-
ters), the sensor wakes up, connects to the gateway, creates 
the frame with the needed parameters, sends it to the gate-
way waiting for a confirmation. Afterwards, the sensor 
clears the interruption flag/pin and restarts the above pro-
cess. After the patient is taken care of and the situation is 
under control, the sensor returns to idle mode. 

F. Time triggered mode 
In the second mode, the sensor receives data from the 

medical device, creates the frame, encapsulates the parame-
ters and their values, sends the frame to the gateway and 
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waits for an acknowledge frame. Afterward, the Waspmote 
enters in hibernate mode, conserving energy and keeping 
the communication medium available for other sensors to 
send their frames. After a predefined time has passed, the 
Waspmote wakes up and the entire process is resumed. 

G. User triggered mode  
In the last mode, the sensor receives and monitors the pa-

rameters sent by the medical device, creates the frame and 
encapsulates them and their values. After the frame is ready 
to be sent, it is stored on the sensor’s SD card. In this way 
the data is easy to be retrieved and sent when needed. The 
data retrieval is carried out in a regular manner, and if no 
data is to be read the Waspmote enters in sleep mode. When 
new data has to be received, the sensor wakes up and the 
process starts again. When the responsible health profes-
sional considers that the data should be transmitted to the 
gateway (and the corresponding application), he sends a 
message to the Waspmote, which retrieves the data frames 
from the SD card and sends them to the Meshlium. 

The created frames and the attached parameters are simi-
lar no matter what data sending mode the Waspmote is 
using and can be observed in Figure 4. 

 
Fig. 4 Data frame sent to Meshlium gateway 

V. CONCLUSIONS  

Non-smart medical devices that are not able to communi-
cate and to be managed by a smart hospital infrastructure 
are still in use. Patients’ data can be collected from a wide 
range of non-smart medical device. 

Opposed to the classic use of a WSN infrastructure, 
where data are captured and managed only from the con-
nected sensors at certain time intervals, the current research 
proposes to take advantage of the available and unexploited 
WSN infrastructure processing capabilities (WSN in idle 
state - when no processing occurs at sensors’ level), in order 
to transport data from non-smart medical devices to a cen-
tral processing and storage system. Thus, a novel concept 
called WSN as a Platform (WSNaaP) is introduced. 

Furthermore, to demonstrate the WSNaaP approach, a 
technical solution for interconnecting heterogeneous non-
smart medical devices (medical devices that are not able to 
communicate and to be managed by a smart hospital infra-
structure) using a WSN infrastructure is described.  

Several benefits arise from the proposed solution. Firstly, 
non-smart medical devices are still in use in many hospitals. 
The cost of replacing them with smart ones is usually too 
high, thus providing a way to integrate them into a smart 
hospital would be a great benefit. By using devices that 
medical personnel are accustomed with, the operational 
expenditure cost is also lowered. Secondly, the WSN plat-
form proposes the interconnection of non-smart devices 
using existing sensor infrastructure of smart hospital, there-
fore lowering capital expenditures. Only low cost devices 
(e.g. Arduino, RaspberryPi) and adapters (e.g. USB to 
RS232 Serial Adapter) are required to be added to the medi-
cal devices to facilitate events and data collecting. 

The proposed solution has several limitations. It is de-
pendent on the available hospital infrastructure. Not all 
legacy devices can be redesigned to connect with a smart 
hospital, due to a lack of any communication interfaces. 
Several medical devices are not aligned with open commu-
nication and interfacing standards, making data acquiring a 
difficult task.  Also, proprietary protocols used for data 
encapsulation cannot be interpreted by a third party applica-
tion. All these limitations could be overcome if medical 
device manufacturers joined open standards and protocols 
initiatives. 
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I. INTRODUCTION  

Kidney transplantation is usually the foremost effective 
treatment for patients with end-stage kidney disease. 

When an individual dies, the family is asked if they 
might be willing to give their relatives’ organs.  

Kidneys from deceased donors are offered to waitlisted 
candidates in step with a priority score. The priority score 
depends on donor-patient specific characteristics compara-
ble to [1, 2]: 
• Blood-type 
• Tissue-type compatibility 
• Organ size 
• Duration on waiting list 
• Duration on chemical analysis 
• Age 
• Proximity to transplant center 
• Level of medical urgency 

A. Blood type 

Blood  type is a crucial  factor  in the practice of renal 
transplantation.  Blood type influence compatibility 
between patient  and donor blood types. There are four 
major types-A, B, AB, and O-and every major kind might 
contain the Rh factor (Rh), in which case it's Rh positive; 
otherwise, it's Rh-negative blood. People is critical within 
the organ transplantation method, that depends upon com-
patibility between recipient and donor blood varieties.   
Potential patient  with blood type O can be given organs 
only from donors with type O blood.  Donors with blood 
type A can donate to recipients with blood types A and AB. 
Donors with blood type B can give to recipients with blood 
types B and AB. Donors with blood type AB can donate to 
recipients with blood type AB only. 

B. HLA (Human Leukocyte Antigen) 

The HLA significant in renal transplantation are HLA-A, 
B (class I antigens) and DR (class II antigens). The subjects 
(donors and recipients) have two of each HLA -A."B." and 
DR. These antigens are inherited from each parents. In 
organ transplantation, these antigens  are a decisive measure 
of tissue compatibility between a donor and a potential 
patient.  In kidney transplantation, for example, six different 
HLA antigens  are typing for a  donor and potential 
recipients; the results of this process are usually expressed 
in terms of the number of HLA mismatches (MM) between 
donor and potential recipient.  Zero (0) HLA mismatches 
are indicating a high degree of compatibility and six (6) 
mismatches indicating complete incompatibility[3, 4]. 

HLA typing is performed by molecular polymerase chain 
reaction-sequence specific oligonucleotide (PCR-SSO) or 
polymerase chain reaction-sequence specific primer (PCR-
SSP). 

In SSP-PCR, DNA (Deoxyribonucleic acid) is isolated 
from the subject to be typed, and amplified in multiple 
wells, every containing specific primers complementary to 
explicit HLA alleles. The contents of the wells are then pass 
by electrophoresis through an agarose gel with the amplifi-
cation product showing as a band on the gel; the HLA typ-
ing is appointed by matching the primers of ensuing ampli-
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fication products to the deoxyribonucleic acid sequences of 
the varied candidate alleles [5]. 

In SSOP, oligonucleotide probes that are complementary 
to the distinctive segments of the desoxyribonucleic acid of 
various alleles are mixed with amplified DNA. The distinc-
tive fluorescent tags recognize those probes that are com-
plementary to the desoxyribonucleic acid, specified the 
distinctive HLA alleles is also known [6, 7]. 

C. Cross-match 

The lymphocytotoxic cross-match checks detects anti-
bodies within the recipient that react with donor HLA anti-
gens before transplantation.  Lymphocytotoxic crossmatch 
tests are used primarily for transplant candidates to estimate  
the suitableness of a possible donor.  If the the crossmatch is 
taken into account positive. this suggests the recipient has 
antibodies “against” the donor’s cells. A positive lymphocy-
totoxic crossmatch identifies antibodies accountable for 
hyperacute rejection of kidney grafts and is thus a reason to 
contraindicated transplantation. If the crossmatch is nega-
tive, the pair donor- recipient  is taken into account compat-
ible [8]. 

D. PRAs(Panel reactive antibodies) 

Antibodies are molecules made by the immune system in 
response to a foreign body for example transplanted organ.  
PRA values are quantities of a patient's level of "sensitiza-
tion" to human leucocyte antigens. A recipient may become 
"sensitized" through a previous transplant, a blood transfu-
sion or pregnancy. The patient's serum is screened so as to 
assess the degree of sensitization, that is expressed as a 
percentage of PRA: such a proportion will vary from zero to 
five % (non-sensitized) to 75-100 % (highly sensitized).  
High levels of PRAs are related to a larger risk of graft 
rejection and failure. The chance of finding cross-match 
negative for patients with high PRA values is low; there-
fore, such patients might wait for much longer and maybe 
never receive a kidney. Out of concern for equity, such 
patients are given a relative advantage over patients with 
low PRA values [9,10]. 

For assessment of PRA we tend to used LIFECODES 
class I and class II ID. LIFECODES class I ID Beads are 
designed to find IgG antibodies to HLA class I glycopro-
teins. LIFECODES class I ID consists of various Luminex 
Beads to that affinity pure class I HLA glycoproteins from 
different people are conjugated. LIFECODES class II ID 
Beads are designed to notice IgG antibodies to HLA class II 
glycoproteins. LIFECODES class II ID consists completely 
of various Luminex Beads to that affinity pure class II HLA 
glycoproteins from different people are conjugated. An 

aliquot of the Beads is permitted to incubate with a tiny low 
volume of test blood serum sample. The sensitized beads 
are then washed to get rid of unbound antibody. An anti-
Human IgG protein conjugated to pigment is then supple-
mentary. After another incubation, the test sample is diluted 
and analyzed on the Luminex instrument. The signal inten-
sity from every bead is compared to the signal intensity of a 
negative control bead enclosed within the bead preparation 
to work out if the bead is positive or negative for bound 
alloantibody [11]. 

II. TRANSPLANT INFORMATION SYSTEM  

A. System architecture 

The application is based on Cloud Computing technolo-
gy[12, 13], which topologically consists of distributed cli-
ents and distributed data centers as can be seen in Figure 1. 
Web application can be accessed by a user with role of 
donor, recipient, physician by means a navigation program 
(Web Browser) from computers in hospitals and transplant 
centers, connected via Cloud Computing with the database. 
With this technology the hospitals benefit from accelerating 
the implementation of information system, the assimilation 
of new users, continuity of functionality (automated disaster 
recovery) and not the last thing, centralized operation of 
data (consistent information). 

Cloud Computing has several advantages over client-
server architectures and peer-to-peer. Client-server architec-
ture is similar to Cloud Computing with Central storage, but 
additionally worrying about Cloud Computing and how a 
group of computers working together to increase computa-
tional power. In the client-server architecture any communi-
cation is between clients pass through the server (overload), 
compared to peer-to-peer architecture that allows each com-
puter to be also client and server, sharing resources and 
services directly (decentralized control, high complexity). 

The software's architecture is modular [14] and uses the 
MVC design scheme (Spring framework). M (Model) des-
ignates data used by the application, V (View) designates 
the presentation of the application and C (Controller) desig-
nates the logic that controls access to data and generate Web 
pages. The application uses Hibernate framework for ORM 
(Object-Relational Mapping). The application also contains 
components for user authentication, generation of messages 
by email and SMS (Short Message Service), generation of 
files in different formats, connection to web services needed 
to access nomenclatures and results of laboratory tests. 

For the client (frontend) was used Angular JavaScript 
framework. 
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The software language platform used is Java EE. Other 
used technologies: REST Web services, persistent entities 
JPA (Java persistence API), EIS (Enterprise Information 
System), Servlets and JSP (Java Server Pages). 

The database management system used is MySql. Con-
ceptual database schema concerning with matching is 
shown in Figure 2. 

The essential elements of the data model entities are: 
Person, User_Role, Lab_Results_Patient, Parame-
ter_description, HLA_type, Antibody_HLA, 
Cross_match_direct, Matching, Test_Run, Config_Table. 

In Person table personal data of recipients, donors and 
doctorsare stored. User_Role table contains data about a 
person's role in the system and to authenticate data. 
Lab_Results_Patient table contains the results of laboratory 
tests that are remade every 3 months. The donor-recipient 
pairs assigned to a run of matching algorithm are saved in 
Matching table. 

Test_Run table is used to know the configuration values 
that were used by matching algorithm when the doctor de-
cides to make more runs of the algorithm by changing the 
threshold values in Config_Table. 

It is important to note that we assumed that the infor-
mation system uses distributed agents to collect results of 
medical tests from dedicated computers and automated 
enter them in the database. 

The advantages of transplant information system come 
from the ability to automation generate compatibility lists in 
case of the appearance of donors. Some medical tests should 
be done on the both presence of actual probe from donor 
and recipient like cross match. 

 
Fig. 1 The architecture of the Transplant Information System 

 
Fig. 2 Logical model of DB 

Other information is already known like blood type, age 
and weight. 

The core of the system is the matching algorithm. 

B. Matching algorithm description 

We denote D the set of persons named donors which is of 
cardinality nD. 

We denote R the set of persons named recipients which is 
of cardinality nR. 

From our practice experience nD is in general below 3 
and nR could be of order of magnitude of hundreds. 

The matching problem is to find the set of pairs (d, r) for 
each d ϵ D and where r ϵ R such as to maximize compatibil-
ity. 

The set of properties used in determining compatibility 
consists of two subsets, one with properties that determines 
the impossibility of matching denoted M (mandatory), the 
other subset is used in determining compatibility (or cost) 
matrix S (score). 

We denote T.m threshold for m ϵ M, P.s points for s ϵ S 
and f(d, r, P.s) the function which compute fraction of com-
patibility between d and r for s. 

C_M (Compatibility Matrix) will store 0 for a pair (d, r) 
if d is not compatible with r. 

Figure 3 presents the sub-algorithm which determines the 
compatibility matrix. Example of mandatory properties are 
blood type, age, weight and cross match. 

The score properties are used as follows: some patients 
receive bonus points based on presence of dialysis and wait-
ing time (one point per year for both), other points are re-
ceived based on correspondence of HLA (A-1 point, B-2 
points and DR-5 points). 
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In Table 1 we can see a representative example of C_M 
where n=5 and m=6. We will discuss matching algorithm 
based on this example. 

Scientific literature describes several matching algo-
rithms as in [15, 16, 17, 18]. One of the most known algo-
rithm is Stable Marriage. There are several major differ-
ences between classical algorithm and our algorithm. One 
difference is that of cardinality of the two sets, in classical 
algorithm the cardinalities are equals. Based on observa-
tions that are presented below we relax condition that max-
imize compatibility when lockout occurs caused by donor 
list of recipients used fully before in other allocations. 
Therefore, we could not guarantee optimal solution but sub-
optimal. 

Definition of Stable Marriage Algorithm adapted to or-
gan transplant application: a pair (di, ri) ϵC_M blocks a 
matching pair (dj, rj) ϵC_M, or is a blocking pair for C_M, 
if: 

di is unassigned or prefers rj to ri 
rj is unassigned or prefers di todj 

A matching allocation M_A is said to be stable if it admits 
no blocking pair. 

Pseudocode of Stable Marriage Algorithm adapted to or-
gan transplant application is showed in Figure 4. We denote 
D_L Donors List and R_L Recipients List. 

Before running the matching algorithm, the clinician will 
check the report with incompatibilities if it is established 
that there is a certain threshold by modifying which poten-
tial recipients appear on empty donor lists. The application 
proposes the configuration parameter that should be 
changed and what be the new value. In example from Table 
1, such potential configuration parameter is age, to find 
recipients compatible with donor 5. 

The list of donors D_L is sorted ascending by the number 
of recipients in R_Li(for equal number are ordered descend-
ing by score).With the data in Table 1 order of donors is 
don_2 (size = 1 points = 5), don_1 (size = 2 points = 15), 
don_4 (size = 2 points = 13), don_3 (size = 3 points = 25)). 

After a complete walk in D_L the algorithm will found 
the pairs:(2, 5); (1, 2); (4, 3); (3, 1). 

 

Fig. 3 Sub-algorithm for determining C_M   

 

Fig. 4 Matching algorithm with heuristics 

In detail, at first iteration, donor 4 found recipient 2 is as-
signed to donor 1, points_don_4=8<points_don_1=9 so pair 
(4, 2) is rejected. At second iteration, donor 4 is paired with 
recipient 3. At next step donor 3found recipient 2 is as-
signed to donor 1, points_don_3=10>points_don_1=9 but 
followed a recursive search which determined blocking 
(donor 1 has recipient 3 on its R_L, which is paired with 
donor 4 and donor 4 has recipient 2on its R_L, which is 
paired with donor 1) so pair (3, 2) is rejected. In a similar 
fashion pair (3, 3) is rejected. Eventually donor 3 is paired 
with recipient 1. 

Without ordering the list of donors and without relaxing 
max-points condition at first step pair (1, 2) is found, next 
pair (2, 5) is found, next pair (3, 2) is found and pair (1, 2) 
is rejected), next pair (1, 3) is found and because donor 4 is 
generating blocking algorithm will stop. The solution is 
worse than the other (we lost 1 donor). 

Sub-algorithm not_blocking(donor d, recipient r, donor 
r’) is same like the DFS (Depth First Search) algorithm 
which find cycles in graph theory. 

Table 1 Example of Compatibility Matrix 

  Recipient 
  1 2 3 4 5 6 

D
on

or
 1 0 9 6 0 0 0 

2 0 0 0 0 5 0 
3 5 10 10 0 0 0 
4 0 8 5 0 0 0 
5 0 0 0 0 0 0 

III. EXPERIMENTAL RESULTS 

For measure the performance of the Matching Algorithm 
we used different thresholds tests for different combinations 

input: M, T, S, P, D, R 
output: C_M (Compatibility Matrix) 
 
initialize C_M with 0; 
for each (d, r) ϵD × R: 
 for each mϵM: 
  if|d.m – r.m| >T.m then reject (d, r); 

 for each sϵS: 
  C_M[d][r] += f(d, r, P.s); 
. 

input: C_M (Compatibility Matrix) 
output: M_A (Matching Allocation) 
 
order D_L ascending by size of R_L; 
each R_L is ordered descending based on C_M; 
while D_L is not free do 
 d = first donor in D_L; 
 r =first recipient on d’s R_L list; 
 if r is free then 
  assign d and r to be allocated; 
 else 
  if r prefers d to his donor d’ and  
      not_blocking(d, r, d’) then 
   assign r and d to be compatibles; 
   assign d’ to be free; 
  else 
   d rejects r (and d remains free); 
. 
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of age and weight (range 10, 25; 5 by 5) with 8 donors and 
560 recipients. The results were stored in a table like 
Matching table, augmented with a Status column.  The 
domain for Status column has four values: 

True positive (TP): Incompatible pair correctly identi-
fied as incompatible; 

False positive (FP): Compatible pair incorrectly identi-
fied as incompatible; 

True negative (TN): Compatible pair correctly identi-
fied as compatible; 

False negative (FN): Incompatible pair incorrectly iden-
tified as compatible. 

Sensitivity (or true positive rate (TPR)) and specificity 
(or true negative rate (SPC)) are statistical measures of the 
performance. The positive and negative predictive values 
(PPV and NPV respectively) are the proportions of positive 
and negative results.  

 

Fig. 5 Accuracy (on X axis 1: t_age=10, t_weight=10 and 16:t_age=25, 
t_weight=25) ACC = (TP+TN)/(TP+FP+TN+FN) 

 

Fig. 6 Sensitivity TPR = TP/(TP+FN), average TPR ≈ 22% and Precision 
PPV = TP/(TP+FP), average PPV ≈ 18 % 

 
Fig. 7 Specificity SPC = TN/(TN+FP), average SPC ≈ 97% and Negative 

Predictive Value NPV = TN(TN+FN), average NPV ≈ 98% 

Accuracy is a description of systematic errors. We can 
see in Fig. 5 that best accuracy 96.7% was obtained for age 
threshold 15 years and weight threshold 25 kg (point 8 on X 
axis) or age threshold 25 years and weight threshold 25 kg 
(point 16 on X axis). 

From the charts in Fig. 5, Fig. 6and Fig. 7 we can see that 
matching algorithm is more accurate where sensitivity and 
specificity are higher (points 8 and 16 on X axis). 

IV. CONCLUSIONS 

In this paper we presented a model for Transplant Infor-
mation System which has at core a heuristic matching algo-
rithm. 

Taking into account the values in experimental tests we 
can say that where the accuracy indexes are rather low the 
doctor should not trust indicating combination of configura-
tion parameters. 

This matching algorithm for kidney allocation can auto-
mation generate the list of a potential recipients for trans-
plantation in case of the appearance of donors regarding two 
parameters (age and weight). In the next future this algo-
rithm will be improved by adding mandatory proprieties as 
MM, PRAs and cross-match. 
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I. INTRODUCTION  

From an information point of view, modern healthcare 
and medical research increasingly rely on large amounts of 
medical data stored in complex databases [1]. These data-
bases are often integrated in larger systems, called 
Healthcare Information Systems (HIS), which provide a 
number of functions to the medical practitioner or research-
er, as part of the user experience [2]. One particularly im-
portant function of these systems concerns data retrieval, a 
task which may represent a challenge, as both the amount 
and the complexity of medical data can sometimes become 
overwhelming.  Historical medical data can be retrieved 
through standard reporting, when the requirements for such 
reports are well defined. If the data needs to be explored for 
research purposes, the exact structure of the queries is not 
always known at the beginning of the process. In order to 
explore large sets of structured data, medical researchers 
need appropriate software tools that address this issue. 
There are two main approaches to this challenge: automated 
data mining and user-driven, query based, data exploration 
[3]. In both cases, the goal is to find relevant patterns in the 
accumulated medical data that will expand the knowledge 
of medical professionals. Data mining uses a variety of 
algorithms to discover hidden patterns in the data, whereas 
custom queries represent a tool for the user to explore the 
data in an effort to validate a pre-stated hypothesis. 

The efficiency of the interrogation mechanisms is in no 
small part determined by the underlying structure of the 
data. Loosely structured data collections will have to be 

interrogated using full-text searches based on keywords, 
whereas well-structured data can be retrieved with high 
accuracy using a variety of selection criteria.  

In our previous work we have proposed a relational data-
base design pattern and a graphical user interface for struc-
turing hierarchical medical data represented as multi-trees 
[4] [5]. The specific aim of this approach was to provide 
medical researchers with a tool that will enable them to 
design their own data structures, suited to the needs of each 
research project, enjoying a great degree of flexibility while 
benefitting from the security and integrity of a relational 
database. In this paper we will present the techniques used 
to develop the data interrogation module of this system, a 
software tool designed to assist the user in querying the data 
in a flexible and dynamic way, while retaining the ad-
vantages of a soundly structured, data centric information 
system. We have implemented these techniques in a work-
ing system that represents, in our view, a proof-of-concept. 
We have used SQL Server 2008 R2 for the database end 
and Visual FoxPro 9 as a GUI development environment. 

II. CONFIGURING CUSTOM INTERROGATIONS 

Building complex custom interrogations can often become 
an iterative process. The user may start with selecting a 
small set of data items, filtered according to one or two 
simple criteria. After analyzing the result, the user may wish 
to expand the initial selection and/or refine the filtering 
criteria, perhaps add some ordering criteria or even re-label 
certain items, in order to obtain relevant information. For 
instance, a researcher may wish to retrieve all the lab test 
results of the patients with a certain diagnostic. After re-
viewing the data, the user may decide to include additional 
data items for each patient in the query, for example infor-
mation about previous treatments or exposure to risk fac-
tors. The researcher may also require the data to be filtered 
according to several criteria, like period of time, a threshold 
for certain lab results, the presence of specific risk factors 
etc. In the end, the design of the interrogation should be 
saved for later use or further adjustment.  
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A.  Selecting the relevant data items from the hierarchy 

The data stored in our HIS is represented at the user view 
level as a collection of trees or multi-trees. Thus, the first 
step the user must perform in order to configure a complex 
interrogation on this data is to select which nodes or sub-
trees are to be included in the result. 

At the Graphical User Interface (GUI) level, we have im-
plemented this functionality using a similar control as the 
one provided to the user to define the hierarchical structure 
of the data. This control allows easy navigation trough the 
structure of each defined tree and offers the necessary func-
tionality to select and configure each item of data to be 
included in the custom query.  

The GUI is presented in Fig. 1 displaying a hierarchical 
data structure that was developed to support a fundamental 
research project implemented in a tissue culture laboratory 
(Fig. 1). 

 
Fig. 1 – GUI displaying a hierarchical data structure 

The user can include each desired leaf-node individually 
in the structure of the query, or an entire sub-tree can be 
selected for this purpose. In this case the system will auto-
matically mark all nodes of the subtree as being included in 
the interrogation. 

As the structure of the trees can become quite complex, it 
is sometimes difficult to visualize the entire structure of a 
defined query in this GUI module. Therefore we have de-
signed a separate control which allows the user to see, at 
any time, the entire configuration of a query, by presenting 
only the included nodes and their paths in the tree (Fig. 2).  

This viewing tool also informs the user whether there are 
any filtering conditions associated with a selected node. 

To implement this module of the system we have reused 
the GUI design pattern that we have developed for the mod-
ule that enables the researcher to build the custom hierar-
chical structures. We have kept the tree-navigation control 
on the left side, and re-designed the controls on the right 
side, using a limited number of objects to provide the need-
ed query configuration functions for the types of data that 
can be recorded in the leaf-nodes of the trees. 

 
Fig. 2 – GUI control displaying query configuration 

At the data level, we have implemented this functionality 
by extending the structure of the database with a new table, 
which holds all the necessary query-related data for each 
node of the user-defined hierarchical structure. This table, 
shown as exlist_tree_config in Fig. 3, will hold a record for 
each node that is included in a certain query. The primary 
key of this table is composed of two foreign keys, migrated 
from the tables that store the nodes of the user-defined hier-
archical structure (CTH_TreeNode_str), on one hand, and 
the list of custom interrogations (exlist_tree), on the other 
hand.  

 
Fig. 3 – Entity-Relationship Diagram representing the key data structures 

used to implement the system  
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This design ensures that for each user-defined query all 
the necessary structural information is recorded correctly, 
maintaining the integrity of the database. For instance, if a 
leaf-node is part of two different trees, including it as such 
in a query will result in two different records in 
exlist_tree_config. Similarly, including the same node in a 
number of different interrogations will generate several 
records in this table, one for each query defined. 

B. Filtering the data records 

The ability to selectively retrieve data records is an essential 
characteristic of any database interrogation engine. In order 
to implement this functionality in our HIS, we have devel-
oped a set of specialized GUI controls which allow the user 
to specify filtering conditions for every selected node of the 
hierarchical data structure. These controls are selectively 
activated depending on the data type of each node: text, 
number, date or predefined list. In addition, as each record-
ed instance of a tree or node has a time-stamp, we offered 
the user the possibility to filter the data according to these 
time-stamps. This may have important semantic value for 
the medical researcher. For example, a tree structure repre-
senting a blood testing protocol could be instantiated several 
times, for the same patient, to record multiple follow-up 
investigations. The ability to retrieve only a subset of these 
instances according to a specified time interval is important 
from a medical point of view. 

At the database level, the filtering criteria specified by the 
user for each node is recorded in a number of specially 
designed fields in the exlist_tree_config table (Fig. 3). The 
stored procedures, which interrogate the relational database 
to retrieve the actual data requested in the queries, use the 
values stored in these fields, according to the data type of 
each node of the hierarchical structure.  

III. QUERYING THE RELATIONAL DATABASE AND PRESENTING 
THE SELECTED MEDICAL DATA 

The actual interrogation of the database is performed, 
upon the user’s request, by the stored procedures imple-
mented on the server side of the system. These rely on the 
recorded configuration of the selected query. Using this 
configuration the procedures will parse the instances of the 
relevant tree or trees, retrieving the specified data from the 
relational database.  

The result will not be a tree-like structure, it will be a 
plain table listing the values of the selected nodes according 
to the design of the query, along with the necessary identifi-
cation and labeling information. 

Presenting only the values and the individual labels of 
leaf-nodes retrieved from a hierarchical data structure could 

lead to ambiguities, as the semantic meaning of the infor-
mation is dependent on the context provided by the struc-
ture of the tree. Therefore, the system has an in-built default 
labeling mechanism, which provides for each piece of re-
trieved information an exact context, i.e. the precise path to 
the leaf node in a particular tree. However, as the length of 
these labels depends on the depth of the trees, sometimes 
these automatically generated expressions can be too long 
and impractical for everyday use. Thus the medical re-
searcher may choose to label some items in a different way, 
providing a more concise label to identify each piece of 
information or providing a specific context for a node, more 
relevant to the structure of the query. We have implemented 
this function by including a dedicated field in the structure 
of the query configuration table (Fig. 3), linked to a set of 
specialized controls in the GUI which provide the user with 
the possibility to record a custom label for each node, with-
in a specific query. 

By default, the records in the result set are sorted accord-
ing to the order of the leaf nodes resulting from the parsing 
of the tree. In certain situations the medical researchers need 
to alter this sorting method, in order to present the most 
relevant data first. To accommodate this request, we have 
implemented a mechanism to record a custom order number 
for each node within a specific interrogation. 

The standard presentation form of the results of the query 
is a printable report (Fig. 4). Data is grouped according to 
predefined criteria. If a leaf node from the hierarchical 
structure has multiple instances included in the query’s 
result, the corresponding values will be listed below the 
label of the node in chronological order, with the time-
stamp visible.  

 
Fig. 4 – Sample cutom report generated by the system 
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If the selected data is numerical, the system will also pro-
vide a graphical representation of the data (Fig. 4). For more 
advanced processing (i.e. statistical analysis) the results of 
the queries can be exported into spreadsheet processing 
applications. 

IV. MANAGING THE COLLECTION OF CUSTOM QUERIES 

The data exploration tool presented above allows the 
medical researcher to define an unlimited number of com-
plex interrogations of the hierarchically structured data. In a 
real environment the number of these queries tends to rise, 
therefore a tool is needed to keep track of various query 
designs or group of queries that are meaningfully related. 

In order to provide this tool we turned to the same tech-
niques that we used to develop the data structuring and data 
retrieval mechanisms: database design patterns and object 
oriented GUI development. As the number and grouping 
criteria of possible query designs are not known, we de-
signed a tool which allows the user to organize the queries 
in a custom designed hierarchical structure. This approach 
allowed us to reuse the GUI classes already developed for 
the other parts of the system. As for the database structures, 
we used a well-established design pattern to represent trees: 
a table which has a foreign key attribute migrated from its 
own primary key, presented as “exlist_tree” in Fig. 3. We 
also used a second table to model the different types of 
nodes needed for this organizing tool: “category”, used for 
grouping purposes, and “report”, used to identify the actual 
queries.  

This table also migrates its primary key as a foreign key 
into the “exlist_tree” table. There is also a third foreign key 
in this table, which represents the identification of the user. 
This allows the system to store different query designs for 
each user who has access granted to this tool. Thus, every 
medical researcher using the system has the possibility to 
organize his or her own queries in a customizable folder-
like hierarchical structure. 

V. CONCLUSIONS  

Relying on database design patterns and GUI prototypes, 
our system enables the medical researchers to flexibly inter-
rogate custom designed hierarchical data structures, while 
enjoying the benefits of storing the data in a relational data-
base. By using the techniques that we have developed, que-
rying this type of data collection becomes an iterative pro-
cess of defining and refining complex interrogations. The 

data can be explored with increasingly complex queries, 
allowing the researcher to validate a hypothesis or to ex-
plore newly discovered patterns in the data. The database 
design pattern used to design the system allows the query 
engine to translate the user defined interrogations into SQL 
statements which run against the underlying relational data-
base, thus providing a high level of accuracy for the results.  
By providing an efficient way to design and manage a large 
number of custom interrogations, the system has the poten-
tial of a data exploration tool suitable for a variety of re-
search purposes.  
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I. INTRODUCTION 
Romania is still in the early stages of digitization of 

medical data. The National Health Card, a platform through 
which each patient's medical data can be seen by doctors, 
including the medical services provided by the National 
Health Insurance Agency (CNAS) was introduced only in 
2015. 

Digitization in Romanian (where present) is very 
fragmented, partly due to lack of standardization. There is 
no centralization of data and usually there are more than 
three software in each location for various aspects. For 
example, there are clinics that use a software that keeps 
track of patients at a basic level (personal information, 
medical and perhaps history of services that were supplied 
locally), another software used for management purposes 
(payments, invoices) and one for appointments. If there is 
any medical equipment that is used for medical services 
(usually each equipment has a standalone proprietary 
software designated for specific use: EKG, ultrasound, 
spirometer, dynamometer, etc.) it usually does not 
communicate with other equipment nor a general software 

which could centralize the medical data. Formative research 
has revealed cases of some occupational medicine centers 
that were using even ten different software, due to the large 
number of medical equipment used to examine patients. The 
personnel were recording the results from the equipment on 
paper, then went to another computer where the result was 
re-entered in order to be able to release the medical file, 
only so the patient could take it to the reception where all 
the services had to be entered yet again so a receipt could be 
issued.  

Because there isn’t a single software to centralize the 
data, or the possibility of communication between them, 
there is a lot of time lost on the administrative side (data 
entry), thus requiring additional personnel to streamline 
things. This translates into additional costs for the medical 
center, due to staff salaries additional workstations, cost for 
training the staff so they can work with multiple software 
and less revenue due to the reduced theoretical number of 
medical services that could be performed in a day's work. 
Also errors in diagnosis may arise due to lack of data 
overview, human error in handling medical data between 
software. 

The aim of this study was to develop, implement and test 
an integrated solution for complex acquisition and storage 
of medical data that would be cost-effective. 

II. METHODOLOGY 
Although the issue of acquiring and storing signals from 

patients in a database is a widely discussed topic [1], this 
system proposes a holistic approach focused on several 
components of the medical process. It can serve all the 
demands of a medical center, provide management of 
patient data, medical services provided in the complex, 
employed staff and financial management, appointment 
tracking, marketing of services and interconnecting as many 
medical devices as possible. The results from medical 
devices are accessible at any time to the staff, without 
requiring the use of proprietary software for each 
equipment. The FileMaker database platform was chosen 
for the development of this software due to its cross-
platform architecture [2]. Because the software allows 
remote access, patients could send medical data retrieved 
from portable devices. This system can allow remote 
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monitoring of patients, especially the evolution of health for 
longer periods of time, medical personnel can send 
recommendations (or alerts as appropriate) to patients, 
according to the data received. This system is designed with 
the flow of information presented in the block diagram 
below (Fig. 1), in which medical data is taken from the 
patient through sensors, processed and then stored. Also 
medical investigations made by doctors and patients' 
personal data are stored in their personal folders. 

 

 
 

Fig. 1 Patient data flow 

 
Because some medical centers provide fewer medical 

services than others, a modularization approach was chosen. 
Thus the basic version provides patient management, 
financial and administrative management, appointments and 
marketing. Depending on the medical services they provide 
locally, different modules can be added such as ultrasound, 
endoscopy, occupational medicine, etc. and the ability to 
interconnect various medical devices. 

The patient management module is quite complex, being 
composed of numerous personal and medical data (Fig.2 
and 3). They are used to deliver to the medical staff relevant 
information in order to determine the health of the patient 
and to provide a correct diagnosis. This can give an 

overview on the evolution of patient health over time. 
Consider the specific case of a complex medical, center 

where this system is already in place. The medical center 
was founded due to the desire of the management of a large 
factory to provide "in house" occupational health services. 
Later on, the center wanted to provide various medical 
services, not only occupational medicine for both its 
employees and factories in the area. Because most patients 
of this center were also employees of the factories, they 
realized that it is redundant to use two databases, one for 
patients and one for HR (Human Relations). Thus a system 
was created that manages both structures, but because each 
plant is a separate entity from the administrative point of 
view, they have access only to its own patients and 
employees while the medical entity has access to all patients 
and medical data. 

Being a complex system that stores the personal 
information and patients' medical history, services that have 
been made, professions they can provide services for (the 
nomenclature used by the forces of labor) diseases prone for 
certain professions (nomenclature used by CNAS), various 
administrative data such as payments and invoices, number 
of surgeries, etc.; companies, accounts, personnel (restricted 
by level of access), requires a database that consists of 
many tables and fields. For this system 40 tables were used, 
and some of them contain 4281 fields (the list of 
occupations), 999 fields (disease codes), 330 fields 
(personal and medical data for patients), 199 fields (medical 
examinations for occupational medicine), etc. All these 
fields store information that can be exported in several 
databases, selecting which information is needed.  
 

Fig. 2 Personal data file for a patient 
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But all this information must be linked by relationships, so 
that medical examinations and data of a patient are related 
only to that patient [3]. FileMaker databases are non SQL, 
but due to the complex relations between tables, in some 
cases it was necessary to use SQL queries (e.g. services that 
are selected to be paid in a certain bill for a company). This 
was done by integrating an SQL plugin to the software [4]. 

 

Fig. 4 Tables and relations between them 
 

Because there are so much data and numerous functions 
in the software, we have to create a workflow to ease the 
use of it by the staff. It needs to be modularized and 
compartmentalized, but also all data should be easily 
accessible at any time. During the research for this paper, it 
was found that most software that exists on the market 
today both in Romania and abroad have made the mistake to 
overwhelm the user with too much data at once. An 
interface for such a software, especially on the main page, 
contains dozens of fields that need to be filled and 
navigation buttons.  

Medical personnel who participated in this research has 

encountered problems in navigating these programs, long 
periods of time passing until they get used to the 
cumbersome interface. Many fields and buttons that are 
rarely or never used, overload the already complex 
interface. Thus, in this software it was tried to solve these 
problems by displaying only the interface fields and buttons 
that are most commonly used at a certain moment by the 
user, the rest being displayed on other tabs in the interface, 
or appear only if the workflow the user was following might 
impose the need to use them. Therefor on the top of the 
screen there are navigational buttons that lead to the main 
components of a module. Let's take the particular case of 
the patient management module. The top buttons lead to the 
page where personal data for patients can be inputted, 
occupational medicine files, management of the companies, 
appointments and financial management. In the bottom of 
the screen there are navigational buttons that lead to the 
module selection page, software configuration, accounts, 
log-in, chat between users, zoom and minimize controls. 
Also another thing to be taken into account is the need of 
training the personnel to use the computers and software, a 
problem which appeared on numerous occasions during 
research. Thus, the buttons must be as suggestive as 
possible regarding their function, symbolized by icons or 
name. Also it was decided to apply some explanatory text 
above the buttons (tooltips) that offer a more complex 
explanation of their function when the cursor is over them 
(hover). To eliminate possible human errors caused by 
inattention, some buttons such as the deletion of records 
were provided with a confirmation dialog before executing 
the function. 

Another aspect that was desired to be integrated into the 
software is automation. Various features, such as sending 
reminders to patients or doctors based on elapsed time (e.g. 
remembering the patient to schedule another inspection 
after passing a fixed period, notices for doctors’ 
appointments, overdue bills that need to paid for provided 
services) requires no human intervention after the relevant 
data was entered into the system. Thus, after a patient has 
passed his regular checkup at an occupation medicine clinic, 
his next appointment is automatically planned and the 
patient is warned a few days before that he is supposed to 
visit the doctor or clinic. Therefore, automation will reduce 
administrative costs, but also protects against human error 
which might occur. But automation can still not remove the 
human factor from the equation. Because of the many 
variables we cannot hope to automate everything, like 
interpretation of medical examinations. But using some 
guidelines, automation can provide information based on 
the data processed, in order to ease the workflow of the 
staff. Also, portable devices that will interact with the 
program, through automation, will take over the acquisition 

Fig. 3 Medical examination file 
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of medical data and storing them in a centralized database, 
facilitating the interaction between patient and the device 
and ensuring that the doctor has access to as much data as 
possible to make an informed decision with regard to the 
health of the patient. The communication between the 
respective devices and the platform isn’t possible using the 
functions provided in the basic FileMaker platform. In order 
to write the code needed for the communication protocols, 
an additional plugin named TROI is needed to be installed 
and several custom functions to be created [5]. 

Data security must be a cornerstone of any program that 
manages private data (whether personal or medical). The 
program is built based on three basic principles. 

- Limiting access only to authorized users. Authorization 
can be done only by users who have been appointed as 
administrators and user credentials are encrypted and stored 
inside when creating the program. 

- Granular control of the data and functionality for each 
user group. This may prevent visualization of data, such as 
those that are covered by doctor-patient privilege, by other 
users or prevent modification of data by others than those 
who created it. 

- Encrypting data is omnipresent. Locally stored data is 
encrypted using AES-256 standard and remote connections 
use SSL (AES-256 or AES 128). 

III. FUTURE DEVELOPMENT OF THE PROPOSED SYSTEM BY 
USING SIGNAL PROCESSING OPERATIONS AND 

CONNECTIVITY TO PORTABLE DEVICES 

In recent years, there has been an increased interest from 
both manufacturers and academic field for portable health 
monitoring devices [6], [7], [8]. Evolution of technology 
has enabled miniaturization components of such devices, so 
they can be worn continuously without affecting daily life. 
Thus it can perform constant monitoring of vital signs 
during long periods of time, noting when fluctuations occur 
and possibly the reason which caused them. With this 
information, the doctor can correctly diagnose disease the 
patient suffers from, but it can also track the effects of the 
prescribed treatment. 

The market for wireless medical monitoring devices it is 
still new and growing but increasingly important. Both 
major manufacturers of medical devices and startups are 
investing great resources in developing these technologies 
and every year there is an increasing number of devices 
being launched. Products like Qardiocore or BioRadio are 
able to acquire multiple signals in real time, with the ability 
to monitor their values through long periods of time, all in a 
portable system. The advantages of the proposed system 
against such products are the integration of acquired data 
into the computer system used by medical structures where 

the patient is treated. Thus, any change in health status is 
reported in real time to the patient and medical personnel’s 
help and advice can arrive in the shortest time. 

 

Fig. 5 Workflow Diagram 

The market for wireless medical monitoring devices it is 
still new and growing but increasingly important. Both 
major manufacturers of medical devices and startups are 
investing great resources in developing these technologies 
and every year there is an increasing number of devices 
being launched. Products like Qardiocore or BioRadio are 
able to acquire multiple signals in real time, with the ability 
to monitor their values through long periods of time, all in a 
portable system. The advantages of the proposed system 
against such products are the integration of acquired data 
into the computer system used by medical structures where 
the patient is treated. Thus, any change in health status is 
reported in real time to the patient and medical personnel’s 
help and advice can arrive in the shortest time. 

The database being realized, as presented in figure 5, the 
future work will focus on biomedical signal measurements 
and processing, by using mostly portable devices. These 
devices will be connected via wireless technology to a 
server, which will receive all signals sent from different 
devices. After processing the acquired signals, the server 
decides if it needs to send alerts towards the patient and/or 
medical personnel. Both patients and healthcare personnel 
can monitor the acquired values  through an application on a 
smartphone or browser connected to the server. Thus the 
medical staff can monitor the health status, inform the 
patient about treatment progress or alert them if certain 
values indicate health deterioration. The system is thought 
to reduce or eliminate completely the interaction of medical 
staff, provide data as accurate at any time and provide preset 
recommendations for the patient if values exceed certain 
parameters, hoping to minimize undesired effects.  
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IV. CONCLUSIONS 
The circumstances of the medical centers pre 

implementation of this system and of those that were 
interested in implementing it had demonstrated the 
precarious state of data digitalization in Romania. There is 
no centralization of data, neither high-level nor locally, a 
situation which leads delayed health services because of the 
need of new examinations, less information being available 
to physicians on the overall health of the patients, but also 
financial losses due to additional staff and time lost. 

The new international trend is to monitor health through 
various portable devices, doctors having access to the data 
provided by them without needing the patient to be in 
proximity. Unfortunately, Romania is still struggling to 
provide medical data from devices in a fluent way at the 
centers where the patient was subjected to medical tests, 
without the need for third party intervention (e.g. personnel) 
to retrieve data from equipment and manually enter it in a 
computer software or on paper. 
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I. INTRODUCTION  

The idea of this project came from the report called 
“Global Population Ageing” launched by the United Nations 
in 2013 [1]. According to this report, by 2050, the number 
of people aged over 60 will triple and for the first time in 
human history will be exceeding the number of children 
under 15 years. Moreover, in a report released in March 
2010 it is expected that by 2050, the population of people 
aged over 65 will represent over 40% of Europe’s popula-
tion [2].  

The project integrates computing, communication and 
storage capabilities with monitoring and/or control of heter-
ogeneous entities in the physical world, and must perform 
these actions dependably, safely, securely, efficiently and in 
real-time. The present paper addresses the idea of support-
ing the older adults in order to live longer in their homes 
with the contribution of ICT based solutions, and is also in 
concordance with the AAL Call Challenge Programme [3]. 
The ability of delivering services that can be trusted will 
increase confidence in these services and improve the quali-
ty of life of the elderly. 

In the evaluation process and prevention of disability and 
dependency in elderly people, there are too many factors 
that go beyond the traditional approach (disease history, 
pathological and non-pathological personal history, physical 
examination, laboratory exploration). For this reason, a 
multifunctional geriatric assessment is vital in assessing the 
elderly in order to determine which issues are important and 
also to develop any appropriate intervention plan in order to 

keep the older people in the community as independently as 
possible and for as long as possible. This is going to lead to 
an enhanced quality of life. The paper’s innovative out-
comes can be used in the exploitation of an elderly’s health, 
disability, dependability, quality of life and also is used for 
longitudinal data collections and cross-sectional analysis. Its 
use is not limited by physical boundaries of a country. It can 
be implemented within European countries and in the non-
European ones without changing its initial purpose - identi-
fying and monitoring trends of healthy aging and addiction. 
The solution will provide well founded and reliable scien-
tific evidence, comparable between different regions of a 
country or between countries, in order to research and de-
velop policies on aging and dependability. 

The proposed solution is based on an integrated system 
for compulsory planning and compulsory regularly evalua-
tion of the elderly and, where necessary, telemonitoring and 
assistance. As a consequence, the proposal’s scope is to 
deliver a new kind of medicine, based on connectivity, col-
laboration, customizations and computing (the 4 C’s). This 
means that it will be a significant change in the patient’s and 
doctor’s relationship: more and more of the diagnostic and 
monitoring functions will be performed by the patient in the 
comfort of their home and the doctor will just supervise and 
will react only when necessary. Basically, our solution will 
provide the transition from the information age to a cogni-
tive intelligence era, where health, for an engineering, is 
seem as a state variable influenced by the social and eco-
nomic environment, the physical environment and the char-
acteristics and behaviors of the individuals. In order to fulfil 
all these, the main objectives are: (1) Assisted planning and 
evaluation of the necessary geriatric tests through a commu-
nication Web platform or mobile application (functional, 
affective, socioeconomic and cognitive evaluation); (2) 
Storing and managing the longitudinal data collections and 
intelligent cross-sectional analysis in a secure and safe envi-
ronment; (3) Development and implementation of the inno-
vative algorithm to analyze the big data gather through our 
platform in order to predict the next fall of an elderly. 

A major impact of this project will be the fact that will 
have a significant role in cost reduction within the health 
system in Romania through preventing diseases of older 
persons and by promoting the lack of necessity in consulting 
professionals. Many comprehensive analysis of the current 
practices presented in literature revealed the necessity to the 
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worktime in order to equilibrate the workload ensuring in 
the same time an adaptation to a predictable, seasonal varia-
bility. Taking into account the significant weight of the 
elderly related with the total number of medical consulta-
tions, the present paper proposes a new method which aims 
to contribute to a better balance of appointments scheduling, 
by distributing the consultations of the elderly over pre-
established periods of time. Several main factors such as: 
recommended duration between routine consultations (de-
pending on the appropriate periodic review and the adequate 
monitoring of patients), specific evolutions of patients’ 
states, epidemiological context, holyday periods and par-
ticular preferences regarding appointments intervals, ex-
pressed by both, patients and medical personnel, are taken 
into account to elaborate the knowledge base - the set of 
rules of the expert system. 

II. CORE CONCEPTS  

A. Geriatric evaluation tests 

The application contains five geriatric evaluation tests: 
Mini Nutritional Assessment (MNA)[4][5][6][7], Katz In-
dex of Independence in Activities of Daily Living 
(ADL)[8], The Mini Mental State Examination (MMSE) 
[9], Fall Risk Assessment and The Geriatric Depression 
Scale (GDS) [10]. The Mini Nutritional Assessment (MNA) 
represents an assessment tool that is used to identify older 
adults (>65 years) who are at risk of malnutrition. MNA is a 
clinical completed instrument with two components: screen-
ing and assessment.  

The Katz Index of Independence in Activities of Daily 
Living, commonly known as the Katz (ADL), is the most 
appropriate instrument to assess functional status as a meas-
urement of the patient’s ability to perform activities such as 
independently daily living. Clinicians typically use the tool 
to detect certain problems in performing daily activities 
from early stages and to plan the necessary care in accord-
ance with particular needs. The Katz index is able to ade-
quately rank the performance of the six functions: bathing, 
dressing, toileting, transferring, continence, and feeding.  

The Mini Mental State Examination (MMSE) is a tool 
that can be used to systematically and thoroughly assess the 
mental status of a patient.  

The Fall Assessment Tool includes the patient and the 
environment as factors that contribute to falls. Additional 
environmental risks may be present depending on the physi-
cal setting. To administer the tool, the user has to circle the 
score that corresponds with the risk factor listed on the left 
hand side of the instrument. The tool should be administered 
on admission to the facility or agency and again at specified 
intervals and when warren of changes in health status.  

Depression is a common disease worldwide, affecting 
nearly 5 million persons of the 31 million Americans aged 
65 and older. Both major and minor depression are reported 
in 13% of the communities dwelling with older adults, 24% 
of medical patients of old age and 43% of both acute care 
and nursing homes dwelling with older adults. Contrary to 
popular belief, depression is not a natural or desirable part 
of aging. Depression is often reversible with prompt and 
appropriate treatment. The Geriatric Depression Scale 
(GDS) may be used on healthy patients, medically ill ones 
and mild to moderately cognitively impaired older adults. It 
has been extensively used in communities that struggle with 
both acute and long-term care patients. The GDS is not a 
substitute for a diagnostic issued by a mental health profes-
sional, but it is a useful screening tool in the clinical setting 
to facilitate the assessment of depression in older adults, 
especially when baseline measurements are compared to 
subsequent scores.  

The results from the tests are sent in real time to the serv-
er and then interpreted in order to facilitate a proper diagno-
sis. The doctor will have the ability to see the evolution of 
the patient and will take into consideration if an intervention 
is appropriate. Taking all these measures will avoid wasting 
time or energy when unnecessary. 

B. Semantic interoperability of the medical information 

In order to achieve the highest level of semantic interop-
erability we consider for this project just the EN/ISO 13606 
and openEHR standard.  

EN/ISO13606 it is a relatively new standard. Its major 
disadvantage arising from this aspect and there are no still 
many archetypes on the market that can be used. There is 
instead a very large community of users who make efforts to 
develop archetypes. To ensure semantic interoperability 
using the standard EN/ISO13606 communicating systems 
must use the same archetypes. The dual model implemented 
by EN/ISO13606 standard is the biggest advantage of this 
standard [11][12][13][14]. 

The main aim of this European Standard is to define a 
rigorous and stable architecture for communicating part or 
all of the patient electronic health records (EHR) in care. 
This is done to support interoperability required in commu-
nication process of the systems or of the components (ac-
cess, transfer, addition or modification) through electronic 
messages or objects distributed by: maintaining clinical 
meaning given by the author; coverage confidentiality ac-
cording to the wishes of the author or the patient. 

The key innovation of the EN13606 architecture is the 
two-level modeling structures obtained by separating record 
keeping concerns from the clinical data collection using 
archetypes [15][16]. The first level, i.e. the Reference Mod-
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el, is used to represent the generic properties of the health 
record information. It represents the global characteristics of 
the health record components, the way they are aggregated 
and the context information required to meet ethical, legal 
and provenance requirements. [15][16]. 

The second level, i.e Archetypes and Templates, is the 
meta-data used to define patterns for the specific characteris-
tics of the clinical data representing the requirements of each 
particular profession, specialty or service. This level creates 
a semantic link to the terminologies, clinical guidelines and 
classifications in the EHRs. The Archetypes are developed 
by medical staff and, basically, represent a set of constraints 
on the openEHR Reference Model. [16]. 

C. Security and safety 

In order to create a safe and secure environment, we de-
cide to store separately the medical data from the demo-
graphic one. Along the entire application, every elderly 
patient has two different identifiers. One is used in the med-
ical database and the other one in the database that store 
demographic information’s. The bound between this is car-
ried out in another encrypted database. The core concept of 
this method is presented in Fig. 1: 

 
Fig. 1 Information’s separation process of the patient 

Databases architecture relied on EN13606 and openEHR 
standards. Archetypes used to express medical and demo-
graphic concepts, as well the openEHR templates needed in 
order to create patient records are store in databases using 
an XML format. 

III. PLATFORM ARCHITECTURE  

The proposed solution can be seen from two points of 
view. The first is the application for the mobile device used 
by the elderly patients and the second is the application 
designed and implemented for specialized medical staff. 

A. Mobile devices application (Android) 

For mobile applications we use the Android environment 
due to the fact that mobile devices with Android system are 
popular and the quality/price ratio is better than the other 
alternatives (IOS, Windows Phone).  

The mobile interface was designed in a simple way in or-
der to target all kind of users, regardless of their degree of 
disability. According to a recent study, around 10% of the 
males and 0.5% of the females around the globe have some 
form of color blindness. This result demonstrates that for 
every 100 users of the application, up to 10 of them see 
colors differently than most of the people do. In order help 
blind and visual impaired people we came up with the fol-
lowing solutions: the application has both colors and sym-
bols, a minimalistic design was used, and there are both 
pattern and texture to show contrast and bad color combina-
tions were avoided. 

 

Fig. 2 Login activity 

 

Fig. 3 Register activity 

The android user interface contains four pages: the login 
page, the register page, the user’s personal page with his 
background information and the quizzes page. After suc-
cessfully logging into the application, the user can choose 
one of the geriatric integrated tests or even to see the push 
notification from doctors. 

   
Fig. 4 Main menu and type of questions 

B. Doctor’s application 

The website represents the part of the project that is de-
signed for the doctor. The purpose of the site is to present in 
real time all the information that is stored on the server 
about every user of the android application. The doctor can 
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also request additional data about the patients, like history, 
diseases, treatments and the patient evolution. All the in-
formation is presented in an easy readable way: graphics 
and charts. 

The doctor has access to the content received from the 
server through his/her credentials: email and password. He 
has the ability to inform the user about the results of the 
tests, prescribe treatment, give advice and indicate which 
test should be performed next (Fig 5). 

 
Fig. 5 Assigned new patient to a geriatric doctor 

 
Fig. 6 Unverified test's tab 

 
Fig. 7 Test results of the assigned patients 

 
Fig. 8 Manual process of test verification (where is needed) 

IV. CONCLUSIONS  

The project’s innovative outcomes can be used in the ex-
ploitation of an elderly’s health, disability, dependability, 
quality of life and also is used for longitudinal data collec-
tions and cross-sectional analysis. Its use is not limited by 
physical boundaries of a country. It can be implemented 
within European countries and in the non-European ones 
without changing its initial purpose - identifying and moni-
toring trends of healthy aging and addiction. The solution 
will provide well founded and reliable scientific evidence, 
comparable between different regions of a country or be-
tween countries, in order to research and develop policies on 
aging and dependability. Our solution is now used in two 
elderly center from Alba Iulia, Romania. The prediction 
algorithm will be implemented after we will have enough 

data collected through our platform. Basically, the mobile 
application is used by 64 patients since January 2016 and 
we have assigned two medical staff. The evaluation geriatric 
test need to be done on a specific time (for ex. The MMSE 
is used at every second month), time specified by the medi-
cal staff in their dashboard application. 
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I. INTRODUCTION  

Aging is joined by physiologic changes that can affect nu-
tritional status in a harmful way. Sensory disability, for ex-
ample diminished sense of taste and smell, occurs with aging, 
and it might bring about reduced appetite. Progressive loss of 
vision and hearing, as well as osteoarthritis, are factors that 
can constrain mobility and impact the elderly individual’s ca-
pacity to shop for food and prepare meals. Poor oral health 
and dental problems are causes for chewing difficulties and 
inflammation. A monotonous, tedious diet that lacks quality 
further increases the risk of malnutrition. Alongside physio-
logic changes, the elderly may likewise experience signifi-
cant psychosocial, as well as environmental changes, for ex-
ample, isolation, loneliness, depression, and deficient 
finances. These influence the admission of the diet negatively, 
eventually affecting the nutritional status. Even if aging leads 
to less need for energy, the majority of the nutrients remain 
necessary. This increases the danger of malnutrition [5]. The 
interaction between nutrition and the insensible changes 
caused by aging leads to undernutrition [5].  Malnutrition can 
weak the mobility, the cognitive function, and the self-care 
ability [5]. The problem of healthy lifestyle recommenda-
tions has been approached by many researchers in their work 
[1, 2, 3, 4]. 

In this paper, we propose a Particle Swarm Optimization 
(PSO) based method for generating healthy daily menu rec-
ommendations for elder people according to the nutritional 
needs, the price, and the time of delivery specific for each 

older adult. The PSO based method creates a tailored nutri-
tional menu recommendation for each user by gathering per-
sonal health information about the user. This includes infor-
mation such as personal characteristics (weight, height, age, 
gender), information regarding the elder’s health (previous 
diseases, chronic illnesses, family health history), and also 
personal dietary preferences (what types of food the elder 
likes or dislikes). Moreover, any allergies the user might have 
towards certain types of foods will be taken into account in 
order to avoid generating such recommendations, which 
would be harmful for the user. Extrinsic factors such as cur-
rent dietary habits, level of physical activity and other life-
style information will also be taken into account. The healthy 
daily menu recommendations will be generated based on a 
set of food offers available from different providers. 

The paper is structured as follows. Section II presents the 
PSO based method for generating the personalized healthy 
menus, while Section III illustrates the experimental results. 
We end our paper with conclusions (Section IV). 

II. PSO BASED METHOD FOR GENERATING PERSONALIZED 

HEALTHLY MENUS 

This section presents a short overview of the PSO me-
taheuristic as well as our PSO based approach for generating 
healthy personalized menu recommendations for older 
adults. 

A. Overview of the PSO Metaheuristic 

PSO [8] is a population based bio-inspired metaheuristic 
that iteratively tries to improve the population of particles 
(i.e. solutions) with regard to a given measure of quality. 
Each particle is moved around in the search space according 
to a set of mathematical formulae for updating the particle 
velocity and position. These formulae consider the local best 
position encountered by the particle until the current moment 
in time as well as the best position encountered at the level of 
swarm. Accordingly, we can say that the PSO metaheuristic 
has a learning component, since each particle is a self-orga-
nized agent, that learns from its previous successes and from 
the successes of the other particles. 

The mathematical formula for updating the position of a 
particle is defined as follows: 
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xi
t+1 = xi

t + vi
t+1                                                                    (1) 

where xi
t is the current position of the particle, and vi

t+1 is the 
new velocity of the particle. 

The formula for the velocity of a particle is defined as: 

vi
t+1 = a  vi

t + b  (xi
p − xi

t) + c  (xj
g − xi

t)                        (2) 

where (i) vi
t is the current velocity of the particle, (ii) xi

p is the 
best position encountered so far by the particle, (iii) xi

t is the 
current position of the particle, (iv) xj

g is the best position en-
countered so far by a particle at the swarm level, and a, b, and 
c are scalar constants that weight the importance of each 
component part of the velocity formula. 

B. Mapping the Concepts from PSO onto the Question of 
Generating Healthy Menu Recommendations 

In the context of generating healthy meal recommenda-
tions, the search space consists of the entirety of meals of-
fered by different providers. In our approach, the search 
space will be represented as an n-dimensional space, where 
meals will be points with n coordinates. Each coordinate will 
indicate the value of one of the n nutritional features that will 
be taken into consideration. 

A point (i.e. a meal) in the search space is defined as:  

P(x1, x2, ..., xn)                                                                    (3) 

where xi represents the numeric value of nutritional feature 
number i as contained in the meal. 

Moving on, we consider the representation of a particle 
(i.e. a solution) as a set of meals corresponding to the main 
meals of the day (breakfast, lunch, and dinner) and the two 
snacks. 

Sol = {mealB, mealS1, mealL, mealS2, mealD}                      (4) 

where mealB represents a meal containing a set of food items 
specific to the breakfast, mealL is specific to the lunch, mealD 
is the dinner, and mealS1 and mealS2 are meals containing a 
set of food items specific to the snacks. 

A solution is also a point in the above-defined search 
space. It is specified as: 

Sol(S1, S2, …, Sn)                                                                (5) 

where Si =  , i is the coordinate for nutritional 
feature number i, with Mi as the value on the ith dimension of 
meal M. Taking advantage of this n-dimensional space, we 
defined the distance between two points as a Euclidean dis-
tance between points in an n-dimensional space. 

Also, the operators of addition, subtraction, and multipli-
cation have been defined for this n-dimensional space, as 
they are used in Formulae 1 and 2. The differences and sums 
are simple vector differences and sums, and the multiplica-

tions are simple scalar-vector multiplications. More specifi-
cally, Formula 2 updates the velocity vector. This vector con-
tains the information that is learned from the past and will 
guide the search onwards. 

The quality of a particle (i.e. solution) is evaluated with a 
fitness function, FF, we previously introduced in [7], that 
takes into account four components: the closeness to the nu-
tritionist dietary recommendations, the price component, the 
delivery time component, and the diversity component: 

 
FF(sol) = c1*FFREC(sol) + c2*FFPRICE(sol) + c3*FFTIME(sol) 
+ FFDIV(sol)                                                                        (6) 

The lower the numeric fitness function value the better, 
since it represents a deviation from standard, desired 
measures for the four different component criteria. In the for-
mula above, c1, c2, and c3 are constants representing the im-
portance of the corresponding components of the fitness 
function, and c1 + c2 + c3 = 1. The last component is not 
weighted by any constant, as it is designed like a penalty. Be-
low we describe shortly each of these components. 

The nutritional component of the fitness function evalu-
ates the deviation of a solution from the diet recommended 
by the nutritionist. The price component will give a deviation 
of the total price of the solution from the amount the user is 
willing to pay. The time component will give a deviation of 
the total time necessary to prepare and deliver a daily menu 
(i.e. a solution) from the time during which the user is willing 
to wait for the menu. 

The diversity component has been introduced now as an 
additional component to our previous definition of the fitness 
function in [7], in order to give an estimate of how diverse a 
daily recommendation is. This component has a range of [0, 
1], where 0 means diverse and 1 means not diverse, and it 
takes into account three groups of foods that have proved to 
cause diversity issues: 

FFDIV(sol) = Min(1, VegDiv(sol)+FruDiv(sol)+OthDiv(sol)) 
              (7) 

This component uses the number of times the three 
ingredients (mentioned as terms in the sum in Formula 7) 
occur throughout the solution, and not whether ingredients 
from each group occur in the solution or not. 

VegDiv(sol) = Min(1, ) 
gives an estimate for diversity from a vegetable point of view. 
NVOi(sol) gives the number of vegetables that occur i times 
in the solution, and PNVOi is the penalty for a number of 
vegetable occurrences equal to i. The terms FruDiv(sol) and 
OthDiv(sol) have a similar definition. They give an estimate 
from a fruit point of view and from a point of view of other 
ingredients that would make the user not want to accept the 
recommendation given (pasta, cheese, or eggs). Each of these 
three components is normalized to take values between 0 and 
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1, and so does the final result. No weights are used, because 
if a solution were not diverse for any of the components, the 
first impression the user would have is that the solution is not 
diverse overall. 

C. The Particle Swarm Optimization Based Algorithm for 
Generating Healthy Menu Recommendations 

The implementation of the PSO based Algorithm deviates 
a bit from the standard definition of the algorithm, as it is 
adapted for the needs of generating meal recommendations 
(see Algorithm 1). Each particle of the swarm has a solution 
attached (a recommendation of meals, which are correlated 
to the position attribute of the standard PSO). These particles 
move in an 11-dimensional space (one dimension for each 
nutritional feature). This movement is defined through the 
velocity attribute of a particle in the standard PSO. These two 
standard PSO attributes (position and velocity) have been 
adapted to our needs, and they are vectors of 11 values. Every 
dimension in the position vector represents the sum of the 
values of one distinct nutritional feature as collected from all 
the meals (see Formula 5). The values of the velocity vector 
help in changing the position vector and consequently in gen-
erating a new solution for the particle. At first, a swarm of 
particles is generated randomly, meaning that for each parti-
cle a random solution is generated. This generation process 
has five steps: for each meal of the recommendation (i.e. 
meal of the solution), a random meal is selected. After having 
the complete solution generated randomly, it is possible to 
compute the position vector by summation of the nutritional 
information on all the meals, according to Formula 5. The 
velocity vector is at first generated to hold random values. 
However, these random values are nutrient-specific, so each 
nutrient has to have its own possible starting range of values. 
The values were chosen high enough to ensure that the search 
space is explored (the particle presents inertia), but small 
enough not to search in areas that are too far away from what 
would be expected to be optimum. Each solution has a fitness 
value, computed by using the fitness function defined in For-
mula 6. The algorithm runs for a predefined number of itera-
tions. At every iteration, each particle of the swarm updates 
its position. First, the velocity vector is updated according to 
Formula 2. Initially, the velocities are generated randomly: 
for each of the 11 components in the vector, a random value 
within a predefined interval is chosen. The values for the 
three weights (a, b, and c) are initially the same, namely 0.33. 
The meaning of the velocity vector is the information a par-
ticle can learn from its personal best and from the swarm 
level best (or global best). This information then has the abil-
ity to improve the solution of the particle and its position. At 
first, when the solution is far from the global best, this veloc-
ity vector will have greater values, and yet simply adding 
them to the position vector (see Formula 1) is not expected to 

bring the solution quickly towards the global best. After sev-
eral iterations, the values of the velocity vector will decrease, 
as the particle gets closer, and this will help better search the 
space around the best solution. 
------------------------------------------------------------------------ 
Algorithm 1: Adapted Particle Swarm Optimization 
------------------------------------------------------------------------ 
Kprwv: searchS, popSize, noIt, velCompRanges, diffT, 
RestLimit 
Qwvrwv: Solution  
dgikp"
Pop = TcpfqoRqr(popSize, searchS, velCompRanges) 
BestOfIndividuals = Pop 
solopt ? IgvDguvHkvpguuUqn(Pop)  
i = 0 
yjkng(i < noIt) fq   
"""hqtgcej p kp Pop fq  

"""WQrvkoTcpfTguvctv(solopt, RestLimit, noIt, p, diffT,  
                                        searchS) 
"""WNqecnTcpfTguvctv(p, RestLimit, noIt, searchS) 
   p = WrfcvgaXgnqekty(p, BestOfIndividuals[p], solopt)  
   p = WrfcvgaRqukvkqp(p) 
   p = HkpfaEnquguvaOgcnaVqaRqukvkqp(p, searchS) 
   p = WrfcvgaRqukvkqp(p) 
"""kh(Hkvpguu(p) < Hkvpguu(BestOfIndividuals[p])) vjgp  
      BestOfIndividuals[p] = p 
""""""kh(Hkvpguu(p) < Hkvpguu(solopt)) vjgp 
         solopt = p 
""""""gpfkh"
""gpfkh"
gpfhqt"

i++ 
gpfyjkng""
tgvwtp"solopt  
gpf""
------------------------------------------------------------------------ 

After the new velocity is computed (by Formula 2), a new 
menu recommendation (i.e. solution) must be generated. By 
knowing the fitness of each meal, we replace only the worst 
meal of the current recommendation, keeping the other four. 
Thus, each particle keeps information from the previous iter-
ations and simply replaces only what it considers to be the 
worst. By adding the velocity to the position of the worst 
meal of the current recommendation (using Formula 1), a 
new reference point is generated. After computing this new 
reference position, a new meal must be generated to replace 
the worst one. This meal will be a meal of the type (breakfast, 
lunch, dinner, or snack) of the one to be replaced, it must not 
contain foods that the user is allergic to, and it will be the one 
which is the closest (in the search space) to the newly com-
puted reference position. The distance in the search space 
will be judged as a Euclidean distance between two points in 
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the n-dimensional search space, as mentioned in section II-
B. After finding this new meal, the worst meal is replaced 
with it. However, the position point of the new meal does not 
coincide with the previously computed reference position. 
Consequently, the position of this new meal and the new po-
sition of the complete solution (containing all the five daily 
meals) are computed, and a new fitness is generated. In case 
the new recommendation (solution) is the best recommenda-
tion (i.e. having the lowest fitness value) at particle or swarm 
level, then it is necessary to update the data structures that 
keep the currently best solution. 

By examining traces of the algorithm, it has been noticed 
that more often particles improve their solutions in the first 
half of the iterations of an algorithm run, and not only do they 
not find better solutions later on, they can remain stuck with 
a recommendation for a long period (stuck in a position of 
the search space). This usually happens for the solutions that 
do not hold the global best, so as from the velocity formula 
they are encouraged to change their solution and find a better 
one in their vicinity. By having a number of solutions stuck, 
the algorithm effectively loses computing power, sometimes 
by as much as half. There are two steps that have been taken 
to solve this issue. First, in order not to lose the computing 
power of the algorithm and still keep all the particles relevant, 
it was decided to perform a random restart on particles that 
are stuck in the search space. Random restart is inspired from 
Hill Climbing, where when a solution cannot seem to be pos-
sible to improve it is tried to generate a new random solution 
and improve on that one in order to find a better solution than 
the one discarded. This can apply greatly to our implementa-
tion as the algorithm keeps track of every particle best posi-
tion encountered, so even if a worse position is generated and 
even with all the modifications applied to it a better solution 
would still not be found, the best position would still be 
known. The random restart has proven to be of help in this 
issue, as more than half of those particles that receive a ran-
dom restart eventually improved their personal best posi-
tions. Improving personal bests of some particles that have 
been stuck does not directly result in improving the best so-
lution found at swarm level, only that a better search is per-
formed through the space. Another restarting step has been 
chosen, additional to the first one, this time a conditional ran-
dom restart. This restart is performed only after a number of 
iterations has passed without the global best to be updated 
(exactly like in the case of the first random restart step, see 
parameter RestLimit in Algorithm 1). And this usually also 
happens in the later part of the algorithm run (like in the case 
of the first random restart step). This second random restart 
step is conditional as it potentially applies to all particles, 
with the condition that their fitness differs from the best fit-
ness with a value greater than a certain threshold (see param-
eter diffT in Algorithm 1). This conditional random restarting 

step (i.e. the second restart step) has proved to be also helpful 
in better searching the space for solutions, and it frequently 
improves the personal best position of the individual particles 
and even the swarm level best. 

III. EXPERIMENTAL RESULTS 

Testing and tracing the algorithm has proven a difficult 
task, because of the number of individuals in the population, 
their complex data, and the general non-determinism of the 
algorithm. The purpose was to check how individuals in the 
population react to each other, to see if they improve their 
solution, the frequency and power of the improvements, the 
correctness of the fitness function judged from the values of 
the individual fitness, the algorithm running time and possi-
ble causes for it, and the best configuration of the pair popu-
lation size and number of iterations, so as to find a good bal-
ance between running time and quality of solution offered. 

In order to analyze the best configuration of the pair pop-
ulation size and number of iterations, the values of both of 
them were varied and several runs were made in order to try 
and average out the randomness and unlikely behavior (either 
unusually good or unusually bad). For these tests, certain 
constants were left unchanged and changing them could also 
change the test results. The PSO specific constants used 
were: vLowEnergy = –100, vHighEnery = 100, vLowProteins 
= –10, vHighPhroteins = 10, vLowCarbs = –10, vHighCarbs 
=10, vLowFats = –10, vHighFats =10, vLowCalcium = –10, 
vHighCalcium =10, vLowIron = –0.5, vHighIron = 0.5, 
vLowSodium = –75, vHighSodium = 75, vLowVitamin_a = –
10, vHighVitamin_a = 10, vLowVitamin_b = –0.5, vHighVit-
amin_b = 0.5, vLowVitamin_c = –5, vHighVitamin_c = 5, 
vLowVitamin_d = –0.5, and vHighVitamin_d = 0.5, repre-
senting the ranges for initial values of the velocity vector, 
RestLimit  = 0.2, diffT  = 0.35. 

In what follows, we present how the population size and 
the number of iterations affect the fitness value as well as the 
execution time for the case of a user with allergies and a user 
without allergies. 

For the user with allergies, the personal profile contains 
the following information: age = 61; sex = male, height = 180 
cm, weight = 79 kg, physical activity = sedentary life-style, 
diseases = knee arthritis, allergies = dairy products. Also, he 
is willing to pay up to 50 lei for an entire day, he is willing to 
wait 45 minutes for meal delivery and 20 minutes for snack 
delivery. The most important aspect for this user is the time, 
followed by price. The recommended nutritional values as 
proposed by the nutritionist for this user are: 49.2-172.19 g 
proteins, 98.39-172.19 g lipids, 221.39-319.78 g carbohy-
drates, 1967.86 kcal, 1200 mg calcium, 8 mg iron, 1500 mg 
sodium, 900 mcg vitamin A, 15 mcg vitamin D, 90 mg vita-
min C, 6.095 mg vitamin B6. 
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For analyzing the behavior of PSO, the population sizes 
considered were 15, 25, 35, and 50, with 20, 30, 40, and 50 
iterations. For each of these combinations, a number of 50 
tests have been run. 

 
Fig. 1 Average fitness for the user with allergies 

From Figure 1, it can be seen that increasing the popula-
tion size generally improves the fitness of the solutions gen-
erated. However, this improvement tends to attenuate, or stop 
after reaching a certain population size (here approximately 
35). This was consistent with all the numbers of iterations 
taken into consideration. Also, increasing the number of iter-
ations generally improves the quality of solutions, as it is seen 
in the graphic above (Figure 1). However, there is still a level 
of randomness and indetermination present, as for the tests 
with 50 iterations the averages of solutions were not always 
the best. The best average from the graphic in Figure 1 has 
been found with a population of 35 and a number of 40 iter-
ations. From Figure 2, it is noticeable that all the values of 
the execution time are approximately linearly variable with 
population size, and that increasing the number of iterations 
always increases the running time. For the first configuration, 
with only 20 iterations, the resulted values are remarkably 
smaller, and the level of random restarting is much smaller 
(particles do not get the chance to perform many time-con-
suming random restarts). Values under 20 seconds are only 
generated for a population size of 15 for all configurations, 
and up to a population size of 35 for 20 iterations. Values of 
up to 30 seconds also include all the configurations with 25 
individuals and a population size of 35 with 30 iterations. 

 
Fig. 2 Average execution time for the user with allergies 

As a conclusion for user 1, the user with allergies, from a 
fitness point of view a population of 35 with 40 iterations 
yields the best results. However, this is done in an average 
time of 34 seconds. The second best configurations from a 
fitness point of view were 25 individuals with 40 iterations 
and 35 individuals with 30 iterations. Since the first of the 
two gave a better average time with almost 5 seconds better, 
this configuration would seem the best (25 seconds and 1.88 
fitness). 

For the user without allergies the pesonal profile contains 
the following information: age = 68, sex = female, height = 
167 cm, weight = 62 kg, lifesyle = mild physical activity level, 
diseases = no disease. Also, she is willing to pay up to 45 lei 
for an entire day, she is willing to wait 30 minutes for meal 
delivery and 15 minutes for snack delivery. The most 
important aspect for this user is the price followed by the  
delivery time. The recommended nutritional values as pro-
posed by the nutritionist for this user are: 43-149 g proteins, 
85-149 g lipids, 191-276 g carbohydrates, 1702 kcal, 1200 
mg calcium, 8 mg iron, 1500 mg sodium, 700 mcg vitamin 
A, 15 mcg vitamin D, 75 mg vitamin C, 6.095 mg vitmin B6. 
From Figure 3 we observe that the average solutions 
generally improve with the increasing population size. 
However, there is a certain level of randomness, as seen in 
the series for 30 iterations, where the average actually got 
worse. This is caused by the fact that, from time to time, the 
algorithm may remain stuck in a worse part of the search 
space, and not get out even with random restarts. So, one bad 
run actually made the average worse. It can also be seen that 
from a point, the population size is not relevant anymore, as 
it happened with the first two series. However, the last two 
series actually improved almost linearly. Also, it can be 
noticed that increasing the number of iterations generally 
improves the quality of the solutions. The values for 40 and 
50 iterations were consistently good, with those for 50 
iterations remarkably good. For this set of tests, the values 
for a combination of 50 individuals with 40 and 50 iterations 
clearly stand out as the best. 
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Fig. 3 Average fitness for the user without allergies 

It’s worth noting that the behavior is pretty much in line 
with that of the PSO used on a user with allergies, but the 
average fitness is a bit better. 

 
Fig. 4 Average execution time for the user without allergies 

The first thing that is immediately noticeable is that in-
creasing the number of iterations for a population size always 
results in a higher execution time (see Figure 4). Also, in-
creasing the population size for a certain number of iterations 
always yields an increased execution time. The configura-
tions that give an execution time of under 20 seconds are all 
configurations for a population of 15 individuals and 20 and 
30 iterations for a population of 25. If the user is willing to 
wait 30 seconds generating a result, then all configurations 
for a population of 25 are viable and also the combination of 
35 individuals with 20 and 30 iterations. It’s worth noting that 
the average behavior is in line with that of PSO for a user 
with allergies, but with running times a bit worse.  So, when 
it comes to choosing the best configuration, by taking into 
account both time and fitness of the result, this one would be 
with a population of 35 individuals and 30 iterations. Alt-
hough the fitness was worse for that average, it was caused 

by an anomaly. The time for it is roughly 30 seconds. How-
ever, with 34 seconds, there is the much more reliable con-
figuration with 40 iterations. As it can be seen from the 
graphs, even though using 50 individuals with at least 40 it-
erations gives significantly better results, they come with the 
cost of a significantly higher running time, over 50 seconds, 
mainly because of the higher number of random restarts. And 
even though the running time of a 20 iterations configuration 
is attractive, the results have shown to be rather poor. 

IV. CONCLUSIONS 

In this paper we have presented a PSO based method for 
generating healthy daily menu recommendations for elder 
people. In order to apply the PSO metaheuristic to the ques-
tion of menu recommendation, we have redefined the con-
cepts of particle, position, and velocity, as well as the formu-
lae for adapting the position and velocity of a particle.  Our 
method creates a tailored nutritional menu recommendation 
for each user by gathering personal health information about 
the user and by considering a set of food offers available from 
different providers. 
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rcemgvu" vjcv"dguv"ocvejgu" vjg"pwvtkvkqpcn" eqpuvtckpvu" korqugf"
by the nutritionist and the older adult’s preferences for nutri-
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I. INTRODUCTION  

One of the main problems related to the older population 
is represented by malnutrition [1]. Some of the features that 
influence the improper nutrition of the elders are the food’s 
security, the ease of the food’s acquisition, the nutritional 
status and the food intake. Malnutrition describes the state 
of being poorly nourished and some of its causes are the 
lack of some nutrients or the excess of other nutrients [2]. 
There is a correlation between malnutrition in elderly and 
some factors such as the impossibility to use public trans-
portation, the inability to shop, and the distance between the 
markets and the elders’ houses [3]. In the majority of the 
cases, malnutrition represents a direct consequence of the 
imbalance of the nutrients. 

 In order to prevent malnutrition, we want to solve the 
following problem: given the ideal nutritional values that an 
elder should consume during a day and his food prefer-
ences, we want to determine which combination of meals 
from a predefined set of meals that can be consumed during 
breakfast, brunch, lunch, snack or dinner, is closer to the 
ideal nutritional values recommended by the nutritionist and 
to the food preferences of the elder. An exhaustive approach 
which generates all the possible combinations of meals is 
impossible in real time and an alternative approach is to use 
bio-inspired algorithms that find a near optimal solution 
faster.  

In this paper we propose the use of two algorithms CSO 
[4] and WS [5] for the generation of a recommendation of 

five meals for an entire day for an elder. The motivation for 
applying these algorithms is represented by the fact that 
they present many similarities as they belong to the same 
class of bio-inspired algorithms (e.g. the swarm intelligence 
algorithms) and they are the only swarm intelligence algo-
rithms that use the characteristics of the quadruped predator 
mammals according to the classification of the algorithms 
presented in [6]. 

The rest of the paper is organized as follows. Section II 
presents related work. Section III presents the definition of 
our problem. Section IV describes the mapping of the CSO 
algorithm to the proposed optimization problem, while 
Section V describes the mapping of the WS algorithm to the 
proposed optimization problem. Section VI describes the 
experimental prototype used for experiments as well as the 
experimental results. We end our paper with conclusions.   

II. RELATED WORK  

This section presents the state of the art in the field of 
generating healthy lifestyle recommendations. 

One approach for the generation of the diets for the el-
ders is presented in [7] and it consists in the use of Genetic 
Algorithms (GA). The approach uses a database of foods 
and generates a recommendation of five meals for each day 
of the week.  

A method for the composition of diets for patients suffer-
ing from kidney and urinary tract diseases is presented in 
[8]. The method uses a genetic fuzzy approach which com-
bines fuzzy logic and genetic algorithms. 

Another proposed method for the optimization of the di-
ets is represented by the Quantum Genetic Algorithm 
(QGA) [9]. In their experiments, the authors show that the 
diet optimization method based on QGA gives better results 
than the traditional algorithms and the Genetic Algorithm 
(GA). Some of the advantages of the QGA are the small 
size of the population, the excellent diversity of the popula-
tion and the high searching efficiency. 

The Bayesian Optimization Algorithm (BOA) was ap-
plied by the authors of the paper [10] to the problem of 
nutrition for breakfast. Compared to other approaches such 
as Linear Programming and Genetic Algorithm, the BOA 
gives better results. The Bayesian Optimization Algorithm 
repeats four steps until the termination criteria are met. 
First, using a GA selection method, the good solutions are 
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selected from the current population. Second, a Bayesian 
network is built based on these solutions. Third, the new 
candidate solutions are generated using the Bayesian net-
work built at the previous step. Fourth, the new candidate 
solutions are integrated in the old population by replacing 
some of the old solutions. 

III. PROBLEM DEFINITION 

The structure of the problem is described next. The opti-
mal solution is uniquely determined by the preferences of 
the elder and the nutritional constraints and in most of the 
cases it is not present in the search space. The set of all 
feasible solutions is represented by all combinations of five 
meals, one for each part of the day, from a finite set of 
meals which contains 101 breakfast meals, 112 brunch 
meals, 2001 lunch meals, 112 snack meals and 429 dinner 
meals. The number of feasible solutions is equal with the 
product of the cardinalities of these sets which is equal with 
1087581470976. For each of these feasible solutions, a 
fitness score is computed based on the distance from the 
optimal solution. The fitness function will be detailed in the 
next paragraphs. The near optimal solution is a solution 
from the set of the feasible solutions which is the closest to 
the optimal solution, or in other words which has the best 
fitness score. The objective of the problem is to determine a 
solution from the set of feasible solutions which is close to 
the optimal solution. The solution representation and the 
solution evaluation are adapted after the ones presented in 
[11]. 

A brief description of a solution is presented in Figure 1. 
A solution consists of five food packets, one for each part of 
the day: breakfast, brunch, lunch, snack and dinner. 

 
Fig. 1 A visualization of the concepts that are involved in the representa-

tion of a solution 

A baseline solution, or an optimal solution, is uniquely 
determined by the preferences of the elder for several di-
mensions such as price, preparation time and reliability and 
by the nutritional restrictions that describe how many mac-
ronutrients the elder should consume during a day. In our 
approach we propose a fitness function that is proportional 
with the distance between the candidate solution and the 

optimal solution. By minimizing the distance between the 
two solutions, we aim to obtain an optimal solution. 

 
Fig. 2 Solution evaluation 

A visual description of the components considered in the 
evaluation of a solution can be seen in Figure 2. The fitness 
function for a solution is computed as a weighted average of 
the fitness functions of the following four components: time 
component, price component, reliability component and 
nutrients component. 

The interpretation of the fitness function used to evaluate 
the quality of a solution is the following: if the value is 
small then the solution is closer to the optimal solution and 
if the value is large then the solution is farther from the 
optimal solution. The weights assigned to the components 
are proportional with the importance of the components in 
the overall computation of the fitness function. 

The mathematical equations used for the determination of 
the optimal values of the nutrients that an elder should con-
sume during a day are taken from [12], [13] and [14]. The 
formulas take as input the gender, the weight, the height and 
the Physical Activity Factor (PAF) of the elder and return 
the optimal values for each of the eleven nutrients that de-
scribe a food packet that the elder should consume during a 
day. 

IV. MAPPING OF THE CAT SWARM OPTIMIZATION 

ALGORITHM TO THE PROPOSED OPTIMIZATION PROBLEM  

This section presents the mapping of the Cat Swarm Op-
timization algorithm to the proposed optimization problem 
for the generation of a recommendation of five healthy 
meals for an elder based on his preferences and on the nutri-
tional restrictions. The proposed optimization problem is 
presented in the previous section. The first subsection maps 
the concepts of the CSO algorithm to the proposed optimi-
zation problem and the second subsection presents the 
adapted version of the CSO algorithm to the proposed opti-
mization problem. 
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A. Mapping of the CSO Concepts to the Proposed 
Optimization Problem 

The CSO algorithm [4] models the behavior of the cats 
into two modes: the seeking mode and the tracing mode. In 
our model, the cats have been replaced by menus. The seek-
ing mode models the cat during the rest and the tracing 
mode models the cat in tracing targets. 

Seeking mode – This mode has four main parameters 
which are mentioned as follows: seeking memory pool 
(SMP), seeking range of the selected dimension (SRD), 
contents of dimension to change (CDC), and MR which is a 
random number from .  

Tracing mode – This mode is the second mode of the al-
gorithm. The parameters of the tracing mode are:  

1. – a random variable from 
2. – a constant which has the value in the experi-

ments  
Table 1 presents the mapping of the main concepts of the 

CSO algorithm to our optimization problem. 

Table 1 Mapping of the Cat Swarm Optimization Algorithm to our Opti-
mization Problem 

CSO Concepts Concepts from our Optimization Problem 
Cat A menu that consists of five meals  

Position An 11-dimensional vector with values for each 
nutrition component  

Velocity An 11-dimensional vector with values for each 
nutrition component  

Seeking Mode A sequence of procedures that imitates the slow and 
conservative movement of the cats  

Tracing Mode A sequence of procedures that imitates the movement 
of tracing the prey  

B. Adapted Version of the CSO Algorithm to the Proposed 
Optimization Problem 

The adapted version of the Cat Swarm Optimization al-
gorithm (see Algorithm 1) determines the best combination 
of five meals that meet the preferences of an older adult and 
the nutrition restrictions imposed by the nutritionist. 

The algorithm takes as input the search space which is 
represented as a set of food offers, the personal profile of 
the elder, the number of cats that compose the swarm, the 
number of iterations to run the algorithm, the mutation ratio 
which specifies how many food packets are in the seeking 
mode and how many food packets are in the tracing mode 
and the dietary recommendations for the eleven nutrients 
that characterize the food packets. Initially, the swarm of 
cats is generated randomly. For each menu from the swarm, 
the position and the velocity are initialized randomly. Then, 
while the number of iterations is less than a specified value, 
some menus from the swarm are set to tracing mode and the 
others to seeking mode. If the menu is in seeking mode then 

based on the previous visited positions, its position and 
velocity are updated by replacing the worst meal from the 
five meals that compose the menu with another meal. Else, 
if the menu is in tracing mode then the velocity is updated 
using the constants  and  and then the menu updates its 
position using the new velocity.  

Cniqtkvjo"3< Cat Swarm Optimization 
3" Kprwv<" ,  "
4" , , "
5" Qwvrwv<  
6" dgikp"
7" "" IgpgtcvgEcvuTcpfqon{  
8" """"   
9" """"  
:" ""hqtgcej"  kp  fq 
;"     Kpkvkcnk|gRqukvkqp* +"
32"     Kpkvkcnk|gXgnqekv{* +"
33"   gpf"hqtgcej"
34"    = "
35" """"IgvOgpwYkvjOkpHkvpguuXcnwg* + 
36"   fq"
37"     UgvOqfgCeeqtfkpiVqOT* +"
38"     hqtgcej"  kp"  fq 
39"       kh" .UggmkpiOqfg*+ vjgp "
3:"         EqorwvgUggmkpiOqfgHnciu* +"
3;"         "
42" """"""""""OcmgUOREqrkguQhYqtuvRcemgv* + 
43"         hqtgcej  kp fq 
44"           Tcpfqon{Oqfkh{Rqu* +"
45"           EqorwvgHU* +"
46"           EqorwvgRtqdcdknkv{VqEjqqug* +"
47"         gpf"hqtgcej"
48"         TgrncegYqtuvRcemgvD{Rtqdcdknkv{* ,""
49"           +"
4:"         EqorwvgOgpwHU* +"
4;"         TgrncegUqnQrvKhKvKuDgvvgtQpg* ."
52"         ""  
53"       gnug"kh VtcekpiOqfg*+"vjgp"
54"         IgvYqtuvRcemgv* +"
55"         WrfcvgXgnqekv{* +"
56"         WrfcvgRqukvkqp* +"
57"         EqorwvgOgpwHU* +"
58"         TgrncegUqnQrvKhKvKuDgvvgtQpg* ."
59"         ""  
5:"       gpf"kh"
5;"     gpf"hqtgcej"
62"      
63"   yjkng  
64"  "tgvwtp" "
65" gpf"

V. MAPPING OF THE WOLF SEARCH ALGORITHM TO THE 

PROPOSED OPTIMIZATION PROBLEM  

This section presents the mapping of the Wolf Search al-
gorithm to the proposed optimization problem for the gen-
eration of a recommendation of five healthy meals for an 
elder based on his preferences and on the nutritional re-
strictions. The proposed optimization problem is described 
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in Section III. The first subsection maps the concepts of the 
WS algorithm to the proposed optimization problem and the 
second subsection presents the adapted version of the WS 
algorithm to the proposed optimization problem. 

A. Mapping of the WS Concepts to the Proposed 
Optimization Problem 

Table 2 presents the mapping of the main concepts of 
the WS algorithm [5] to our optimization problem.   

Table 2 Mapping of the Wolf Search Algorithm to our Optimization 
Problem 

WS Concepts Concepts from our Optimization Problem 
Wolf A menu that consists of five meals 

Position An 11-dimensional vector with values for each 
nutrition component 

Hunter 
If the value generated by a random numbers generator 
exceeds a threshold then the menu is replaced with a 
menu outside of the visual range 

Prey initiatively The current menu is replaced with a better menu from 
the visual range centered in the current menu 

Prey passively The current menu “moves” towards the best neighbor 
menus from the visual range 

Escape The current menu is replaced with a new menu which 
is outside the visual range 

B. Adapted Version of the WS Algorithm to the Proposed 
Optimization Problem 

The adapted version of the Wolf Search algorithm (see 
Algorithm 2) determines the best combination of five meals 
that meet the preferences of an older adult and the nutrition 
restrictions imposed by the nutritionist.  

The input data for the algorithm is represented by the 
search space which contains a set of food offers, the person-
al profile of the elder, the number of wolves, the number of 
iterations to run the algorithm, the hunter’s threshold which 
is used to determine whether a menu enters the escape mode 
or not, the visual range of the menus and a minimum value 
used if the wolf enters the escape mode. First, each menu is 
initialized to a random location. Then, while the number of 
iterations is less than the threshold of the iterations, for each 
of the menus a new location is generated. If the fitness of 
the new generated menu is better than the old fitness value 
then the current menu is updated. If there are neighbors in 
the visual range that have better fitness values than the fit-
ness of the menu then the menu is moved towards the 
neighbor with the best fitness. Finally, if the number gener-
ated by the number generator is greater than the hunter’s 
threshold then the menu is moved to a random position 
outside the visual range.  
 

Cniqtkvjo"4< Wolf Search 
3" Kprwv<" "
4" ""  
5" "
6" Qwvrwv<"  
7" dgikp"
8" ""  
9" """"IgpgtcvgYqnxguTcpfqon{* "
:" """"""   
;" """"""  
32" ""hqtgcej"  kp"  fq 
33" """"Kpkvkcnk|gRqukvkqp* +"
34" ""gpf"hqtgcej"
35" ""  
36" """"IgvOgpwYkvjOkpHkvpguuXcnwg* +"
37"    
38" ""yjkng"  fq 
39" """"hqt"  vq"  fq"
3:" """"""  = IgpgtcvgPgyNqecvkqp* +"
3;" """"""kh"EqorwvgOgpwHU* + 
42" """""""">"EqorwvgOgpwHU* , "
43" """""""" +"vjgp"
44" """"""""  
45" """"""gpf"kh"
46" """"""  = IgvPgkijdqtYkvjDguvHkvpguuXcnwg* 
47" """""""" "
48" """"""kh"Fkuvcpeg* +">"  cpf"
49" """"""""""EqorwvgOgpwHU* +""
4:" """""""""">"EqorwvgOgpwHU* +"
4;" """"""""  moves to  
52" """"""gpf"kh"
53" """"""  = IgpgtcvgTcpfqo* +"
54" """"""kh"  vjgp 
55" """"""""EjcpigRqukvkqpTcpfqon{* +"
56" """"""gpf"kh"
57" """"gpf"hqt"
58" """"  
59" ""gpf"yjkng"
5:" ""tgvwtp"  
5;" gpf"

VI.  EXPERIMENTAL RESULTS 

This section presents the architecture of the experimental 
prototype used for our experiments as well as the experi-
mental results obtained by running the proposed algorithms. 

A. Experimental Prototype 

The architecture of the experimental prototype in Figure 
3.  
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Fig. 3 The architecture of the experimental prototype 

The two main actors of the system are the nutritionists 
and the elders. The Diets Database contains around 2755 
food packages which are classified according to the part of 
the day to which they correspond (e.g. breakfast, brunch, 
lunch, snack, dinner). The nutritionist uses the Nutritionist 
User Interface to insert nutritional recommendations for the 
older adults.  

B. Experimental Prototype 

In order to test our proposed algorithms we used the pro-
files of ten users which are described in Table 3 and Table 
4. The search space is composed from around 2755 food 
packages which correspond to the different parts of the day. 
The weights used in the fitness function are the following: 
breakfast weight (0.2), brunch weight (0.1), lunch weight 
(0.35), snack weight (0.1), dinner weight (0.25), nutritional 
weight (0.5), price weight (0.3), time weight (0.15) and 
reliability weight (0.05). For the reported results five repeats 
are considered for each combination which consists from a 
user profile and an algorithm configuration. The input pa-
rameter values of the two methods (e.g. the number of itera-
tions, the number of wolves, the number of cats, etc.) are 
hardcoded and thus the end user of the application cannot 
change them. In this approach the users cannot express their 
approval or disapproval as concerns the results and there is 
no correlation between their opinion and the way the fitness 
function is defined. 

Table 3 User profiles used for the testing of the algorithms 
User Gender Age Height (cm) Weight (cm) PAF 
user1 male 74 176 79 1.2 
user2 female 74 167 62 1.375 
user3 female 69 163 78 1.55 
user4 female 65 166 65 1.2 
user5 male 69 179 85 1.375 
user6 male 75 180 78 1.55 
user7 male 68 195 97 1.2 
user8 female 44 167 67 1.3 
user9 male 74 170 66 1.2 
user10 female 68 157 71 1.375 

Table 4 User preferences used for the testing of the algorithms 
User Time 

(minutes) 
Price (euro) Aspect Smell Taste Size 

user1 65 70 1 2 4 3 
user2 90 50 3 2 4 1 
user3 60 70 2 3 4 1 
user4 50 30 2 3 4 1 
user5 45 35 4 2 3 1 
user6 60 42 2 4 3 1 
user7 40 25 2 4 1 3 
user8 40 30 4 3 1 2 
user9 65 70 1 2 4 3 
user10 90 50 3 2 4 1 

Next, by running a series of experiments we try to de-
termine which combination of adjustable parameters such 
as the number of iterations, the number of cats, and the MR 
(Mutation Ratio) gives the better average results for the 
CSO. We used ten different possible configurations de-
scribed in Table 5. Table 6 presents the average execution 
time and Table 7 presents the average score which are ob-
tained after running the CSO algorithm five times for each 
user. 

Table 5 CSO Parameters Configuration 
Configuration ID Number of iterations Number of cats MR 

1 25 50 12% 
2 25 50 25% 
3 25 80 20% 
4 25 80 40% 
5 25 80 60% 
6 50 50 12% 
7 50 50 25% 
8 50 80 20% 
9 50 80 40% 
10 50 80 60% 

Table 6 Average execution time (milliseconds) obtained after running CSO 
five times for each user for each configuration 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
U1 284 548 439 773 1042 387 776 502 993 1637 
U2 214 426 279 460 886 298 574 456 976 1435 
U3 170 280 257 517 847 305 581 353 1101 1508 
U4 201 321 269 573 789 309 622 475 810 1349 
U5 130 345 227 585 1000 276 624 421 858 1521 
U6 201 408 283 536 767 252 656 354 992 1107 
U7 142 402 258 475 853 286 605 405 783 1469 
U8 139 376 251 592 663 211 573 422 943 1198 
U9 149 300 225 516 734 275 529 339 1045 1152 
U10 136 339 266 434 1159 249 535 338 668 1385 

Table 7 Average fitness score obtained after running CSO five times for 
each user for each configuration 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
U1 .34 .30 .33 .35 .36 .43 .34 .33 .40 .31 
U2 .26 .30 .31 .32 .32 .27 .24 .29 .25 .24 
U3 .41 .47 .43 .40 .37 .34 .41 .42 .28 .31 
U4 .76 .65 .64 .63 .63 .67 .66 .64 .61 .61 
U5 .59 .59 .66 .45 .43 .51 .47 .60 .51 .47 
U6 .50 .38 .38 .29 .47 .43 .36 .38 .26 .41 
U7 .91 .83 .82 .74 .69 .77 .85 .72 .87 .64 
U8 .70 .67 .73 .65 .83 .78 .71 .74 .62 .63 
U9 .41 .40 .41 .41 .37 .76 .37 .36 .27 .31 
U10 .35 .26 .31 .36 .19 .33 .28 .32 .34 .30 
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The following tables show which combination of pa-
rameters such as the number of iterations, the number of 
wolves and the hunter’s threshold (HT) gives the better 
average results for the WS algorithm. Table 8 presents the 
configurations used in the experiments, Table 9 presents the 
average execution time and Table 10 presents the average 
score which are obtained after running the WS algorithm 
five times for each user.  

Table 8 WS Parameters Configuration 
Configuration ID Number of iterations Number of wolves HT 

1 1000 2 25% 
2 1000 2 50% 
3 1000 5 25% 
4 1000 5 50% 
5 1000 5 75% 
6 5000 2 25% 
7 5000 2 50% 
8 5000 5 25% 
9 5000 5 50% 
10 5000 5 75% 

Table 9 Average execution time (milliseconds) obtained after running WS 
five times for each user for each configuration 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
U1 450 541 701 572 584 498 516 823 703 642 
U2 408 420 545 558 573 387 406 549 535 580 
U3 395 404 593 552 511 421 355 559 535 496 
U4 391 351 558 532 520 335 363 509 512 520 
U5 476 348 542 507 471 392 356 555 516 550 
U6 358 352 629 526 538 390 357 617 523 530 
U7 400 324 523 475 543 350 338 506 476 507 
U8 376 349 511 556 502 367 343 487 496 492 
U9 377 356 515 502 481 347 337 534 518 464 
U10 368 402 575 484 427 361 334 450 456 531 

Table 10 Average fitness score obtained after running WS five times for 
each user for each configuration 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
U1 .64 .68 .70 .69 .68 .81 .16 .58 .52 .59 
U2 .88 .90 .65 .79 .79 .96 .80 .66 .79 .65 
U3 .96 1.0 .64 .80 .81 .77 2.1 .77 .67 .83 
U4 1.5 1.4 .98 1.1 1.1 1.0 1.2 1.1 1.0 1.1 
U5 1.5 1.1 .93 .99 1.0 1.0 1.1 1.1 1.1 .97 
U6 1.0 1.1 .72 .83 .81 .88 .98 .66 .74 .62 
U7 1.3 2.1 1.2 1.2 1.3 1.4 1.4 1.4 1.3 1.2 
U8 1.6 1.1 1.0 1.1 1.3 1.6 1.4 1.3 1.2 1.2 
U9 .62 .82 .73 .63 .75 .81 .92 .64 .69 .61 
U10 .94 .75 .77 .67 .61 .83 .82 .62 .81 .70 

VII. CONCLUSIONS 

We presented two algorithms to solve the problem of the 
generation of healthy meals for the elders by taking into 
consideration their nutritional constraints, dietary re-
strictions and preferences. The two algorithms are the Cat 
Swarm Optimization (CSO) algorithm and the Wolf Search 
(WS) algorithm. Compared to other methods such as the 
exhaustive search and the random search, these algorithms 

provide a near optimal solution in less than two seconds. As 
can be seen from the experimental results, the adapted WS 
algorithm has an overall better execution time while the 
adapted CSO algorithm provides better results in terms of 
the fitness function. 
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I. INTRODUCTION  

The word population is growing by 1.18% per year (ten 
years ago this growing rate was 1.24 % per year) that means 
an additional 83 million people annually. The aging of the 
word population is a noticeable fact in every country in the 
world. Between 2015 and 2030 globally, the projected grow 
of the number of people with age 60 years or over is 56%. 
That means an increase from 901 million to 1.4 billion, and 
this number is projected to reach nearly 2.1 billion by 2050. 

According to the predictions in 2050 the 44% of the 
world’s population will live in aged countries, with at least 
20% of the population aged 60 years or over [1].  

The trend mentioned above suggests that there will be 
less people to care for elderly. This problem is aggravated 
by the fact that elderly place proportionally greater demands 
on health services than any other population group (outside 
of newborn babies).  Based on the above mentioned infor-
mation we can predict that the use of technology will be 
required to create an efficient and safety healthcare delivery 
systems [2].  

There are many issues associated with ageing that socie-
ties need to develop strategies for, and the healthcare sys-
tems are already under pressure in most countries. Such a 
solution to solve this issue can be a real-time monitoring 
system, which allow monitoring elderly people in the envi-
ronment of their choice and can provide the possibility of 

independent living. Telemonitoring systems also can lead to 
a significant healthcare cost reduction, by avoiding unnec-
essary hospitalization and ensuring that those who need 
urgent care can receive it in time [2].  

Under the above presented circumstances, it is obvious 
that the elderly population will at some point face the inca-
pacity of society to offer them decent living and medical 
conditions. 

II. CHARACTERISTICS OF TELEMONITORING SYSTEMS AND 
TECHNOLOGIES  

First time the telemonitoring technology was utilized in 
1960 by NASA when physiological parameters were moni-
torized from the astronaut’s space suits [3].  

The most commonly used technologies for telemonitor-
ing systems are: sensors (vital and other type), motion de-
tectors, wireless technologies to detect changes in behavior, 
safety monitoring devices etc.  

One of the biggest advantages of using telemonitoring 
systems are that allows the elderly to remain both independ-
ent and autonomous. While they are remaining on their own 
homes valuable information regarding the vital signs, falls, 
motion etc. can be recorded and passed to the “caregiver” 
who can take immediate action if needed.  

The current telemonitoring technology has the potential 
to provide the elderly a better access to information, sup-
port, care and other services.  

According to our research, the current technologies are 
classified in two big subcategories: active and passive sys-
tems and both have significant advantages and drawbacks.  

One of the biggest difference between the passive and ac-
tive telemonitoring systems is the human interaction with 
the system. The active systems require “user knowledge” 
how to use and in some situation interact with the system 
while the passive systems don’t require this type on 
knowledge/interaction. 

 A passive telemonitoring system refers to embedded 
sensors in the home environment. The main purpose of the 
embedded sensors is to provide information regarding the 
elderly people’s activities of daily life, fall detection, bed 
monitoring, etc. The recorded information is passed to a 
data manager in which analysis is done automatically to 
determine if medical attention is needed or not [4].  
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One of the biggest disadvantages of using passive sen-
sors is, at times may lead to potentially false alerts or may 
fail to alert a medical professional when needed. 

An active telemonitoring system refers to the elderly’s 
interaction with technology that records, information re-
garding their vital signs (ex. blood pressure, pacemaker 
parameters, heart rate, etc.), blood glucose level, pulse oxi-
metry, spirometry, and respiratory rate etc. and send this 
information to a care-giving center. The active telemonitor-
ing systems can also serve as an interface between caregiv-
ers and elderly peoples. 

Among the advantages of using active telemonitoring, 
systems can be mentioned: the possibility to remind the 
elderly of such tasks as when to take their medicine, the 
need to keep legs elevated while sitting and also daily moni-
toring of critical signs. 

 The use of telemonitoring systems, either through ac-
tive or passive technologies have been shown extremely 
useful in improving the quality of life and the possibility of 
reducing hospitalization. 

 For elderly peoples living with special health issues 
(congestive heart failure, diabetes, pulmonary disease, etc.) 
the use of telemonitoring systems can transfer data on real 
time basis and identify plus treat problems by triggering 
adjustment in care before they reach the critic stage [5].  

III.  TELEMONITORING SYSTEMS 

Telemonitoring systems give us new opportunities for di-
agnosis, treat, educate, and take care of users from distance, 
besides ensuring their independent and autonomous life.  

According to our research for elderly generation inde-
pendent and safely living is essential: 

 (1)  to track vital signs;  
 (2)  to detect non-medical emergencies; 
 (3) to track activities of daily living (safety and security 

point of view) 
(1) Tracking of vital signs 
As a result of the technology development nowadays 

many vital signs can be “telemonitorize” successfully. Ac-
cording to our research currently, one of the most investi-
gated area for vital signs monitoring is measuring cardio-
vascular activities. Research has been performed into moni-
toring: heart rate, blood pressure, pacemaker parameters etc.  

Another well-researched area of vital signs tracking is to 
measure aspects of metabolism like: blood glucose, blood 
temperature, blood ethanol, blood lactate, physical exercise, 
stage of sleep etc. Also has been developed measuring 
equipment to telemonitorize hematologic systems as well as 
respiratory systems like: pulse oximetry, spirometry, respir-
atory rate, etc [6].  

(2) Detecting non-medical emergencies 
With non-medical emergencies we refer to situations 

which require immediate care but which occurrence cannot 
be anticipated forwardly, and of which required care does 
not concern special medical knowledge (as an example 
falling and wandering incidents fall into this category).  

(3) Monitoring activities of daily living 
As it has been mentioned earlier as a results of technolo-

gy development numerous systems have been developed for 
gathering data on activities of daily living: vision systems, 
systems based on accelerometers, localization systems, 
infrared motion sensors, other network of sensors etc. Once 
the data on the activity of daily living has been gathered, the 
information is subsequently utilized by pattern recognition 
methods for classification of the activity that was observed 
(any deviation to the recognized pattern can be a sign of a 
risky situation) [7].  

IV.  CONTRIBUTION FOR ELDERLY INDEPENDENT AND SAFELY 
LIFE 

In the following pages we are going to presents a tele-
monitoring system concept based on our research on this 
domain. The main objective of this project is to develop a 
universal, user-oriented telemonitoring system to allow 
elderly to extend the time in which they can live at home, 
surrounded by their own comforts and their loved ones.   

As it has been mentioned, according to our research for 
the elderly independent and safety living is crucial the sur-
veillance of: vital signs, emergency situations, and daily 
activities.  

The communication between the modules is planned to 
be based on standard protocols and coding systems. 

Emergency module- the signals/datas are transferred to 
the local server via cable connection. In case of unexpected 
situation appearance, an emergency notification is sent to 
the Central Monitoring Station where the supervisor can 
take a decision regarding the next step.  

Monitoring activities module-the safety/security signals 
are transferred directly to the Central Monitoring Station via 
mobile network (3G/4G where is possible and via GPRS on 
other cases). Based on the received signal type (if is 
gas/smoke alert, or flood detection alert etc.) the supervisor 
on the Central Monitoring Station can take a decision re-
garding the next step (e.g.: notify the proper organization: 
ambulance, firemen, policemen, etc.). 

Vital signs module - due to the size, complexity and secu-
rity of information the data transfer from this module to the 
Central Monitoring Station is disbanded in two phases. In 
the first phase from the sensors to the local server is per-
formed via WIFI networks, depends on the devices commu-
nication protocol. 
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In case of unexpected value appearance (e.g.: the blood 
pressure value is above or under a pre-set limit) an emer-
gency notification is sent directly to the Central Monitoring 
Station and the supervisor can take a decision regarding the 
next step (e.g.: call the supervised elderly to check his/her 
status etc.).  

In the second phase from the local server to the Central 
Monitoring Station the grouped data transmission is per-
formed via cable internet connection (at least twice a day). 

To obtain a higher safety and security level, the presented 
system also has embedded three automated action beside the 
above-mentioned tasks: 
In case of gas smoke alert: warning tone and the main gas 
valve shut-off . 
In case of flood detection alert: warning tone and the main 
water tap shut-off. 
In case of unexpected motion alert: warning tone a security 
member safety visit. 

Another important part of the presented system is the in-
telligent remaindering function. Based on a pre-set schedule 
it can remind the elderly people about important activities 
such as eating meals, taking the medicine, visiting the bath-
room etc. 

We need to highlight that the presented concept (Figure 
1) is just the beginning of a research. As future actions we 
are going to analyze and test each module individually. The 
communication technology between the presented modules 
is it in a general form (the most common used-based on our 

research), and it will be specified in the next phase (the 
modules individually analyses phase). In the next section 
we will concentrate only for the emergency module but in 
the upcoming papers we will analyze the rest of the modules 
too. 

V. EMERGENCY MODULE 

There are many issues associated with ageing, but one of 
the most widespread emergency situation for elderly is the 
falling incident. Approximately 30% of the people over 65 
years of age, face an accidental fall each year.  Fortunately, 
less than 10% results in fracture and approximately “only” 
20 % of fall accidents required medical attention. [8] 

In order to reduce the consequences of falling accidents, 
varoius technological solutions have been studied. Wearable 
systems are tipically based on accelerometers, gyroscops or 
a combination of these. However, there are questions 
regarding the optimal placement on body and the number of  
neccesary sensors to obtain accurate results. The desing of 
wearable systems are also complicated beacuse of the size, 
weight, and power consumption requirements.  

Embedded devices certainly provide more confort to 
users than wearable devices. Our scope with the emergency 
module was to find solutions for falling incidents detection 
and alarm user-activation without any wearable system 
usage. In order to solve these issues we will use the sensors 

Fig.1 Telemonitoring system architecture 
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from Microsoft XBOX Kinect. Through a set of sensors that 
cach image, audio and depth infromation the Kinect is able 
to detect movements, identify faces and recognize spech of 
users. The Microsoft Kinect imput device with the internal 
components is presented on figure 2a. 

 
a)                                                b) 

Fig. 2 Internal components and Skeleton joint positions relative to the 
human body of Kinect sensors  

To detect the falling incidents we are going to use the 
Kinect Natural User Interface (NUI) Skeleton tracking 
module, connected to the local server via USB connection. 
After the user detection, his/her skeleton is modeled in 3D. 
For an accurate model the Kinect identifying specific parts 
of the body as head, feet, knees, shoulders, etc. using in 
total 20 joints point (figure 2b). For each joint point there 
are information related to the tracking position in space (x, 
y, z coordinates). The Kinect can detect simultaneously at 
most six skelethons.[9][10] 

The Kinect device connected to the local server via USB 
connection through a special application is capable to detect 
the user falls and sending an alarm to the Central Monitor-
ing Station and also sending notices to preconfigured per-
sons. The users can “manually” generate the alarm signal in 
case of necessity with voice command by the usage of spe-
cial pre-set words (for example: HELP). 

VI.  CONCLUSIONS AND FUTURE WORKS  

The overall approach of the presented system is enabling 
extremely powerful strategies for preventing dangerous 
situations and improving health and the overall quality of 
life for elderly. The modular design of the presented system 
allows a high degree of customization as per user’s needs. 

The elderly can feel secure knowing that the assistance is 
available anytime even if they are unable to request it them-
selves, and the relatives/friends can have a peace of mind 
knowing that the Central Monitoring Station will be alerted 
when assistance is needed.  

The main objective of the presented telemonitoring sys-
tem is to allow elderly to live in the environment of their 
choice and avoid institutionalization for as long as possible. 

As it has been mentioned, this paper presented the early 
work of a research based on telemonitoring systems and 
technologies for independent life of elderly. As future tasks 
we are going to build, test and improve our emergency 
module as well as the rest of the modules.  
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gcej"qh"vjgo"jcxkpi"cuuqekcvgf"qpg"ocpwcnn{"guvcdnkujgf"ncdgn"
cpf" ckou" vq" okoke" vjg" yc{" jwocp" gzrgtvu" jcxg" guvcdnkujgf"
vjqug" cppqvcvkqpu0" Vjg" twngu" ngctpgf" ctg" dcukecnn{" rcktu" qh"
yqtfu" eqodkpcvkqpu" cpf" ncdgnu0" Vjg{" ctg" hwtvjgt" uvqtgf" cu"
LCRG"*Lcxc"Cppqvcvkqp"Rcvvgtpu"Gpikpg+"twngu"cpf"ecp"ugtxg"
vq"cppqvcvkpi"pgy"vgzvu0"Pq"pcvwtcn"ncpiwcig"rtqeguukpi"vqqn"ku"
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okpkpi."pcvwtcn"ncpiwcig"rtqeguukpi."Crtkqtk"cniqtkvjo"

I.  INTRODUCTION  

Many Electronic Health Records (EHR) typically include 
information written in natural language about the patient's   
medical condition (e.g., anamnesis, oral examinations) and 
investigations (e.g., endoscopies) which can not be pro-
cessed directly by a computer. In order to support EHR 
automatic processing and/or statistical analysis of this in-
formation, translating it into a machine readable form be-
comes of high importance. The progress made in the last 
decades in the field of Natural Language Processing (NLP) 
could offer a solution to this. Unfortunately, performant 
NLP tools are not available for each language, which makes 
the mentioned task both difficult and challenging.  

This paper investigated an alternative way to mitigate the 
aforementioned problem. It relies on the observation that, in 
the technical fields like medical records, the texts are writ-
ten in a more or less standard language, which many times 
comprises a relatively small vocabulary and set of linguistic 
structures whose length does not exceed 6-8 words. In order 
to extract structured data from this kind of texts, we em-
ployed a modified version of the Apriori algorithm [1] for 
rule mining. This algorithm is used in the following manner: 
it starts from a set of records which incorporate a humanly 
established label (taken from a standard set of labels) and a 
sequence of words in natural language and tries to discover 
relationships between the label and some word sequences / 
linguistic structures in the texts. The idea was applied to 
learning the way human experts annotate endoscopy de-

scriptions written in Romanian. As an example, from the 
following two  sequences of words “VGI volvulus gastric 
incomplet partial“ and “VGI volvulus gastric incomplet“, 
our system is able to infer the rule  VGI ← volvulus gastric 
incomplet, which tells that every time one sees the sequence 
“volvulus gastric incomplet” in a text, that text should be 
labeled as VGI. One major advantage of this idea is that it 
does not depend on the availability of a set of NLP tools. Of 
course, making use of such tools would highly improve the 
performance of the annotation rule set. Nonetheless, the 
preliminary experiments we conducted showed a reasonable 
performance could be obtained even in the absence of the 
tools mentioned above, especially in the filed of tech-
nical/scientific texts where one can expect to meet rather 
standardized expressions.  

The work presented in this paper continues the approach 
introduced in [2,3]. The main contributions are twofold. 
First, an algorithm for ranking generated rules is presented 
and evaluated on a number of experiments supervised by a 
medicine specialist. Second, we employ a modified version 
of Apriori which allows restricting the form of the rules to 
be generated. Following the ideas in [4,5], the rule form is 
specified via regular expressions and is taken advantage of 
in the process of early pruning the generated bunch of rules.   

The rest of the paper is organized as follows. Section II 
gives a motivating example for our research. Section III 
briefly introduces the instrumentation behind our solution. 
Section IV describes the results we have obtained when 
validating the method. Section V presents the Related 
Work. Section VI concludes and sketches future develop-
ments.  

II. A MOTIVATING EXAMPLE  

 Our solution aims at generating annotation rules by ex-
amining frequent associations between raw text chunks and 
corresponding human-generated annotations. Without risk-
ing to loose generality, we used as an input a set of texts 
written in Romanian representing descriptions of the patient 
condition. As an example, these texts could represent the 
text descriptions of the images obtained by medical doctors 
during the endoscopic procedures.  Every text has associat-
ed a set of annotations, each of them consisting of a pair 
<attribute_value> which depends upon the information 
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stored in the corresponding text description. The set of at-
tributes and the respective set of possible values for each of 
them are standardized. The algorithm must reveal the rela-
tions between a specific annotation and a sequence of words 
in the original text. 

To illustrate, we focus on an example similar to that pre-
sented in [5]. The raw text we start with is: “antru cateva 
eroziuni pilor diskinetic” / ”antrum few erosions diskinetic 
pilor”. Two of the human-established annotations connected 
of this text are as follows:  

1. S-LezANT_EZZ, meaning the attribute S-LezANT 
(i.e., Stomach Antrum Lesions) has the value 
ERZZ (i.e., Erosion). This annotation is due to the 
presence of the word combination “antru cateva 
eroziuni” / “antrum few erosions” in the text 
description of one of the endoscopies.  

2. Pilor_DISK, meaning the attribute Pilor has the 
value DISK (i.e., Diskinetic), as indicated by the 
“pilor diskinetic” / “diskinetic pilor” fragment of 
the text description.  

The algorithm aims to come up with one or more rules 
revealing the underpinning rationale for these human anno-
tations. For instance, one of the rules for the first example 
above would be: 

 S-LezANT_ERZZ ← for some erosions 
After generating a bunch of rules of this type, the pro-

posed algorithm performs a heuristic ranking of them, in 
order to give higher scores to those having the highest like-
lihood to be confirmed by a human annotating expert. This 
makes the learning process semi-automatic. We show in the 
following sections that after just 3 iterations of this type, a 
set of rules covering as much as 90% of the text instances 
are obtained. We consider this a valuable result as it greatly 
simplifies the task of annotating texts: these rules could be 
further use in automatically annotating new texts and the 
more general the set of rules, the more chunks of texts could 
be dealt with in an automatic manner.  To this end, our 
system translates each rule which is generated and approved 
into a JAPE rule, as used by the General Architecture for 
Text Engineering  (GATE) tool [6].  

A GATE JAPE grammar consists of a set of phases, each 
of which using of a set of pattern/action rules, separated by 
an implication sign (<-). The phases run sequentially and 
constitute a cascade of finite state transducers over annota-
tions. The left-hand-side (LHS) of a JAPE rule actually 
represents an annotation pattern description and could be 
regarded as a set of conditions. The right-hand-side (RHS) 
consists of annotation actions, such as adding the appropri-
ate label to a text, to be performed in the situation when the 
conditions contained in the rule’s LHS hold.  

As an example, the JAPE code obtained when choosing 
the rule above is:  

Rule: ERZZ 
Priority: 40 
( 
{Token.string=="antru"} 
({Token.kind==word})? 
{Token.string=="eroziuni"} 
):erzz 
--> 
:erzz.ERZZ={rule="ERZZ"} 
Phase: firstpass 
Input: Token 
Options: control=brill 

III. MINING MEANING AS ASSOCIATION RULES 

For extracting the text-label associations, we chose a ver-
sion of the Apriori algorithm [7]. This section describes the 
basics of this task. For more details on the topic, we refer 
the reader to one of our previous papers [5].  

Apriori algorithm originate in market basket analysis and 
is designed to operate on databases containing transactions 
like collections of items bought together by customers. It 
can produce as output rules in form of implications X → Y, 
meaning that “whenever we have X, we also have Y”.  

The quality of a rule is typically assessed by its support 
and confidence. The support is the probability that the LHS 
X of the rule holds (so the rule is applicable):  

supp(X->Y) = #transactions with X / #transactions 
The higher the support, the more general the rule.  

The rule confidence estimates the probability P(Y|X) of 
finding RHS Y in transactions where its LHS X is known to 
be present:  

conf(X->Y) = #transactions with X and Y / #transactions  
with X 

The higher the confidence, the higher the probability of 
the rule to predict correctly Y given X. 

In our scenario, the association rule mining proceeds on 
two steps.  The first step is to find all item sets with ade-
quate supports and the second step is to generate association 
rules by combining these frequent or large item sets. In the 
traditional association rules mining, minimum support 
threshold and minimum confidence threshold values are 
assumed to be available for mining frequent item sets, 
which is hard to be set without specific knowledge.  

In line with the approach developed in [4], we decided to 
modify the Apriori algorithm in order to restrict the form of 
the rules produced by specifying a regular expression the 
rule must observe in order not to be pruned along the rule 
generating process. In [5] it is shown that this could drasti-
cally reduce the time needed for rule generation. As an 
example, the rules we want to be generate might have the 
following form:  

S-LezANT_EZZ ← wrd wrd+ 

 IFMBE Proceedings Vol. 59  
  

 

Automatic Learning of Medical Text Annotation Rules – a Case Study on Endoscopies 249



where wrd is any word that may appear in an endoscopy 
description. To achieve this, we introduced the category 
Word and put the whole vocabulary in it, then specified the 
general form of the rule we were interested in.   

In order to rank the rules, a rule contest algorithm has 
been designed. Each rule accumulates a number of points 
and  the winner (i.e., the rule to be displayed on top of the 
rule stack) is the rule which has the most points in the end. 
Ties are broken by the rule length: the rule with the highest 
number of words (i.e., the more specific rule) is the winner. 
The algorithm is summarized as Procedure RuleRank 
Procedure RuleRank 
Input: rules, a set of  rules generated by Apriori 

           simstep, a similarity threshold, for now 0.05 
    Output: ranked_rules, a sorted set of rules 
 
     foreach A in rules 
        points(A)  = 0  

endfor 
foreach A in rules  
  foreach B in rules 
   if (A <> B) then  
     sA = set_of_examples_covered_by_A 
     sB = set_of_examples_covered_by_B 
     cA = cardinality(sA) 
     cB = cardinality(sB) 
     difBA = set_difference(sB,sA) 
     cBA = cardinality(difBA) 
     if (cB < cA) and (cBA = 0) then 
  points(A) += 2 
     else        
         if (cB < cA) and (dAB / cB < simstep) then 
            points(A) += 1 
         else 
            points(A) -= 1 
         endif 
     endif 
   endif 
endfor 
endfor 

     ranked_rules = sortbykeys(rules,  points) 

The procedure compares all pairs of rules A and B by 
considering the difference between the set of examples 
covered by A and those covered by B. If rule A supersedes 
rule B then A gets 2 points. If rule A covers more examples 
than rule B and the cardinality of the set difference between 
the sets  of examples covered by B and A respectively is 
lower than a settable threshold (for now equal to 5%), then 
A gets one point. In all other cases, rule A loses one point. 
At the end, a rule hierarchy based on points is obtained. The 
topmost rule is displayed first in the rule stack. This algo-
rithm represents one of the novelties of this paper. Its accu-
racy is evaluated in the next Section.  

IV. EXPERIMENTAL SETUP  

For testing, we used a corpus of 979 pieces of raw text 
descriptions of endoscopies [8], manually annotated by a 
human expert. The corpus contained about 9847 word oc-
currences (644 distinct words). Prior to running the algo-
rithms, in a pre-processing phase, the system replaced the 
abbreviations which were present in the original texts, 
using the words from the text supplied as input against a 
dictionary embedded into it.  

For the experiments, we employed an in-house imple-
mentation of the Apriori algorithm [4] which allows pruning 
rule by specifying the general pattern they must obey. For 
example, we can ask the Apriori algorithm to generate rules 
having solely S-Lum_VGI in the RHS. Thorough the exper-
iments, a value of 0.3 for the support and 0.8 for the confi-
dence were used. 

The rules are filtered in order to eliminate those compris-
ing prepositions only, those consisting of just one word and 
one preposition and those ending in a preposition. After this 
filtering step, the set of rules is presented to the user. S/he 
can stick with the rule suggested by the system or choose 
another one(s). After picking and saving such a rule, the 
examples covered by it are flushed from the input and new 
rules are generated over the remaining set of examples. 

Table 1 summarizes the percentages of examples covered 
by the rules generated in the first 3 iterations of the  algo-
rithm. Values marked with a star represent percentages 
obtained by the rules selected manually by a human medical 
expert, who decided to overrule the automatically suggested 
ones. All other values are obtained by applying the rules 
proposed by the algorithm and confirmed by the human 
expert.  As the results show, in nearly 73% of the cases, the 
rules suggested are confirmed by the human expert.  

Table 1. Percentages of examples covered by the rules 
 generated in the first 3 iterations of the algorithm 

Rule head Iteration 1 
coverage (%) 

Iteration 2 
coverage (%) 

Iteration 3 
coverage (%) 

S-Lum_VGI 80.37 90.65 97.20 
S-MucANT_NO 65.12* 89.70 93.69 
SlezANT_ERZZ 82.29* 88.54* 94.79* 
S-Lum_RDG 82.35 94.12 100.00   

S-MucCORP_PA 84.00 94.00 98.0 

V. RELATED WORK  

Paper [9] presents a Natural Language Processing soft-
ware internally developed at a clinic which was used to 
identify and extract information within clinical narrative 
text. The goal was to identify patients with prostate cancer 
and to retrieve pathological information from their Electron-
ic Medical Record.  The results were of high quality, but the 
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system relied on NLP tools which was not available for 
Romanian when the work for the present paper started. 
Paper [10] describes different solutions designed to auto-
matically extract medication information from clinical rec-
ords, but it is mainly concerned with drug name recognition. 
It relies on rules capturing the document structure and the 
syntax of each kind of information.  

An approach very similar to the one we presented could 
be found in [11]. It combines association rules mining and 
decision tree learning in order to build information extrac-
tion rules. Similarly to our approach, their system was able 
to learn rules from a relatively small training set. 

ECLAT [12] and FP-growth [13] are among the succes-
sors of Apriori in the association mining field. From our 
perspective, their downside is the difficulty of integrating 
regular expressions based pruning . 

VI. CONCLUSIONS  

We described a solution based on an algorithm for min-
ing association rules which can extract structured infor-
mation from raw natural language texts.  To this end, the 
algorithm takes advantage of a set of previously annotated 
texts and tries to discover associations between some typical 
language structures in the text and the corresponding struc-
tured annotations. Experiments conducted on a set of texts 
in Romanian describing endoscopies showed remarkable 
similarities between the manually annotated texts versus the 
automated process. This is particularly the case for tech-
nical/scientific texts, with a relatively small vocabulary and 
language structure.  

The solution is implemented as a standalone application 
with no need for other Natural Language Processing tools. 
Once the rules are generated they are presented to the user 
who confirms them. If necessary, the process could be re-
peated until a convenient set of rules is built. The tests show 
3 iterations are usually enough to obtain 90% coverage. 
Portability is further insured due to their translation into 
JAPE rules which can be further more imported into an 
external application.  

As further work, we want to exhaustively explore the 
whole set of attribute_value pairs and compare the rule sets 
generated automatically with the human validated ones. The 
length of the word combinations relevant for a specific 
annotations should also be investigated.   
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I. INTRODUCTION  

With the continuous increase of digital medical documents 
usage, more data gets stored into healthcare systems. That 
data needs to be retrieved and shared across the systems 
within a healthcare institution to ensure proper patient care. 

Errors do occur, either human or software that make the 
retrieval of documents difficult or even impossible. When a 
patient’s folder needs to be retrieved the patient needs to be 
found in the system and the documents related to that entry 
are retrieved. When errors occur, some of the patients docu-
ments are related to an erroneous entry and the operator can 
easily miss that. First point for correcting such an issue is to 
determine the correct patient entry and move the documents 
in the correct patient folder. 

In the early years errors missing documents were either 
missed or identified by clinical personnel. Improvements 
have been made and alerts were implemented that would no-
tify the system’s administrator that there are issues with the 
data within that system. Still, human errors (like creating an-
other patient entry with other data) are hard to spot and in-
volves manual intervention. 

Even if the error rates within a system kept quite constant, 
due to the increased volume of data stored, finding and cor-
rect data errors in a system becomes difficult and unmain-
tainable. 

Operators and system administrators need means to be 
able to perform searches in a system based on similarity and 
not on exact data. Such searches are needed for example by 
an operator when a patient is admitted, the patient says that 

he/she has been previously registered, but the operator cannot 
find his/hers records. A similarity search would yield a list of 
similar entries (eg patient’s name is SMITH^MARY^JANE 
and there is a patient entry within the system with name 
SMIHT^JANE^M) from which the operator might choose 
the corresponding previous records and correct the patient 
demographics. Operators are faced with same issue during 
data cleansing, where same patient appears with different de-
mographics in different systems and the operators need to 
match the entries between systems.  

Systems need to evolve and adapt to the users’ input to 
output more relevant search results. Also, alerts must be 
“smarter”, like an alert saying “there is another patient in the 
system with similar information” to a system administrator 
when an operator has created a new patient entry similar with 
an existing one.  

The work presented in this paper searches a way of scoring 
the similarity between two patient entries. 

II. PROBLEM STATEMENT 

Various issues within a hospital network and human error 
generate differences between information stored in different 
systems for the same entity. System errors can be: missing 
informational links for propagating changes to an existing en-
tity, broken communication links that lead to filling up the 
queues for data propagation, different approaches in imple-
menting the standards, use of different coding schemas, bugs 
in the software that led to data loss or leaking information 
from one entity to another, etc.  Human error is more straight-
forward: typographical, confusing last/ first/middle names, 
misspells of foreign or uncommon names, not filling in op-
tional fields. 

In this paper we focus on patient entities, analyzing their 
common attribute differences that appear between systems 
and how to compute a similarity ranking value based on a 
dataset of user decided matches. 

The goal is to determine a metric/ranking score between 
the attributes of two patients that can be used in similarity 
searches, such that the most relevant similar patients come 
first in a list. 

Difficulty of comparing two patient entities based on their 
attributes comes from the heterogeneity and scarcity of these 

Use of Machine Learning for Improvement of Similarity Searches of Patients 

B.Petrovan1, B.Orza2 and A. Vlaicu2  

1 Laitek Medical Software, Software Engineer, Cluj-Napoca, Romania 
2Technical University of Cluj-Napoca/Telecommunications, Cluj-Napoca, Romania 

 
© Springer International Publishing AG 2017 252
S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;  
12th - 15th October 2016, Cluj-Napoca, Romania, 
IFMBE Proceedings 59,  
DOI: 10.1007/978-3-319-52875-5_54  



attributes. There are a few usable attributes common on al-
most all systems, these attributes have short values (like iden-
tifiers or names) and their meaning varies.  

By having the means to compare the similarity of two pa-
tient entries as accurate as possible, it’s easy to develop  tools 
that aid operators to match information from two different 
systems or to better find a patient’s prior electronic records. 

III. METHODOLOGY 

The proposed approach is to analyze each of these attrib-
utes according to their meaning and develop specialized in-
dividual scoring functions. Then, develop a method of weigh-
ing these scores to obtain a correct classification. Due to the 
variance of the samples and the need to adjust to user inputs, 
it’s proposed to use several machine learning algorithms that 
are suited for fitting existing data and evaluate their training. 

A. The Dataset 

The data set used is comprised of 33812 entries containing 
user decisions between the patient information in a Radiology 
Information System (RIS) system and in a Picture Archiving 
and Communication System (PACS) system [1]. Each entry 
contains the following attributes: identifier, name, date of 
birth and sex, from both RIS and PACS.  

RIS information is usually considered to be the “source of 
truth” because it sits on top of the PACS in the propagation 
chain. The user had to choose if the RIS patient matches the 
PACS patient or not. An accepted match is considered a pos-
itive sample and a rejected match a negative sample within 
the dataset. 

Table 1 shows the initial analysis of the dataset was a dis-
tribution of attributes that match perfectly; least significant 
cases were omitted. Figure 1 shows the distribution of the us-
ers’ decisions within the dataset. 

Samples having last name, first or sex varying (first three 
rows in Table 1) cover 60% of the dataset. 

B. Attributes 

Identifiers: are values usually assigned by a system. Dif-
ferences between identifiers can appear due to: 

prefixes/suffixes appended by some systems; eg. 
123 used in PACS and 000123 used in RIS 

 
 
 

Table 1 Analysis of the data set 

Number of 
entries 

% of data set size User accepted 
matches 

Matching attributes 

7971 23.57% 4475 ID, First, DOB, Sex 
6987 20.66% 5571 ID, Last, DOB, Sex 
5959 17.62% 5925 ID, Last, First, DOB 
5053 14.94% 5019 Last, First, DOB, Sex 
2906 8.59% 2618 ID, Last, First, Sex 
1774 5.25% 1774 ID, Last, First 
1400 4.14% 961 ID, DOB, Sex 
286 0.85% 286 Last, First, DOB, Sex 

 
Fig.1 Distribution of user decisions 

different assigning authorities: appear when data is 
imported from another institution or when there 
are more than one Master Patient Index within an 
institution; for example an imaging study from 
HospitalA was imported in the PACS system in 
HospitalB, then the same person will have in the 
PACS system two identifiers one from HospitalA 
and one from HospitalB 

merges not propagated: an operator finds that a per-
son has more than one patient entity registered in 
the system; performs a merge operation but due 
to communication or protocol errors the merge 
operation is not propagated to other system(s). 

The comparison score between two identifiers was consid-
ered 1 if they matched perfectly and 0.9 if one was included 
in the other. 

Names: the structure of a person name varies between im-
plementation, most common components are first name, last 
name, middle name, prefix and suffix. Differences of names 
for the same person can appear due to: 

typographical errors made by the human operator, 
misspelling foreign or uncommon names; 

last name changes for female patients after marriage 
or divorce; updates don’t get propagated to all 
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systems or another patient entry is created at the 
next visit 

mistaken order of last, first and/or middle name: the 
operator fills the wrong fields for name compo-
nents (eg. SMITH^MARY^JANE and 
SMITH^JANE^MARY) 

Score is maximum if the three components match, 0.9 if 
the name components are swapped and, if still are not match-
ing, the score is computed as ratio of Levenshtein  distance 
[2][3] over the length of the full name.  

Date of birth: are date values usually validated upon re-
ception/entry in a system. Differences for the same patient 
might occur due to: 

typographical errors, the operator enters wrong dig-
its 

missing data: it’s not a required field in many sys-
tems, thus the attribute might be missing; 

mistaken month and date; date representation varies 
around the globe, an operator can easily mistake 
date with month if both values are under 13; 

Score is maximum when two dates match, proportional with 
the Levenshtein distance if the distance is less than 3 (maxi-
mum accepted typos) and 0.5 if one of the dates is null (miss-
ing data).  

Sex: depending on the system it can have multiple value 
sets, most common are F-Female, M-Male, O-Other, U-Un-
known. Differences for the same person might occur due to: 

missing data because it’s not a mandatory field in 
many systems 

operator error assuming a value based on the first 
and last name 

Score is maximum if the values match (we considered O 
and U as matching) or 0.5 if one of them is missing or has 
value O or U. 

Another score was extracted from the sex attribute, maxi-
mum for female and 0 in rest, having in mind that last name 
changes for women are very probable.  

C. Scoring function 

The search scoring  function should take parameters the 
five scores described earlier and take value from 0 to 1, while 
trying to fit as best as possible the decisions made by the us-
ers. 

D. Tested Algorithms  

Individual attribute scores were computed on all samples 
in the evaluation set, resulting a vector of 5 values and a tar-
get class (positive or negative). 

Average it was used as a baseline for comparing the ma-
chine learning algorithms. All the samples used have at least 

one attribute that varies, thus an absolute comparison would 
yield zero matches.  

K-Nearest Neighbors (KNN) [4] was used with 5 neigh-
bors and Euclidean metric. 

Support Vector Machines (SVM) [5] were used with ra-
dial basis kernel. 

Multi-Layer Perceptron (MLP) [6] with two hidden layers, 
sizes of 25 and 5, step activation function (Eq. 1) and a sto-
chastic gradient-based optimizer algorithm[7]. This algo-
rithm was chosen because it has good performance, both val-
idation score and training time, for large datasets. 

  (1) 

IV. RESULTS 

The dataset was split in two sets, for training and for eval-
uation. Size of the training set was varied to assess the im-
provement of accuracy when increasing the training set size. 
Training samples were chosen at random from the dataset. 
After choosing a training set all four algorithms were trained 
and evaluated.  

Figure 1 shows the evaluation results for all algorithms 
and training set size. In Table 2 is an analysis of the predic-
tions made with each algorithm. Samples for which the user 
decided they match the same patient are considered positive 
and the ones that were marked as “no match” as negatives. 

 
Fig. 2 Accuracy of each algorithm – percent of the evaluation set size 

Table 2  Table caption 

 True Positives False Positives False Negatives True Negatives 

SVM 11411 0 2400 0 
KNN 10614 798 1485 915 
MLP 11021 390 1701 699 
AVG 11338 74 2398 2 

It can be seen that the simple averaging of all scores gives 
pretty good results due to the knowledge that was introduced 
in the scoring functions. There is no improvement with the 
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increase of the size of training set. Erroneous predictions are 
for false negatives. It was expected because this algorithm 
doesn’t fit the data. 

SVMs have trouble fitting the data because there are a lot 
of samples close with each other, but with opposing outputs. 
In Table 1 – first row it can be seen that almost half of the 
samples having only last name differences (one attribute is 
varying) were rejected by the users. There is no improvement 
with the increase of the size of training set. There are no false 
positives but a lot of false negatives. It can be seen in Table 
2 that all negative samples have been incorrectly classified. 

KNN have the same issue with the agglomerated samples 
having opposing expected outputs. Its accuracy is almost 
constant with the increase in size of the training set. 

MLP shows it can fit the training set better, is improving 
accuracy when increasing the training set size and it has the 
best specificity of all. 

Data tables were stored in PostgreSQL and the individual 
scores were computed in the database engine. Training and 
evaluation was implemented using Python and scikit-learn 
module.  

V. CONCLUSION 

We have analyzed the problem of comparing two patient 
entries that can reside in the same system or in different sys-
tems and we evaluated most common machine learning algo-
rithms on a dataset. 

Although there is no perfect solution, the approach of us-
ing MLP is overall better than KNN or SVM, showing im-
provements when increasing the training set. 

Such similarity metric can be used to determine if there 
are more than one patient folder in a system, to match entries 
coming from different systems and in more complex data 
mining algorithms [8][9]. 
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Part V
Biomechanics, Robotics and Rehabilitation
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I. INTRODUCTION  

Medical rehabilitation is one of the fundamental pillars of 
health services, which enable a partial or, in some fortunate 
cases, quasi-total function recover that facilitate a signifi-
cant increase in life quality, better emotional attitude and 
social reintegration. Modern medical rehabilitation is exten-
sively supported by advancement in rehabilitation engineer-
ing which provides technical infrastructure that is advanta-
geous both for the patient as well as for the clinical 
practitioner. This technical infrastructure is developed in 
many distinct branches such as rehabilitation equipment 
design, assistive robotics, etc. that encompass both engi-
neering as well as medical sciences; this interdisciplinary 
approach must benefit from a good collaboration between 
specialists with expertise in different fields. 

CVA is widely recognized as one of the leading cause of 
death in the world [1]; for those who survive it, it is the 
main cause of long term disability, therefore developing 
new approaches that might have the potential of further 
increasing the chance of successful rehabilitation in an as 
higher degree as possible represents a great incentive for 
research. Another problem is that CVA tends to affect up-
per-limb functions in a greater proportion, roughly 70% of 
CVA survivors, a third of them suffering from this condi-
tion permanently [2]. 

In order to strengthen the residual functionality, or mere-
ly keep an adequate muscular mass and articular mobility, 
repetitive exercises are necessary; this might become de-

manding for a physiotherapist, therefore, robotized exercis-
ers are very useful in this respect. In previous work [3] a 
shoulder-elbow rehabilitation exerciser was developed, that 
assist a physiotherapist in repetitive passive exercises of the 
upper-limb in the sagittal plane. This paper further develops 
the system by fitting a BCI that translate user movement 
intent into control signals; its rationale is the fact that an 
active and motivated participation from the patient side is 
an important factor that enables a successful rehabilitation 
[4]. Two electrode placement configurations are investigat-
ed in order to find an optimum arrangement that satisfy both 
simplicity as well as signal robustness. 

II. STATE OF THE ART 

The scientific literature presents several solution of inte-
gration of a BCI system with an upper-limb rehabilitation 
equipment, some of which, considered relevant for the pre-
sent paper, were selected and discussed below. 

Ang and Guan review in [5] the main strategies that 
make use of BCI for upper-limb neurorehabilitation, deter-
mining two main classes: those who rely only on neu-
rofeedback, and those who use in addition physical practice. 
They note that the second method, through harder to im-
plement (the rehabilitation equipment must have the ability 
to work simultaneously as an active and passive exerciser, 
and switch between the two states as needed) it provides the 
best clinical outcome. Another study [6] compared the re-
sults between a group of patients that used standard robotic 
rehabilitation and those who used in addition a BCI; the 
results were statistically inconclusive due to the small num-
ber of subjects involved, but nevertheless promising due to 
the fact that among the patients who had positive motor 
improvement, those who used BCI scored a better result 
with significantly less motor activity. 

The approach taken in the previous mentioned papers 
was by using a robot that allows movement only in the 
horizontal plane; another popular approach is the use of a 
system that has the ability to provide motion path in all 
three spatial dimensions. Barsotii et all propose in [7] the 
use of an 8 degree of freedom exoskeleton (4 for the arm, 2 
for the wrist and 2 for the hand) that receive via a BCI the 
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cue for the start of an exercise that consist of arm movement 
to reach a target object, gasping of the said object, moving 
and releasing it in a target area. 

An interesting research direction is the use of hybrid in-
terfaces, in order to have more inputs; if there are other 
viable remaining function, such as eye-movement, these 
might be integrated as in [8], where a complex system com-
posed of a Kinect sensor, an eye-tracking device and a BCI 
is proposed. The Kinect sensor is used for surrounding ob-
ject identification, the eye-tracking device determine which 
of these objects are of interest for the subject and through 
the BCI the intent of arm movement is transmitted. In the 
same line of hybrid interfaces, Rouillard et all present in [9] 
a system that links both electromyography (EMG) as well 
as electroencephalography (EEG). 

There is a potential disadvantage when combining sig-
nals from various sources into a hybrid interface: there are 
patients with a residual functionality that is so low that such 
a strategy is inapplicable. A solution to this problem is the 
use of a hybrid-BCI, that is, a BCI which combines different 
control paradigms as in [10], where motor imagery is used 
along steady-state visual evoked potentials (flicker frequen-
cy of a visual stimulus that the subject is concentrating 
upon, is discoverable in the occipital area of the brain). 

A relatively new research direction is the combination 
between a BCI and transcranial Direct Current Stimulation 
(tDCS) technics [11]; in the cited study, prior to motor-
imagery robotic feedback exercises, the subject received 20 
minutes of tDCS. Such an approach is closer to real-life 

post-stroke scenarios, where a patient might need reactiva-
tion of brain motor area in addition to repetitive exercise 
tasks. 

III. MATERIAL AND METHOD 

The proposed system (refer to figure 1) consist of a reha-
bilitation equipment, a BCI system and a computer which 
handle data processing, display the BCI-paradigm and al-
lows a physician to supervise the session. 

A. The rehabilitation equipment 

As stated in the introductory part of this paper, the devel-
opment of this rehabilitation equipment was the subject of 
previous work detailed in [3]. It is a semi-portable shoulder-
elbow exoskeleton, with a usable amplitude range of motion 
as follows: -90º…+60º in respect to the transverse plane for 
the elbow joint, respectively -20º…+95º in respect to the 
frontal plane for the shoulder joint. It is actuated by two 12 
V DC motors, each delivering a maximum torque of 20 Nm; 
the absolute position is read by resistive goniometers and 
limit switches provide an extra layer of security. It might 
also be independently of the BCI-system controlled via its 
own graphical user interface which enable the adjustment of 
the exercise parameters, and provides visual feedback for 
the supervising physician. 

Fig. 1 Control architecture of the rehabilitation equipment 
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B. The BCI system 

In order to test how the system performs with different 
number of sources, two electrode placement configuration 
were tested, one with 8 active dry g.Sahara (frequency 
range: 0.1-40 Hz) electrodes at C3, C4, Cz, CP1, CP2, FCz, 
C5 and C6, respectively the second with 6 electrodes at: 
FC3, FC4, CP1, CP2, CP5 and CP6; the location designa-
tion is according with the 10-10 international system, and 
the electrodes were held in place with the aid of a textile 
cap. Two additional electrodes were used, one for the 
ground (located at Fpz) and one as reference (located at A2) 
– this being a requirement for the proper functioning of the 
electrode driver. 

For the test, the EEG was recorded from one consenting 
27 year old human male clinically healthy subject in two 
separate sessions. OpenViBE (by INRIA) and BCILAB (by 
C. Kothe) were the software used for in-depth signal analy-
sis. 

The first session consisted of 80 trials, the subject being 
asked at random to imagine left, respectively right hand 
movement. Each trial consisted of presenting in sequence 
(refer also to figure 1, BCI-paradigm section): a cross for 1 
second (s), to capture subject attention, a cue (left/right 
arrow) for 1.25 s to ask which hand movement to imagine, 
again the cross for 3.75 s during which time the subject 
actually imagine performing the indicated movement, and, 
between trials, a rest period of 4 s. 

The second session, performed in another day with the 6-
electrode configuration, differed from the previous in the 

following: it consisted of 70 trials, the cue duration was 
reduced from 1.25 to 1 s, as well as the time in which the 
subject had to imagine performing the task from 3.75 to 3 s. 
The sole purpose of reducing both the number of used elec-
trodes as well as the time in which the subject were asked to 
perform motor imagery task was to investigate if this is a 
proper way of optimization (less recording time per stimula-
tion and fewer channels translate in reduced processing 
power). 

IV. RESULTS AND DISCUSSION 

For each session individually a spectrally weighted 
common spatial pattern filter was computed (refer to figure 
2) and a quadratic discriminant analysis (QDA) was used as 
machine-learning function. The evaluation of the QDA 
trained model was done using 5-fold cross-correlation, re-
sults being presented next page in table 1. 

The machine learning algorithm performed quite well in 
the first session, with an average accuracy of 70% (66.25%  
worst case). Computing the confusion matrix based on data 
presented in table 1, it results a mean sensitivity of 72.6% 
and a mean specificity of 66.99%. The mean information 
transfer rate (ITR) was 3.79 bits/min. 

In the second session, the algorithm performed surpris-
ingly poor, with an average accuracy (44.84%) worse than 
random chance (which for this classifier is 50%). It has no 
significant sensitivity (49.14%) nor specificity (42.74%). 
The error rate for this electrode configuration suggests that 

Fig. 2 Spectrally weighted common spatial pattern mapped on the surface of the scalp (as viewed from above the subject) for first and second session; 
black dots marks electrode position 
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the reduction of recording channels from 8 to 6 coupled 
with the cut of 1 second/trial and 10 trials/session greatly 
deteriorates the performance; for the aim of the current 
paper, the first electrode configuration is the optimum ar-
rangement. 

Table 1 Five-fold cross-correlation for both session 

Fold True  False 
Error rate 

Positive Negative  Positive Negative 
Session 1      

1 0,750 0,375  0,625 0,25 0,438 
2 0,750 0,625  0,375 0,25 0,313 
3 0,572 0,778  0,222 0,428 0,313 
4 0,667 0,571  0,429 0,333 0,375 
5 0,875 1,000  0,000 0,125 0,063 

  
    

 

Session 2      
1 0,286 0,500  0,500 0,714 0,615 
2 0,600 0,333  0,667 0,400 0,571 
3 0,500 0,500  0,500 0,500 0,500 
4 0,500 0,375  0,625 0,500 0,571 
5 0,571 0,429  0,571 0,429 0,500 

V. CONCLUSION 

The aim of the study was to present a BCI fitted to an 
upper-limb robotic system, and investigate how two differ-
ent electrode configuration impacts its performance; as 
stated, the first configuration performed well, but the second 
proved to be inadequate: there might be several factors that 
are supposed to be involved and have to be further investi-
gated: the reduced number of electrodes, the lack of elec-
trodes at C3 and C4 (it was hypothesized that the electrodes 
placed around this points will pick and interpolate the sig-
nal), the reduced trial period, the reduced number of total 
trials. 

A robotic system decrease the burden that relies on a 
physiotherapist; the presented system has the additional 
benefit that provides an alternative pathway between the 
patient mind and his/her rehabilitation equipment, and this 
fact has the potential to strengthen the engagement into the 
rehabilitation program from his/her part. 

A planned further improvement is the addition of a 
transcutaneous functional electrical stimulation unit that has 
the ability to better assist the rehabilitation of CVA patients. 
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I. INTRODUCTION 

Lumbar discectomy is one of the most common surgical 
treatment in lumbar disc herniation [1]. Rehabilitation pro-
gram that follows has the main purpose to reestablish lower 
spine movement and strength of the corresponding muscles. 

During the rehabilitation program, the physiotherapy spe-
cialist follows an already established protocol, making some 
changes to accommodate the patient’s current state and 
health history. 

The main challenge in any rehabilitation physiotherapy 
type program is that there is no real objective feedback re-
garding its efficiency and effect on the patients gait other than 
various measurement and evaluation technics such as, VAS 
pain scales, Oswestry Disability Questionnaire (ODI), Pas-
sive Lumbar Extension Test, Manual muscle strength testing 
(MMST) and AMA Guides and Criteria - American Medical 
Association Guides). Gait analysis has been used to quantify 
change in gait parameters and evaluate certain aspects of the 
rehabilitation process.[2],[3],[4] 

The kinematic analysis offers insight into the patients pro-
gress and efficiency of the rehabilitation program assigned. 

 
 

II. MATERIALS AND METHOD 

The study was conducted in the Physiokinetotherapy and 
Rehabilitation Center of U.M.F. "Gr. T. Popa" Iasi. Patient 
selection criteria for our case study were age ranging between 
30 and 40 years, lumbar disk herniation at level L5-S1, with 
no prior disk herniation or any kind of surgery history, nor-
mal healthy weight and consent for participation. Out of the 
viable sample we selected one patient to start the study with. 
The patient was 37 years old, height 1.8 m and weight 70 kg. 

Data collection and gait analysis were carried out just after 
the patient underwent surgery treatment. After a period of 4 
weeks of recovery, bed rest and medication, the patient began 
the rehabilitation program in our facility. The patient was 
asked to walk at a normal walking speed rate covering a dis-
tance of 10 m. Body landmarks were established for trunk, 
pelvis, hip, knee, and data were collected using a digital video 
camera and further digitalization and data processing in 
MATLAB®. 

Video analysis was performed using DLTdv3 digitizing 
toolbox for MATLAB® [5] with the purpose of landmark 
tracking. General functions in MATLAB® where used for 
obtaining gait angles for each gait segment, plotting values 
and data comparison. 

The rehabilitation protocol for our patient consisted of a 
four stage program of active lumbar stabilization (ALS) [6]. 

The four stages are muscle reeducation, static stabiliza-
tion, dynamic stabilization and functional activities. The 
modification of this muscle core stabilization program is that 
as opposed to standard exercises that directly activate stabi-
lization muscles, we have targeted muscles that activate the 
thoracolumbar fasciae conditioning the extensor stabilization 
muscles of the lumbar spine. 

During stage one of the ALS program, the oblique ab-
dominals, transvers abdominis and multifidus are facilitated. 
The technic of abdominal hollowing (AH) is used to differ-
entiate rectus abdominis activity from that of the rest of the 
abdominal muscles. 

AH is performed by pulling the abdomen in without al-
lowing significant lumbar flexion [6]. Lumbar lordosis is 
monitored through pressure biofeedback which also gives in-
formation concerning maintenance of lumbar stabilization 
[6]. In stage 2, while the subject braces the trunk muscles, 
load is imposed on the trunk. The lumbar spine is kept in 
midrange while exercising an alignment which is called "neu-
tral position"[6]. In stage 3 the focus is on reestablishing of 
correct pelvic tilting. Patients are taught to exercise within 
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their pain-free range of motion [6]. Stage 4 consists of func-
tional exercises with proprioceptive training and stabilization 
activities. Muscle activation exercises aimed the thoracolum-
bar fascia accessing and transferring forces between the up-
per and lower body through the thoracolumbar fascia. Train 
coordinated action chains muscle (a muscle that forms a con-
tinuum of functional or kinetic chain) intersection that con-
sists of: latissimus dorsi, erector spinae, multifidus, gluteus 
maximus and hamstrings muscles. Exercises aimed to acti-
vate muscle accessing the thoracolumbar fascia and transfer-
ring forces between the upper and lower body through the 
thoracolumbar fascia. 

Also, focus was on training of coordinated action chains 
muscles (a continuum of muscle that forms a functional or 
kinetic chain) intersection that consists of: latissimus dorsi, 
erector spinae, multifidus, gluteus maximus and hamstrings. 

In total, for our patient, the rehabilitation program con-
sisted of 30 rehabilitation sessions set throughout a period of 
5 weeks. Gait analysis, as described earlier, was performed 3 
times. First time, right before the first session of rehabilita-
tion, second time after 15 sessions and then third time after 
another 15 sessions, marking the end of the rehabilitation 
program for our patient. 

III. RESULTS 

Primary focus of the gait analysis was to find the abnormal 
gait segments and angles in relation to the gait phases. 

Second focus was to pin point the changes in the patient’s 
gait during the rehabilitation program. Finding these param-
eters would enable us to better mold the rehabilitation pro-
gram to our patient’s progress. The exercises that the patient 
had to do targeted various areas of the body and the analysis 
helped quantify the effectiveness of the movements and, as 
needed, to change the intensity or location of the area that 
was worked. 

In Fig. 1 is a comparison made between the three gait anal-
ysis of trunk movement angles in sagittal plane. The red line 
corresponds to the first analysis with the curve marked as T1 
L, the light blue line corresponds to the second analysis with 
the curve marked as T2 L and the dark blue  line corresponds 
to the third and last analysis with the curve marked as T3 L. 
The primary gait graphs were done for the left side of the 
body thus "L" stands for left. Gait phases end are marked with 
corresponding colored arrows. 

In Fig. 1 is a comparison made between the three gait anal-
ysis of trunk movement angles in sagittal plane. The red line 
corresponds to the first analysis with the curve marked as T1 
L, the light blue line corresponds to the second analysis with 
the curve marked as T2 L and the dark blue line corresponds 
to the third and last analysis with the curve marked as T3 L. 
The primary gait graphs were done for the left side of the 
body thus "L" stands for left. Gait phases end are marked with 
corresponding colored arrows.  

 
Fig. 1 Comparison between first, second and third gait analysis of trunk 

movement angles in sagittal plane 

In T1 L, values were found, as expected, to not be in nor-
mal range[7]. At heel contact, trunk was in a 12° extension, 
higher than the average normal which is 5° to 6° extension 
[7]. As an overall characteristic of the curve, the trunk re-
mains throughout the gait cycle in an extension position. This 
was an unusual finding and did bring a challenge in the reha-
bilitation process. After the first 15 sessions of kinethother-
apy, as can be seen in T2 L, there was some improvement. 
Movement of the trunk is more stable and balanced. There is 
still a predominance of hyperextension of the trunk but not as 
fluctuating in amplitude as before rehabilitation started. 
Change in gait angles after rehabilitation has become more 
synchronous with the gait phases. The patient’s gait was at 
trunk level was more balanced and stable. In the last gait 
analysis, in T3 L, there is a clear improvement in movement 
angles. Trunk is less extended during gait. At heel initial con-
tact trunk is 7° in extension and then decreases at 2° of ex-
tension when reaching end of terminal stance.  

The next studied parameter was the hip angles during gait. 
In Fig. 2 is a comparison made between the three gait analysis 
of hip movement angles in sagittal plane. For an easy refer-
ence we kept the colors corresponding the each of the gait 
analysis in H1 L, H2 L and H3 L. 

 
Fig. 2 Comparison between first, second and third gait analysis of hip 
movement angles in sagittal plane 

Before rehabilitation, hip movement was unbalanced. At 
initial contact the hip flexion was 15°, half the value of the 
average normal [8]. During terminal stance the hip reaches a 
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maximum of 13° of extension and then continues with  flex-
ion of approximately 19° during mid swing, ending the cycle 
with a decrease in flexion to 18° in terminal swing. The val-
ues found are significantly lower than the normal averages 
[8] and describe a deficit in movement amplitudes during 
gait. After 15 sessions of rehabilitation, in H2 L, the patient 
showed a clear improvement in hip movement. Flexion dur-
ing initial contact was 16°, extension during terminal stance 
reached 10° and flexion in terminal swing reached 24°, which 
are normal range values. At that stage in the rehabilitation 
process it is usually hard to see any major improvement. With 
the help of gait analysis, the efficiency of the rehabilitation 
program and the patient’s progress were tracked. These pos-
itive findings reinforced the program choice. In the third gait 
analysis, in H3 L, hip extension at initial contact improved 
even more reaching 17.6°. Extension during terminal stance 
reached 15° and flexion in terminal swing reached 24°. 

In Fig. 3 is a comparison made between the first and 
second gait analysis of knee movement angles in sagittal 
plane plotted. For an easy reference we kept the colors 
corresponding the each of the gait analysis in K1 L, K2 L and 
K3 L.  

 

 
Fig. 3 Comparison between first, second and third gait analysis of knee 

movement angles in sagittal plane  

At initial contact the knee is flexed at 18° which is signif-
icantly higher than the normal value which is 5° [9]. Follow-
ing the onset of stance, the knee flexion decreases under load 
to an approximate value of 1°. The maximum flexion is 
reached in the swing phase, reaching 45°. When the swing 
phase ends, the knee, when reaching initial contact again, de-
creases flexion to a value of 5°. In K2 L there is some change 
but the improvement is clearly seen in K3 L where flexion 
during swing phase reaches 57°. 

Through our kinematic analysis we were able to also view 
gait phases durations and stride length. In Table 1. are values 
for each duration of each gait phase before and after rehabil-
itation. In normal gait [10], double stance is 60% of total gait 
cycle and single stance or swing phase is 40% of the total gait 
cycle. Our patient had, before rehabilitation, a longer swing 
phase and a shorter double stance. After 15 sessions, the first 
gait analysis revealed an improvement in these values. Dou-
ble stance was 43,7% and single stance was 56,1% of the to-
tal gait cycle. In the last gait analysis values do not present a 
favorable change in terms of gait phases duration. 

Table 1 Gait parameters for first, second and third gait analysis 

Gait parameter 
Before rehabili-
tation 

Gait analysis at 15 
sessions 

Gait analysis at 
30 sessions  

Double stance 0,23s (40%) 0,27s (43,7%) 0,2s (34,5%) 

Single stance 0,35s (60%) 0,35s (56,1%) 0,33s (65,5%) 

Stride length 1,11m 1,37m 1,47 m 

Velocity 54,6 m/min 65,7m/min 83,2m/min 

 
According to [11], velocity of gait and stride length 

reaches normal range value in the last gait analysis. 
What is an improvement is timing of gait phases in left vs. 

right side of body.  
In Fig. 4, the dotted curve which corresponds to the right 

hip for each of the analyses, has corresponding colors to the 
ones from the left side and are reversed.  

 
Fig. 4 Comparison between first, second and third gait analysis of hip 

movement angles in sagittal plane 

For a better view we only included the first and last anal-
ysis results. Right and left corresponding curves are extracted 
from the same gait cycle and data was obtained from left and 
right simultaneous filming. In the first gait analysis, right and 
left hip do not match in timing of motion, right hip has a delay 
during mid stance and terminal stance. In the third gait anal-
ysis however, rehabilitation program provided symmetry in 
patient gait phase timing. Curves are similar in phase and am-
plitude. 

The same phenomenon happens at knee level as shown in 
Fig. 5. Although curves in the first gait analysis are similar in 
amplitude, they do not match in phase. The two red arrows 
that mark the beginning of preswing do not overlap. In the 
third gait analysis, at knee level, curves are similar in phase 
and amplitude. 

Since this was a single case study, the rehabilitation pro-
gram had a determined length and data was obtained at preset 
times, there was no sufficient data to develop a relevant sta-
tistical analysis. 
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Fig. 5 Comparison between first, second and third gait analysis of knee 

movement angles in sagittal plane 

IV. CONCLUSIONS 

Performance and efficiency feedback in rehabilitation pro-
gram was defined and tracked through a kinematic analysis 
system. 

Primary focus of the gait analysis was to find the abnormal 
gait segments and angles in relation to the gait phases. 

Second focus was to pin point the changes in the patient’s 
gait during the rehabilitation program. Finding these param-
eters, would enable us to better mold the rehabilitation pro-
gram to our patient’s progress. The exercises that the patient 
had to do targeted various areas of the body and the analysis 
helped quantify the effectiveness of the movements and, as 
needed, to change the intensity or location of the area that 
was worked. Through this gait analysis system, an objective 
evaluation of the patient during the rehabilitation program 
was done. Tracking changes and finding problem areas on the 
gait graphs was possible with correlations made with the real 
life gait motion. 

This method proved to be a positive feedback for both the 
patient and therapy specialist to further continue the rehabil-
itation process. It was also an aid to modify the program ac-
cording to the problems that appeared in the analysis, prob-
lems that would otherwise not be obvious. 

There is interest in further developing this method by in-
creasing the number of study patients, expanding the analysis 
for more precise and detail orientated protocol and data col-
lection, improving the precision of the technology used to re-
inforce the present findings.  
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I.  INTRODUCTION  

At the time when students graduate and start work for an 
employer, the “first employment transition” [1] it is 
important that the graduate has the required graduate 
attributes for their prospective employer.  This alignment is 
one of the critical parts of the student gaining successful 
employment in a field professionally related to their 
academic programme. This paper starts with a review of the 
supply side expression of the graduate from the three 
authors’ institutions, the University of York, England; the 
University of Limerick, Ireland; and the 
TechnicalUniversity of Cluj-Napoca, Romania.   

The University of York expresses these attributes in 
terms of generic programme learning outcomes: 

Subject Knowledge – Assess electronic engineering 
designs by applying detailed knowledge of 

algorithms, devices and systems and by consulting 
relevant documentation and research. 
Eningeering Analysis – Analyse system & 
component performance through computational 
methods and modelling. 
Engineering Design – Create designs to address 
real-world problems by synthesising ideas into 
engineering specifications. 
Practical Skills – Solve technical problems through 
employing skills in programming, CAD, 
construction and measurement and by using safe 
laboratory techniques. 
Technical Communication – Clearly communicate 
and explain electronic engineering issues and 
practice in a technically accurate manner to a 
variety of audiences, verbally, in writing and using 
multimedia. 
Management and Personal Development – 
Coordinate and execute complex projects in 
electronics, computing and related disciplines, with 
effective time management, team working, and 
ethical decision-making. 

The University of Limerick is committed to “creating and 
sustaining an outstanding and distinctive learning 
environment for all of its students”.  It’s six Graduate 
Attributes [2], Knowledgeable, Proactive, Creative, 
Responsible, Collaborative and Articulate form a shared 
value system across the whole university.  

In the Technical University of Cluj-Napoca the skills 
developed in students are those that help define an engineer. 
The skills are primarily technical but generic skills such as 
communication, ethics, working in teams, etc. are also 
developed.  The graduate attributes recognized as being 
important include: 

A knowledge base for engineering appropriate to the 
studied program. 
Ability to effectively apply theories into real 
practical problem solving 
Ability to conduct investigations of complex 
problems by methods that include appropriate 
experiments, analysis, interpretation and validation 
of data  
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Computer skills and ability to use engineering tools 
for designing new systems, components or 
processes that meet specified needs with required 
attention for safety risks and standards 
Team working as an ability to work effectively as a 
member and leader in multi-disciplinary teams  
Creativity, innovation aspiration and self motivation  
Good communication skills for oral presentation 
and dissemination of complex engineering concepts 
within the profession and with society at large.  
Desire for improving knowledge through training 
and courses 
Ability to apply professional ethics, accountability, 
and equity 
Foreign language skills 

As would be expected there is a high degree of similarity 
in overall learning objectives between the three institutions.  
The generic skills included within the graduate attribute 
statements obviously align with the National and 
International definitions of graduate programmes [3], [4]. 

According to the 2015 Skills and Demand in Industry 
Survey report [5] “employers still expect “enthusiasm and 
willingness to learn”, but naturally there is a sense that 
‘higher’ technical and interpersonal skills will be presented. 
“Good level of subject knowledge”, “specific industry 
awareness”, “practical experience”, “the ability to work in 
a team and absorb quickly,” “confident communications”, 
“problem-solving skills”, and ultimately “the ability to hit 
the ground running” are all on employer checklists. 
“Commercial awareness”, in terms of understanding the 
importance of their own contribution to the success of the 
business, was also picked out.”  

Industry surveys such as this together with other sources 
of intelligence such as job advertisements [6] and research 
studies [7] all provide windows into the needs of graduates 
to help them successfully cross the first employment 
transition. 

Within the academic curricula the final year project is an 
excellent opportunity for students to show what they are 
able to do and, if the project is specified carefully, this 
demonstration can include a number of generic skills, see 
Section III.   

The project is also an opportunity to raise awareness of 
the issues of general living with a disabiltiy and the specific 
issues of engineers with disabilities have in the general 
work and laboratory environments.  This last idea came 
from the SALEIE Project, which is introduced next. 

II. THE SALEIE PROJECT 

The “Strategic Alignment of Electrical and Information 
Engineering in European Higher Education Institutions”, 

SALEIE, Project [8] was a European Union funded project 
involving 45 project partners and a budget of just over €1m. 
The financial eligibility period was October 2012 to 
December 2015.  44 of the project partners came from 26 
different European countries, the other partner was from 
Russia. 

The aims of this project were to investigate and explore 
the challenges HE across Europe is facing, specifically in 
the EIE discipline areas and to: 

“Build a shared understanding of the skills and 
competence needs of graduates to help European 
Companies respond to the current global technical 
challenges.” 
“Enhance current understanding of academic 
programmes and modules in terms of technical 
content and level of learner achievement as a means 
of improving clarity of learner skills and 
competence for mobility, academic progression and 
employment.” 
“Build a common understanding of current practices 
and issues associated with marketing programmes 
and the support of students from unconventional 
backgrounds and those with special needs.  In this 
context special need are taken to include, but not be 
limited to students with: physical mobility 
problems; dyslexia and dyspraxia; visual and audio 
impairments; Asperger’s, autism, depression, 
anxiety.” [9] 

Workpackage 4, Widening Participation and 
Dissabilities, created a significant online resource for the 
support of students with disabilities, the resource is targeted 
at three key stakeholder groups, Students, Academic 
Supervisors and Administrative staff.   

All the resources are freely available on the project 
website and range from International and National Policy 
and legal statements through summaries of country 
interpretations; student support models; information on 
National and Institutional support; mobility; finance; 
Assistive Technologies for a range of disabilities to advice 
on making learning materials; and laboratories fully 
accessible. In addition there are pages with links to other 
disability related EU and Global projects and a database of 
“SALEIE Projects”. 

The “SALEIE Projects” are final year projects that are 
suitable for final year students in that they will allow a 
student to demonstrate they have met the required learning 
outcomes of a final year project whilst also serving to raise 
awareness of disabilities.  Each project has a set of data to a 
common date set template, comprising: 

Project Supervisor – the original proposer of the 
project and 
Project Supervisor’s Academic Institution – this is 
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provided soley for the purpose of making contact 
for additional informaton and discussion. 
Project Title 
Project Duration at the proposer’s institution (this 
can, of course be varied to suit specific needs) 
Project Level (academic level such as Bachelor 
level of Integrated Masters level) 
Course suitability (this is included as an indicator of 
academic pre-requisites) 
Project descritpion (the detailed description of the 
project). 

Viewers are free to use the projects as described or as the 
basis for variations to suit specific local needs. 

This paper reports on projects undertaken during the 
academic year 2015-2016 by undergraduate students from 
three universities which were involved in the SALEIE 
project,  University of York, UK, University of Limerick, 
Ireland and Technical University of Cluj-Napoca, Romania. 
All projects reported on focused on the area of assistive 
technology.  In total 4 undergraduate students from the 
Deprtment of Electronics, University of York, 2 from the 
Computer Science Faculty, University of Limerick and 5 
from the Department of Electrotechnics and Measurements, 
Technical University of Cluj-Napoca undertook disability 
related projects. 

This paper gives a description of one project from each 
University and includes the objective of it and the results 
achieved.  In some cases comments from the students are 
included.  Section III covers the project from the University 
of York, Section IV the project from the University of 
Limerick and Section V the project from the Technical 
University of Cluj-Napoca. 

III. PROJECT 1: EMERGENCY ALERTING BRACELET 

This project was undertaken by a student at the 
University of York.  The ‘brief’ for this project was: “The 
project is aimed at students who cannot hear, and in 
particular cannot hear the sound of an emergency alarm. 
The objective of the project is to design an alerting bracelet 
that vibrates when an alarm is sounding. The circuitry can 
be sophisticated in that it can be ‘tuned’ to listen for 
specific alarm sounds as opposed to just noise above a 
threshold sound level. This project links into the active EU 
Lifelong Learning Programme "SALEIE" (Strategic 
ALignment of Electrical and Information Engineering in 
European Higher Education Institutions) and the work will 
be aligned to the area of assistive technologies to support 
students with disabilities.” 

The project is challenging in that it requires a solution 
that listens constantly, detects when a fire alarm is sounding 

and then alerting the user through haptic feedback. The 
solution challenges the student to undertake research work 
into alarm signal characteristics, appropriate types of 
microphones and their required signal conditioning, 
sampling frequency and resolution, digital signal 
processing, the concepts of false positive and false negative 
alerts, vibrating alerting technologies as well as the more 
general issues of battery powering such a device with a 
decent battery life and making it small enough to fit into a 
wearable bracelet. 

The three students that undertook this project during the 
last academic year approached it in quite different ways. 
One started with a survey of potential users to try to refine 
the specification.  All obviously explored the nature of fire 
alarm signal characteristic and how they differ from other 
alarm and general high-level noise signals, such as road 
construction tools. 

Solutions ranged from use of a basic microcontroller chip 
to a Adafruit Flora (ATmega32U4) programmable board. 
One solution also embedded an automatic phone messaging 
system that would, immediately after triggering the bracelet 
vibrating alert to the wearer, would also send a text message 
to a preprogrammed ICE (In Case of Emergency) number.  
In all projects battery power was a concern and, with the 
best type of battery currently available being lithium 
polymer, the students were introduced to a new set of 
genuine Health and Safety engineering considerations, those 
of charging and storage safety. 

Casing design requires the students to learn a suitable 3D 
design package and them, if they got that far, produce the 

case using the Department’s 3D printing facilities. 
Fig. 1 Alerting bracelet case design (left) and completed prototype (right) 

1 (left) shows the design of one of the cases that were 
actually created this year and Fig. 1 Alerting bracelet case design 

(left) and completed prototype (right) 

1(right) a completed prototype.   
 

 

 

 
Fig. 1 Alerting bracelet case design (left) and completed prototype (right) 

The objective of this project is primarily to provide a 
‘vehicle’ by which the student can demonstrate they have 
undertaken a significant individual project in a professional 
manner.  This includes the creation of a formal specification 
for their project, undertaking an appropriate literature 
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review of aspects of the project’s scope, undertaking a 
system design, developing detailed sections of the overall 
system, designing, building and testing these sections and 
integrating them all together as a whole system. 

Secondly, the project provides a vehicle through which 
the student can demonstrate proficiency in a number of 
generic skills including what we require of students in the 
Department of Electronics and the University of York: 

Communications – students produce an initial and 
final written report on their work, the initial being a 
statement of their project, a literature review, formal 
specification and initial project plan.  We have, in 
the past also required them to produce an 
advertising Poster of their project and for them to 
give a Public Presentation on their project.  All 
components carry marks including for structure and 
layout of their formal reports.  They are also 
required to defend their project after they have 
submitted their report for 60 minutes against 
questioning from two academics – this allows us to 
verify their understanding is truly their own but also 
to test their active listening and oral communication 
skills. 
Project Management – students produce an initial 
project plan and are expected to manage their time 
and activities to this plan, they are required to 
include a short section in their final report which 
discusses the success or otherwise of their 
management of the project. Included in this is a 
Risk Register with each risk score on probability 
and severity and with each having a brief narrative 
on the recognition the risk is happening and their 
remedial/corrective actions. 
Personal Organisation and Management – being self 
disciplined and working to plan in an organized 
way, maintaining good records of work done and 
results achieved can be very visible and provides 
evidence to support ability in this skill. Students are 
required to maintain a day log of work they do. 
Problem Solving – students can face problems of a 
technical, organizational, personal and access to 
resources nature.  How they face up to these 
problems and solve them or work around them is a 
good overall indicator of their problem solving 
ability.  Oversight of this is through regular progress 
meetings between the academic supervisor and the 
student and weekly emailed progress reports sent 
through the Department’s electronic management 
system to both academic supervisors and the project 
administrator who will send reminders if the student 
does not submit a report and if the academic 
supervisor does not respond each week. 

System thinking – by requiring evidence of a system 
design the approach taken and the depth of analysis 
by the student there is assessable evidence of ability 
in this skill 
Literature Review – again the depth and breadth of 
the review, the items reviewed, the criticality of 
discussion and the approach taken to undertaking 
the review and they way in which it is reported are 
all indicators of this skill 
 Reflective Practice – students are required to 
include a short reflective section in their final report 
on their experience of the whole project. 

All of the above skills are assessed or inform the marks 
as part of the overall project marking.  Marking is through a 
formal rubric including word picture descriptors for each 
category which helps remove differences between markers 
and the need for wide result marks variation moderation. 

Finally, projects such as this one, which are disability 
related also serve to raise the awareness of the issues of 
individuals with disabilities face in general living or, as in 
the case of other projects, such as a soldering aid for one 
handed individuals, issues engineers with disabilities face in 
their working life.   

A potential side effect of this aspect of the project is that 
a novel new product idea could easily emerge from the 
student project. 

By way of illustration of the effect the project can have 
on the student, one of the students who undertook a project 
to design a talking electronic component identifier said after 
they had completed the project:  “Undertaking this project 
has given me a much greater appreciation for both the 
needs of those with visual impairment and their capabilities. 
Before the project, I would have considered it impossible 
for a blind person to work in the electronics industry, 
particularly with the prevalence of small components with 
visual markings - even for a colour-blind person, this can 
cause difficulty. However with the aid of a simple tool such 
as the talking component identifier, I now believe that a 
blind person can overcome these difficulties and work 
effectively. There are already examples of blind people 
working in the industry, and if a device like this were to 
become available it would make the industry far more 
accessible to those with visual impairment - perhaps even 
helping to address the severe shortage of people in the 
electronics industry in the UK.” 

IV. PROJECT 2: ASSISTIVE TECHNOLOGY FOR INDIVIDUALS 

WITH LIMITED  MOVEMENTS IN THEIR HANDS AND FINE 

MOTOR SKILL IMPAIRMENTS 
The project was undertaken by a student at the University 

of Limerick. In this project, the ADXL346 3-axis 
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accelerometer was considered to interface to an Arduino 
UNO microcontroller system and personal computer (PC) in 
order for head motion to be read by the PC when the 
accelerometer is attached to a human head. In this 
arrangement, the sensor would be worn by a student who 
will control the operation of the PC using head motion and 
the system would be worn by an individual with a physical 
disability that would limit their ability to use a keyboard and 
mouse arrangement.  

The purpose of this sensor system would be to act as an 
assistive technology for individuals with limited movements 
in their hands and fine motor skill impairments. Hence, an 
experiment can be run by the individual without touching 
the equipment or experiment.  

Suitable movement of the head would enable the head 
motion to be measured and sent to the computer. This 
motion would then be interpreted by the computer 
application in order to send suitable commands to the 
equipment used in the experiment. Hence, the head 
movement would form a non-verbal language. 

The student who undertook this project produced a 
prototype, which partially functioned.  More time and a 
deeper understanding of embedded system design concepts 
would have been needed to produce a more polished end 
result.  

In part this example helps to demonstrate that the project 
is a suitable vehicle for discriminating between students of 
differing ability but also that expecting a fully working 
prototype for a novel idea or product is beyond the ability of 
some students.   

The student, irrespective of their final result, does 
however learn from the experience – it is their opportunity 
to pull together the knowledge and skills they have learned 
from the entire academic programme and apply them 
appropriately to their project. 

V. PROJECT 3: HYBRID FES – HAND ORTHOSIS SYSTEM 
This project was undertaken by a student from the 

Faculty of Electrical Engineering at the Technical 
University of Cluj-Napoca.  At the University it is 
recognised that community orientated real-world projects, 
professionally relevant to the student study programme 
make good project topics.  Student interest and involvement 
is higher in projects of this nature. 

By way of background to this project the grasping 
function is provided by the bio-mechanism formed by the 
metacarpal bones, the finger bones and their joints, where 
the flexion-extension and the laterality movements of the 
last four fingers are realized as well as the flexion-
extension, abduction-adduction and the opposition of the 
thumb.  

Patients with traumatic brain injury, stroke or cerebral 
palsy lose the ability to control the thumb, with a 
consequential negative impact on precision grasping and 
manipulation. This project proposes a hybrid solution to 
restore the opposable thumb function.  

 
Fig. 2 The hybrid FES - hand orthosis system 

It is based both on a functional electrical stimulation 
(FES) module and an active orthotic device to restore the 
thumb opposition Gttqt#"Tghgtgpeg"uqwteg"pqv"hqwpf02. 

FES produces contractions in paralysed muscles by the 
application of small pulses of electrical stimulation to their 
nerves. The Odstock Four Channel Stimulator was the core 
of the FES module (Gttqt#"Tghgtgpeg"uqwteg"pqv"hqwpf03 
left). The proper position of the electrodes was 
experimentally determined. The output can be ramped at the 
beginning and end of each cycle to give a comfortable 
sensation and prevent stretch induced spasticity. 

The stimulation is controlled in such a way that the 
thumb is moved toward the index and middle finger. 

The thumb orthotic device (3 right) includes a stepper 
actuator, a pulley and tendon driven mechanism that 
provides the opposition of the thumb. Based on the 
anthropometric data, the hardware module was designed 
and manufactured.  

A control system of the orthosis, developed on an 
Arduino Uno board was proposed. An interface that allows 
the control of the motor speed and stroke (number of steps) 
was investigated. The balanced control among FES muscle 
activation and lightweight active orthosis leads to a better 
restoration of the grasping ability. 

 

 

 

 
Fig. 3 Odstock Four Channel Stimulator (left), thumb orthotic 

device (right) 
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The student that developed this project was very pleased 
to realise and present the hand orthosis system as a simple 
engineering solution by using only an Arduino board, a 
driver and a computer. 

For patients that loose certain abilities to control their 
thumbs for instance, implementation of technical solutions 
for solving this problem is very important also concerning 
accuracy of movements and esthetical aspects. 

The student who undertook this project produced a 
functional prototype only based on basic knowledge and 
skills accumulated during 4 years of studies, and of course 
with the advice and expertise  of his/her project coordinator. 
Further developments could  involve medical specialists and 
additional efforts and tests to realize a more portable hand 
orthosis  system . 

VI. DISCUSSION 

Individual final year (or capstone) projects typically 
follow a generic model irrespective of technical topic or 
institution.  The student is  given a statement of the project 
in the form of a ‘brief’. This ‘brief’ is a high level outline of 
the project broadly defining why it is important and what 
the ideal deliverable should be.  The brief is a good 
opportunity to define the project in the form of a problem 
statement which gives the student freedom to be innovative 
with the ultimate in this being a solution that is truly novel 
and potentially commercially exploitable.  Being able to 
demonstrate innovation is another valued generic skill by 
some employers.  Broadly it can be measured on a scale 
from “truly new and novel solution to the problem” through 
to “only minor incremental developments over existing or 
obvious solutions”.  This scale is far from scientific but is 
indicative of the students’ innovative ability. 

This ‘brief’ forms the starting point for a discussion with 
the academic supervisor(s) and work undertaken by the 
student.  In these early stages there is an excellent 
opportunity for the demonstration of professionalism 
through the development of an engineering specification for 
the project (requirements capture and specification writing) 
and a project plan (work breakdown structure, project 
planning, Gantt or PERT Chart).  These are skills that 
students are somewhat weaker in and specifications are 
sometimes presented incomplete or without tolerances.  
Project plans often lack detail and do not focus on all the 
project deliverables. 

The normal project would commence with an overall 
system design, breaking the system down into component 
parts that can then be designed in detail.  Each system 
component would then be modeled, simulated, prototyped, 
tested, built in a more substantial, if not final form, and then 

retested.  Here again, testing is an important generic skill for 
engineers and gives them the opportunity to understand the 
role of equipment calibration, measurement accuracy, the 
effect of the test method on the item being tested, noise and 
interference. 

The overall process mirrors that in industry even to the 
point, for better students, of understanding tolerance 
analysis, design for manufacture concepts and the principles 
of quality assurance. 

Once all the components have been designed and tested 
system integration commences and the build and test cycle 
repeats.  At all stages documentation is vital so the good 
habits (hopefully) students have been trained in for 
laboratory record keeping during their earlier study years 
really have meaning in the final project. 

Having the students present their project formally or 
informally verbally to technical or non-technical audiences 
is good for the presentation skill section of communication 
skill. The format report on the project is a test of their 
written communication skill (at least in terms of a formal 
report is concerned). 

More generically the project exposes the students’ 
ability to solve problems; act on their own initiative; often 
negotiation skills for resources and help they may need; 
information searching and management; work ethic; 
personal time management and organization; and more. 

All of these generic skills can be assessed (albeit it 
usually very qualitatively) in the final assessment. The 
formal, meaningful assessment of generic skills is, however, 
still at its infancy with many firmly of the view that 
meaningful measurement is not practical or even possible.  
However, advances in the assessment of public speaking, as 
an example, through the use of word picture descriptor 
rubrics is improving the reliability of assessments and it is 
hoped, in the future, may lead to statements of student 
ability that are truly meaningful to employers [10]. 

VII. CONCLUSIONS 

The individual final year (or capstone) project is the 
opportunity each student has to demonstrate their overall 
ability to undertake a significant piece of work in a 
professional engineering manner.  The expectations of a 
student in all three Institutions, as described in section III 
above, is the same and this applies irrespective of the nature 
of the project.   

Final year projects are usually very closely 
professionally aligned to the academic programme and 
hence could be of an analogue electronics, digital 
electronics, embedded system, music or media technology, 
computing, medical, control and even engineering 
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management nature.  Projects in any sub-discipline of 
Electrical and Information Engineering fit into the overall 
generic model described herein. 

The addition of projects that raise the awareness of real 
disability issues is an added bonus for the student, the 
academic department, individuals with the associated 
disability and potentially the wider community.  Finally, by 
focusing final year student projects on real world problems 
the opportunity exists to be innovative and potentially create 
new products.   

There is the issue of who owns the intellectual property 
in the case of undergraduate student as this is, in some 
institutions, not as clearly defined as it is for postgraduate 
students and staff, but this could be addressed through a 
‘contract’.  The bio-medical and BioTech sector could 
usefully engage with Universities in such developments to 
either take them forward to real products or as a source of 
ideas for projects to be undertaken by students. 

The projects described in this paper are three from a pool 
of potential disability related projects freely accessible in 
the SALEIE “Student Project” page.  New projects can be 
added to this page by submitting a description, using the 
same data fields as in the description template, to the project 
webmaster. 

We recomment academic staff from technical faculties 
should encourage students to work on projects in the 
assistive technology area trying to obtain not only good 
functional prototypes but also innovation in products, 
technologies and systems that enable disabled people equal 
access to life's opportunities and education. The benefits are 
a challenging and interesting project for the student; a 
vehicle to truly allow the student to demonstrate and the 
academic supervisor to see a good range of generic skills; 
and the potential for a commercially exploitable end result. 
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Part VI
Health Technology Assessment



Abstract—"Ykvj"fgenkpkpi"dktvjtcvgu."oqtg"cpf"oqtg"cevkxg"
oqvjgtu" cpf" cp" kpetgcukpi" kpvgtguv" kp" cvvcejogpv" rctgpvkpi."
dcd{" ygctkpi" jcu" dgeqog" qpg" qh" vjg" owuv/jcxgu" qh" oqfgtp"
rctgpvjqqf."gxgp"oqtg"uq"cu"uvwfkgu"ujqy"vjcv" kv"cnuq"jcu" ko/
rqtvcpv"ejknf"fgxgnqrogpv"dgpghkvu0"Vjg"octmgv"ku"cdwpfcpv"kp"
ocp{" fkhhgtgpv" dcd{" ecttkgtu." cnoquv" gxgt{" dcd{" iqqfu" rtq/
fwegt" jcxkpi" uwej" cp" kvgo" kp" vjgkt" qhhgt0" Vjg" eqorgvkvkqp" ku"
vjgtghqtg"hkgteg."curgevu"eqpukfgtgf"d{"rctgpvu"kp"vjgkt"dw{kpi"
fgekukqp"kpenwfkpi"pqv"qpn{"uchgv{"cpf"fgxgnqrogpvcn"hgcvwtgu."
dwv" cnuq" vtckvu" uwej" cu" gcukpguu" qh" wug." xgtucvknkv{." cdknkv{" vq"
dtgcuvhggf"gve0"Vjg"fgekukqp/ocmkpi"rtqeguu"kp"vjku"tgictfu"jcu"
pqv"{gv"vjqwij"dggp"hwnn{"kpxguvkicvgf0"Cu"uwej."vjg"cko"qh"vjku"
ctvkeng"ku"vq"gzrnqtg"vjg"vtckvu"oqvjgtu"eqpukfgt"yjgp"fgekfkpi"
qp"vjg"dcd{"ecttkgt"vq"rwtejcug"ykvj"vjg"iqcn"qh"ocmkpi"eqp/
etgvg"tgeqoogpfcvkqpu"hor improving sellers’ marketing strat-
egy in this regard. Consumers’ xkgyu"ctg"gzrnqtgf"wukpi"hqewu"
itqwru"cu"vjg{"rtqxkfg"vjg"qrrqtvwpkv{"qh"gnkekvkpi"tkej"swcnkv{"
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I. INTRODUCTION  

The practice of baby wearing has been on a rise in recent 
years especially due to an increased interest for attachment 
parenting, a change in the mentality of mothers who are 
now more and more active, but also as a consequence of 
increased interest in preventing hip dysplasia, a develop-
mental condition thought to be strongly connected to the 
way infants are positioned during their first year [13]. Stud-
ies conducted in this domain show that baby wearing has 
positive effects for the prevention and treatment of hip dys-
plasia, cultures with a tradition of carrying babies with their 
hips apart having much lower rates than those culture where 
babies are kept with their hips extended on a cradleboard or 
papoose board [13]. Positive effects of baby wearing are 
also identified with regards to the responsiveness of mothers 
to their babies’ needs and the development of mother-baby 
attachment, with baby wearing being one of the five ele-
ments defining attachment parenting (birth bonding, breast-
feeding, bed sharing, baby wearing and belief in the signal 
value of the baby’s cry) [13]. 

In this context, the industry of baby carriers has devel-
oped considerably, the number and variety of types, models, 
sizes and features of existing baby carriers making the task 
of choosing one quite overwhelming [11]. This also comes 
in the context of the Y Generation females (born between 
1977 and 1994) now becoming mothers and transferring 
their shopping patterns to the baby products market [1]. 
Research shows that Y Generation female shoppers have 
been socialized into consuming more and earlier than previ-
ous Generation, while at the same time benefitting from a 
higher disposable income than their X Generation counter-
parts and enjoying thoroughly researching and browsing 
choices [1]. Y Generation shoppers generally savvy con-
sumers who rely heavily on technology for their buying 
decision-making process.  

For example, Y Generation Canadian mothers used to 
spend a double amount of time being online on their 
smartphones in 2014, than they did in 2012, namely an 
average of 2.2 hours a day [4]. The same study also pointed 
out that more than half (58%) said that they paid attention to 
advertisements that were relevant to either their lives or that 
of their child [4].  

Furthermore, the Y Generation tends to be much more 
involved in raising a baby than their parents who had been 
mostly job oriented.  Studies also show that Y Generation 
place greater emphasis on family experiences rather than 
material things, travelling and learning being more im-
portant to them than material belongings, aspects which 
they are also likely to apply in their parenting styles 
[3][4][14]. As a consequence, they look for houses to be 
smaller and greener, toys to be fewer and family activities 
to be more common. Another feature of Y Generation is 
that they find a median between baby-wearing, organic-life 
and free-range parents who do not believe in boundaries [3]. 

From a marketing perspective this means that, on the one 
hand, baby carriers’ producers enjoy a considerable market, 
but on the other hand they are also facing the difficulties of 
increased competition in convincing mothers to choose to 
buy their particular carrier. 

Because of all these, it is important that producers know 
which are the features of the baby carriers mothers are most 
interested in and how is the buying making decision being 
made.  
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The process of buying decision-making has long been re-
searched in the literature as it is the stepping stone in creat-
ing income. The model of consumer buying decision mak-
ing was developed in 1968 by Engel, Blackwell and Kollat 
who identified 5 steps: Need recognition (lag between the 
consumer’s actual situation and the ideal and desired one), 
Information search (seek information about possible solu-
tions to the problem), Alternative evaluation (evaluation of 
the different alternatives), Purchase decision and Post-
purchase behavior (evaluation of the adequacy with his 
original needs [9],[10]. 

For the particular case of the Y Generation, [1] identified 
five segments of shopping behavior: recreational quality 
seekers (are brand conscious and would pay extra for brand 
quality), recreational discount seekers (bargain seeking, buy 
at sale price), shopping and fashion uninterested (quick 
shoppers, have price/value consciousness), trend setting 
loyals (fashion and style conscious, shop from the same 
stores, generally also the same brands) and the confused 
time/money conserving group (are confused by over choice 
and have price/value consciousness)."

The article builds on these challenges and explores buy-
ing decision-making in the case of baby carriers through the 
use of focus-groups. The added value of this article lies in 
the fact that such research in this area is scarce in spite of 
the large number of carriers and fierce competition on the 
market. The results will therefore allow us to gain more 
insight into the buying decision of the Y Generation moth-
ers, therefore allowing for concrete suggestions with regards 
to how sellers can maximize improve their marketing strat-
egies. The article is therefore particularly aimed at scholars 
and sellers in the baby wearing industry. 

II. MATERIALS AND METHODS 

A. Rationale for the use of focus groups  

Focus groups represent a form of qualitative research 
which builds on the interaction between participants to elicit 
their views, knowledge, perspectives or believes on a cer-
tain topic of interest [5] [6]. The purpose of a focus group is 
that of better understanding the way respondents feel or 
think about the subject of the analysis (a product, an idea, a 
service etc.)[8]. As opposed to questionnaires which imply 
closed-ended questions that might not cover all aspects 
respondents may consider, focus groups allow participants 
to discuss open-ended questions thus allowing the research-
er to gain a deeper insight into the various experiences and 
thoughts of the respondents [6]. Furthermore, as a conse-
quence of the discussions generated during a focus group, 
the researcher has access to spontaneous interactions, partic-
ipants sharing their views in an atmosphere of openness, 

where they are encouraged to share different perceptions 
and points of view without the pressure of reaching a con-
sensus [8]. Results obtained in this way therefore tend to be 
rich and diverse, often opening new research questions. 

B. Focus group participants and protocol 

The questions from the focus group guide were grouped 
in five sections (according to the stages of consumer buying 
decision process): need recognition/problem recognition, 
information search, alternative evaluation, purchase deci-
sion and post-purchase decision. All questions were tested 
for clarity and relevance to the objective of the focus group. 
This resulted in no major changes being made to the initial 
focus group guide. 

A total number of four focus groups (n=22) were con-
ducted. Participants in all focus groups were mothers of 
children between 0-2 years old, using at least one baby 
carrier. Focus groups were conducted between 29 May and 
30 June in Cluj-Napoca and Bucharest, Romania. All focus 
groups were homogenous in terms of gender (females) and 
place of residence (Cluj-Napoca or Bucharest) and hetero-
geneous in terms of age, income, level of education and 
field of activity. Out of the 22 participants, 5 were from 
Bucharest (1 focus group) and 17 from Cluj-Napoca (3 
focus groups), with the goal of including participants from 
major urban areas. 

All focus groups were held in quiet areas, appropriate for 
such discussions. Participants were informed about the 
purpose of the focus group and of the fact that all their an-
swers will remain anonymous and confidential. They con-
sented to taking part in this study and to their answers being 
recorded (audio) for analysis purposes and for use in this 
research. Information saturation has been reached during the 
four focus groups with regard to the major themes ap-
proached. Also, the number of focus groups is considered 
sufficient for research relevance [7].  

Focus group participants were aged between 26 and 39, 
all coming from urban areas, with a monthly income rang-
ing between 245 and 755 euro (the maximum allowance for 
maternity leave). Most of the participants were employed 
(n=20). In terms of the respondents’ field of activity, we can 
observe a predominance of the IT sector in the sample, with 
6 persons working in the IT sector or related, 3 in financial 
services, 3 in educational services and 2 persons in the 
healthcare sector,  the rest working in sales, public relations 
and other services.  

Conversation and open dialogue between participants 
were encouraged by the moderator at all times. Participants 
were encouraged to share their ideas, thoughts, suggestions. 
Qualitative analysis was then conducted on the data ob-
tained.  
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III. RESULTS 

For the first question, need/problem recognition, answers 
were generally grouped around two main situations: some 
of the respondents had internal stimuli, while others, much 
more numerous, were confronted with external stimuli in 
recognizing the fact that they needed such a carrier.  For the 
first category (n=8), recognizing the need to own a carrier 
was determined by the physiological needs of the mother 
(i.e. need to sleep, eat and be independent). Most of the 
respondents in this category did not buy the carrier until 
after the baby was born, generally after the first month. This 
category also comprises respondents now having their sec-
ond or third baby (5 participants out of the entire sample). 
For this first category, having an internal stimuli for recog-
nizing the need to own a carrier, the main rationale for the 
purchasing of such an item was therefore represented by a 
need to “ease the life” of the mother, “the need to always 
know how the baby is doing”, “helping the baby fall asleep 
/soothing the baby more easily”, “soothing the colicky ba-
by”. The main benefit acknowledged by this category was 
that of reducing their isolation by “increasing the mother’s 
mobility” who can now also walk in areas difficult to access 
with a pusher. Furthermore, the carrier also enables the 
mother to have “two free hands”, thus allowing her to also 
tackle different tasks around the house such as cooking, 
gardening or doing the laundry. 

Other respondents in this category, had as main internal 
stimuli the desire to apply the principles of attachment par-
enting. They therefore knew that they would be using such a 
carrier (and had also purchased one) before the baby was 
born, even if there was a risk that the baby would not like to 
be put in the system (n=6). Two of the participants even 
decided to purchase a carrier instead of a pusher as they 
wanted to “permanently hold their baby”. One of the moth-
ers further explained that “I feel we are one person. I know 
exactly what his needs are and I answer those needs imme-
diately: I feel when he needs his diaper changed, when he is 
sleepy or when he is hungry.”, while the other explained 
that “The fact that he can hear my heartbeats as it happened 
when he was in the womb, soothes him.”  

With regard to the number of carriers held, in the internal 
stimuli group, five participants have at least two baby carri-
er systems among which: 4 elastic wraps, 2 slings, 1 woven 
wrap, universal carrier, SSC.  

It is also worth mentioning that these respondents who 
use the baby carrier most of the time also breastfeed and 
practice co-sleeping. 

The second category (n=14), those mothers for whom the 
need to have a carrier was determined by external stimuli, 
comprises exclusively first-time mothers having as primary 
source of information people in their reference groups: 

friends, co-workers etc. (60%), pediatricians or specialized 
personnel delivering Lamaze courses (20%), information 
provided by online baby goods shops (10%).  Out of the 14 
mothers included in this group and who were recommended 
to purchase such an item by someone else, 8 had been more 
reticent, not being fully convinced by its usefulness from 
the beginning. However, they did try to see if the carrier 
could solve the problems that had with their babies, some-
where between a few weeks and three months after delivery. 
Such problems included: “the baby started crying when I 
put him in the pusher”, “the baby had reflux and had to be 
held vertically as long as possible”, “the baby could not fall 
asleep because of overstimulation”, “the baby had constant 
stomach pain and keeping them vertically and my warmth 
helped them feel better”, “the baby only regurgitated 30-40 
minutes after a feeding and it had become very difficult for 
me to hold them”, “just for discreetly nursing my baby”.  

Another category of external stimuli for the buying deci-
sion was determined by factors not related to the baby, but 
to the couple’s lifestyle: “we go on a lot of hiking trips and 
the carrier is a comfortable option for both the baby and the 
one carrying them in this situation”, “the carrier protects the 
baby better than the pusher in case of strong wind”, “I had 
to travel to another city for 2-3 days and I thought it would 
be easier if I did not have to also carry the pusher”, “you 
can carry your baby while doing your shopping without 
using a pusher.”  

Other participants (n=4) declared that they purchased the 
carrier in order to answer a need for social integration and 
belonging to various social groups. They explained that in 
“such a demanding period” in their lives, full of stress, frus-
tration of doing nothing else but nursing the baby, buying a 
fashionable carrier “shows that you are more than a mother, 
you are a cool person also”. This “is good for the psychic” 
and also helps raising one’s self esteem.  

All respondents in this category have more than one car-
rier. For their last one purchased, they mostly considered 
fashion and color matching.  

The second question addressed the issue of searching for 
information as a basis for the future buying decision. All 
respondents had both internal and external information 
sources. Also, it is worth noting that, with 4 exceptions, all 
respondents tried to get additional information about the 
carriers from their friends, family members or other con-
sumers. It was only afterwards that they studied other exter-
nal sources of information. The most important external 
sources of information were represented by articles posted 
by online shops, advertorials, dedicated blogs and social 
media and were accessed via Internet, mostly from mobile 
phones (19 participants), palms (2 participants), laptop/PC 
(1 participant).  
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For more than half of the participants, advertising is con-
sidered important if it provides high-quality, informative 
content and it also has the power to positively impact the 
segment. 14 of the respondents declared it could inspire 
their brand confidence. A key role is also played by the 
various portrayals used, visuals of a family or a baby gener-
ating the most enthusiasm among the focus group partici-
pants. 

With regard to the type of information mother were look-
ing for, this mostly included the price and various ways for 
adjusting and fitting the carrier. All respondents declared 
that the Internet was the main source of information at this 
point of the decision making process, via Romanian and 
English language dedicated blogs and online baby carrier 
specialized shops. 

The third step in the buying decision-making process is 
the alternative evaluation. Here participants identified the 
different objective and subjective characteristics considered 
when comparing carriers.  

Considerable homogeneity was recorded at this step. All 
respondents were highly involved in the acquisition process 
and perceived the purchase as important. They all knew 
what were the desirable and wanted features, based on the 
information they had collected previously. They all declared 
they were interested in three main features: quality, easiness 
of use and price. 

In general carriers quality features were associated with 
perceived safety and comfort for the baby. Mothers ex-
plained that they were looking for carriers which would be 
“protecting both my and my baby’s spinal health”, or “with 
solid fabrics and long-lasting colors”, “solid fabrics and 
strong straps”, carriers made from “natural fabrics”, or 
“breathable”, “ecological fabrics”.  

Most respondents were mainly concerned about the well-
being of their babies. Half of the respondents also indicated 
particular interest for a good back support offered by the 
carrier, as they were looking for a good efficiency of weight 
distribution. Also, 12 participants indicated they wanted a 
padded headrest to support the wobbly head and neck of 
their newborn, while 11 mothers also mentioned that breast-
feeding settings were “almost indispensable once the carri-
ers are being used for long periods of time” so this was also 
an important feature they were considering.  

With regard to carriers safety features, four of the re-
spondents mentioned the fact that they were particularly 
interested in items with a high snugness factor – this indi-
cates how closely a baby or toddler is tied around - men-
tioning that “I want to be sure that I can diminish any harm 
that can be caused to the baby if they are moving inside the 
carrier once I am on the move as a consequence of the con-
stant changing of the baby’s cent=r of gravity.” Three of the 
participants also indicated paying attention to the size of leg 

holes which they indicated should be “small enough to 
prevent slipping through.” 

When considering easiness of use, 16 of the respondents 
indicated flexibility and lightweight. It was therefore im-
portant that carriers had multiple buckle adjusters at the top 
of each should strap to allow for controlling the length of 
the strap and customize the fit. Furthermore, 20 participants 
also wanted a compact portable carrier that would be easy to 
carry around, but would also offer them the possibility of 
handling babies with ease when using the carrier. One 
mother mentioned that it should be “easy to pop the baby in 
and out, for feedings or diaper changing”. A number of 6 
participants were also interested in extra features such as 
key rings, toy loops, pockets, while a further two mothers 
were looking for carriers that with small changes in their 
configuration could be adjustable for baby growth. They 
wanted to be able to use the same carrier for wearing a 
newborn, but to also have the possibility, as the baby grows, 
to make the carrier taller so it can better support the weight 
of older babies and toddlers.  Furthermore, in the case of 
newborns, respondents were interested in the “possibility of 
changing baby’s position: vertical when he is awake or 
horizontal when he is sleeping”. Portability was also an 
important feature for the mothers taking part in the focus 
groups who mentioned the fact that “The carrier must be 
convenient to carry, fold quickly in a compact manner so 
that you can always have it at hand.”  

Another aspect considered by respondents when evaluat-
ing alternatives was the price of such items. This was a very 
important aspect for all respondents. As such, 10 of the 
mothers indicated that while all the previously discussed 
features were important for them, price was the most im-
portant trait. An important aspect to mention here is that 
price was not the most important feature for those purchas-
ing a carrier for travelling purposes or those opting for such 
an item as a consequence of their desire to apply attachment 
parenting. They tended to prefer well-known brands such as 
Boba, Manduca, Fidella or Isara which are renewed both in 
Romania and abroad and have a price range between 60 and 
100 euros. Respondents working in healthcare, education or 
the public sector were mostly interested in carriers available 
for a price between 30 and 50 euros, even though these 
carriers could not be further customized depending on the 
weight or other characteristics of a growing baby. Brands 
considered in this case included Marsupi plus, Bertoni or 
Woomar. Some of the respondents also decided to purchase 
a no-brand carrier or handmade carriers. In their case, these 
were generally ordered via Facebook as they believed “the 
quality can’t be so different when the carrier looks very 
similarly to a Boba or a Manduca, but the price is a quar-
ter”. When considering the added value of having such an 
item, mothers generally also considered purchasing costs. 
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The fourth step of the buying decision-making process is 
the purchase decision. In the case of baby carriers, our re-
sults show that this is generally a unique and solitary deci-
sion. A number of 18 respondents indicated that they took 
the buying decision alone, while four decided on the carrier 
together with the baby’s father. In this last situation, where 
the decision was taken jointly, buyers preferred a more 
simple look, “solid colors will work well if the carrier is 
intended to be shared among parents”. When this was not 
the case, the carrier was intended to be used by the mothers 
only, they generally preferred vibrant colors and/or draw-
ings to match different occasions. 

Another aspect important when reaching this step was the 
commercial policy of the online shop where mothers would 
make the purchase. Among the respondents, 15 participants 
were influenced by a promotional campaign, with a further 
seven participants being influenced by the opportunity to 
test the carrier between three and seven days for free. Other 
aspects considered included free delivery and the return 
policy of the shop.  

In terms of the post-purchase behavior, the last step of 
the buying decision making process, this was tested consid-
ering the adequacy of the carrier with respect to the original 
needs expressed by the mothers. Out of the total number of 
respondents, 15 persons were satisfied with their decision 
and had a positive review. Mothers in this category said that 
“The advantages of baby wearing are worth all the money”, 
“My family’s peace when putting the baby to sleep is price-
less”, or “We survived the colicky period very easily”.  
Three of the respondents who had both a more expensive 
and a cheaper carrier (the latter is not used daily) declared 
that the premium paid for the more expensive one is not 
justified as the baby sits just the same in both items. Two 
respondents chose the wrong carrier in that they opted for 
one model which was not fit for very thin and not very tall 
persons, with the straps still being too long although tight to 
the maximum. Other two persons indicated “back pain 
when carrying the baby for more than one hour” and were 
looking for other options. 

IV. DISCUSSION 

The buying decision-making process in the case of baby 
carriers is a complex one, strongly influenced by evolving 
family values and the changing external environment.  

Motherhood is viewed by respondents as a life-changing 
experience which causes a rethinking of priorities, but also 
influences the buying decision-making process. Such a 
particularity can be noticed in the need/problem recognition 
phase where the gap between the desired situation and the 
real one is quickly noticed and addressed. We note that 

respondents began their decision-making process form a 
wide range of needs: physiological or safety needs, the need 
to belong to a social group or the one for self-esteem. 

All respondents in the focus group belonged to the Y 
Generation and based on the results fit four of the decision-
making segments described in the [1].  

Based on the results of the focus group and the traits de-
scribed by [1], the largest group of shoppers among the 
respondents fit the “quality seekers” profile (41%), being 
characterized by brand consciousness. They know very well 
what they want and are willing to put in extra effort in order 
to finally purchase quality products. In order to accomplish 
this they set considerable tangible criteria, looking for in-
formation on a considerable number of baby products web-
sites. In terms of post-buying behavior, they are also charac-
terized by a tendency to continue to pay attention to 
decisional alternatives in an effort to seek reassurance that 
they had made the optimal choice. They tend to be satisfied 
with the product purchased and loyal consumers to the 
brand. A particularity of the consumers in our focus group 
however, is related to their attitude towards discounts. Alt-
hough, according to the literature, this segment is not gener-
ally attracted to lower prices or discounts, mothers in our 
sample did try to get the best quality, but were, at the same 
time, also seeking for promotional campaigns. A reason for 
this could be the high prices of the carriers. Another very 
interesting finding was the fact that this segment was not 
interested to online advertisements, even though they were 
all brand conscious. Only 22% of them paid attention to 
online advertisements. 

The second category is represented by the “discount 
seekers” (27%), including here mothers with lower disposa-
ble income and mothers who already owned a baby carrier 
so their physiological need was fulfilled, but they were 
interested in testing other types/brands. This segment is 
very active on social media, tuning into opinion leaders 
(66%).  

This group is value conscious, while also being seduced 
by novelty and/or fashion. They are interested in promo-
tions available in order to purchase the latest carrier models 
on the market. Buying behavior is not affected by their 
disposable income and post-purchase behavior is only initi-
ated in a few cases.  

The next segment is that of the “shopping and fashion 
uninterested” (18%). Mothers in this segment were general-
ly looking for safe and resistant baby carriers mainly bought 
for travelling purposes. They are efficient buyers who try to 
simplify their decision-making process by only referring to 
two or three technical features in their analysis. They try to 
save time and energy by purchasing the first product meet-
ing the criteria. While in other studies in the literature they 
are not at all brand conscious, mothers in our sample differ 
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in that brand is important in their case. They generally tend 
to be aware of 2-3 brands and only seek information about 
these ones. In the case of travelling couples, the buying 
decision is made as a group, information being sought first-
ly on travelling blogs and then on specific online shopping 
websites. When evaluating alternatives and selecting where 
to make the purchase from, they pay attention to conven-
ience and shop responsiveness. 
 The last segment is represented by the “trend setting 
loyals” (14%) who are fashion and style conscious. This 
means that they believe motherhood should not imply no 
longer paying attention to their wardrobe. Quite on the con-
trary, they want to be up to date with changing fashions, 
including baby carrier products. They also have a tendency 
to visit the same online stores and mainly look for dis-
counts. This segment is very active on social media, dis-
playing all baby carriers used and including comments. 

V.  LIMITATIONS AND FURTHER RESEARCH 

A limitation of the study was the relatively small number 
of participants as a consequence of the fragmented free time 
of mothers, which also limited the duration of each session 
to 30 minutes. However, we do not believe this to have 
affected the study negatively with regard to the information 
obtained as information saturation was reached during the 
four focus groups. 

VI. CONCLUSIONS  

The focus group we conducted allowed for the explora-
tion of the buying decision-making process of Romanian 
mothers when purchasing baby carriers. All the respondents 
in the focus group sample met the features of Generation Y.  
Results showed that mothers are highly connected to each 
other and the world, being much more involved in carrying 
for their families than previous generations. They are also 
characterized by “smart shopping” meaning that consumers 
invest time in order to save money. What is quite interesting 
to note is the fact that mothers do not seem to be confused 
by the extensive offer of baby carriers on the market. They 
are able to quickly identify the need and take actions to 
satisfy it. Also, for our sample, shopping for a baby carrier 
loses its recreational dimension, mothers engaging in this 
process in order to satisfy a need, rather than as a leisure 
activity. The Internet remains the only means for infor-
mation searching, alternative evaluation and post-purchase 
behavior, an aspect that could be explained by the short free 
time mothers have available for these activities. Another 
important finding was related to the high degree of objectiv-

ity they use in assessing alternatives and disseminating their 
opinions on social media or via other Internet pages.  
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I. INTRODUCTION  

Europe is facing ageing population as according to Euro-
stat forecast, by 2060 there will be only two people of work-
ing age (15-64 years old) in the EU for every person aged 
over 65, compared to a ratio of four to one today [1]. 

It is therefore important to build a healthy and active 
population in order to maintain economic development, 
through productivity of the workers [2]. Employee produc-
tivity is influenced by direct factors such as workplace con-
ditions or indirect factors related to employee health and 
wellbeing [3] [4]. 

An important component in this respect is represented by 
employers’ actions towards improving health management. 
Therefore identifying assessment tools for worker status on 
health and productivity may have an important role. Apply-
ing of such tools within organizations will allow for infor-
mation on: the number of workers having health problems; 
the costs for the employer of such health problems; how 

work performance is influenced by sickness absence 
[5][6][7]. Such data being available will enable for actions 
within the organizations that will contribute to healthier 
workplaces and increased productivity [8]. 

This article aims to be a critical and comparative analysis 
on tools designed to improve age management, referring to 
the health component at the workplace. These instruments 
are used to assess the workers’ health, their performance at 
work, and their absenteeism and presenteeism respectively. 
Using data collected by this article may allow researchers to 
improve and develop new tools for health management and 
health related cost benefit analyses. The research may also 
help employers and occupational health services to build 
solid information on workers’ health and lost performance 
due to health problems, and therefore to propose measures 
designed to improve employees' health, as well as to per-
form better calculations when monetizing sick absence or 
work productivity.  

II. METHODOLOGY/MATERIALS 

A computerized search was conducted in academic data-
bases in order to identify relevant information on self-
assessment tools for evaluating and improving workers 
health and productivity. The search resulted in 34 articles 
published in English related to health self-evaluation in-
struments among workers and their applicability within the 
organizations. The search was conducted using the key-
words: health and occupation, productivity, work perfor-
mance, absenteeism, presenteeism, work ability. In selecting 
articles we considered our objective of identifying applica-
ble tools to be used by companies as instruments for evalu-
ating and improving their workers’ health as well for 
providing possibilities to measure the cost of the health 
problems consequences at work. The selection criteria were: 
1. Self-assessment questionnaires completed by employees; 
2. Validated tools through studies and internationally tested 
functionality; 3. Suitability for monetization and cost-
benefit analysis. Three self-report tools which met all the 
inclusion criteria were finally selected to be analyzed. 
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III. RESULTS 

The following three tools have been retained to be ana-
lyzed and compared: 

1. Health and Work Performance Questionnaire (HPQ) 
developed by the World Health Organisation (WHO). Built 
as a self-report addressing employees with 55 items, HPQ 
allows for cost evaluation of the worker health problems in 
relation to work performance, absenteeism and work acci-
dents. Information that can be extracted from the question-
naire involves very detailed health and work productivity 
related items on three dimensions: 1.identifying health prob-
lems and their treatment; 2. assessment of work perfor-
mance using data related to sickness absence, presenteeism, 
and critical incidents and 3. basic demographic data. Differ-
ent scores can be drawn from the self-report as per the needs 
of the organization. Such scores include values for absen-
teeism, absolute or relative presenteeism as well as combi-
nations between absenteeism and presenteeism.  [9][10] 

2. Work Ability Index (WAI), developed by the Finnish 
Institute of Occupational Health in 1992. With an updated 
new version since 2012, WAI is a seven item rating scale 
that grades the present and future work ability of the work-
ers based on a self-assessment questionnaire. The seven 
items are: 1. Current work ability, 2.Working ability con-
sidering the requirements of the work, 3. Current illnesses 
(accidental injury, musculoskeletal disease, circulatory 
disease, respiratory disease, mental health disorder, neuro-
logical and sensory disease, gastrointestinal disease, urinary 
or genital disease, skin disease, tumor, metabolic disease, 
blood disease), 4. Estimated effects of illnesses or injuries at 
work, 5. Absence from work due to illness, 6.Own estima-
tion of work ability two years from now, 7. Psychological 
resources.  According to the obtained scores it divides work 
ability into four levels: poor, average, good and excellent. 
[11] 

3. StanfordPresenteeism Scale: Health Status and Em-
ployee Productivity SPS-6(SPS-6), is using six items to 
evaluate presenteeism.  While absenteeism measures the 
number of days missed from the workplace, presenteeism 
refers at being present at work, but having different levels 
of performance due to health problems. It consists of six 
questions on a 5 item Likert scale, addressing the following 
work situations that may be affected by the health problems: 
handling stress, ability to finish hard tasks, distraction from 
taking pleasure in the work, hopeless feelings related to the 
ability of finalizing work, ability to focus on achieving 
goals, being energetic to complete all tasks at work. SPS-6 
ranges from 6 to 30. The higher the score the less is the 
amount of lost performance. [12] 

The main features of the three tools retained for analysis 
are presented in Table 1. 

Table 1 resumes the features of the three self-report tools 
based on the criteria they were analyzed for.  Both absentee-
ism and presenteeism may be measured by HPQ and WAI, 
while SPS-6 allows for presenteeism measuring only. 
Among the observed three self-reports, HPQ is the only one 
to include annual income information, which enables direct 
monetization of the sick absence or of the work perfor-
mance. As regards the number of items these tools have, 
with 55 items HPQ includes the most detailed information 
on the workers’ health and work performance, in compari-
son with WAI and SPS-6, having 7 items and 6 items re-
spectively. This however means that HPQ takes longer to 
complete. In terms of languages being available, the most 
widely translated is WAI, with 24 versions. The research 
also revealed that all tools are mostly used in research stud-
ies whereas WAI seems to be the only currently used for 
practical purposes by occupational health services. 

Table 1 Overview of the self-report analyzed tools 

Tool name/ 
features HPQ 

 
WAI SPS-6 

Allows for  
measurement of 

Absenteeism 
Presenteeism 

Absenteeism 
Presenteeism Presenteeism 

Allows for direct  
monetization Yes 

 
No 

 
No 

Items number 55 7 6 

Language availability English and 
Portuguese 24 languages English 

Use in practice by  
companies No 

 
Yes 

 
No 

In what follows we are taking a closer look on the three 
self-report tools in order to have a better view on their utili-
ty, based on the proposed objective of this research. 

With regards to the assessment tools that enable 
evaluation of the health problem effects at the workplace by 
measuring absenteeism, this can be done using WAI and 
HPQ. Of the two, HPQ results in a more accurate 
evaluation, by measuring absences from work in the last 
four weeks, using hours and days, while WAI measures 
absenteeism in the past  12 months, on days intervals. Thus 
HPQ can provide precise monetization absenteeism, using 
hours to calculate the periods of absence from work. Also, 
unlike WAI, HPQ questionnaire includes information on 
annual income of the worker, which  allows for direct 
calculation of indirect cost of workplace illness. This would 
provide cost-benfit analysis a measure of the impact of 
certain actions meant to improve health or work 
performance. 

To measure presenteeism, all three analysed tools include 
self-assessment questions, but differently. SPS-6 uses six 
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questions with a Likert scale type with 5 options, providing 
quick assessment of how various health problems can affect 
work performance in the past month. It asesses the ability of 
completing tasks, the stress management, the pleasure to 
work,  the feelings of hopelessness , concentration and 
energy to work, while WAI measures the perceived current 
work ability of the employer on a scale from 1 to 10 and 
scores the effects of illness or injuries at work on the work 
performance. It provides also an estimation of the future 
work ability on a 3 point scale. In a similar way HPQ  
allows for assesing how health problems affect work 
performance by using scales from 0 to 10 (10 indicating the 
best performance) . HPQ comprises comparison with other 
workers and between the usual performance and the recent 
performance (last four weeks). 

Concerning the ease of use through other language ver-
sion availability, WAI is available in 24 languages and is 
considered by many authors as a primary tool for evaluation 
of work ability [13]. HPQ is available in English and Portu-
guese, short translated versions being available in French, 
Spanish and Japanese. SPS-6 has been found in English 
language only. 

In terms of their use in actual practice of the companies 
or occupational health services, of the three, only WAI is a 
tool effectively used both in research and practice by com-
panies or occupational health services as part of health ex-
aminations. The other two register only validation and re-
search studies among different organizations. 

IV. DISCUSSION 

This article critically analyzed three self-assessment tools 
used for the evaluation of workers’ health and work perfor-
mance: Health and Work Performance Questionnaire 
(HPQ), Work Ability Index (WAI) and Stanford Presentee-
ism Scale: Health Status and Employee Productivity SPS-6  
(SPS-6). The study revealed that all three tools could be 
used as assessment tools for the use of the employers re-
garding workers’ health and their productivity. They allow 
for monetizing productivity loss due to workers’ health 
problems. As such, these self-report instruments may be 
useful tools for companies to assess the value of certain 
actions meant for health or productivity improvement.  

Using the above tools may allow employers to have a 
more complex view on the health status and work capacity 
of the employee, enabling for actions meant to improve 
work conditions, health and productivity. 

Among the observed tools, WAI and HPQ have been 
considered the most suitable for the proposed use, taking 
into consideration that they both address health issues in 

terms of their influence on the work productivity, and allow 
for monetization of both absenteeism and presenteeism. 

Moreover, the use of these instruments would be of inter-
est to companies in order to analyze the relationship be-
tween absenteeism and productivity among older workers, 
in the context of an ageing population, as empirical evi-
dence reports show that both absenteeism and productivity 
tend to be lower among older workers [14]. Employee’s age 
would therefore be an important criterion when selecting 
measures for health and productivity improvement. In the 
same context of ageing population, the analyzed tools could 
be appropriate instruments to use for actions in order to 
restore and maintain work ability of older workers. Proven 
positive effects of using such tools among organizations 
might also become a reason for decision makers to grant 
subsidies in order to support their use on a large scale. 

Further research is needed in order to analyze the 
measures taken in order to improve the health of the work-
ers together with the estimated monetized impact of such 
actions, based on the results of the self-reports applied to 
the workers. Furthermore it would be very important to 
research on case studies regarding the benefits of the taken 
measures for health improvement, in terms of expected 
decrease of sickness absence rate, staff turnover decrease, 
increase of employee satisfaction, cost reduction by produc-
tivity improvement, fall of musculoskeletal case level, in-
crease of performance and productivity. In the meantime, 
for practical purposes it would be also useful to study the 
necessity of repeating such questionnaires with a certain 
frequency among workers, in order to assess the positive 
expected effects of the taken actions. 

V. LIMITATIONS AND FURTHER RESEARCH 

There were some limitations to this study. The scientific 
literature includes a wide range of questionnaires and health 
related instruments evaluating productivity losses due to 
health problems, yet we believe that we chose the most 
representative tools for their ability to be used for monetiz-
ing health problems. Our purpose is to further continue the 
research in this field, to analyze the utility and the character-
istics of other existing instruments for health and produc-
tivity appraisal. Additionally, we envisage to deepen our 
research with primary data analysis within the private sector 
of companies in Romania. 

VI. CONCLUSION 

This article provides a comparative analysis on three self-
report tools available for researchers and employers to use 
in studies or practice. The tools allow for comprehensive 
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information on workers’ health status as well as for measur-
ing the effects of the health problems on the work perfor-
mance, using absenteeism and presenteeism data. Among 
these observed tools, Work Ability Index (WAI) proved to 
be widely used in practice for health examinations within 
companies and occupational health services, whereas Health 
and Work Performance Questionnaire (HPQ) seems to be 
the most suitable for direct measuring absenteeism and 
presenteeism. We therefore consider the information gath-
ered in this research useful for actions meant to improve 
work conditions, health and productivity. 
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I. INTRODUCTION  

There are numerous studies that show the importance of 
social networks as tools in the online promotion of dentists 
and dentist practices [1], [2], [3], [4]. If two-thirds of den-
tists in Romania are working in their own practices, which 
means that most of the graduates become managers as well 
[5] and they will have to work hard to have a solid base 
patients, social networks just provides the necessary tool to 
access cheap and easy the type of clients they want. Wheth-
er talking about Facebook, You-Tube, Google+ or Pinterest 
via social networks can build a community with a commit-
ment consistent dialogue between practice and patient [6]. 

More and more dentists adopt Facebook as a communica-
tion tool so that they can forward their messages broadly, so 
they can pass-along messages (videos, stories, and pictures) 
with the aim to increase product awareness or brand equity 
[7], [1]. Benjamin Burris, Jeff Behan, Robert Pickron, Bill 
Pickard, Kelly Fergus and Mark L. Dake [4] agree that there 
are huge rewards with a well-thought-out plan that is 
properly implemented, constantly monitored, and often 
updated, when talking about the promotion through social 
networks of dentists. Dentists must consider that Facebook 

can be a double-edged sword; positive as well as negative 
reviews are certain to appear.  

II. THEORETICAL BACKGROUND 

Due to the fact that patients choose to spend more time 
on social media than on any other Internet activity, dental 
professionals are aware that they must alter their marketing 
efforts to use social media for reaching patients or potential 
patients [8]. One of the reasons why social media marketing 
is such a useful tool, is the high level of interaction and 
ability to engage consumers [3]. The same authors show 
that a significant portion of patients (39%) are indicating 
that they would visit a Facebook page, when making a deci-
sion about which practice to use for a dental treatment. 

A recent study shows that as of the first quarter of 2016, 
Facebook had 1.65 billion monthly active users [9], being 
the most popular network worldwide. In Romania, in 2016 
there were over 8.5 million of accounts on social network-
ing site Facebook, a total of 22,241,718 inhabitants [10]. 
Even without taking into account those 10.77% of Facebook 
users who are under 18 [11], and the mother is the one who 
decides [12], data report shows the number of patients that 
can be reached through social network promotion. Other 
studies show that the majority of Facebook users are young 
[13], the number of positive reviews (likes) but also the 
number of personal friends list decreasing with age [14] 
[15]. On the other hand, the latest list released by DSV 
Cluj-Napoca 2012 [16] shows that the number of private 
dental offices is 648. 

One study in US, regarding Facebook Pages shows that 
the consumers have indicated that the following compo-
nents of a Facebook page attracts their attention: a link to 
the practice’s Web site, the orthodontist’s credentials and 
before-and-after treatment photographs.  There are no na-
tional studies to show what Romanian patients want from 
the dentist's Facebook page.  Although the Romanian exist-
ing studies that could be extrapolated to the research issue is 
related to online communication of practitioners in dentistry 
with their clients. Therefore, the research outcomes exclu-
sively reflect the propensity toward marketing communica-
tion of the Romanian websites but with significant disparity 
between the dental sites from UK in terms of brand aware-
ness content and feedback.[17] On other perspective, the 
economic crisis has changed the pattern in dental advertis-
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ing, mainly by emphasizing rather on emotion than on ra-
tional reason.[18] Finally, Romanian dentists’ websites 
display rational messages, using reasons, by disseminating 
information rather than images.[19] 

 Our study aims to cover precisely this niche of online 
promotion so as to meet the dentists aimed at promoting its 
services through the social networking site Facebook. 

III.  METHODOLOGY 

We conducted a survey containing 32 items regarding 
components as: respondents’ demographic characteristics, 
Facebook usage and page content of a private dentist prac-
tice. The goal of the survey was to determine which aspects 
of the Facebook page are most important to the patients 
from a marketing standpoint.  

Except the questions regarding the demographic and so-
cio-economical aspects all items were formatted as a 5 point 
Likert scale (1 – Not at all important; 2 – Low importance; 
3 – Neutral; 4 – Moderately important; 5 – Very important) 
for determining the Level of Importance for  the elements of 
a Facebook page.  

The survey was administered to an unknown number of 
individuals but it was completed by 172 and 161 were at 
least 18 years of age. This was a convenience sample; re-
spondents were approached through Facebook and in public 
locations like the Technical University of Cluj-Napoca. 
Volunteers were encouraged to forward the link of the sur-
vey to their friend and acquaintances. Minors were excluded 
from the study due to their inability to make oral-care deci-
sions [20], so we didn’t consider 11 surveys due to the age 
of respondents (under 18).  

In ranking the importance of elements, the time spent and 
number of visits on Facebook, we were interested only 
about the opinions of persons who said that when decide to 
go to a dentist they are looking for information on his/hers 
Facebook page (69 respondents).  

We emphasize that this study can be considered one of an 
exploratory nature, the results are specific only to the inves-
tigated sample (cannot be generalized to the population).  

IV.  RESULTS AND DISCUSSIONS 

A. Some characteristics of respondents 

Of the 161 respondents, 36.65% (59) were females and 
63.35% male (Table 1). The distribution of age went from 
20 (the youngest) to 41, most of them being 21-25 years 
old. This is not surprising, knowing that at national level, 
the most Facebook users are between 18-34 years old 
(49.9%).   

116 live in Cluj-Napoca and the rest of them are from 
Aiud (1), Alba Iulia(5), Beclean (1), Bistrita (4), Brasov (1), 
Campia Turzii (3), Carei (1), Dej (1), Dragomiresti (1), 
Gherla (1), Hateg (1), Ludus (1), Medias (2), Petrosani (1), 
Satu-Mare (3), Sibiu (1), Tarnaveni (1), Turda (3) si Zalau 
(4). Most of them were students (82.61%) with a venue of 
0-500 lei/month (51.55%) and 500-1000 lei/month 
(34.78%). 

Among the respondents who completed the survey, 
43.48% say that when decide to go to a dentist they are 
looking for information on his/hers Facebook page (69 
respondents).  

We observe little differences when studding the search 
pattern of women and men (48.57 % women, 51.43% men) 
when they are looking for information on his/hers Facebook 
page. On the other hand, most of the men aren’t searching 
for a dentist’s Facebook page (72.53%), when looking for 
credentials. It appears that with the increase of income, 
respondents are more likely to search the dentist on Face-
book.    

Most of the users are visiting their Facebook account 
more than 8 times a week (68.60%).  

Table 1 Characteristics of respondents, searching for a dentists Facebook 
page  

Characteristics  % of 
 Respondents 

% of  Respondents 
searching dentist on 

Facebook 

% of Respondents  
NOT searching 

dentist on Facebook 
Gender    

Female 36.65 48.57 27.47 

Male 63.35 51.43 72.73 

Age group    

18-25 87.58 87.14 89.01 

26-34 8.07 8.57 8.79 

Over 36 4.35 4.29 2.20 

Income/month    

0-500 lei 50.31 51,43 49.45 

500-1000 lei 19,25 17.14 20.88 

1000-2000 lei 18.63 17.41 19.78 

2000-4000 lei 8.70 10 7.69 

Over 4000 lei 3.11 4.29 2.20 

B. Importance of a Facebook page elements, in 
promoting a Dental Practice 

Most rated components of a Facebook page (345 points 
being the maximum and 69 minimum) when looking for a 
dental practice are: price list (317 points), having contacts 
(313 points), promotions and discounts (304 points), contact 
number for emergencies (302 points), opening hours (301 
points), real images of the practice (390 points), “before and 
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after” pictures (287 points), link to the dental practice web-
site (283 points), mentions of dentist’s credentials (279 
points) and stars granted by patients (278 points). 

Looking at the first three elements of the top we can ob-
serve that two of them are linked to prices. We can explain 
that due to the number of young respondents (87.14 %) with 
low income (68.57 % have an income lower than 1000 lei) 
(Table 1. & Table 2.).  

Elements ranked as least important by respondents in-
cluded: purchased images from a dedicated website (169 
points), images of auxiliary staff (184 points), pictures of 
the dentists working (212 points), links or images towards 
dental education and hygiene related articles (238 points), 
number of positive reviews/likes (271 points) and the ra-
pidity of response to messages sent by visitors (275 points) 
(Table 2.). 

An interesting discussion is the low influence of number 
of reviews or stars granted to the Facebook page by pa-
tients. At least one study made in US [3], shows the high 
level of importance granted to both of them. The explana-
tion of the results could reside in educational factor (most of 
the respondent of our study are university graduate, so hard 
to convince) or, even more interesting, in the age of Face-
book users (the respondent of our study are over 20’s).   

Table 2. Rated components on a Facebook page 

Elements Points  
The price list 317 
Having a contact address 313 
The existence of promotions (10% discount for students) 304 
The existence of a contact number for emergencies 302 
Types of dental work  practiced in cabinet 302 
The opening hours 301 
Real images of cabinet 290 
Images of dental treatment "before and after" 287 
Link to website 283 
Mentions of dentist’s credentials 279 
Stars granted by patients 278 
The rapidity of response to messages sent by visitors 275 
The number of positive reviews (like) 271 
Links or images towards dental education and hygiene related 
articles 238 
Pictures of the dentist working 212 
Images of auxiliary staff  184 
Purchased images from a dedicated website 169 

 
When asked if informations and aspect of a Facebook 

page could influence the decision of choosing a certain 
dental practice, most of respondents replied yes (43.48%), 
the rest of them being neutral (23.19%) or said no (33.33%).  

Our study shows that users considering important and 
very important the amount of informations on Facebook 
page, are interested in finding informations about (Table 3): 
price list (139 points, from a maximum of 150 points and 30 
minimum score), types of dental work practiced in cabinet 
(136 points) having contacts (135 points), and a contact 
number for emergencies (134 points). Least important for 
this patients are: purchased images from a dedicated website 
(74 points), images of auxiliary staff (87 points) and pic-
tures of the dentists working (98 points). 

On the other hand, persons who are not influenced by the 
informations and aspect of a dental practice Facebook page, 
consider as important and very important the next elements: 
price list (110 points), promotions and discounts (108 
points), and opening hours (107 points). Like the users 
considering important and very important the amount of 
informations on Facebook page, purchased images from a 
dedicated website (51 points), images of auxiliary staff (56 
points) and pictures of the dentists working (71 points) had 
the lowest score.  

Table 3. Most rated components page and level of influence by aspects and 
informations in choosing a dental practice 

Elements 
Points 

(high and very high 
level of influence) 

Points 
(low and very low 
level of influence) 

Highest scores   
The price list 139 110 
Having a contact address 135  
The existence of promotions 
and discounts 134 

 
108 

The existence of a contact 
number for emergencies  

 

Opening hours  107 
Lowest scores   
Purchased images from a 
dedicated website 74 

51 

Images of auxiliary staff  87 56 
Pictures of the dentists 
working 98 

71 

V. CONCLUSION 

This study shows that Facebook is an efficient communi-
cation tool between dentists and patients, more than forty 
percent of respondents searching their doctor throw this 
social network. Patients can be attracted to a certain practice 
based on the image and informations found on a Facebook 
page.    

Based on this study, the managers and the marketers who 
want to attract patients through a Facebook page must take 
into consideration some aspects. The people most certain to 

Promoting a Dental Practice on Facebook 289
 

 IFMBE Proceedings Vol. 59  
  



look for information about a dentist or dentist practices on 
Facebook are young, with low income, but educated. The 
ideal Facebook page, from a consumer point of view, has to 
have at least a price list, information about contacts and 
promotions and discounts, contact number for emergencies 
and opening hours.  

Consumers are not interested to see purchased images or 
photography of auxiliary staff posted on dental practice 
Facebook Page. 

VI.  LIMITATIONS AND FUTURE RESEARCH 

Limited research in promoting a dental practice on Face-
book and the number of respondents, are the most important 
limitation of this study.  

A future research could show how and to whom (gender, 
age, income, education, location etc.) it is best to promote 
online a dental practice (e-mail, web page, ads, SEO, mo-
bile etc.).  

Future research can also address situations in which ad-
vertising a dental practice includes users' comments. 

CONFLICT OF INTEREST 

Every paper must contain a declaration of conflicts of in-
terest. If there are no such conflicts write “The authors de-
clare that they have no conflict of interest”. 

VII. REFERENCES 

1. Shen G, Chiou J, Hsiao C, Wang C, Li H  (2015) Effective mar-
keting communication via social networking site: The moderating 
role of the social tie, Journal of Business Research 69:2265-2270 

2. Ozimek P, Bierhoff H  (2015) Facebook use depending on age: 
The influence of social comparisons, Computers in Human Be-
havior 61:271-279 

3. Cox T, Park J (2014), Facebook marketing in contemporary or-
thodontic practice: A consumer report, Journal of Orthodontist 
(3)e43-e47 

4. Burris B, Behan J, Pickron R  et  al.  (2011),  Marketing Directly 
to Patients, Seminars in Orthodontics 17( 4):297-303  

5. www.meddent.umfcluj.ro 
6. http://ac.els-cdn.com/S0011848612005134/1-s2.0-

S001184861200513 4-main.pdf?_tid=294a57b0-41d3-11e6-96d2-
00000aab0f01&acdnat= 1467628766_890d7838883 
6458c9d85bf8e0ca08c1b). 

7. Ho Y, Dempsey M, (2010) Viral marketing: Motivations to for-
ward online content, Journal of Business Research 63:1000–1006  

8. Friedman D (2015) Maximize social media presence, Dental eco-
nomics, 60(5):137 

9. http://www.statista.com/statistics/264810/number-of-monthly-
active-facebook-users-worldwide 

10. http://www.insse.ro/cms/ro/content/popula%C5%A3ia-rom%C3 
% A2niei-per-places-to-1-January 2016 

11. http://www.facebrands.ro/map.html 
12. Walley E, Silberman S, Tuncay O (1999) Patient and parent pref-

erences for orthodontic practices. Clinical Orthodontics and Re-
search 2(3): 110-123 

13. http://www.facebrands.ro/Cluj/oras/Cluj-Napoca 
14. Lee S (2014) How do people compare themselves with others on 

social network sites?: The case of Facebook. Computers in Hu-
man Behavior, 32, 253-260. 

15. Ozimek P, Bierhoff H (2015) Facebook use depending on age: 
The influence of social comparisons, Computers in Human Be-
havior 61:271-279  

16. http://www.dspcluj.ro/HTML/unitati_medicale/CABINETE%20S 
TOMATOLOGICE%20PARTICULARE.pdf 

17. Constantinescu-Dobra A. (2014) Content marketing in dentist’s 
websites. An empirical comparatively study between Romania 
and United Kingdom. IFMBE no. 44. pp. 107-112 

18. Constantinescu-Dobra A. (2012) The internet marketing and the 
SMEs”. A comparative analisys of dentistry strategy for online 
and printing advertising. Marketing from information to decision 
5-th edition. Cluj-Napoca. Risoprint. pp. 75-88 

19. Constantinescu-Dobra A. (2011) Direct response advertising in 
Romanian dental field. A qualitative analysis, IFMBE no. 36.  
pp78-84  

20. The Merck Manual: capacity to make health care decision-
from:http://www.merckmanuals.com/home/fundamentals/legal_a
nd_ethical_issues/capacity_to_make_health_care_decisions.html 

 

 

290 A.I. Iancu and S.D. Cîrstea
 

 

 IFMBE Proceedings Vol. 59  
  



 

Abstract—" Vjg" rcrgt" ckou" cv" cpcn{|kpi" vjg" Igpgtcvkqp" \"
qpnkpg" urgpfkpi" jcdkvu" hqt" fgpvcn" ugtxkegu" kp" eqttgncvkqp"ykvj"
vjg"fgoqitcrjke"hcevqtu0" "Cv"vjg"ucog"vkog"vjg"rcrgt" kpxguvk/
icvgu" vq"yjkej"gzvgpv" vjg" Kpvgtpgv" kphnwgpegu" vjgkt" fgekukqp" kp"
ejqqukpi"c"fgpvcn"ugtxkeg0"Oqtgqxgt"vjg"rcrgt"vtkgu"vq"kfgpvkh{"
yjkej"qpnkpg"kphqtocvkqp"tgncvgf"vq"fgpvcn"ectg"oggvu"oquv"vjg"
gzrgevcvkqpu" qh" vjg" Tqocpkcp" Igpgtcvkqp" \" cu" ygnn" cu" yjcv"
mkpf" qh" kphqtocvkqp" vjgug" yqwnf" fguktg" vq" hkpf" qpnkpg0" Vjg"
tgugctej" ku"fgukipgf"cu" c"swcpvkvcvkxg" uvwf{"dcugf"qp"c" swgu/
vkqppcktg" vjcv" jcu" dggp" fkuvtkdwvgf" coqpi" 852" uvwfgpvu" htqo"
vjg"wpkxgtukvkgu"qh"Enwl/Pcrqec0"Vjg"fcvc"ycu"eqnngevgf"wukpi"c"
ygd"dcugf"crrtqcej"cpf"ycu"cpcn{|gf"wukpi" htgswgpekgu"cpf"
eqttgncvkqp"oqfgnu0" Vjg" hkpfkpiu" ujqy" wu" vjcv" vjg" Tqocpkcp"
Igpgtcvkqp"\"fqgu" pqv" tgn{" jgcxkn{" qp" vjg" kphqtocvkqp" hqwpf"
qp" vjg"Kpvgtpgv"yjgp" nqqmkpi" hqt"c"fgpvkuv."dwv" nkmg" vq" kphqto"
vjgougnxgu"qpnkpg"yjgp"kv"eqpegtpu"urgekhke"fgpvcn"rtqegfwtgu0""
Oqtgqxgt." vjg" uvwf{" ujqyu" wu" vjcv" hgocngu" ctg" gcukgt" vq" dg"
kphnwgpegf" d{" vjg" Kpvgtpgv" yjgp" kv" eqogu" kp" ejqqukpi" vjgkt"
fgpvkuv." yjkng" ogp" ctg" oqtg" nq{cn" vq" vjgkt" fgpvkuvu0" Kp" yjcv"
tgictfu"vjg"oquv"htgswgpvn{"uqwijv" kphqtocvkqp"Igpgtcvkqp"\"
ku" nqqmkpi" hqt" qpnkpg" yg" fkueqxgtgf" vjcv" vjgug" ctg" vjg" qpgu"
tgncvgf"vq"fgpvcn"gfwecvkqp."qtcn"j{ikgpg"cpf"fgpvcn"ectkgu"cpf"
vjg{" yqwnf" cnuq" ycpv" vq" hkpf" kphqtocvkqp" tgncvgf" vq" rtkegu."
cnvgtpcvkxg"vtgcvogpvu"cpf"dgpghkvu"qh"vjg"wugf"ocvgtkcnu0""Vjg"
fkueqxgtgf" tguwnvu" ctg" xgt{" wughwn" kphqtocvkqp" hqt" cnn" fgpvcn"
ectg"rtqxkfgtu."jcxkpi"cp"qxgtyjgnokpi"korqtvcpeg"qp"fgpvcn"
octmgvkpi" rncppkpi." gurgekcnn{" hqt" vjgkt" qpnkpg" rtqoqvkpi"
uvtcvgikgu0"

Keywords—" qpnkpg" rtqoqvkqp." Igpgtcvkqp" \." Tqocpkcp"
fgpvkuvt{"octmgv."eqpuwogt"dgjcxkqt"

I. INTRODUCTION  

In today’s business environment dominated by change, 
where everything is getting more and more technologized, 
companies are trying to remain competitive on the market, 
keeping up with their customers’ requirements. 
Much so ever we might even state that Schumpeter’s “crea-
tive destruction” perception is reaching every type of busi-
ness. 

In this contemporary society, which is characterized by a 
complex dynamic economy, in order to keep up with the 
constant changes and to be closer to their customers, more 
and more companies and self-employed persons are making 
themselves visible on the Internet.  

In Romania the number of Internet users has registered a 
remarkable growth in the past 15 years, namely from 3.6% 
in the year 2000 to 56% in the year 2015 [1],[2]. One can 
see that we are speaking here of a growth of more than 
fifteen times. The increasing availability of Internet has 
change the decision buying process. What makes the Inter-
net so attractive is not just the possibility to communicate, 
research and exchange ideas and knowledge, having a glob-
al reach, but it also plays a role of selling and advertising 
channel enhancing the overall interactivity of the businesses 
today [3]. People look for all kinds of information on the 
Internet, like news, cooking recipes, health care infor-
mation, information related to personal development, sports, 
recreation, fashion, financial investments etc. 

According to the Gemius Audience study, one of the 
main fields that Romanians look for health care information 
when accessing the Internet [4]. That is also the reason why 
more and more dental care providers are starting to get 
reachable via the Internet. Thus their online marketing ef-
forts are just at the beginning as the dental industry in Ro-
manian is just at its starting stage and in a continuous de-
velopment.  

The dental industry is becoming more appealing as the 
patients are getting more sophisticated and don’t attend the 
dentist only for regular treatment anymore but are opting 
also for cosmetic dentistry. 

According to the latest research reports, the Romanian 
Dental Market (Euromonitor International, INSE) shows a 
great potential for future growth, as it offers services at 
affordable prices, short treatment period, usage of advanced 
state-of-the-art technology and well-trained professionals 
[5].  

In this respect, in order to elaborate an efficient and ef-
fective strategy, the marketers must know the actual situa-
tion of the dentistry market, the behavior of their customers 
as well as all the factors that might influence the patients 
during the decisional buying process.  

The main goal of this study is to assess the students’ per-
ception and behavior concerning dentistry and their habits 
in the online decisional buying process. We have empha-
sized on their actual online actions with regard to their need 
for recognition/ problem recognition, information search, 
alternative evaluation and purchasing decision. Moreover 
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we intend to analyze in what extent the demographic factors 
influence the online behavior of the patients, taking into 
account the information that one can find on dentistry 
online. Given this, we consider the present study having an 
overwhelming importance on dentistry marketing planning, 
especially for the online promoting campaigns. This study 
can be considered as a starting point for the Romanian mar-
keters and/ or practitioners to be competitive on the local 
(even on the European) market.  

II. THEORETICAL BACKGROUND 

A. Generation Z 

Generation Z refers to the people who were born in the 
mid-1990s and growing up in the early 2000s. [6]  Over the 
years they were given a variety of names: Generation Z, 
Internet Generation, iGeneration, because they are mainly 
characterized by their computer addiction, as well as their 
addiction to any other type of technology [7].  

What makes this generation different from any other 
previous generation is that these adolescents are the most 
electronically connected generation in the history [8], they 
have basically grown up with technology. These adolescents 
have been growing up with the Internet, mobile phones, 
laptops, iPads, tablets and other electronic devices, which 
became part of their daily lives. 

Generation Z, individualistic by nature who believe that 
speaking their mind and expressing their opinion is for the 
best [9] feel more than any other generation before them the 
need of belonging to a group [10].  

 The digital natives dispose of an increased technologi-
cal intelligence, multi-tasks with online products, variety of 
electronic devices and processes a large amount of infor-
mation on the Internet [11]. But even though they process 
information more rapidly than the generations before them, 
they are not particularly brand loyal and don’t like to be 
controlled [12], that is why the dental practices today have 
an even harder job in attracting and satisfying the needs of 
this uprising generation of patients.  

B. Online promotion 

Online promotion differs from the traditional promotion 
channels as it allows publishers and ad networks to learn 
much more about the online users and allows advertising to 
be targeted [13], having as such a big effect on the market-
ing world.   

This is the reason why, in this Internet era, practitioners 
with marketing savvy are spending time and money to get 
involved within the online world in order to be successful 
reaching and listening to the their consumers. That is why, 

today’s dental practices see themselves forces to move their 
advertisement activities to this new media, by creating 
themselves a web page, making themselves known on social 
media (Facebook, Twitter, etc.) or even subscribing to news 
group discussions. 

According to a study made by the National Authority for 
Management and Regulation in Communications 
(ANCOM), Romanians access the Internet, on average, 24 
days per month. 74% of them access it daily or almost daily 
(90% if we are referring to the Generation Z), while 16% 
access the Internet 2-3 times a week, and 4% once a week. 
The majority of Romanians access the Internet from home, 
72% of Romanians connect via their PC, 61% via their 
laptops, while 43% are accessing the Internet via their 
smartphones and 32% via their tablets. [14] 

We can thus conclude that due to the fact that mobile de-
vices have become part of our daily lives, a dental practice 
that is not connected to the Internet will soon be outdated 
[15].  

III. RESEARCH METHODOLOGY 

A.  Research objective  

The objectives of the research are as follows: 
assess the influence of various Internet resources 
that might influence the students’ decision in 
choosing a dental services, a specific procedure or 
even a practitioner; 
study the Internet information on dentistry that are 
useful for Romanian student as dental patients as 
well as the their expectations in terms of dental in-
formation; 
analyze the correlation between the purchasing be-
havior for dental care of the Romanian Generation 
Z and some demographic factors. 

B. Research instrument and sample description 

This study employs a quantitative research that was 
based on a questionnaire administered to a sample of stu-
dents using a web based approach [16].  

The questionnaire contains open as well as closed ques-
tions, comprising 37 items, grouped in 4 sections: behavior-
al section (Likert scale), the typology of the accessed infor-
mation regarding dentistry (Importance Scale), expectation 
of patients (Importance Scale) and identification questions 
(demographic and daily dental care procedures). 

The chosen sampling method was the non-random, con-
ventional one, by distributing the questionnaire to groups of 
students from the following universities of Cluj-Napoca: 
Technical University, Babes -Bolyai University and the 
Iuliu Hatieganu University of Medicine and Pharmacy. The 
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respondents are from the Central and North Western part of 
Romania. We have chosen this region because after Bucha-
rest this is the most dynamic region from an economic point 
of view and also because the indicator purchasing pow-
er/inhabitant are the closest to the country’s average. 

The sample size 
To find out the size of the sample, we used the following 

formula: 
a) , where: 

n = sample size; 
t = probability allowed (1.96 was chosen for a confidence 

level of 95 %); 
p = 0.5(usually); 
e = accepted limit of representativeness error (accepted 

between 1 % and 5% maximum);  
e = 4.75 %. 
After applying the formula, the resulting sample size is: 

 
  n = 434.76 

The sample size of the population must be corrected us-
ing the following formula: 

b) , where 
n_1 = corrected sample size; 
n = sample size; 
N = the total population. 
Therefore, after applying the correction formula we re-

ceived the following result: 

 

According to statistics there were 450,000 students in 
Romania between the years 2014-2015 [17]. 

Our sample includes 630 respondents. We have regis-
tered 865 responses in our database but have eliminated the 
ones that were incomplete. Also to mention here is that our 
survey was conducted during the period of April- May 
2016.  

According to the identification questions, we have 55% 
female and 45% male respondents. 41% are students from 
the Technical University of Cluj-Napoca, 36% are from the 
Babes-Bolyai University and 22% from Iuliu Hatieganu 
University of Medicine and Pharmacy. A percentage of 30, 
6% of the interviewed students are from the rural area and 
69.4% from the urban area. The great majority of respond-
ents (88.2%) are between 21 and 22 years old and 24.5% of 
them are employed. Their disposable income is as follows: 

under 500 lei/month (111 EUR) – 44% 
between 500-1000 lei/month (111-222 EUR)  - 35.2% 
between 1000-1800 lei/month – 15.2% 
more than 1800 lei/month - 5.6% 

C. Research results and discussions 

The research findings confirm that the Romanian Gen-
eration Z generally pay attention to their health and seek to 
be continuously informed (78%). This result was doubled 
by the frequency of annually checking their oral health 
state. In spite of the very poor statistics on national level, 
which depicted that only 35% of the population go annually 
to the dentist, Generation Z visit their practitioners more 
frequently.[18] Even though  19.6% of them are not going 
to the dentist for a regular check-up, but only when it is 
absolutely necessary, the majority of  them, namely 36.6% 
visit their dentist twice a year, while 31.5% of them visit 
their dentist once a year. 43% of the respondents describe 
themselves as being sensitive to pain, while 37% of them 
has opted for a procedure of dental cosmetics.  

Concerning the prevention, they are brushing their teeth 
once a day - 16.6%, twice a day - 63.1% and three times a 
day – 12%.  What is interesting to observe here is the fact 
that the remaining respondents are brushing their teeth just 
occasionally. We consider these findings as being poor for 
the Generation Z, because all of the respondents are stu-
dents, a segment that has access to a higher education and 
that is better aware of the importance of prevention.  

A percentage of 47.3% use as additional mouth care 
products, besides the tooth brush, the mouth water and 
27.1% use the dental floss. 

An interesting fact to notice is that 66% of the questioned 
students are loyal to their dental practitioners, which we 
consider a significant percentage, taking into account that a 
character trait of Generation Z is that they are continuously 
looking for new experiences and are not so loyal in terms of 
their service provider.  

In what regards the frequency with which they are look-
ing for information related to dental care online, we note 
that the majority of them access such information once a 
year - 22.7%, while 22.1% of them look up such kind of 
information twice a year, 18% three times a year and 7.6% 
never make use of the Internet in finding out such types of 
information.  

The influence of various Internet resources that might in-
fluence the students’ decision to choose a particular dental 
services. 

This objective was tested in the frame of 15 statements. 
The respondents were asked to state their agreement regard-
ing these affirmations using a five point Likert scale (1 - 
Total disagreement, 5 – Total agreement). 

The findings that have a mean over 3.5 and under 2.5 are 
revealing few trends and are displayed in Table 1. 
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Table1. The results of the influence of the main Internet resources that 
influences students’ decision to choose a particular dental services 

Item Mean Std. dev. 
The Internet is a useful source of infor-
mation on oral hygiene for patients 

3.88 .868 

I have check-up an information found on 
the Internet with my dentist  

2.35 1.301 

A dentist’s website aroused my interest in a 
procedure, which I have not yet done  

2.28 1.342 

„Social media“ influences my decision in 
choosing a dentist  

2.11 1.159 

I read on forums recommendations to help 
me choose a dentist  

2.09 1.219 

A dentist’s website aroused my interest in a 
procedure, which I have than done 

1.88 1.163 

I visited a particular dentist due to an online 
promotion that I have received  

1.68 1.138 

I played an electronic game related to den-
tistry  

1.59 1.166 

The results reflect a minimum propensity of the Romani-
an students towards searching information and assessing 
different decisions concerning dental care. The only state-
ment that has achieved some consensus is that Generation Z 
(74.5% of the respondents) browse the Internet in order to 
find information related to oral hygiene. By analyzing the 
frequency of students that have responded with Totally 
Agree or Agree (Table 2), we can observe that the Romani-
an Generation Z is interested only within a small proportion 
in finding out information related to dental procedures - 
26.8% via social media and 35% via forums/ blogs. Moreo-
ver the students are not interested to find information relat-
ed to the person of their dentist on the Internet. They have 
declared in proportion of 88% that the Internet does not 
influence their decision in choosing a dentist. 

Table 2. The results of the main Internet marketing actions and its influ-
ence on students’ decision to choose a dental procedure or a practitioner 

Item 
Dental 

procedure 
% 

Practitioner 
% 

Social Media  26.8 12.4 
Blog 35 15 
Site 22 12 

Those who are still influenced by certain information 
found on the Internet about specific procedures discuss 
them with their dentist only in proportion of 11%. The same 
percentage of the sample went to the dentist after seeing an 

online advertising related to a price discount. However, 
Generation Z wants to 49% to be able to communicate with 
their dentist via the Internet. 

According to the stages that implies the consumer buying 
decision process we can conclude that the Internet represent 
an medium-important platform only in seeking dental in-
formation and assessing the patients’ alternatives. It is also 
worth mentioning that in dental care, the Internet does not 
represent a factor in converting the need or desire into ac-
tion. 

 
 The Internet information on dentistry that are useful for 

Romanian student as dental patients as well as the way in 
which these meet their expectations 

The results are depicted in Figure 1. 
 

 
Fig. 1. The importance of dental information on the Internet 

 
In order to be able to analyze the results for our objective 

we used the importance scale, where 1 stands for unim-
portant and 5 means very important. The findings reveal 
that Generation Z is considering important and useful the 
information available on the Internet concerning the dental 
education (almost a consensus – mean 4.4 from max. 5), 
dental hygiene (mean – 3.75) and information regarding 
cavities (mean – 3.67). The information regarding dental 
cosmetics like teeth whitening or dental jewelry have only 
medium importance, just like the extractions. Also, the 
respondents consider that information related to periodontal 
diseases or implants are not useful (mean of 2.16, respec-
tively 2.14). 

The students expressed also their opinion concerning the 
desired information regarding dentistry that they want to be 
able to access on the Internet. The ranking of these infor-
mation is displayed in Table 3, using the same scale of im-
portance (1 – Unimportant, 5 - Very important). 
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Table 3 The expectation of the Generation Z in term of the dental infor-
mation displayed on the Internet 

Item Mean Std. dev. 
 
Price and Payment Method 4.59 .846 
 
Description of the offered services 4.46 .969 
 
Treatment procedures 4.42 .894 
 
Online patient scheduling  4.38 1.001 
 
Comparison between different treatment 
methods/ techniques with arguments 

4.17 1.056 

 
The advantages of the used materials  4.17 1.048 
 
Prevention 4.07 1.144 
 
Opinions of the existing patients  3.89 1.246 
 
Informations regarding health insurance  3.78 1.302 
 
Patient’s personal data sheet  3.77 1.406 
 
News in the domain  3.68 1.235 
 
Online consultations 3.33 1.413 
 
Employees’ CV and their personal values 2.93 1.370 

Generation Z is expecting to find on the Internet infor-
mation related to prices and details about dental services 
and procedures. They also consider the online patient 
scheduling to be very useful. Practitioners should display on 
their Internet platforms (website, forum/ blog or social me-
dia) also comparisons between different treatment methods, 
advantages of the used materials as well as information 
related to prevention.  

Medium importance have registered the information re-
lated to the patient’s own files, patients’ testimonials, in-
formation regarding health insurance, online consultations 
and news on the dental field. Last ranked is the information 
regarding the practitioner (personal information, CV) as 
these are considered to be uninteresting. 

The correlation between the purchasing behavior for 
dental care of the Romanian Generation Z and the demo-
graphic factors 

In order to analyze the connections between the features 
of the dental purchasing behavior and the demographic 
factors we have used Pearson's bivariate correlation. 

The outcomes validate the existence of very few direct 
strong correlations between some demographic factors and 
the behavioral features of the respondents in the sample.  

The first strong negative correlation is that between the 
gender and the different types of Internet platforms in influ-
encing the decision of purchasing a particular dental ser-

vice. Hence, the female respondents seem to be more easily 
influenced by the information they find on social media and 
forums in their decisional buying behavior of a dental ser-
vice (Pearson’s Correlation is -.186 respectively - 311). 
Moreover, a positive correlation has been found between 
the gender and the loyalty towards a dentist; male respond-
ents are more loyal to their dentist then the female respond-
ents. (.198) The urban /rural factors, the age or the year of 
study are not determinant variable in analyzing the influ-
ence of the Internet.  

The last present correlation in the sample is that between 
the employment status of the respondents and their disposa-
ble income on the one hand and the fidelity (.142) and price 
promotions via Internet (-161) on the other hand. This 
means that the higher the amount of money the Generation 
Z earns, the higher their loyalty in opting for dental ser-
vices. Moreover, the lower their income, the higher their 
receptiveness to Internet advertisements offering price pro-
motions.  

IV. CONCLUSIONS  

After analyzing the results obtained in our empirical re-
search we can conclude that Generation Z does not rely 
heavily on the Internet when looking for a dentist or dental 
practice. Although in a fairly small extent (approximately a 
quarter of them) make use of the existing information on 
websites, forums or social media, when searching for in-
formation related to specific dental procedures and evalua-
tion of alternatives. 

The most frequently sought information they look up on 
the internet are the ones related to dental education, oral 
hygiene and dental caries. The respondents to our question-
naire want to find information online that are useful to all 
segments of the market; information about prices, services, 
alternative treatments and used materials. Also they would 
pretty much appreciate if they were given the possibility to 
schedule their own appointment online. Another particular 
desire would be that of accessing their own patient folder. 

As a result of the correlation analysis the study reveals 
the existence of links between gender and the influence of 
different information in choosing a dental service. Women 
are easier to be influenced by the Internet when it comes in 
choosing their dentist, while men are more loyal to their 
dentists. 

Even though our study shows that the Romanian Genera-
tion Z are not so influenced by dental care information on 
the internet, not having an online presence as a dental care 
provider would be a big mistake as they would become 
antiquated in this technology driven era. 
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V. LIMITATIONS AND FUTURE RESEARCH 

The results of the present study should be seen in regard 
to the limitations of such a research. One of the first limita-
tions applies to the geographical distribution of our sample. 
Another limitation is represented by the fact that our sample 
comprises only students/ adolescents with access to more 
information, pursuing a higher education. 

A future research should try to include all adolescents, 
representing Generation Z, despite of their level of educa-
tion. Moreover the study should try to expand to other re-
gions of Romania. 
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I. INTRODUCTION  

Patient satisfaction is one of the indicators of care in the 
medical sector. Research in this area proves that patient 
satisfaction influences patient retention, treatment compli-
ance, as well as medical staff satisfaction or patients’ intent 
to seek a second opinion or file for malpraxis [1],[2]. 

During the past decades, both medical services and 
healthcare systems evolved considerably especially in the 

following areas [3]: the development of an increasing num-
ber of private healthcare providers offering state of the art 
technology and procedures, increased availability of medi-
cal information on the internet leading to an increase in 
patients’ expectations regarding the medical services re-
ceived, a much more dynamic and competitive environment 
in which healthcare providers operate with an increased 
interest for obtaining high patient satisfaction scores in 
order to help support differentiating their institution form 
the competing ones [4][5]. Patient satisfaction and the fac-
tors that influence it have therefore come to the forefront of 
research in an attempt to offer healthcare managers those 
solutions that can indeed make a difference in maximizing 
medical and financial results. 

At the same time, the past decades have also brought a 
shift with regard to the role played by the patient in the 
medical decision. Whereas before patients played the role of 
a spectator, they are now being brought to the center of this 
process of decision-making in an attempt to develop a doc-
tor-patient partnership. This means that the relationship is 
being redefined and brought closer to the consumer goods 
relationships where all partnership terms are discussed and 
agreed between the two parties, in this case with the com-
mon goal of improving the patient’s health [6]. This is also 
supported by a shift in patients’ expectations in that patients 
today expect time, information and answers to their ques-
tions, at the same time as politeness, empathy and attention 
from their doctor [7] thus coming very close to the classical 
consumer profile [8]. Because of this, it is important that 
strategies adopted by the healthcare units for satisfying the 
needs of this new category of patients benefit from effective 
marketing plans, as well as policies and procedures targeted 
to the different consumer groups [9]. 

When considering strictly medical services for diabetes 
care, having the patient at the center of the medical activity 
is even more important. This is because, as diabetes is a 
chronic disease, diabetes management plays a very im-
portant role in preventing the very costly complications 
associated. Furthermore, the nature and particularities of 
this disease determine an increased number of interactions 
between patients and the medical units for a long period of 
time. With an incidence of 64.000 new cases diagnosed 
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each year for a total number of 796.803 patients diagnosed 
in 2011, Romania only ranked 26 in EU27 with regard to 
diabetes care, this situation being due more to the problems 
of the medical system, than to lifestyle issues [10]. 

From a marketing point of view, patient satisfaction im-
plies positioning the patient as a client of the healthcare 
providers, be they public or private, thus determining a 
number of changes. On the one hand, the doctor-patient 
relationships which had been previously dominated by the 
former is now changing towards a partnership with the aim 
of identifying a solution which will then be proposed to the 
patient, following an informed decision [11][12]. At the 
same time, the patient-client is also now in a position in 
which they can ask for certain medical services or proce-
dures for which they can pay a certain fee directly or 
through the various medical insurance types (e.g. elective 
medicine services, insulin pump etc.). On the other hand, 
given the increasing number of private healthcare providers 
and competition in the area [13], the patient-client now has 
access to considerable variety when choosing the healthcare 
provider. Medical services however will remain highly 
complex [14][15]. 

From the point of view of medical and marketing bene-
fits, research shows that increasing patient satisfaction lev-
els leads to an increase in staff morale, a decrease in the 
number of patients seeking a second opinion, an increase in 
patient compliance with doctor recommendations together 
with a positive image of the healthcare provider in the 
community [1][2]. 

The purpose of this study is therefore to explore patients 
perceptions regarding the importance of a set of attributes 
identified as influencing patient satisfaction and the per-
ceived levels of performance of the medical unit. The re-
sults will therefore represent a starting point for medical 
units in identifying their strengths and weaknesses in these 
areas in order to be able to take the necessary measures for 
ensuring patient satisfaction. Attributes are analyzed in the 
context of six dimensions related to patient satisfaction: 
patients relationship with the doctors, nurses, auxiliary staff, 
and other patients, clinic facilities and other support ser-
vices. The article is therefore addressed both at scholars 
with an interest in patient satisfaction and at medical facili-
ties managers interested in increasing their competitive 
edge. 

The study is conducted at a time when diabetes incidence 
in Romania is situated at quite high levels. According to 
data form the National Health Insurance Institute [16], a 
number of 677.229 patients were undergoing treatment for 
diabetes in 2013, which led to total treatment costs of ap-
prox. 151 mil euro, meaning an average cost/patient of 230 
euro/year. At the same time the International Diabetes Fed-
eration estimates suggest that the real number of patients 

with diabetes in Romania is of around 1.5 million [17], 
almost half of them thus remaining un-diagnosed.  

The added value of the article lies in the fact that it offers 
a concrete starting point for managers in increasing their 
competitive edge by analyzing two criteria used by patients 
in their analysis of the medical services they benefit from in 
the ambulatory setting: the importance of the attributes 
under analysis and the perceived performance offered by the 
supplier. 

II. METHODOLOGY 

A. Importance-performance analysis 

The importance-performance analysis was first intro-
duced by [18] as a method for identifying those attributes 
firms should focus on in order to maximize satisfaction 
[19][20]. Because of its easiness to use and its capacity of 
presenting data in a way allowing for the formulation of 
strategic recommendations, the method was shortly after 
adopted widely in various industries such as tourism, hospi-
tality, environment, educational and medical services 
[20][21][22].  The method implies the identification of the 
strengths and weaknesses of the service provider with re-
gard to two criteria consumers use in their buying decision-
making: the importance of the attributes considered and the 
performance of the provider for those attributes [23]. Ac-
cording to this method, we do not examine only the service 
provider perceived performance with regards to a set of 
attributes of a product or service, but also the importance of 
these attributes for patient satisfaction [21]. Based on the 
respondent evaluations, the averages for importance and 
performance are calculated which will allow for the creation 
of four quadrants (Fig.1). The x axis shows the importance 
associated by the consumers, while the y axis shows the 
perceived performance for the services or products consid-
ered. The four quadrants are: Possible overkill (Low im-
portance/High performance), Keep up the good work (High 
importance/High performance), Low priority (Low im-
portance/Low performance) and Concentrate here (High 
importance/ Low performance).  

 
Fig.1 The importance-performance matrix 
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The Concentrate here quadrant includes those attributes 
respondents consider as very important in influencing their 
satisfaction levels regarding the product or service under 
analysis, but for which the perceived performance is lower. 
Efforts to increase the performance of these attributes are 
therefore required. The Keep up the good work quadrant 
represents the best positioning as it includes those attributes 
perceived by respondents as very important and for which 
the organization also offers high perceived performance. 
With regard to the low priority quadrant, attributes included 
here are characterized by both a low level of importance and 
a low level of the perceived performance. Even if perceived 
performance levels are low, efforts to increase performance 
on these attributes are not a priority as consumers do not 
perceive them to be important in influencing their satisfac-
tion levels. Lastly, the Possible overkill quadrant includes 
high perceived performance attributes which consumers do 
not perceive as important in influencing their satisfaction 
levels. This implies that, although consumers are satisfied 
with the performance level associated to these attributes, it 
is very likely that the amount of resources allocated to these 
attributes surpass the benefits obtained, given the low im-
portance levels for the consumers [19], [23], [25]. 

 
B. Attributes considered 

Attributes considered for this study were obtained fol-
lowing an exploratory factor analysis with varimax rotation 
using SPSS version 21 conducted on a sample of 339 pa-
tients with diabetes with regards to the dimensions describ-
ing respondents’ perception on the medical services for 
diabetes care they benefitted from in public ambulatory 
settings in Romania. The quantitative study was conducted 
between July 2014 and February 2015. Questionnaires were 
distributed to patients with diabetes via mail, patients’ asso-
ciations, and special events for patients with diabetes. The 
sampling method was sampling based on the researcher’s 
judgment. The response rate was 39.5%. The final sample 
structure was similar to the general structure of patients 
with diabetes in Romania as shown in Table 1 below. 

Table 1: Sample structure as compared to the general structure of patients 
with diabetes in Romania 

 Category Health Ministry 
data 

Sample data 

Age 0-14 3% 0.9% 
15-64 62% 68.5% 
>64 35% 30.6% 

Residency Urban 67% 70.8% 
Rural 33% 29.2% 

Source: [24] 

The six dimensions considered for this research were: pa-
tients relationship with the doctor, nurses, auxiliary staff, 
other patients, the diabetes clinic as a whole, and other sup-
port services.  

A synthesis of the six dimensions, the factors under anal-
ysis and the respective variables used for the analysis are 
presented in Table 2 below. 

Table 2: Synthesis of factors resulting after the exploratory factor analysis 
regarding respondents perception on the medical services dimensions in a 

clinic setting 

Dimension 
analyzed 

Factor Variable 
name 

Description 

Patients 
relationship 

with the 
doctor 

Doctor’s 
availabil-

ity 

DR_AV Availability shown by 
the doctor during the 

medical exam 
Involve-
ment of 
family  

FAMILY Attention given and 
involvement of family 
members in treatment 

decisions. 
Patients 

relationship 
with the 
nurses 

Nurses 
availabil-

ity 

NURSE_AV Openness, kindness and 
attention shown by the 

nurse towards the patient 
and their closed ones. 

Patients 
relationship 

with the 
auxiliary 

staff 

Auxiliary 
staff 

AUX_STAFF Responsiveness and 
kindness shown by the 
auxiliary staff towards 

the patient and their 
closed ones 

Diabetes 
clinic as a 

whole 

Diabetes 
clinic 

CLINIC Clinic’s facilities and 
accessibility 

Patients 
relationship 
with other 
patients 

Relation-
ship with 

other 
patients 

OTHER_PAT Patients interaction with 
fellow patients from the 

point of view of their 
number and discussions 

had. 
Other support 

services 
Support 

for 
diabetes 
manage-

ment 

SUPPORT Support through other 
services: psychologist, 
support group, patients 

association 

Access to 
medi-

cines and 
treatment 

ACCESS Patients access to medi-
cines and treatment, 

including GP support. 

III. RESULTS 

The importance-performance analysis was conducted us-
ing the Key Driver Analysis tool in SPSS version 21. Start-
ing from the average values calculated for the perceived 
performance and importance of the attributes, these were 
grouped in quadrants as per Fig. 2 below. 

 

Patient Satisfaction with Diabetes Care in Romania – An Importance-performance Analysis 299

 IFMBE Proceedings Vol. 59  
  

 



 

 

Fig. 2 Importance-performance analysis for medical services in the 
ambulatory setting 

The results obtained show that most factors are grouped 
in two of the four quadrants: Possible overkill and Keep up 
the good work, while the factor SUPPORT is part of the 
Low priority quadrant. 

The Possible overkill dimension is characterized by a low 
level of perceived importance for the patient and a high 
level of performance offered by the medical services suppli-
er. The following factors are included in this quadrant: doc-
tor availability (DR_AV), nurses availability (NURSE_AV) 
and patient interaction with other patients (OTHER_PAT). 
From the point of view of the quadrant grouping these fac-
tors, the low level of importance attributed by the patients 
suggests that the medical unit should not invest further 
efforts in increasing performance levels for these attributes 
as they are not perceived as essential satisfaction drivers by 
patients. However, if we are to consider the nature of the 
service under analysis, and the description of these factors 
that mostly refer to the attention and support patients need 
from the medical staff, together with the influence the expe-
rience of other patients can have on themselves, we believe 
the explanation offered by [25] to be more suitable to this 
situation. The author suggests that some attributes can be 
described by consumers as not important as a consequence 
of the fact that they are considered intrinsic to the respective 
product or service, so consumers basically expect that each 
offer, irrespective of the supplier, contains those attributes. 

This explanation is possible in the context of medical ser-
vices where patients rely upon the openness and atten-
tion/care showed by the medical staff in treating the condi-
tions they suffer from, but also on the experiences of other 
patients in order to receive different recommendations or 
opinions. This type of attributes will however play an im-
portant role in generating lack of dissatisfaction if absent 
from the supplier’s offer of services or in the case of a low 
level of performance [25]. We therefore consider that medi-
cal units for treating diabetes should support the mainte-
nance of a high level of performance for the three attributes 
under analysis. 

The Low priority quadrant includes the factor SUPPORT 
regarding the support diabetes patients receive through 
other services (psychologist, support group, patients associ-
ation) and is described by a low level of importance and a 
low level of perceived performance. Given the low level of 
importance attributed by patients, this service does not rep-
resent an issue for the medical services provider. It is how-
ever possible that the low level of importance be also de-
termined by the fact that these services are little known and 
hence not utilized by patients. Given the particularities of 
diabetes as a chronic disease, but also the results of research 
showing that psychological wellbeing and acquiring a feel-
ing of auto-efficiency with regards to the management of 
diabetes contribute to an increase in patient satisfaction 
[26][27] we recommend a better promotion of this type of 
services and a further evaluation of their role in generating 
patient satisfaction. 

The Keep up the good work quadrant includes, as shown 
above, attributes perceived as important by the patients and 
for which, the medical supplier also offers high perceived 
performance. The following factors are included in this 
quadrant: patients access to medication and treatment 
(ACCESS), responsiveness and kindness shown by the 
auxiliary staff (AUX_STAFF), clinic’s facilities and acces-
sibility (CLINIC), and attention given to family and friends 
and their involvement in treatment options (FAMILY). The 
results obtained for these factors confirm a high level of 
perceived performance with regards to access to medica-
tions and treatment as well as to the clinic’s services, ele-
ments that are also considered important by patients. The 
inclusion of the FAMILY factor in this quadrant also sug-
gests the fact that a high level of importance is given to the 
role played by this category in caring for diabetes patients, 
both by the doctor, thorough their inclusion in the discus-
sions regarding patient’s treatment options, and by the pa-
tients who consider this attribute of high importance. 

It is worth noting that none of the factors were included 
in the Concentrate here quadrant which would have indicat-
ed factors with a high level of importance for the respond-
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ents but low performance levels on behalf of the medical 
unit.   

IV. LIMITATIONS 

The results obtained in this study are particular to pa-
tients with diabetes benefitting from medical care in public 
ambulatory settings in Romania and cannot be extrapolated 
for describing patients benefitting from medical care for 
chronic diseases in Romania in general, nor for patients 
receiving their medical care in private units. Further re-
search could be conducted in order to expand the scope of 
this study and offer a more comprehensive view on the 
satisfaction of these categories of patients as well as allow-
ing for a comparison between attributes influencing patients 
satisfaction in the public and private settings.  

V. CONCLUSIONS  

The importance-performance analysis allowed us to obtain 
valuable information on how the attributes considered influ-
ence patients satisfaction. Factors were grouped according 
to the average values calculated for the importance attribut-
ed by respondents and the perceived performance of the 
medical unit in three of the four quadrants: Possible over-
kill, Low priority and Keep up the good work. This shows 
that differences in perceptions exist both in the case of the 
importance attributed by patients and in the case of per-
ceived performance. The analysis may represent a starting 
point for medical services providers for diabetes care in the 
ambulatory setting in further developing their effort as re-
sults showed more promotion for the support services of-
fered by the psychologist, the patients associations and the 
support group could help in disease management. It is also 
important that managers consider and analyze patients’ 
perceptions of what is intrinsic to the medical service and 
aim to attain high levels of availability and kindness to-
wards patients on behalf of their medical staff. The results 
presented in this paper can therefore be used by managers in 
detailing different positioning strategies in order to increase 
their competitive edge. 
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Abstract— Qxgt/vjg/eqwpvgt"*QVE+"ftwiu"ctg"vjg"ogfkekpcn"
rtqfwevu" uqnf" fktgevn{" vq" c" eqpuwogt" ykvjqwv" c" rtguetkrvkqp"
htqo" c" jgcnvjectg" rtqhguukqpcn" cu" eqorctgf" vq" rtguetkrvkqp"
drugs which may be sold only to consumer’s features with a"
xcnkf"rtguetkrvkqp0"QVE"ncvgn{"igpgtcvgu"kpetgcukpi"tgxgpwg"kp"
vqvcn"Tqocpkcp"ftwi"octmgv0"QVE"dw{kpi"fgekukqp"ku"vtkiigtgf"
d{"c"pwodgt"qh"hcevqtu"qwv"qh"yjkej"vjg"oquv"korqtvcpv"uggo"vq"
dg<" fqevqt" ejqkeg." rtgxkqwu" qyp" gzrgtkgpeg." cfxkeg" qh" vjg"
rjctocekuv"cpf"vjg"kphqtocvkqp"uvcvgf"qp"vjg"rtqurgevwu0"Vjg"
cpcn{uku"ycu"eqpfwevgf"nqecnn{"qp"c"ucorng"qh"546"rgqrng0"Vjg"
uvwf{" ycpvu" vq" ugg" kh" vjgtg" ctg" ejcpigu" kp" vjg" rwtejcukpi"
dgjcxkqt"yjgp"kpfkxkfwcnu"gxqnxg"cu"rtqhguukqpcn"rtgrctcvkqp0"
Qpg"qh"vjg"ockp"eqpenwukqpu"qh"vjg"ctvkeng"gorjcuk|gu"vjcv"dqvj"
hqt"uvwfgpvu"cpf"gornq{gf"rgtuqpu"ykvj"jkijgt"gfwecvkqp." vjg"
rwtejcukpi" fgekukqp" qh"QVE" ku" fgvgtokpgf" d{" vyq" korqtvcpv"
hcevqtu<" vjg" tgeqoogpfcvkqp" qh" gzrgtvu" *rj{ukekcpu."
rjctocekuvu+" cpf" vjgkt" cuuguuogpv" *rtgxkqwu" rgtuqpcn"
gzrgtkgpeg"cpf"kphqtocvkqp"uvcvgf"qp"vjg"rtqurgevwu+0"Cnuq." kv"
ycu" pqvgf" vjcv" vjg" kphnwgpeg" qh" eqoogtekcn" hcevqtu" *dtcpf."
rtkeg."rtqoqvkqp+"ku"nqygt"hqt"dqvj"ecvgiqtkgu"cpcn{|gf0"

Keywords—"QVE."rwtejcukpi"dgjcxkqt."eqpuwogt"dgjcxkqt."
rjctocegwvkecn"octmgv"

I. INTRODUCTION 

The pharmaceutical market can be divided into drugs, that 
can be bought without prescription, so-called OTC products 
(“over the counter”), and into drugs that are only available on 
prescription, so called Rx products. Guido et al. add to the 
definition of OTC drugs that they are “those medicines that, 
after being used for a given period subsequent to the date of 
patent expiration, are judged safe enough to be self-
administered by patients” [1]. 

The landscape in which companies in the pharmaceutical 
industry operate and compete has changed rapidly over the 
past few years. According to Pharma & Hospital Report, 
baseline study in analyzing pharmaceutical market, Cegedim 
estimated that the value of drugs issued to patients in 
Romania reached 2.74 billion lei at distribution price in the 
third quarter of 2015.  

Prescription drugs (Rx) issued by pharmacies had reached 
a value of 1.85 billion, decreasing with 16.2%. Drugs without 
prescription (OTC) reached a value of 0.54 billion lei, 
increasing with 11.6% and the hospital segment reached 0.36 
billion lei, decreasing with 0.3% compared to the 3rd quarter 
of the previous year.  

OTC are medicines that patients can use in order to 
ameliorate a series of minor ailments, without visiting the 
doctor. They may be issued directly from a pharmacy, do not 
have a special scheme of administration and do not require a 
prescription. 

OTC are part of a group of pharmaceuticals that many 
countries consider them quite safe and can be used without 
any intervention of a physician or licensed specialist 
belonging to this area. Many of them can be purchased from 
numerous locations, including airport shops, gas stations or 
grocery stores. Rules vary considerably from country to 
country.  

The enlargement of the range and the increased 
availability of non-prescription drugs has led to the creation 
of wrongly perceived ideas by consumers. Many believe that 
these products can be used in any dose, anytime and by 
anyone. 

OTC medications are widely viewed by medical 
professionals as both safe and effective when used 
appropriately. Additionally, OTC medicines provide benefits 
to consumers in the form of savings stemming from fewer 
doctors’ visits, less time away from work and relatively lower 
cost than prescription drugs [2]. 

II. THEORTICAL BACKGROUND 

We believe that the purchase decision is influenced by two 
important factors such as: medical or pharmacist advice and 
the perceived value of information. As can be observed in 
Figure 1, the perceived value of information is determined by 
previous own experience, views of other reference groups, 
the written information in the prospectus, product price or 
existing advertising.  

When we refer to the views of other reference groups, the 
most important categories are primarily people who have 
purchased / used that drug, as well as colleagues, friends or 
family. 

Most factors analyzed in this study were also analyzed by 
other authors from other different perspectives. 

Referring to previous own experience, many researchers 
suggest that previous information or experience provides 
underlying reasons for repeat purchase or brand switching 
decisions [3,4]. Also, Shohel et all underline that direct 
experience with the product, price range and brand reliance 
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are important determinants of repetitive purchase behavior 
on OTC drugs [5]. 

 

 
Fig. 1 Factors that influence the purchase decision 

Regarding the price, studies confirm that a relationship 
exists between consumers’ post purchase experience and 
subsequent price-sensitivity, and whether before or after, 
purchase experience will affect price sensitivity [6]. 
Likewise, customer loyalty to a particular product increases 
their tolerance for price [7, 8]. 

Promoting influence on purchase decision is another 
factor studied. Singh emphasizes that consumer behavioral 
intentions are nevertheless influenced by a heightened 
awareness of specific branded drugs. Consumers feel 
empowered by the information provided in direct-to 
consumer advertising and they are concerned about 
governmental attempts to regulate prescription drug 
advertising [9]. 

III. METHODOLOGY 

This study focused on two populations with socio-
demographic profile defined as: (1) students, a sample of 183 
selected students from the university center Cluj-Napoca (2) 
persons employed (employees, contractors, freelancers) with 
higher education, a sample of 141 persons employed in Cluj-
Napoca. 

The motivation for choosing these people arises from the 
desire to investigate the purchase behavior of drugs without 
prescription (OTC) among the most educated categories of 
consumers and potential consumers, on the one hand and to 
give a longitudinal dimension to the study, studying how the 

purchase decision of OTC changes over time. Socio-
demographic structure of the two sub-samples is presented in 
Table 1. 

Table 1 Characteristics of gender and age of the two samples 

Variable Category Students Persons 
employed 

Gender Male 56% 35% 
Female 44% 65% 

Age 18-24 years 92% 2% 
25-39 years 8% 83% 
40 years and over - 15% 

 
The questionnaire was online, the selection of subjects 

being achieved by their voluntary participation, following 
invitations sent on social sites (Facebook). Therefore, one of 
the main limitations of the methodology of this study is given 
by self-selection error, the participation to the study is higher 
among people more interested in the subject of study. 

In order to identify the mechanism of decision making on 
purchasing drugs without a prescription, we evaluated the 
importance of 10 factors deemed relevant by the literature. 
[9,10]. The assessment of the significance was achieved 
using a four-stage Likert scale (very much, much, least, very 
little). The Likert scale used is different from the original one, 
designed with five possible answers, by eliminating median 
variant, due to the reason to better differentiate the 
importance given to tested factors and better interpret their 
role in shaping the purchase decision [11]. 

If the assessment of each factor based on the Likert scale 
may not provide a clear hierarchy of these factors, as it may 
give similar importance to many factors, we asked subjects 
to rank these factors according to their importance, from 1 - 
most important factor, 10 - the least important factor. In this 
case, hierarchies can become clearer and we can better isolate 
different kinds of buyers, depending on how they agglutinate 
information received or those held in forming a purchasing 
decision. 

IV. RESULTS AND DISCUTIONS 

A first hypothesis (H1) tested in this study was whether 
“the importance of rating factors that contribute to making 
the decision to purchase drugs without a prescription is 
similar for students and highly educated people employed. " 
In other words, the way people choose to buy OTC changes 
throughout time. 

As it can be seen from Fig. 2 and Fig. 3, both students and 
people employed place the same important factors in the 
decision making on the first four positions: the choice of 
doctor, their own former experience, the pharmacist’s advice 
and the information stated on the leaflet. Regarding these 
aspects, the weight of much and plenty importance is one 
exceeding 60 % in both reference populations. 

Purchasing 
decision

Medical advice Perceived value 
of information

Previous own 
experience

Other reference 
groups opinions

Advertising

Written 
information in 
the prospectus
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Fig. 2 The importance of factors in deciding to purchase OTC – students  

Fig. 3 The importance of factors in deciding to purchase OTC – employed persons

Then there comes a set of four other aspects prioritized 
differently this time by students and people employed, the 
views of those who have purchased that product, the views 
of those close (relatives, friends, colleagues), the price of the 
purchased product and brand. For these factors, the 
percentage of those who consider them important and very 
important falls between 30 % and 60 %. The less important 
elements that contribute to the formation of the purchase 
decision are those associated with promoting drug, the 
information from advertisements and its quality with a 
weight of much and very much importance of a maximum of 
12 %. 

So, the decision to purchase OTC seems to depend on 
factors related mainly to two levels: (1) The doctor’s / 
pharmacist’s skill and (2) One’s own skill, based on past 
experience and analyzing information included in the 
prospectus. 

Even if , at first glance , the hierarchy of the main factors 
is similar , in order to see more clearly how each of these 
factors is treated differently by students and people with 
higher education , we tested the association through the 
method Kruskal – Wallis, a non –parametric test used to 
compare two or more independent samples that are equal or 
of different sizes; in our case, we tested the association 
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between a nominal variable (reference group) and an ordinal 
one (Likert rating scale) [12]. 

As shown in Table 2, in 3 cases (the views of colleagues, 
friends, relatives, the opinion of people who bought that 
product and the importance of the information given on the 
leaflet), assessing the importance differs from employed 
persons to students as shown by Asymp. Sig value which is 
less than 0.05. When buying OTC, students give greater 
importance to the advice of colleagues, friends, relatives, and 
people who have experience with that drug. On the other 
hand, employed people with higher education give greater 
importance to the information written on the prospectus. 

So even if the hierarchy of the main factors contributing 
to the decision to purchase OTC is relatively similar, which 
makes us partly validate the hypothesis H1, there are some 
ways of appreciation of specific factors between the two 
groups investigated.  

The second (H2) hypothesis derives from the intention to 
check whether the ranking of factors that determine the 
buying decision is one similar in the two working models, 
assessing the significance by using Likert scale and assessing 
the significance by ordering (ranking). 

Fig. 4 and Fig. 5 indicate the hierarchies established by 
both groups, compared with the average place occupied. 

 
 

Table 2 Kruskal-Wallis test, applied in the case of assessing the 
importance given to tested factors 

"
Ejk/

Uswctg"
fh" Cu{or0"

Uki0"
Opinion of the colleagues, friends, 
relatives :.423" 3" 2.226"

Opinion of the persons who bought 
that drug 5.;54" 3" 2.269"

Pharmacist’s advice 1,054 1 0,305 

Doctor’s choice 1,547 1 0,214 

Former own experience 3,137 1 0,077 

Information from advertising 0,025 1 0,874 
Information stated on the 
prospectus :.38;" 3" 2.226"

Price 0,033 1 0,855 

Quality of the advertisement 0,321 1 0,571 

Brand, producer 1,519 1 0,218 

 
As compared to the previous hierarchy, certain changes 

occur, but top positions are still occupied by the factors 
previously identified (with one exception, the information 
stated on the leaflet for students, is placed on 5th position 
after the opinion of those who bought the drug). In fact, 
besides this reversal, the two hierarchies are identical. 

 

Fig. 4 The hierarchy of factors in deciding to purchase OTC – students 
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Fig. 5 The hierarchy of factors in deciding to purchase OTC – employed persons 

But, although the data indicate a similarity in the 
hierarchy, an analysis made using Kruskal-Wallis test 
indicates, however, differences of position in the hierarchy, 
between students and people with higher education, 
differences related to the opinion of colleagues, friends, 
relatives, the opinion of people who bought that product, the 
information on the leaflet, and doctor choice. If in the first 3 
factors prioritized differently we find the same situation as in 
the previous test (students favor the opinion of those close 
and those who bought the drug, unlike the employed people, 
who give greater importance to the information from the 
prospectus) in the case of choosing the doctor students tend 
to place it to a greater extent in the first two positions (65%) 
as compared to those employed (55%). 

Table 3 Kruskal-Wallis test, applied in the case of assessing the 
hierarchy given to tested factors 

Ejk/
Uswctg"

" fh" Cu{or0"
Uki0"

Opinion of the colleagues, friends, 
relatives 7.3;4" " 3" 2.245"

Opinion of the persons who bought 
that drug 8.387" " 3" 2.235"

Pharmacist’s advice 0,029  1 0,864 

Doctor’s choice 7.86;" " 3" 2.239"

Former own experience 0,041  1 0,839 

Information from advertising 0,919  1 0,338 
Information stated on the 
prospectus 7.8;;" " 3" 2.239"

Price 2,37  1 0,124 

Quality of the advertisement 3,491  1 0,062 

Brand, producer 3,076  1 0,079 

So in this case we can also say that the hypothesis H2 was 
partially validated as we find a high degree of similarity in 
the ranking of factors that contribute to the decision to 
purchase between the two methods, namely the assessment 
of the importance of each factor and the hierarchy of these. 

V. CONCLUSION 

Both for students and employed people with higher 
education, the decision to purchase drugs without a 
prescription is one focused primarily on two levels: the 
recommendation of experts (physicians, pharmacists) and 
their own evaluation (former personal experience and the 
information stated on the leaflet). The differences identified 
are generally determined contextually. For students and those 
who live and / or spend time with colleagues and friends 
mostly, the importance of their opinion is higher than for 
employed persons. 

In the case of employed persons, personal competence as 
a trait of personality leaves its mark on most of their choices. 

Since most members of both groups appear to behave 
rationally before deciding to buy OTC, the influence of other 
factors (brand, price, reviews from other people) is lower. As 
a statement, the impact of promotion seems to be minimal (or 
at least minimized as compared to other factors). Throughout 
time, this approach appears to be constant, without 
identifying any major changes. 
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VI. LIMITATIONS AND FUTURE RESEARCH 

One of the main limitations of this study is the scale of the 
research which was done just at the level of Cluj Napoca city, 
with a high level educated population. Another limitation is 
given by the methodological design, which implied a self-
selection of the respondents.  

One of the future directions of the research is represented 
by extending the study at national level. Also, in a future 
paper it would be interesting to study how subjects evaluate 
their health status and the correlation of this aspect with the 
frequency with which they buy OTC or with the budget they 
allocate for pharmaceuticals.  
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I. INTRODUCTION  

Epilepsy is a very critical neurological disease which 
stems from the abnormal discharges of the electrical activi-
ties of the brain [1]. Epilepsy leads to movements and trem-
bling which are uncontrollable. About 1% of the world 
population is suffering from this brain disorder [2]. To di-
agnose the epilepsy, either medicines should be used or 
surgical treatment should be opted. The electrical activities 
of the brain are recorded easily with the help of EEG [3]. 
The EEG gives us a clear understanding into disorders of 
the activities of the brain. The EEG recordings which are 
measured in seizure free intervals from the patients who are 
suffering from epilepsy are considered vital for the diagno-
sis, analysis and prediction process [4]. The seizures occur 
unpredictably and so with the help of automatic seizure 
detection methods and computational models, the classifica-
tion of epilepsy can be done easily. The block diagram of 
the prediction tool is given in Figure 1. 

 
 

Fig. 1 Block Diagram of the Prediction Tool 

II. MATERIALS AND METHODS 

A. Data Acquisition 

The EEG data is obtained from Sri Ramakrishna Hospi-
tal, Coimbatore, India for totally 20 epileptic patients [5]. 
The recordings of the EEG data of those 20 epileptic pa-
tients were done for nearly 30 minutes each. The recorded 
signals were in continuous form and so each recorded signal 
was divided into 2 second epoch duration. For each and 
every patient, 16 channels are recorded and measured over 3 
epochs. The recordings are taken in European Data Format 
(EDF). The maximum frequency is 50 Hz and so the sam-
pling frequency is about 200 Hz.  Ultimately for each and 
every epoch there are totally 400 values and therefore for all 
the epochs of the 20 patients the data to be processed is too 
huge and therefore dimensionality reduction technique is 
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required. The dimensionality reduction technique used here 
is Fuzzy Mutual Information (FMI) [6].  

III. STBC MIMO-OFDM SYSTEM AND PAPR 

A. System Design 

The data sequence with totally cN  subcarriers which is 

to be transmitted is initially partioned into ''V  non-
overlapping sub-blocks. These non-overlapping sub-blocks 
are represented by the vectors },...,2,1,{ VvX v

i ; v
iX is 

for the thv  sub-block partition at the thi  transmit antenna. 
The vector is then written as 

V

n

v
ii XX

1

, where Tv
N

vv
i C

XXXX ],[
1,.....,10  

These sub-blocks which are partitioned are converted to 
time –domain from frequency domain with the help of N
point IFFT. These time domain sequences are mixed or 

combined with the weighing factors, ,
v
ijv

i eb where 

]2,0[v
i and Vv ,....2,1 are used primarily for the 

phase rotation. To reduce the complexity of the system, the 
binary phase factors of 1,1  are utilized thoroughly. 
The PAPR of almost all the signals which are transmitted 
simultaneously should be very small. Since the worst-case 
PAPR governs the performance of the system, MIMO-
OFDM is defined as the maximum of all PAPR related to 
all the TN  MIMO paths [7]. Space Time Block Codes are 
combined with MIMO-OFDM system to improve the versa-
tility of the system [8]. 

For the thi  transmit antenna, the CCDF of the PAPR of 
the MIMO-OFDM is given by [9]; 

 

iNiOFDMMIMO PAPRPAPR
T1

max
 

iPAPR  signifies the PAPR at the thi  transmit antenna and 
hence it is written as: 

CT NNPAPR
OFDMMIMOr ePAPRPAPRP ]1[1)( 0

0

 
 Since PAPR should be very low for each transmit anten-
na, the optimal phase vector should be chosen. The simula-
tion parameters are shown in Table 1. 
 
 
 
 

Table 1. Simulation Parameters 

B. K-means Based Modified PTS Algorithm 

a) As the program initiates, the input bits are generat-
ed in random fashion.  

b) The conversion of the serial data into parallel data 
is done and then the sparse ''H  matrix for Space 
Time Encoder is calculated. 

c)  As the sparse matrix ''H  is shifted, the input bits 
are encoded accordingly. 

d) QPSK modulation is used to modulate the input 
signals. 

e) With the aid of N point IFFT also, the parallel da-
ta obtained is directly computed. 

f) The input data is split into disjoint sub blocks and 
with the help of IFFT operations, it is transformed 
into time-domain partial transmit sequences. 

g) Phase factors are used to independently rotate the 
partial sequences [10]. The weighing factor taken 
here is W=4. To these phase factors, K-means al-
gorithm is applied [11]. 

h) The suitable and optimal combination of phase fac-
tors with a low PAPR is selected and then pro-
cessed to the next unit. 

i) The parallel data is again converted to serial data 
bits and then decoded using the Space Time Block 
Decoder and at the end the PAPR value is calculat-
ed. 

j) The threshold value is computed and checked to 
find whether PAPR exceeds and is greater than 
threshold value. 

Modulation used QPSK 
       System analysed 2 x2 STBC MIMO-OFDM 

Number of subcarriers 512 
No of sub-blocks 4 

Maximum symbols loaded 1e5 
Symbol rate 250000 

No of time slots 2 
Window function Blackman-Haris 

HPA Model SSPA 
No of frames 10 

No of OFDM symbols/ 
frame 

4 

Bandwidth 5 MHz 
Oversampling factor 4 
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k) Ultimately, the CCDF plot versus probability of 
PAPR is computed and the plot is drawn. 

l) The BER is computed and the program is stopped. 

IV. L-SVM AS A POST CLASSIFIER 

One of the most popular classification techniques is Sup-
port Vector Machine (SVM) [12]. Because of its versatility, 
it is used in different applications like gene analysis, text 
classification, facial expression recognition etc. SVM is 
utilized thoroughly for the construction of a unique rule 
called a linear classifier, which produces a good predictive 
performance.  A SVM linear classifier can be represented 
frequently as a function RRxf d:)( [13].  Under a 

two-class case circumstance, if 0)(xf , a point is as-

signed to the positive class and 0)(xf , the point is as-
signed to the negative class. 
A SVM classifier function )(xf is said to be a linear one 
when it can be expressed mathematically as 
 

bxwbwxf ,),;( ; 
 

where parameters of the functions are separated by w and 
b  and ,  indicates the inner product of two vectors. A 

specific set of points ),( ii yx is considered, where li ,1  
are denoted as class labels, is meant to be linearly separable 
if a linear classifier can be traced so that 
 

;,.....1,0)( lixfy ii  
 

Thus the advantage of linear classifier in the field of ma-
chine learning is very important nowadays.  

V. RESULTS AND DISCUSSION 

In this section, the PAPR Results, BER Results and the 
Classification Results are explained in detail. 

A. PAPR Results 

The PAPR results and the BER Analysis results are 
shown here. It is obvious from the careful analysis of the 
figure 2, that when QPSK modulation is engaged the PAPR 
is reduced by 1.3 dB with the utilization of K means based 
PTS technique. The Bit Error Rate is also analysed in Table 
2. 

 
Figure 2 PAPR Reduction Using K-means Modified PTS Technique 

 Table 2 BER Analysis for the system 

SNR BER 

0 0.1130 

2 0.0899 

4 0.0643 

6 0.0318 
8 0.0179 

10 0.0005 

12 0.0001 

B. Classification Results 

For FMI as dimensionality reduction technique and L-
SVM as a Post Classifier, based on the Performance Index, 
Quality values, Time Delay and Accuracy the results in the 
receiver side are computed in Table 3. The formulae for the 
Performance Index (PI), Sensitivity, Specificity and Accu-
racy are given as follows: 

100
PC

FAMCPC
PI  

where PC – Perfect Classification, MC – Missed Classifica-
tion, FA – False Alarm,    
The Sensitivity, Specificity and Accuracy measures are 
stated by the following 

100
MCPC

PC
ySpecificit  

100
FAPC

PC
ySensitivit  

100
2

ySpecificitySensitivit
Accuracy  

  
The Time Delay and the Quality Value Measures are 

given by the following: 
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DelayTime  

DelayTime
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100
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Table 3 Average Performance Analysis Values of 20 
Patients 

Parameters Obtained Values 

PC (%) 76.666 
MC (%) 21.736 

FA (%) 1.597 

PI (%) 68.104 
Sensitivity (%) 98.402 

Specificity (%) 78.263 

Time Delay (sec) 2.837 
Quality Values 17.044 

Accuracy (%) 88.33 

VI. CONCLUSION 

When FMI is used as a dimensionality reduction tech-
nique and when it is classified with Linear SVM classifier 
which is implemented for telemedicine applications in this 
paper, an average accuracy of about 88.33% is obtained. 
Moreover a perfect classification of about 76.66%, missed 
classification of about 21.736%, false alarm of about 1.597, 
Performance Index of 68.104%, specificity of 78.263%, 
sensitivity of about 98.402%, time delay of about 2.837 
seconds and quality value of about 17.044 is obtained. 
When the PAPR of the STBC MIMO-OFDM System is 
computed with the help of K-means Modified PTS algo-
rithm, the PAPR is reduced by 1.3 dB with a minimum 
BER. Future works plan to incorporate various other dimen-
sionality reduction techniques, other types of post classifi-
ers, other types of system design and modifications to be 
made in PAPR reduction algorithms. 
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I. INTRODUCTION  

Rich spatio-temporal dynamics are exhibited in the 
human brain as it is quite complex in nature. Epilepsy is a 
very common brain disorder that affects 1% of the world 
population [1]. The seizures caused by epilepsy are simply 
the manifestations of epilepsy. When epileptic seizures 
occur, it is often aided with loss of consciousness. These 
seizures are viewed as unexpected and sudden abnormal 
functions of the body with an increase in muscular activity. 
There are various techniques to probe the dynamics of the 
human brain in literature but the best and direct way of 

measurement of cortical activity measurement can be done 
with the help of EEG. The mechanism which causes epilep-
tic disorders can be easily understood with the help of EEG. 
The EEG signal is highly complex, non-stationary and non-
linear in nature [2]. An EEG can also easily depict the state 
of a person in various stages such as sleep, anesthesia, 
awake state etc. The characteristic patterns of the electrical 
potentials obtained from EEG differ for each of these states. 
EEG also holds various applications in detecting the brain 
tumour, sleep analysis, dementia and to monitor the depth 
of anesthesia. This paper proposes classification of epilepsy 
from EEG signals implemented for a telemedicine applica-
tion. The organization of the paper is as follows: In section 
2, the materials and methods are discussed followed by the 
System Design aspects and PAPR Reduction technique in 
section 3. In section 4, the post classification scheme is 
implemented followed by the results and discussion in sec-
tion 5 and conclusion in section 6.  The block diagram of 
the prediction tool is shown in Figure 1. 

II. MATERIALS AND METHODS 

A. Acquisition of EEG data 

The recordings of 20 epileptic patients are taken in Euro-
pean Data Format (EDF) from the Department of Neurolo-
gy, Sri Ramakrishna Hospital, Coimbatore, India. The EEG 
recordings of the 20 epileptic patients were done for nearly 
30 minutes each [3]. The recorded signals were in continu-
ous form and each recorded signal was equally divided into 
2 second epoch duration. For all the patients, the total num-
ber of channels recorded is 16 and it is simultaneously 
measured over 3 epochs. As the maximum frequency of 
EEG signal is about 50 Hz, the sampling frequency taken 
here is 200 Hz based on the Nyquist criteria. So totally 400 
different values are obtained for each and every epoch and 
for 20 patients, the values of the epochs obtained is too high 
to process and hence dimensionality reduction is required. 
The dimensionality reduction technique taken here is Power 
Spectral Density (PSD). Power Spectral Density as a Di-
mensionality Reduction Technique. 
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Fig. 1 Block Diagram of the Prediction Tool 

B. PSD as a Dimensionality Reduction Technique 

Spectral estimation plays a vital role in signal tracking 
and detection. For the spectral estimation applications like 
harmonic analysis, time series extrapolation, bandwidth 
compression, spectral smoothing and beamforming applica-
tions, it is widely used [4]. In this paper, the PSD is used to 
reduce the dimensions of the EEG signals with the help of 
Bartlett method [5]. Spectral estimation is simply the esti-
mation of autocorrelation sequences of a particular random 
process obtained from a set of data and then computing the 
Fourier transform to seek the estimate the power spectrum. 
Known as Periodogram averaging, this technique is a very 
simple and most commonly used one. In this technique, the 
input sequence )(nx of particular length N is partioned 
into K non-overlapping sequences each of length L so that 
the following condition is satisfied as 

KLN  
The estimate of the Bartlett is given by 
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0
)(1)(ˆ
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III.  STTC MIMO-OFDM SYSTEM 

A. System Design 

When multiple antennas are utilized at both end of a 
wireless link, the technology is called as Multiple Input 
Multiple Output (MIMO) [6]. It holds the strong potential to 
improve the spectral efficiency in wireless communication 
systems. A highly promising candidate for next-generation 
mobile wireless system is the combination of MIMO and 
OFDM. MIMO OFDM has the capability to provide the 
highest data throughput. MIMO-OFDM is a special and 
versatile combination because MIMO does not try to miti-
gate multipath propagation and OFDM is utilized to prevent 
the necessity for signal equalization. Space Time Trellis 
Codes are a specific type of space time codes used in multi-
ple antenna wireless communication. When STTC are com-
bined with MIMO-OFDM the performance of the system is 
highly enhanced [7]. In this scheme the multiple and redun-
dant copies of a trellis code are distributed over a number of 
antennas (space) and time. The reconstruction of the actual 
transmitted data is done by the receiver with the help of 
those multiple diverse copies of the data. STTC have a 
better Bit Error Rate (BER) performance and can provide 
both diversity gain and coding gain. The simulation parame-
ters are shown in Table 1. 

Table 1 Simulation Parameters 

 

B. PAPR Reduction Using QMF Based PTS 

The PAPR [8] of any STTC MIMO-OFDM signal is de-
fined as: 

SignaltheofPowerAverage

SignaltheofPowerPeak
PAPR  

Modulation used QPSK 
       System analysed 2 x2 STTC MIMO-OFDM 

Number of subcarriers 512 
No of sub-blocks 4 

Maximum symbols loaded 1e5 
Symbol rate 250000 

No of time slots 2 
Window function Blackman-Haris 

HPA Model SSPA 
No of frames 10 

No of OFDM symbols/ 
frame 

4 

Bandwidth 5 MHz 
Oversampling factor 4 

Performance Metrics Analysis 

Raw EEG 
Signals 

Samples 

PSD as a Dimensionality Reduction Technique 

Receiver  

STTC MIMO-OFDM System 

Transmitter 

PK-SVM Classifier 

QMF Based PTS 
Technique 
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where '' x is any signal representation. The steps followed 
for the PAPR Reduction Using QMF Based PTS is as fol-
lows: 
Step 1: An input data block comprising of '' N symbols is 
partitioned into a lot of disjoint sub blocks. Each sub blocks 
has sub carriers which are weighed by phase factors. 
Step 2: The phase factors are selected such that if the pre-
requisite condition should be that the PAPR of the signal is 
minimized [9]. The phase factors should be selected in such 
a way it should reduce the search complexity also.  
Step 3: The phase factors allowed is represented as

1,.....1,0 WP , where W represents the number of 
phase factors which are allowed. The exhaustive search for 
V phase factors is then found out. Then WV sets of phase 
factors are thoroughly searched to trace the best and opti-
mum set of phase factors.  
Step 4: Once the optimum set of phase factors are found 
out, Quadrature Mirror Filtering (QMF) is applied to it to 
make it the best phase factor [10]. As the number of sub 
blocks V increases, the complexity also increases exponen-
tially. 
Step 5: The threshold value is calculated and then it is 
checked that whether PAPR>threshold value 
Step 12: As a final step the CCDF plot Vs probability of 
PAPR is computed and the plot is drawn and BER is calcu-
lated. Thus the PAPR can thus be easily computed using the 
QMF Based PTS scheme. 

IV. POLYNOMIAL SVM (KERNEL TRICK) AS A POST CLASSIFIER 

Kernel trick helps to map the data into a different space 
called feature space. The Kernel trick also helps to construct 
a linear classifier in this specific space [11]. According to 
the Mercer’s theorem, which states that any symmetric 
positive semi-definite function ),( zxK is an inner product 
in some space. In other contexts, any function ),( zxK im-
plicitly defines a particular mapping into so-called feature 
space )(: xx  such that )(),(),( zxzxK . 

Here the functions K are called kernels. The feature space 
can have infinite dimension or it can be high-dimensional 
too. Since kernel functions are used to compute the similari-
ty in the feature space, the necessity to know the actual 
mapping is not required. A typical example of Polynomial 
Kernel is  

p
zxzxK )1,(),(  

Various kernels are developed for special applications in 
various fields. 

V. RESULTS AND DISCUSSION 

In this section, the PAPR Results, BER Results and the 
Classification Results are explained in detail.  

A. PAPR Results 

The PAPR results and the BER Analysis results are 
shown here. It is obvious from the careful analysis of the 
figure 2, that when QPSK modulation is engaged the PAPR 
is reduced by 4 dB with the utilization of QMF based PTS 
technique. The Bit Error Rate is also analysed in Table 2. 

 
Fig. 2 PAPR Reduction Using QMF Based PTS Technique 

Table 2 BER Analysis for the system 

SNR BER 

0 0.2478 

2 0.1796 
4 0.1243 

6 0.07478 
8 0.01319 

10 0.00308 

12 0.006452 
14 0.001552 
16 0.000623 

B. Classification Results 

For PSD as dimensionality reduction technique and PK-
SVM as a Post Classifier, based on the Performance Index, 
Quality values, Time Delay and Accuracy the results in the 
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receiver side are computed in Table 3. The formulae for the 
Performance Index (PI), Sensitivity, Specificity and Accu-
racy are given as follows 

100
PC

FAMCPC
PI  

where PC – Perfect Classification, MC – Missed Classifica-
tion, FA – False Alarm. 

The Sensitivity, Specificity and Accuracy measures are 
stated by the following: 

100
MCPC

PC
ySpecificit  

100
FAPC

PC
ySensitivit  

100
2

ySpecificitySensitivit
Accuracy  

The Time Delay and the Quality Value Measures are 
given by the following

 
100

*6
100

*2
MCPC

DelayTime  

DelayTime
FA

ValuesQuality

*2.0
100

10
 

Table 3 Average Performance Analysis Values of 20 
Patients 

Parameters Obtained Values 

PC (%) 96.04 
MC (%) 3.95 

FA (%) 0 

PI (%) 94.93 
Sensitivity (%) 100 

Specificity (%) 96.04 

Time Delay (sec) 2.15 
Quality Values 23.43 

Accuracy (%) 98.02 

VI. CONCLUSION 

Thus in this paper, the PSD was successfully incorpo-
rated as a dimensionality reduction technique and then 
transmitted through a 2 x 2 STTC MIMO-OFDM System. 
At the receiver side, when PK-SVM is used to classify the 
epilepsy from EEG signals, perfect classification of about 
96.04% is obtained. A less time delay of 2.15 seconds, qual-
ity value of 23.43 and an average accuracy of 98.02% are 

observed. Future works aim to incorporate various other 
dimensionality reduction techniques with other system de-
sign and post classifiers for the telemedicine application of 
Epilepsy Classification. 
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Abstract— Vjku" uvwf{" ku"rtqrqukpi"c" uqnwvkqp" vq" uwr/
rqtv"rcvkgpvu"ykvj"fk||kpguu"yjq"nkxg"cnqpg"cpf"pggf"ogf/
kecn"cuukuvcpeg0"Vjg"cko"qh"vjku"uvwf{"ycu"hktuvn{"vq"gxcnw/
cvg" vjg" korcev" qh" fk||kpguu" kp" vjg" swcnkv{" qh" nkhg" qh" vjg"
rcvkgpvu"cpf"vjgkt"hcokn{"ogodgtu."cpf"vq"rtqrqug"c"u{u/
vgo"vq"cuukuv"dqvj"vjgo"kp"ecug"qh"pggf0"Vjg"rtqrqugf"uq/
nwvkqp" ku" dcugf"qp" c" 5/czku" ceegngtqogvgt" u{uvgo" *nkmg" c"
ytkuvdcpf+"vjcv"wpfgtuvcpfu"{qwt"oqvkqpu."eqppgevu"vq"c"
uoctv"rjqpg"cpf"cwvqocvkecnn{"ecnnu"the patient’s doctor 
kp"ecug"qh"hcnnu0"Vjg"ytkuvdcpf"ku"dwknv"ykvj"Rwtg"Rwnug™"
]34_" jgctv" tcvg" cpf"eqppgevu"xkc" Dnwgvqqvj" vq" c"
uoctvrjqpg0"Cffkvkqpcn"hgcvwtg"qh"vjg"ytkuvdcpf"kpenwfgu"
c""rcpke"dwvvqp0""Cp"kpekfgpv"htqo"Crtkn"4238."yjgp"c"rc/
vkgpv)u" pqtocn" jgctv" tcvg" qh" 92"lworgf" wr" vq"
3;2."cpf"c"ogfkecn"vgco"ycu"ugpv"to patient’s home, sav-
kpi"jku" nkhg." vqigvjgt"ykvj"ogfkecn" mpqyngfig" tgictfkpi"
vjg"fk||kpguu"dgjcxkqt"vtkiigtgf"vjg"kfgc"vq"fgxgnqr"c"u{u/
vgo"vjcv"kp"ecug"qh"hcnnu"kv"ecnnu"the patient’s "QTN"fqevqt0"
Kp" vjg" hwvwtg." yg" rncp"vq" kpvgitcvg"kv"ykvj"vjg"pcvkqpcn"
jgcnvj" u{uvgo"nkmg" 3340"Yg"dcugf" qwt" uvwf{" qp" vjg" cu/
uworvkqp"vjcv"vjg"hcoknkgu"qh"vjg"rgqrng"ykvj"fk||kpguu"ctg"
rtgrctgf"vq"wug"vjku"mkpf"qh"u{uvgo"dgecwug"kv"ku"uchg"cpf"
ejgcrgt"vjcp"qvjgt"uqnwvkqpu"*nkmg"pwtugu"hqt"gzcorng+0"

Keywords— fk||kpguu."ytkuvdcpf."hcknu."jgcnvjectg."vgn/
gogfkekpg""

I. INTRODUCTION 

Dizziness is the main symptom of vestibular disorders, 
frequently met in the older population. Its prevalence reaches 
50% in the population over 85 years of age [1], [2]. This 
symptom appears as a result of losing the ability to achieve a 
stable gaze, posture, and gait. The deficiency in the spatial 
orientation and motion perception is perceived by the patient 
as an illusion of rotatory movement (classical vertigo) dise-
quilibrium, unsteadiness, visual blurring or light-headedness 
are [3].  

The sole presence of dizziness in the elderly is a strong 
predictor of falls [3], [9] increasing the risk of hip and wrist 

fractures [4], [9]. Injuries related to falls lead to mobility re-
striction and loss of independence. It also increases the fear 
of falling, which also predicts subsequent falls. In addition, 
falls are the leading cause of accidental death in persons older 
than 65 years [5]. In addition, many patients suffer an intense 
emotional distress and symptoms of anxiety and depression 
[6]. The symptoms limit physical and social activities of pa-
tients, and may affect dramatically their quality of life 
[7]. Patients presenting with associated psychological symp-
toms are those who are more likely to remain symptomatic 
and disabled, with the highest levels of disability [7]. 

Dizziness in elderly may cause another variety of psycho-
social problems such as decreased quality of life of the pa-
tient's family members as well as increased social distance 
for the patient and the family caring for the patient. The term 
presbyastasis has been proposed to encompass the age-re-
lated degeneration of different neural structures that affects 
balance, but many other causes can be added: neurodegener-
ative disorders, stroke, arrhythmia, postural hypotension, 
musculoskeletal system disorders etc [8]. 

The diagnostic and therapeutic approach must be multi-
systemic and oriented to the visual, proprioceptive, and ves-
tibular systems.  

Since the causes of dizziness in older people are multi-fac-
torial, management of this disease should be customized ac-
cording to the etiology of dizziness in each individual. Man-
agement of dizziness includes various approaches, including 
medical and rehabilitative ones as well as the use of pros-
thetic devices. 

Medical therapy and the vestibular rehabilitation exercises 
was not the subject of this study. 

Ensuring safety for the patients with dizziness is another 
issue to be achieved for the specialists. 

Therefore, research should also focus on preventive ef-
forts to avoid falls and to find a method of signaling in case 
of falls [3].   

There are many methods of monitoring the patients at 
home like: 

 permanent supervision 24/7 (social workers, nurses, 
family members); 
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 supervising all the house with webcams (a little ex-
pensive); 

 a wristband with connection to a smartphone (our 
prototype). 

Lately, these kinds of systems are widely used and nowa-
days everybody has a smartphone permanently connected to 
a mobile network. 

A system that is monitoring all patients is Sidly Care [11] 
– was develop by Edyta Kocyk in Poland for persons with 
Alzheimer[10] but the system is using also data to collect and 
send to a portal. 

The only two conditions for a proper functioning of the 
wristband are: the phone needs GSM signal and the wrist-
band, as well as the phone, are charged. Our system is using 
only the GSM network [20]which, as you can see in the Fig 
1. covers more than 95 % of Romania’s territory. In this pro-
posed version, the smartphone is used only to call the doc-
tor/112 and no mobile data is needed it for the moment. The 
patients using the wristband will be connected to the 
smartphone via Bluetooth, and in the case of falls or dizzi-
ness, they will push a button that will trigger in the 
smartphone the call the doctor/112. In the present days, the 
telecom industry is growing fast, very soon the mobile data 
will be covered more and more. Our plan is to use this im-
proved mobile data coverage in order to have the wristband 
function as a prevention tool also, not just as a saving tool.  
Regarding the charging of the device, we recommend that the 
devices are charged overnight. During the night, the patient 
is sleeping and the wristband can charge on the near 
nightstand. Another solution would be that the patient has 
two different wristbands, this way one is always charged.  

 
Fig. 1. – GSM cover map Romania[20] 

The usual Wristband trackers use a 3-axis accelerometer 
to understand person’s movements. An accelerometer is a de-
vice that turns the movement (acceleration) of a body into 
digital measurements (data). By analyzing acceleration data, 
our trackers provide detailed information about frequency, 
duration, intensity, and patterns of movement to determine 
the steps taken, distance traveled, calories burned, and sleep 
quality. The 3-axis implementation allows the accelerometer 
to measure the motion in all three directions, making its ac-
tivity measurements more precise than older, single-axis pe-
dometers [12]. 

Until now, we have not found a system that is able to make 
the difference between sleeping/rest and dizziness, and we 
added therefore the panic button on the wristband. We are 
planning to develop in the future a system using genetic al-
gorithms and artificial intelligence that is able to learn all pa-
tience’s movements and trigger the alarm for help.   

The costs of a normal bracelet will be approximately 100 
Euro. The rest of the services involved (the doctor, the cus-
tomer service etc.) would cost around 25/35 euro a month, 
the equivalent of a private consultation. We have accessed a 
Research and Innovation Project funded by the European Un-
ion that will allow us to fund the prototype for the bracelet.     

The aim of this study was to test the impact of dizziness in 
the quality of life of the patients and their family members, 
to propose a system of signalization for the relatives, in order 
to increase the quality of life of the patients’ family members, 
avoiding psychosocial problems such as decreased social dis-
tance for the patient and the family caring for the patient. 
With the help of the wristband, patients will be more and 
more independent. They will be able to go for example on 
holiday as long as there is GSM signal. The purpose of this 
project is to create an e-care call center. This way the wrist-
band carriers can be monitored directly and non stop.  

II.MATERIAL AND METHODS 

Sixty chronic vestibular outpatient patients aged over 65 
years who had been seen at the ENT Department of Cluj-Na-
poca University Hospital between January 2014 and Decem-
ber 2015 were included in the study. The patients complained 
of dizziness and had a diagnostic hypothesis of chronic pe-
ripheral vestibular syndrome (dizziness for more than 3 
months) unresponsive to the medical therapy. The following 
medical data were collected for the study: were age, gender, 
psycho-affective complaints (anxiety, depression and insecu-
rity), general health (arterial hypertension, spinal disorders, 
metabolic conditions, strokes, cranial trauma, problems with 
vision, and others), audiological evaluation results and 
Video- Frenzel testing [10] results (classified by otorhinolar-
yngologist as normal, peripheral, central, mixed or inconclu-
sive). . Patients living together with their family members 
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and/or patients suffering from mental illness were excluded 
from the study. The patients answered two questionnaires 
(translated by a bilingual translator): The Vestibular Activi-
ties of Daily Living Scale (VADL) [13] and the Handicap In-
ventory (DHI) [14].  

Additionally, for each patient, a family member was asked 
to fill in a questionnaire consisting of 10 questions regarding 
their status concerning the patient health. 

"

A. The questionnaires 

Xguvkdwnct"Cevkxkvkgu"qh"Fckn{"Nkxkpi"Uecng"*XCFN+ [13] 
is a questionnaire that quantifies the dizziness impairment in 
daily activity. The patients had to evaluate their own perfor-
mance regarding each activity. If the performance varied due 
to the intermittent vertigo and static disturbance, they should 
have marked the highest level of disability. For each activity, 
they had to mark the level that best described their perfor-
mance until the moment when filling in the questionnaire. 
The questionnaire „Vestibular Activities of Daily Living 
Scale” has a content of 28 questions. The patients were asked 
to answer every question with a grade from 1 to 10. The grade 
given was proportional to the extent the activity influenced 
their life. In case the patient did not want to answer the ques-
tion, or he did not perform the activity he could answer the 
question with no answer „ NA”.  

Vjg"Fk||kpguu"Jcpfkecr"Kpxgpvqt{"*FJK+"[14] question-
naire was developed considering the most common conse-
quences of dizziness in interviews with people suffering from 
that condition. The scale has shown reliability and validity. 
Most of its 25 items concerned the restriction and disruption 
of a wide range of physical and social activities (daily chores, 
travel, family affairs, leisure pursuits), but some items inves-
tigated the assessment of social support or stigmatization and 
the emotional distress caused by dizziness. The items were 
sub classified in three content domains representing func-
tional (9 items), emotional (9 items) and physical (7 items) 
aspects of dizziness and unsteadiness. To each item, the fol-
lowing scores could be assigned: No=0; Sometimes=2; 
Yes=4. The total score (0-100 points) was obtained by sum-
ming ordinal scale responses, higher scores indicating more 
severe handicap: 16-34 Points (mild handicap); 36-52 Points 
(moderate handicap); 54+ Points (severe handicap). 

The questionnaires for the family members consists of 10 
questions regarding the investigating caregivers’ emotional 
stress and the condition of the patient with dizziness and will-
ingness to purchase a device capable of signaling in case of 
falls.  

 

III.RESULTS  

The group included 28 (46.6%) women and 32 (53.3%) 
men. The mean age was of 71±6.5 years (95%CI), with a 
minimum of 65 years and a maximum of 92 years. The etiol-
ogy of the peripheral vestibular syndrome was established as 
following: benign paroxysmal postural vertigo (BPPV) (28 
patients-47%), vestibular neuritis (11 patients-18%), Mé-
nière’s disease (7 patients-12%), viral labyrinthitis (5 pa-
tients-8%) and peripheral vestibular syndrome with unknown 
etiology (9 patients-15%).  

B. VADL 

From all daily activities performed by the patients, the 
easiest ones were intimate activity (1.85) and easy household 
activities (1.89), while  reaching the top (mean 3.95), walking 
on an unsteady surface (mean 3.92) were the most difficult 
ones (Fig. 2). 

C. DHI 

Emotionally, the most affecting feeling among our pa-
tients was frustration. The median grades given to the ques-
tions with emotional impact were 1.35, - to the questions with 
functional impact were 1.76 and to the questions with physi-
cal impact were 1.84. Functionally, patients were mostly af-
fected while reading (mean 2.2) and being at high altitude 
(mean 2.13). Physically, our patients were most affected by 
quick movements of the head (mean 2.53), by bending over 
(mean 2.1) and by looking down (mean 2) (Fig. 3). 
"

D. The total score 

 
The higher the score the more disabling the vertigo for our 

patients was. Fig. 4 shows the distribution of the patients ac-
cording to the total score. The maximum sub score of emo-
tional impact was 36. Twenty of our patients got a sub score 
of 32 (the highest in our case), and four of them got a mini-
mum sub score of 0. Eight patients received 8 points each; 
seven patients received 12 points, and other seven patients 
received 4 points (Fig. 3).  
 Regarding the distribution of our patients according to the 
functional impact, the maximum subscale score in this case 
is the same as in the emotional impact (36). Fifty one of our 
patients marked 36 points and one of our patients received 0 
points. 
 In the case of the subscale aiming the physical impact the 
maximum score was of 28 points, 43 of our patients marked 
28 points and six of them marked 0 points.  
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Vjg" swguvkqppcktgu" hqt" vjg" hcokn{"ogodgtu<"Vjg" tg/
urqpugu" qh" vjg" ectgikxgtu" hqt"28 out of 60 patients, who 
were living alone, revealed that the majority of them (89.2%) 
have considered very useful the purchasing of a signaling de-
vice. 96.4 % of responders considered that the device would 
increase the safety of their relative.  

E. Statistical analysis 

The medical records were collected using Microsoft Ex-
cel 2013 and then analyzed using the SPSS (Statistical Pack-
age Social Science) software, version 11.0. Data were codi-
fied, digitized and analyzed in SPSS. 

Fig. 2. The score given by the patients to each activity according to the 
Vestibular Activities of Daily Living Scale (XCFN+0"

"

IV. DISCUSSIONS 

Our study revealed that the vestibular disorders especially 
in elderly, are causing functional limitations or decreased 
ability to perform daily activities  independently, having a 
negative influence on the quality of life. Two valuable ques-
tionnaires (VADL and DHI) developed by The World Health 
Organization were used.  

The results of this work showed similarities with other 
studies [15, 16] where physical disability was the most fre-
quent aspect, followed by functional impairment and emo-
tional disability. As regard to the daily activity (the VADL 
questionnaires) the patient’s answers showed basic mobility 
skills impairment. The DHI responses demonstrated that 
from the emotional points of view the patients presented frus-
tration, impaired concentration and feelings of depression. 
These results may indicate that there are difficulties in learn-
ing to cope with a vestibular disorder in elderly. The same 
results were found in the previous studies[17], who con-
firmed that patients with vertigo present concomitant psycho-
logical symptoms in 56.38% of cases, anguish being the most 
prevalent (47.38%), followed by anxiety, fear, depression 
and memory disorders, thus stressing the relation between the 
vestibular disorder and emotional alterations. 

Fig. 3. The medium score given for each question in the Dizziness Hand-
icap Inventory (DHI) 

 

320 A. Maniu et al.
 

 IFMBE Proceedings Vol. 59  
  

 

0% 20% 40% 60% 80% 100%

Dressing the upper half of the body

Dressing the lower half of the body

Putting on the socks

Putting on your shoes

Getting in and out of the tub

Bathing or showering alone

Raising on toes

Bowing

Cooking

Intimate activity

Walking on a straight surface

Walking on an unsteady surface

Going up on the stairs

Going down on the stairs

Walking in narrow places

Walking in wide places

Walking in crowded areas

In a moving elevator

On a moving staircase

Driving the car

Carrying things while walking

Easy household activities

1

2

3

4

5

6

7

8

9

10

NA

activities, such as…

homework or yard…

house in the…

homework or yard…

household…

Getting up suddenly from bed in…

Getting up suddenly on my feet…



 

 
 

Fig. 4 Distribution of the patients according to the total score  
 

Table 1 The questionnaires for the family members 

Questions for the family members 
 

      
Yes 

        
No 

There is between your family 
member a relative suffering from diz-
ziness living alone? 

28 32 

Are you concerned about him/her? 26 34 
Are you worried when he/she does 

not answer the phone? 
24 36 

It has happened to interrupt your 
activity to pay an emergency visit? 

9 51 

You feel guilty because you do not 
spend enough time with him/her? 

27 33 

Would you be interested to have a 
signaling device for him/her? 

25 35 

Would you feel more comfortable 
with this device? 

25 35 

Would you agree to pay for the de-
vice? 

23 37 

This device would be easy to use? 13 47 
Do you think that the safety for the 

patients would be increased? 
27 33 

The questionnaires for the family members emphasised 
worries about their relative suffering from vestibular disor-
ders, a sensation of incapacity and changes in family relation-
ships. Although in some studies [18, 19], the quality of life 
for the caregivers of patients with Alzheimer disease, stroke 
or cancer was investigated, to the best of our knowledge, no 
study investigated the quality of life for the caregivers of el-
derly patients with chronic vestibular disorders. Although 
these questionnaires need further improvement, the question-
naires for the family members revealed that the majority of 
them consider very useful the purchasing of a signaling de-
vice for increasing the safety of their relative.  

II. CONCLUSIONS 

Our system, using the GSM network will be a very useful 
tool for increasing the safety of the elderly suffering from 
chronic vestibular disorders. The cost for a month will not be 
higher than a regular visit to the doctor. The system we intend 
to create is easy to use, with a high success rate and makes 
sure that the patients are monitored and supervised all the 
time. The only condition is that the wristband, as well as the 
phone are charged all the time.  
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Abstract /"Vjg"qdlgevkxg"qh"vjku"uvwf{"ycu"vq"fghkpg"c"yqtm/
kpi" ogvjqf" hqt" dkqogfkecn" gpikpggtu1" ogfkecn" gpikpggtu" vq"
fgvgtokpg" tgcnkuvke" ockpvgpcpeg" kpvgtxcnu" hqt" ogfkecn" gswkr/
ogpv" kp" jqurkvcnu0"Ockpvgpcpeg" rgtkqf" ycu" cpcn{|gf" hqt" 367"
ogfkecn"gswkrogpv."kpenwfkpi"oqpkvqtkpi"cpf"vtgcvogpv"fgxke/
gu0"Uqog"kpfkecvqtu"ygtg"guvcdnkujgf"qp"vjg"eqpfkvkqpu"qh"wug"qh"
gswkrogpv" cpf" vcmkpi" kpvq" ceeqwpv" vjg" ocpwhcevwtg" {gct" qh"
vjg" gswkrogpv=" vjg" fcvc" ygtg" cpcn{|gf" wukpi" nqikuvke" tgitgu/
ukqp"rtgfkevqtu0"Vjg"cxgtcig" vkog"dgvyggp" hcknwtgu"ycu"fgvgt/
okpgf"cpf"ycu"tgrqtvgf"vq"uqog"ecvgiqtkgu"qh"tgngxcpv"kpfkec/
vqtu0"

Keywords - hcknwtg. ogfkecn"gswkrogpv."rtqegfwtgu."tgitgu/
ukqp."ockpvgpcpeg0"  

I. INTRODUCTION  

Our society expects that competence and efficiency will 
guide the development of applications and support of medi-
cal technology. According to this, biomedical engi-
neers/medical engineers in hospitals face every day the 
challenge of managing appropriate medical technology with 
limited resources. To make the most of their resources and 
assist in delivering high quality health care in most cost 
effective manner, clinical engineering department in hospi-
tals must develop a system for quantifying risk and integrate 
this system into a medical technology management program 
(Fig.1) [1]. 

 
Fig.1 Chain of activities in the equipment life cycle 

An early phase of any technology management program 
involves an assessment of existing technology. Medical 
technology assessment has been proposed as one way of 
improving patient care and wellness by providing that only 
appropriate technology is used in the health care environ-
ment. In addition to providing for technical evaluation and 
clinical trials of equipment, technology assessment attempts 

to control negative economic consequences by assessing 
risk throughout the medical equipment life cycle.  

Historically risk assessment has been of two types, per-
ceived and quantitative. The perceived style of risk assess-
ment is routinely, qualitative informal, intuitive and gener-
ally undocumented. This style is reactive, involving on the 
spot response to risk events or situation in the hospital [2]. 

The quantitative risk assessment style is formal, explicit, 
disciplined, rigorous, generally peer reviewed and always 
documented. Dynamic risk assessment tools include the 
possibility to measure the risk of the medical equipment and 
contain as many quantifiable elements of the environments 
as possible. Parallel goals include the following: 

1. To create a method for classifying medical equipment 
that would ensure the effective deployment of available 
resources; 

2. To provide a comprehensive and accurate tool for 
identifying equipment related technical and clinical training 
needs; 

3. To guide triage of repair, preventive maintenance and 
other service requirements on the basis of their effectiveness 
at reducing equipment associated risk; 

4. To advance the biomedical engineering program be-
yond a traditional, reactive risk assessment mode, typically 
based on failure analysis to a more quantitative and proac-
tive one; 

5. To develop and implement methods to review large 
amounts of data easily without losing the capacity to identi-
fy equipment details and higher than acceptable incidences 
of operators errors, unsuccessful repairs, equipments fail-
ures and so on [3]. 

During the study, hospital was performing maintenance 
contracts for the supplied medical equipment, which includ-
ed visits for repairs and preventive maintenance. Hospital 
had no maintenance department or dedicated staff for health 
technology management. 

II. MATERIALS AND METHODS 

The original dynamic risk assessment tools consist of 
four modules paired by their static and dynamic risk charac-
teristics. The two static components, equipment function 
and physical risk are assigned when the medical equipment 
is entered into the biomedical engineering equipment data-
base and this category provides the baseline risk level for 
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the equipment. The equipment function measure assigns a 
level risk keyed to the equipments purpose, with life support 
equipment getting the highest rating because it’s potential 
failure would be accompanied by the highest level of risk. 
The physical risk measure represents an estimate of the 
worst case effect if the equipment does not perform as ex-
pected, with patient death receiving the highest rating [4]. 
These two modules are classified as static because their 
values usually remain the same over the life cycle of an 
item of medical equipment (Table 1.). 

Table 1. Initial assignment of the risk factors provides a baseline risk level 
for medical equipment 

Tkum"Ocpcigogpv"Vqqn"

Static Risk Factors Dynamic Risk Factors  
Equipment 
Function 

Physical 
Risk 

Maintenance 
Requirements 

Risk 
Points 

Risk 
Groups 

No patient No signifi-
cant risk 

Based on 
equipment type 
and hour per 
maintenance  

Operator/ 
Patient 
injury 

 
 
 
 

High  
(5 pct) 

 
 

Low  
(1pct) 

Patient 
related 

Patient 
discomfort 

 Equipment 
failure 

Monitoring Patient 
injury 

 Exceeds 
MTBF 

Surgical Patient 
death 

 PM inspec-
tion failure 

Physical 
therapy 

  Physical 
damage 

Life sup-
port 

  Operator 
error 

+ year of the manufacture of the equipment  

The two dynamic risk factor modules are the mainte-
nances requirements and risk points. The maintenance re-
quirement measure works on the assumption that an in-
creased number of interventions by bioengineer both 
indicates and causes risk [5]. For instance, if a defibrillator 
requires high maintenance, this indicates an incident waiting 
to happen. In addition the repeated testing of the equipment 
shortens the life of high voltage relays, capacitors and ca-
bles and moves the equipment closer to failure. 

The risk point measure combines various risk factors 
such as actual failures, reasons for failure or poor perfor-
mance with regard to such criteria as mean time between 
failures (MTBF). The output of each of four modules is 
algebraically summed, averaged over six month period and 
rated from 1 (Low) to 5 (High). Because no standard exists 
yet for assessing risk, the tool uses current practices to es-
tablish a baseline. Then a feedback loop permits the clinical 
engineer to review equipment that shows an increase a risk 
over a predetermined period of time. If the clinical engineer 
confirms an increase in the risk factor, action to reduce that 
risk is necessary. 
 

Table 2. Equipment classification 

When the hospital’s inventory there is a lot of models 
and types of equipment, it is necessary to designate the 
categories with high risk. Using these designations, the 
personnel can focus their attention on the equipment with 
the greatest potential for injury or damage. Selection is 
based on repair service reports filled out by engineers. First 
an item is only included in the high risk category if an engi-
neer has used the “Equipment Failure” code.  

Equipment with these ratings would include, for exam-
ple, monitoring equipment, defibrillators, dialysis equip-
ment, and electrosurgical units. The critical decision regard-
ing risk is based on whether the failure code “Failed PM” is 
present. If it is, the equipment was discovered to be out of 
tolerance or in a failed state during PM, that is a clinical 
engineer discovered the abnormally during PM, not a clini-
cian who was attempting to use the equipment.  

This is called a high risk soft failure and is not as serious 
as when “Failed PM” is not present. If is not present the 
problem was detected by clinician during the clinical proce-
dure. This is called a high risk failure and is considered a 
more hazardous condition.   

Xctkcdng" Ecvgiq/
t{"

Fghkpkvkqp" Eqfkpi"

KORQTVCPEG 
 

Low Is not necessary daily 
routine  

0 

Medium Daily routine is im-
portant  

0 

High Is vital for life  1 
KPVGPUKV["
QH"WUG"*jqwtu+ 

 

Inactivated 
 

Equipment not in use - 

Low  Very little use 0 
Medium Frequent utilization, but 

not daily  
0 

High Turned on consecutively 
for 24 hours/day. Repet-
itive use in a same day 

1 

WUG" KP"
UVTGUU"
EQPFKVKQPU 

 

Normal 
 

Sporadic use in hospital  0 

Repetitive 
 

Constant use in hospital  0 

Emergency 
Use 
 

Use in the emergency 
sector, need for fastest 
response  

1 

Under 
pressure 
 

Use in hospital sectors 
with medical staff 
constantly under pres-
sure  

1 

VGEJPQNQ"
IKECN"NGXGN 

 

Modern 
 

Recent technologies  0 

Average Digital technology  0 
Old 
 

Old  analogical technol-
ogy  

1 

Obsolete Very old technology 1 
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The strategy is to improve procedures in order to reduce 
the number of failures discovered by clinicians, by having 
clinical engineers to discover equipment problems during 
PM and to reduce the total number of failure for high-risk 
equipment. It is necessary to monitor the ratio of hard fail-
ures to soft failures and to compare the ratios for various 
equipment categories, identifying strengths and weaknesses 
in PM procedures.  

The model was built in the Statistical Package for the 
Social Sciences (SPSS), version 20. The equation used was 
designed from first principles described in 2000 by 
Lemenshow [6]. 

PF = )55443322110(

)55443322110(

exp1
exp

VbVbVbVbVbb

VbVbVbVbVbb

                (1) 

where: 
PF - probability of failure; 
V1 – technological level; 
V2 – intensity of use; 
V3 – stress use; 
V4 – importance of the equipment; 
V5 – year of manufacture of the equipment. 
After the modeling, the failure rate (RF) and the mean 

time between failures (MTBF) were computed for the 
equipment groups defined by the categories of the identified 
failure predictors.  

RF = nF ·ΔT                                   (2) 
where: 
nF – number of failures; 
ΔT – duration of failure. 

MTBF = 
FR

1
                                (3) 

Failure percents are: 

% failure = 100
n

nG                            (4) 

where: 
nG  - total number of failures; 
n – failures in equipment group. 
The upper and lower confidence limits of the 95% confi-

dence interval for the MTBF was calculated using next 
equation determined by Birolini in 2007 [3]. 

limi = 
2*2;2/

*2
2

FnA
T

                      (5) 

lims =
2*2;2/1

*2
2

FnA
T

                 (6) 

where: 
limi – lower limit of the confidence interval; 
lims – upper limit of the confidence interval; 

T – total time of the study; 
Α – significance level; 
nF – number of failures; 

    2  - chi square (standardized distribution with 2n+2, 2n 
or 2 freedom degrees).  

III. RESULTS  

In Table 3. are presented the number of equipments, the 
number of equipments in the critical categories and the total 
number of failures for type of equipment. Twenty one 
equipments did not have failure during the study. 

Table 3. Number of equipment in critical categories 

Gswkrogpv" Pwodgt" Kpvgpukv{"
qh"wug"

Wug" kp"
uvtguu"
eqpfkvkqpu"

Hcknwtgu"

Monitors 44 32 20 12 
Infusion 
Pump 

54 38 21 31 

Automated 
NIBP 

10 8 6 6 

Oximeters 16 12 10 4 
Sensors - - - 11 
Monitors 
cables 

- - - 19 

Vqvcn" 124 90 57 82 

Table 4. presents the results of the regression model. It 
can be noted that only one variable (intensity of use) may be 
associated with situation equipment failure (p = 0.002). The 
initial model contents all the variables. The final model 
shows only variables that were statistically significant com-
pared to the initial model. 

Table 4. Variables comparation between the initial and final model 

Xctkcdng" Uvcpfctf"
gttqtu"

r/
xcnwg"

Qffu"
tcvkq"

Initial model    
Intensity of use- low - -     1 
Intensity of use- high 0.72 0.061 3.2 
Use in stress- normal condition - - 1 
Use in stress- pressure 0.75 0.780 0.80 
Technology level- modern 0.83 0.860 1.1 
Importance- high 0.43 0.626 0.84 
 Year of manufacture- new one 0.040 0.314 0.96 

Final model    
       Intensity of use- low - -      1 
       High 0.48 0.002 4.2 
"""""""Eqpuvcpv" 0.44 0.000 0.12 

Prioritization of Medical Devices for Maintenance Decisions 325
 

 

 IFMBE Proceedings Vol. 59  
  

 



Table 5. shows the number of devices, number of failures 
and the MTBF depending on the categories selected by 
logistic regression identified by the relevant variable. 

Table 5. Equipment according to the categories of intensity of use 

Kpvgpukv{"
qh"wug"

Pwodgt" qh"
gswkrogpv"
*'+"

Hcknwtgu"
*'+"

Hcknwtgu"
tcvg"*TH+"

OVDH"
*fc{u";7"'"
eqphkfgpeg"
kpvgtxcn+"

"

Inactivated 2 - - - 
Low  21.3 2 0.0078 118.3 
Medium 19.8 30 0.0895 17.3 
High 56.9 68 0.1924 5.8 

The results showed how maintenance contracts could be 
applied taking into account the operating conditions of the 
equipment, so that equipment with high rates of failure 
should receive inspections more frequently than preventive 
maintenance, and those with low rates could have a longer 
interval between inspections. So the hospital will achieve a 
higher degree of availability of equipment and maintenance 
companies would be able to focus on more effective inter-
ventions. 

Table 6. Maintenance requirements 

Itcfg" Rtqegfwtgu" Tcvkq"

Low Visual inspection, a basic performance check, 
safety testing, minimal maintenance  

0.15 

Medium Only performance verification and safety testing 0.50 
High Equipment having components like mechanical, 

pneumatic or fluidics requires the most extensive 
maintenance. 

1.00 

Most devices in the study were classified as high-
intensity use. It was recommended that for short MTBF 
equipment, like infusion pump or oximeters, to shorten the 
maintenance intervals, e.g. 7-9 days. Similarly, for equip-
ment with an average intensity of use (MTBF = 18 days) it 
was suggested that maintenance intervals should be defined 
as 15 days. 

IV. CONCLUSIONS 

Clinical engineering department provides the technology 
related expertise required for safe and efficient integration 
interventions at the bedside. One strategy is to develop 
effective programs and to make changes on the basis of 
performance indicators that measure the efficacy of the 
medical equipment management program. The results ob-
tained in this study enable a precise and consistent timetable 
for the maintenance of medical equipment, which will im-
prove the work of clinicians and the patient’s comfort and 
outcomes. 
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Abstract—Vjg" ceswkukvkqp" cpf" tgoqvg" vtcpuokuukqp" qh" rc/
vkgpv"fcvc"ku"dgeqokpi"cp"gxgt"oqtg"korqtvcpv"vqrke"kp"ogfkecn"
tgugctej0"Tgegpv"kortqxgogpvu"kp"gngevtqpke"vgejpqnqi{"cpf"ce/
eguukdknkv{"ecp"rtqxkfg"kpvgtguvkpi"uqnwvkqpu"hqt"ogfkecn"fkcipqu/
vkeu"cpf"vjgtcr{0"Vjg"iqcn"qh"vjku"rcrgt"ku"vq"rtgugpv"vjg"fgxgn/
qrogpv" cpf" kpxguvkicvkqp" qh" c" u{uvgo" ecrcdng" qh" yktgnguu"
dkqogfkecn"fcvc"vtcpuokuukqp"cpf"tgcn"vkog"oqpkvqtkpi"wukpi"qhh"
vjg"ujgnh"rtqfwevu0"Vjg"dkqogfkecn"fcvc"ugpuqtu"eqpukuv"qh"c"umkp"
vgorgtcvwtg"ugpuqt."c"jgctv"tcvg"ugpuqt"cpf"cp"ceegngtqogvgt0"
Vjg"yktgnguu"eqoowpkecvkqp"rtqxkfgu" ugpuqt"fcvc" vq"c"RE."cv"
yjkej"rqkpv."tgcn"vkog"fcvc"oqpkvqtkpi"ecp"dg"rgthqtogf0"

Keywords—"yktgnguu"vtcpuokuukqp."dkqogfkecn"fcvc."tgcn"vkog"
oqpkvqtkpi."rwnug."DRO"

I. INTRODUCTION  

In recent years, due to technological advances in inte-
grated electronics, new and accessible solutions for data ac-
quisition and transmission emerged. Such solutions could be 
effectively used in medical research, diagnostics and therapy, 
as the acquisition and remote transmission of patient data is 
becoming an ever more important topic, according to [1]. 
The main goal of this paper is to present the development and 
investigation of a system capable of wireless biomedical data 
transmission and real time monitoring using off the shelf 
products. 

For demonstration purposes, real-world patient data was 
collected and presented. 

II. DESCRIPTION AND IMPLEMENTATION OF TOOLS 

A. General system description 

A simplified schematic of the system described in this pa-
per is presented in Fig 1, and can be divided into three units. 

The first unit is a miniature portable unit containing the 
biomedical sensors, microcontroller, wireless data transmis-
sion module and power supply. This can be defined as the 
data acquisition and wireless transmission unit and a general 
view of Unit 1 is presented in Fig 2. 

 

 
Fig. 1 General System Schematic  

The biomedical data sensors are: a skin temperature sen-
sor, a heart rate sensor and an accelerometer for patient fall 
detection. For convenience, the accelerometer board was 
placed inside the portable unit enclosure. The microcontroller 
(ATMEGA328p) receives data from the sensors, computes 
various parameters such as Heart Beats per Minute and sends 
the data wireless to the second unit. 

The second unit consists of a wireless data receiver mod-
ule and microcontroller that transfers the data to a Personal 
Computer (PC) for real time  data  visualization and  data 
storage. 
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Fig. 2 Picture of the data acquisition and wireless transmission unit: 1-
Enclosure; 2-Board Assembly and Microcontroller; 3-Power supply; 4-

Accelerometer; 5-Heart rate sensor; 6-Skin temperature sensor; 7-Wireless 
data communication module. 

B. Sensors 

a)Skin Temperature Sensor 
The DS18B20 digital thermometer provides 9-bit to 12-bit 

Celsius temperature measurements (-55ºC to 125ºC at 
±0.5ºC) and communicates over a 1-Wire interface. This 1- 
Wire communication interface requires only one data line 
and one ground connection for communication with a micro-
controller. As every sensor is identified by a 64-bit serial 
code, a large number of sensors can be used on a single data 
bus, thus giving the 1-Wire communication interface a dis-
tinct advantage in the case of measuring temperatures at mul-
tiple locations [2]. 

To initiate a temperature measurement and analog to dig-
ital conversion, the master must issue a “Convert T” com-
mand and the resulting thermal data is stored in the tempera-
ture register. 

A block diagram of the DS18B20 sensor is presented in 
Fig 3: 

The scratchpad memory (Fig 3) holds the temperature sen-
sor digital output data. The scratchpad also provides access 
to the low and high temperature alarm trigger registers (not 
used for this study). The configuration register can be used 
toset the resolution of the conversion from temperature to 
digital to 9, 10, 11 or 12 bits corresponding to increments of  
0.5ºC, 0.25ºC, 0.125ºC and 0.0625ºC [2]. 

 
Fig. 3 Block diagram of DS18B20 sensor [2] 

 
Fig. 4 Temperature register format [2] 

As presented in Fig 4, the temperature register stores the 
temperature data as a 16-bit number. The sign bits (S) indi-
cate if the temperature is positive or negative: for positive 
numbers S = 0 and for negative numbers S = 1. If the 
DS18B20 is configured for 12-bit resolution, all bits in the 
temperature register will contain valid data. For 11-bit reso-
lution, bit 0 is undefined. For 10-bit resolution, bits 1 and 0 
are undefined, and for 9 bit resolution bits 2, 1, and 0 are un-
defined. 

The data transaction sequence for accessing the DS18B20 
consists of initialization, ROM Commands and Function 
Commands. The initialization represents a reset pulse trans-
mitted by the bus master, in our case being the microcontrol-
ler. This is followed by a presence pulse transmitted by the 
slave, in our case being the DS18B20 sensor. The presence 
pulse signals the microcontroller that the slave device is on 
the bus and is ready to operate. Then, the master can give a 
ROM Command to the slave. The master device must issue 
an appropriate ROM command before issuing a DS18B20 
function command. After the bus master has used a ROM 
command to address the DS18B20, it can issue one of the 
DS18B20 function commands. These commands allow the 
master to write and read data from the DS18B20’s scratchpad 
memory, initiate temperature conversions and determine the 
power supply mode [2]. 

b) Heart Rate Sensor 
The heart rate is the number of heartbeats per unit of time, 

in our case per minute (BPM). The heart rate can be measured 
using different technical approaches. The sensor that we have 
used for this study is based on the Photoplethysmography 
(PPG) technique. PPG is the optically obtained volumetric 
measurement of an organ (blood vessel for pulse detection). 

At each cardiac cycle the heart pumps blood to the periph-
ery. By the time it reaches the skin, this pressure pulse looses 
in amplitude, but it is enough to distend the arteries and arte-
rioles present in the subcutaneous tissue [3]. 

This change in the volume of the blood vessel is then de-
tected by illumination of the skin by means of a light-emitting 
diode (LED) and measuring reflected light by means of a 
photodiode. Fig 5 presents the schematic for the pulse sensor 
used in this study. The subcutaneous tissue is illuminated us-
ing the D2 LED (560 nM - green). The reflected light is then 
detected by the APDS-9008 light photo sensor. The signal is 
than filtered and amplified by a 1MHz Operational Amplifier 
(MCP 6001) before being outputted as an analog signal. 
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Fig. 5 Heart Rate sensor schematic 

The analog to digital conversion and pulse detection is 
handled by the microcontroller. The pulse detection is de-
signed to measure the Inter Beat Interval (IBI) by timing be-
tween moments when the signal crosses 50% of the wave am-
plitude during that fast upward rise (Fig 6). The BPM value 
is then derived from the average of the previous 10 IBIs [4]. 

 
Fig. 6 Pulse signal and BPM detection 

c) Accelerometer 

The ADXL335 is a 3-axis acceleration measurement de-
vice with a measurement range of ±3 g. It contains a polysil-
icon surface micro machined sensor and signal circuitry to 
implement an open-loop acceleration measurement architec-
ture. The output signals are analog voltages that are propor-
tional to the acceleration. The accelerometer can measure the 
static tilt acceleration as well as dynamic acceleration result-
ing from motion, shock, or vibration [5]. The accelerometer 
can provide data related to patient body movement or fall de-
tection. 

C. Wireless Data Communication 

The nRF24L01 is a 2.4GHz transceiver suitable for ultra 
low power wireless applications. The nRF24L01 is operated 
through Serial Peripheral Interface (SPI). The SPI interface 
uses four pins, CSN (SPI Chip Select), SCK (SPI Clock), 
MISO (Master In Slave Out), and MOSI (Master Out Slave 
in) for data transmission and reception [6]. The block dia-
gram for the nRF24L01 wireless data transmission module is 
presented in Fig 7. In this study, the nRF24L01 was em-
ployed as both data transmitter (TX mode) and data receiver 
(RX mode). The nRF24L01 specific module is capable of up 
to 100m line-of-sight data transmission. 

 
Fig. 7 Block diagram of nRF24L01 module [6] 

III. RESULTS AND DISCUSSION 

Using the tools presented in the previous subsection, real-
world patient data was acquired and wirelessly transmitted to 
a PC for real-time monitoring demonstration and data stor-
age. This data consists of: skin temperature measurement; 
pulse detection together with BPM calculation and three-axis 
body acceleration. 

Fig 8 presents the measured temperature evolution in time, 
using the DS18B20 temperature sensor. It is of importance to 
mention that the sensor was placed at skin level and also that 
Fig 8 presents the temperature evolution from the moment 
just prior to sensor-skin contact. As can be seen, the moment 
of sensor-skin contact is approximately at 9s into the data 
logging process. After this, the temperature evolution is char-
acterized by a logarithmic rise, eventually followed by the 
stabilization of the measured temperature value. Using this 
data it is possible to derive the thermal inertia of the sensor, 
an important term in temperature measurement. 

 
Fig. 8 Measured temperature evolution 

Fig 9 presents the pulse signal obtained from the pulse sen-
sor. The signal is acquired as an analog signal (from 0 to 
3.3V) by the ATMEGA328p microcontroller, with integer 
values ranging between 0 and 1023.  

In Fig 10, we present the BPM calculated values having as 
data source the pulse signal previously presented (Fig 9). It 
was chosen to show the data from 15s onwards, because at 
this time the calculated BPM value stabilized. 
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Fig. 9 Pulse signal 

 
Fig. 10 BPM calculated value 

 
Fig. 11 Patient body acceleration measurements in the case of light 

physical activity  

Fig 11 presents X axis, Y axis and Z axis body acceleration 
values measured in the case of light physical activity. Alt-
hough, in this case, the presented values haveonly a demon-
strative purpose, fall detection could be calculated from body 
acceleration measurements. 

IV. CONCLUSIONS  

This paper presents the development and investigation of 
a system capable of biomedical data acquisition, transmission 
and real time data visualization and storage using off the shelf 
products. For reasons of practicality, the hardware unit con-
taining the data acquisition and wireless transmission module 

has been developed as a miniature portable unit. The biomed-
ical data sensors consist of a skin temperature sensor, a heart 
rate sensor and an accelerometer. The sensor data are trans-
mitted wirelessly using a 2.4GHz transceiver. 

Real-world patient data (skin temperature measurement; 
pulse detection with BPM calculation and three-axis body ac-
celeration) was acquired and wirelessly transmitted to a PC 
for remote monitoring and data storage. The results are pre-
sented and discussed. 

The presented system also represents an evaluation of 
thenRF24L01wireless transmission solution for medical data 
applications. 

V. FUTURE WORK 

As related future work, we will further investigate and de-
velop this system following the next requirements: 

development of a Graphical User Interface (GUI) that 
will provide better real time data visualization and storage 
interfacing new biomedical sensors 
a system assessment implying long-term, multiple patient 
surveillance and professional physician feedback 
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Part VII
Miscellaneous Topics



Abstract— Ocipgvke" pcpqrctvkengu" dcugf" qp" dkqvkp{ncvgf" P/
rcnokvq{n"ejkvqucp"cpf"ocipgvkvg"jcxg"dggp"rtgrctgf"xkc"kqpke"
igncvkqp"ogvjqf0"F{pcoke"nkijv"uecvvgtkpi"tguwnvu"ujqygf"vjcv"
ocipgvke"pcpqrctvkengu"cxgtcig"uk|g"ku"fgrgpfgpv"qp"c"ugtkgu"qh"
rctcogvgtu<" rqn{ogt" eqpegpvtcvkqp." ygkijv" tcvkq" rqn{/
ogt1etquu/nkpmkpi"cigpv"cpf"vjg"uvkttkpi"urggf0"Kp"xkvtq"tgngcug"
uvwfkgu"jcxg"ujqyp"vjg"cdknkv{"qh"ocipgvke"pcpqrctvkengu"vq"tg/
ngcug"cp"cpvkvwoqtcn"ftwi"*Fqzqtwdkekp+"hqt"c"rgtkqf"qh"8"jqwtu"
yjgtgcu" kp"xkvtq"e{vqvqzkekv{"vguvu" kpfkecvgf"vjcv"vjg"rtgrctgf"
ocipgvke" pcpqrctvkengu" gzjkdkvgf" cpvk/rtqnkhgtcvkxg" ghhgevu" qp"
vwoqtcn"egnnu"*OEH/9"egnn"nkpg"jwocp"dtgcuv"cfgpqectekpqoc+."
wr"vq"vjg"nqyguv"vguvgf"eqpegpvtcvkqp0"Hnwqtguegpeg"oketqueqr{"
tgxgcngf"vjcv"ocipgvke"pcpqrctvkengu"*DOP8/FQZ+"ygtg"kpvgt/
pcnk|gf"kp"OEH/9"egnnu0"Vjgug"rtqrgtvkgu"kpfkecvg"vjg"rqvgpvkcn"
crrnkecvkqp"cu"vctigvgf"ftwi"fgnkxgt{"u{uvgo"hqt"dtgcuv"ecpegt"
vtgcvogpv0""

Keywords - ocipgvke"pcpqrctvkengu."ftwi"fgnkxgt{."dkqvkp."P/
rcnokvq{n"ejkvqucp."fqzqtwdkekp"j{ftqejnqtkfg 

I. INTRODUCTION  

Magnetic nanoparticles based on natural polymers have a 
wide range of biomedical applications such as drug delivery 
systems [1], magnetic resonance imaging [2] or recently, 
theranostic approaches [3]. Typically, magnetic nanoparti-
cles intented for drug delivery applications refer to a complex 
nanostructure comprise by a magnetic inorganic material 
(magnetite, maghemite, etc), a biocompatible surface coating 
and a specific therapeutic agent [4]. 

Among natural polymers, chitosan (a linear polysaccha-
ride comprising of glucosamine and N-acetyl glucosamine 
units linked by (1–4) glycosidic bonds) offers the combined 
benefits of the required properties of biocompatibility, bio-
degradability and low toxicity with those of functionalization 
ability due to the presence of -OH and -NH2 moieties [5]. 
Moreover, grafting of hydrophobic chains into chitosan 
structure, could lead to compounds with new physicochemi-
cal characteristics that can exploited to improve drug delivery 
efficiency [6]. With the same aim, a series of active com-
pounds with targeting functions have been developed and 
used to formulate various drug delivery systems, such as: mi-
celles, nanoparticles, nanocapsules or hydrogels [7-9].  

Taking into account that biotin, also known as vitamin B7 
or vitamin H is involved in various cellular functions and its 
receptors are overexpressed on tumoral cells surface, numer-
ous biotinylated compounds has been proposed as suitable 
vectors for anti-cancer formulations. The interaction between 
biotin and its avidin type receptors is the strongest known 
non-covalent biological interaction, very stable and unaf-
fected by a wide range of pH values, temperatures, or other 
denaturing agents. In addition, recent studies have revealed 
that biotin-functionalized polymeric nanoparticles encapsu-
lating a chemotherapeutic agent exhibits tumour targeting 
potential and efficiency drug release into cells subsequent to 
receptor-mediated endocitosys [9-11].  

Doxorubicin (DOX) is an antineoplastic agent of the an-
thracycline family frequently used in association with other 
drugs to treat a large number of cancers, and particularly 
breast cancers[12]. The mechanisms which determine the 
doxorubicin's cytotoxic effects are: initiation of DNA dam-
age by acting on topoisomerase II, DNA intercalation, inter-
action with components from membrane, redox cycling lead-
ing to the generation of reactive oxygen species (ROS) and 
subsequent lipid peroxidation and damages at the DNA level.  

In this context, this paper presents the synthesis and char-
acterization of magnetic nanoparticles based on biotinylated 
N-palmitoyl chitosan and magnetite and evaluates the ability 
of these systems to incorporate antitumoral drugs (Doxorubi-
cin). 

II. MATERIALS AND METHODS 

A. Materials 

Biotinylated N-palmitoyl chitosan (codified BPCs) has 
been obtained through the reaction of N-palmitoyl chitosan 
with biotin, according to our previous report [9]. Doxorubicin 
hydrochloride (DOX), sodium tripolyphosphate (TPP) and 
solvents were purchased from Sigma-Aldrich and used as re-
ceived. Magnetite suspension has been previously prepared 
in our laboratory [13]. 
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B.Methods 

1. Synthesis of magnetic nanoparticles 
Magnetic nanoparticles based on biotinylated N-palmitoyl 

chitosan and magnetite have been prepared by the method of 
ionic gelation, described below. Briefly, in a three-necked 
flask were mixed 100 ml of BPCs solution with various con-
centrations (5 mg /mL, 3 mg /mL and respectively 1 mg /mL, 
in 0.1 M acetic acid) and a volume of magnetic suspension  
(masic ratio polymer/ magnetite was 3/1) at room tempera-
ture, under mechanical stirrer for 1 hour. Afterwards, differ-
ent volumes of TPP were added dropwise (masic ratio poly-
mer/cross-linking agent was 3/1, 5/1 and respectively 6/1) 
and stirring was continued for other 2 hours. The magnetic 
nanoparticles prepared (encoded BMNP1-6 as in Table 1) 
were purified by centrifugation cycles/redispersion in double 
distilled water and freeze dried. 

2. Nanoparticles characterization 
Zeta potential and hydrodynamic mean diameter of mag-

netic nanoparticles were determined by Dynamic Light Scat-
tering (DLS) measurements in water, at 25ºC using a Mal-
vern Zetasizer NanoS (Malvern Instruments, UK). 

3. Drug released study 
In vitro release profile of DOX from the magnetic nano-

particles was studied in phosphate buffered saline (PBS) me-
dium (pH 6.8). A weighed amount of freeze-dried BMNP6-
DOX was redispersed in PBS and transferred into a dialysis 
bag (molecular weight cut-off 12 400 Da) that have been 
placed in preheated PBS (total volume: 25 mL). The release 
study was performed in an incubator shaker, at 37 ºC, under 
protection from light, for 24 h. At selected time intervals, the 
solution outside of the dialysis bag was removed (n = 3) for 
UV–Vis analysis at 480 nm (UV-1700 Pharma Spec, Shi-
madzu) and replaced with fresh buffer solution.  

4. Cell viability assay and fluorescence microscopy 
A MTT cell viability assay was used to determine cyto-

toxic effects of BMNP6-DOX on MCF-7 cell line. Cells were 
grown in DMEM medium supplemented with 10% fetal bo-
vine serum and antibiotics. For in vitro study, 5000 cells/well 
were cultivated in 96-well tissue culture plates (Sigma–Al-
drich) at a temperature of 37 ºC in a humidified atmosphere 
containing 5% carbon dioxide, for 48h. The magnetic nano-
particles were suspended in DMEM supplemented with 2% 
FBS and 1%antibiotics at different concentrations and ap-
plied to culture wells in various volumes. A negative test con-
trol (growth medium only) was used. At 24h, 48h and respec-
tively 72h the MTT solution was replaced with isopropanol, 
to solubilize the insoluble formazan crystals formed in the 
cells. The absorbance of the blue formazan was read at 570 
nm (Tecan Sunrise Plate Reader). The results are expressed 
as a mean ± standard deviation (SD) (n=3). Internalization of 
BMNP6-DOX in MCF-7 cells was investigated by fluores-
cence microscopy.  

III.  RESULTS AND DISCUSSIONS 

1. Preparation and characterization of magnetic 
nanoparticles 

In Fig 1 a schematic diagram of magnetic nanoparticles 
(BMNP) synthesis is depicted. First biotinylated N-palmitoyl 
chitosan (BPCs) has been obtained through the reaction of N-
palmitoyl chitosan (PCs) with biotin, in presence of 1-ethyl-
3-(3-dimethyl aminopropyl) carbodiimide hydrochloride 
(EDAC) and N-hydroxysuccinimide (NHS). Then, magnetic 
nanoparticles were prepared by ionic gelation mechanism 
that implies electrostatic interactions between available pos-
itive amino groups of BPCs and negative groups of the TPP 
and hydrogen bonds as well (Fig 1). 

 
Fig.1. Schematic diagram of magnetic nanoparticles  

synthesis 

In order to modulate the magnetic nanoparticles size, several 
preliminary experiments were carried out and a series of pa-
rameters (polymer concentration, masic ratio polymer/cross-
linking agent and the stirring speed) were varied. Batches ob-
tained were analyzed in terms of size, polydispersity index 
and the surface charge, the results being shown in Table 1. 
Analysing the results it can be observed that magnetic nano-
particle size became smaller with polymer concentration di-
minishing and stirring speed increasing. With respect to the 
ratio polymer/cross-linking agent, the smaller average size 
was obtained using a ratio of 6/1. All batches exhibited neg-
ative surface charges, which confirmed the presence of biotin 
on the surface of the nanoparticles. The magnetic nanoparti-
cles with smaller size (BMNP6) were further loaded with 
Doxorubicin and evaluated. In Fig. 2 is depicted the size dis-
tribution of BMNP6.  
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Table 1. Magnetic nanoparticles synthesis parameters and characteristics 

Code PC 
mg/mL 

MR 
BPCs/ 
TPP 

SS 
rpm 

AS  
(nm) 

PdI ZP 
(mV) 

1 5 3/1 700 1100 0.54 -11.7 
2 3 3/1 700 1030 0.34 -12.3 
3 1 3/1 700 877 0.91 -13.2 
4 1 5/1 700 566 0.79 -10.9 
5 1 6/1 700 382 0.51 -16.8 
6 1 6/1 1000 293 0.27 -16.8 

PC-Polymer concentration; MR-masic ratio; SS-stirring speed;  
AS-average size; PdI-polydispersity index; ZP-Zeta Potential 

 
Fig. 2. Size distribution of BMNP6 in water 

2. In vitro drug release study 
In order to evaluate the potential of BMNP6-DOX to be 

used as drug delivery systems, in vitro release test was per-
formed in PBS that mimic cancer cells (acidic medium). As 
shown in Fig. 3, the magnetic nanoparticles exhibited a bi-
phasic drug release pattern: an initial fast released in the first 
2 hours, followed by a second phase corresponding to a con-
stant release up to 6 hours.  

3. Cell viability assay and fluorescence microscopy 
Cytotoxic effects of BMNP6-DOX on MCF-7 cell line 

were evaluated using a standard MTT cell viability assay. 
The results presented in Fig. 4 indicated that magnetic nano-
particles exhibited a cytotoxic effect on MCF-7 cells up to 
the lowest tested concentration. Fluorescence microscopy 
image (Fig. 5) confirmed that BMN6-DOX were internalized 
in MCF-7 cells. 

Fig. 3. In vitro release pattern of DOX from BMNP6-DOX  

 
Fig. 4. MTT assay data for BMNP6-DOX 

 
Fig. 5. Fluorescence microscopy image for MCF-7 cell after 72h 

incubation with BMNP6-DOX 

IV. CONCLUSIONS  

This study proposes a method to obtain magnetic nanopar-
ticles based on biotinylated N-palmitoyl chitosan and mag-
netite, through ionic gelation mechanism. The obtained sys-
tems exhibited submicron size and negative zeta potential.  In 
vitro release studies have shown the ability of nanoparticles 
to release the drug for a period of 6 hours whereas in vitro 
cytotoxicity tests indicated that the magnetic nanoparticles 
exhibited anti-proliferative effects on tumoral cells. Fluores-
cence microscopy revealed that magnetic nanoparticles 
(BMN6-DOX) were internalized in MCF-7 cells. These char-
acteristics encourage future experiments aiming to assess the 
suitability of proposed magnetic nanoparticles as drug deliv-
ery system for therapeutic agents. 
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I. INTRODUCTION 

Cellular nanostructure identification began long before 
the term was introduced in literature. This happened at the 
middle of the 20th century through the contribution of 
George Emil Palade, a Romanian born scientist, who, to-
gether with Albert Claude, succeeded in setting up the use of 
electron microscopy (EM) in cell/organelle study [1-3]. In 
1974 the Nobel Prize in Physiology or Medicine was award-
ed jointly to three scientists (the two mentioned above, to-
gether with Christian de Duve), ”for their discoveries con-
cerning the structural and functional organization of the 
cell” [4]. Soon thereafter, the detailed morphological organ-
ization of the cell interior was deciphered, membrane 
bounded organelles were described (micro-structures) and 
even ribosomes were identified and discovered to be the 
machine that produce proteins. As a matter of fact, the ribo-
some was the first identified nano-structure. Nowadays, we 
may define cellular nanostructures as morphological, com-
plex elements in the living organisms with dimensions in the 
range of nanometres, in all three spatial directions (e.g. 
ribosome, proteasome, apoptosome). For more than half a 
century cell biologists have traditionally described struc-
tures, as elements in the organization of a cell seen under a 
light microscope and ultrastructures as elements that can 
only be observed by EM. However, the scientific and tech-
nological progress at the beginning of the third millennium 
will change the above mentioned convention. Stefan W. 
Hell pushed the resolution of light microscopy beyond the 
limits imposed by Abbe’s equation. Again, a Romanian born 
scientist received, in 2014, the Nobel Prize, this time in 

Chemistry, but again the distinction was jointly shared with 
other two personalities (Eric Betzig and William E. 
Moerner) “for the development of super-resolved fluores-
cence microscopy” [5]. It is as an arch over time: two Ro-
manian scientists with two significant contributions, by 
developing approaches for cell study (on fixed and live 
cells) with a 40 years interval in-between. 

In this paper, we will point out some of the cornerstones 
of progress in cellular nanostructure study obtained through 
methodological and technological advances due to com-
bined efforts of biologists, chemists, physicists, medical 
doctors and engineers.   

II. HISTORY OF CELLULAR NANOSTRUCTURE STUDY 

We may consider the start for cellular nanostructures in-
vestigation to be due to EM use in biology. But EM allows 
scientists to describe the internal morphology of a cell, with 
no information about functions. Other methods were neces-
sary to assess the functions of elements in the organization 
of a cell (e.g. organelles). These methods involved centrifu-
gation to isolate and purify morphological elements of cells 
and a plethora of biochemical investigations to describe the 
composition of purified components and to decipher their 
functions. 

A. Electron microscopy 

The progress contributed by EM to cell investigation was 
a morphological one, allowing visualization of the ultra-
structure at the nano level. This improvement was due to a 
specific double fixation procedure, meaning a fixation of the 
proteins by glutaraldehyde (sometimes mixed with formal-
dehyde [6]) and a postfixation step using a buffered osmium 
tetroxide solution [3], targeting unsaturated fatty acids in 
membrane lipids. Using this double fixation both proteins 
and membrane lipids are retained in native positions in a 
spatial relationship very close or identical to that in the liv-
ing cell. Further on, embedding the tissue sample in a resin, 
ultrathin sectioning (about 60nm thick sections), and con-
trasting by lead citrate (for phosphate groups, mainly in 
membrane phospholipids, sulfhydryl and carboxyl groups in 
various substrates [7]) and uranyl acetate for phosphate 
groups in nucleic acids create detailed images of cell mor-
phology under EM. Therefore the conservation of mem-
branes proved to be critical in the investigation of cell mor-

Cellular Nanostructures and Their Investigation. History and Perspectives 

C. M. Niculi e1,2, A. O. Urs1, E. Fertig1, C. Florescu1, M. Gherghiceanu1, M. Leabu1,2 

1 “Victor Babe ” National Institute of Pathology, Department of Cellular and Molecular Biology, Bucharest, Romania 
2 “Carol Davila” University of Medicine and Pharmacy, Division of Histology, Cellular and Molecular Biology, Bucharest, Romania 

 

 
© Springer International Publishing AG 2017 337
S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;  
12th - 15th October 2016, Cluj-Napoca, Romania, 
IFMBE Proceedings 59,  
DOI: 10.1007/978-3-319-52875-5_70  



phology, revealing the trilaminar ultrastructure of the plas-
ma membrane, and membrane bounded organelles. The 
three laminae of any biomembrane are evidenced as two 
electron-dense (mainly stained by lead at the polar heads of 
the membrane phospholipids) defining in-between the third 
one that is electron-lucent and represents the part of the 
membrane bilayer containing lipid hydrophobic tails. Simul-
taneously with the description of the morphological ele-
ments, the interest was focused on deciphering their func-
tions. To accomplish this task, it was necessary to isolate 
and purify the identified ultrastructures. 

B. Centrifugation 

To isolate and purify the organelles, cells have had to be 
homogenized and various cellular fractions had to be sepa-
rated by (ultra)centrifugation. A coarse isolation was done 
by differential centrifugation obtaining various fractions 
step-by-step, according to organelle density, but to obtain 
purified fractions, (ultra)centrifugation in density gradients 
(discontinuous or continuous) was used [8-12]. The isolated 
and purified morphological elements (organelles, plasma 
membrane vesicles, components of the cytoskeleton) were 
biochemically analysed for (macro)molecular content to 
deduce and further on to prove specific functions. 

C. Biochemistry 

Therefore, biochemical analysis of the cellular fractions 
helped cell biologists in deciphering organelles’ functions. 
The most useful techniques were electrophoresis and chro-
matography. 

Electrophoresis allowed the identification of different 
charged macromolecules (mainly proteins and nucleic acids) 
by their various migration speed, led by an electric field, in a 
viscous medium (usually polyacrylamide or agarose gels). 
The most used procedure was SDS-PAGE in a discontinu-
ous buffer system [13]. An extension of this technique was 
represented by the extraction of protein bands from gels and 
their absorption on various membranes (nitrocellulose or 
PVDF sheets) followed by specific identification of protein 
species by immunoblotting [14], a technique later referred to 
as Western blotting (WB), a term coined by W. Neal Bur-
nette, in 1981 [15]. The method rapidly proved to be a very 
useful procedure to assess proteins in biological samples, 
including organelles/nanostructures, and eliciting a great 
interest for the scientists in cell biology [16].  

A more accurate method, in terms of quantitative analy-
sis, was chromatography in a diversity of procedures, ex-
ploiting different types of molecular interactions in biologi-
cal molecule identification and even isolation. Among these, 
liquid chromatography (with standard or high performance 
approaches) was highly used, because it allowed separation 
of (macro)molecules without any chemical degradation. For 

a better understanding of the liquid chromatography utility 
in protein investigation, the readers can see [17].  

It is noteworthy that all biochemical approaches require 
equipments that have continuously improved in their per-
formances, by the common efforts of experts in cell biology 
and engineers.  

III. CURRENT APPROACHES 

In the past, the progress in our knowledge about the cell 
was achieved by methods addressing fixed or disintegrated 
cells. However, the real challenge for scientists has begun to 
be studying biological mechanisms in live cells. To do this, 
experts in biology, medicine, chemistry, physics and engi-
neering have to join their efforts in order to find solutions to 
accomplish this goal. In the next sections, we will consider 
some of these approaches, which push our knowledge closer 
to the biological reality. 

A. Atomic force microscopy 

Atomic Force Microscopy (AFM) is a type of scanning 
probe microscopy that was developed in the 1980s and has 
been used to visualize nanoscale cellular structures from 
living cells. AFM operates by measuring the force between 
a scanning probe (a sharp tip) and the sample. The tip is 
located at the end of a cantilever and it scans the surface of 
the sample, generating a three-dimensional image of the 
surface. The force imposed on the sample is constantly regu-
lated by a feedback mechanism [18]. Because AFM doesn’t 
require extensive sample preparation – like EM – and it also 
permits investigation of samples in aqueous solutions, bio-
logical structures can be observed in their native environ-
ment. 

There are three main modes of operation in AFM: (i) con-
tact mode (the tip of the cantilever is in physical contact 
with the surface of the sample [19]; it is mainly used for 
rigid samples such as crystals, semiconductors and metals 
[20], but also for living adherent cells [21]), (ii) tapping 
mode (the cantilever oscillates at its resonance frequency; as 
it approaches the surface of the sample, the interaction of 
forces causes a decrease in the amplitude of the oscillation; 
an image is produced by measuring the force of the intermit-
tent contacts between the tip of the cantilever and the sample 
surface; it is used for soft samples, like suspended mamma-
lian cells [22]) and (iii) non-contact mode (the cantilever tip 
doesn’t come in contact with the sample, the image is gener-
ated by measuring the distance between the tip and the sam-
ple at each data point [23]; it is also used for soft samples). 

With the help of AFM, a cellular nanostructure involved 
in cell secretion was discovered in the late 1990s. Studies on 
live pancreatic acinar cells showed the presence of circular 
pits in the apical membrane, which contained smaller de-
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pressions involved in cell secretion [24]. The depressions 
were called porosomes and they have been identified in 
other secretory cells as well [25-30]. 

B. STED microscopy 

The resolution of conventional light microscopes is lim-
ited to approximately 250nm in the focal plane (xy) and 
450-700nm along the optical axis (z). In the past two dec-
ades however, a handful of so-called super-resolution tech-
niques have emerged to overcome the diffraction barrier, 
notably: structured illumination microscopy (SIM), stimu-
lated emission depletion (STED), photoactivated localiza-
tion microscopy (PALM) and stochastic optical reconstruc-
tion microscopy (STORM) [31]. Whereas PALM or 
STORM use sequential activation of fluorophores and sub-
sequent image reconstruction, STED microscopy relies on 
two synchronized lasers, one for the excitation of fluoro-
phores and a doughnut shaped laser for de-excitation. When 
superimposing the two lasers, the central region of the 
doughnut maintains fluorescence, thereby reducing the point 
spread function (PSF) and increasing resolution beyond the 
diffraction limit [32]. 

Since its inception, STED was successfully employed in 
distinct areas of life-sciences to help resolve the nanostruc-
ture and dynamics of molecules, in some cases reaching 
near-electron microscopy resolution. For example, STED 
was used to visualize components of the nuclear pore com-
plex at 20nm resolution, revealing the eightfold symmetry of 
the protein gp210 [33].  STED microscopy was used to 
study the ultrastructure of endogenous F-actin in living 
neurons, identifying actin lattices in both dendrites and ax-
ons [34]. STED helped understand the fate of synaptic vesi-
cle proteins following their fusion with the plasma mem-
brane [35]. In another study, individual HIV virions could 
be observed clustering at synapses formed between dendritic 
and T cells, in culture [36]. With super-resolution systems 
becoming more accessible and easy to operate, one can 
expect a surge of studies in the coming years shedding new 
light on the inner workings of cells, at nanometre resolution. 

C. Cryo-electron microscopy 

Cryo-electron microscopy in life sciences represents an 
efficient technique which began to develop in the 1970s and 
allows the study (at molecular level, under cryogenic condi-
tions) of the architecture of the biological material (e.g. cell 
suspensions, sedentary cells and tissues) at a resolution of 
few nanometres [37]. The process of fast vitrification offers 
the ability to evaluate the configuration of the studied struc-
ture in its native state, eliminating the artefacts of fixation. 
A cryoprotectant medium, such as dextran or sucrose, is 
needed to inhibit the nucleation of ice crystals. There are 
two ways of preserving architectural details during sample 

preparation: (i) plunge freezing in a secondary cryogen for 
vitrifying small cells in suspension and (ii) high-pressure 
freezing followed by cryo-sectioning (CEMOVIS), suitable 
for cell suspensions and for tissue [38]. Before examination 
under cryo-electron microscope, the sample is transferred in 
a special holder (cryo-holder) where it is maintained at liq-
uid nitrogen temperature.  

Cryo-electron tomography allows the analysis of cellular 
ultrastructure in three dimensions by acquiring a series of 
images taken around a tilt axis [39]. The final tomograms 
used for image processing and reconstruction of the intracel-
lular structures and protein complexes [40]. The direct elec-
tron detector device (DDD) cameras with underlying com-
plementary metal-oxide semiconductor (CMOS) technology 
produce images of extraordinary high-quality that improve 
the results of digital image processing [41]. High-pressure 
freezing, combined with CEMOVIS and advanced software 
processing are the only way to visualize the complex molec-
ular machine inside cells, at atomic scale, with Ångström 
resolution [42]. Future decades will make possible a mo-
lecular atlas of cells at atomic resolution. 

IV. PERSPECTIVES 

In the future, improved communication between scientists 
in the fields of cell biology and engineers will be needed. 
The premises are good. Beyond the approaches mentioned 
under the previous section, other very promising techniques 
seem to be successfully used in cell physiology and/or pa-
thology studies. For example, investigation of molecular 
interactions and morphology of cellular nanostructures at a 
nanometre resolution can be done by small-angle X-Ray 
solution scattering (SAXS), a technique carrying the ad-
vantage that the proteins do not need to be crystallized. 

ACKNOWLEDGEMENT 

Supported by ANCSI under Program NUCLEU, project 
numbers PN 16.22.02.02 and PN 16.22.03.02. 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

REFERENCES 

1. Palade GE, Claude A (1949) The nature of the Golgi apparatus; 
parallelism between intercellular myelin figures and Golgi appa-
ratus in somatic cells. J Morphol 85:35-69 

2. Palade GE, Claude A (1949) The nature of the Golgi apparatus; 
identification of the Golgi apparatus with a complex of myelin 
figures. J Morphol 85:77-111 

3. Palade GE (1952) A study of fixation for electron microscopy. J 
Exp Med 95:285-298 

Cellular Nanostructures and Their Investigation. History and Perspectives 339

 IFMBE Proceedings Vol. 59  
  

 



4. "The Nobel Prize in Physiology or Medicine 1974". No-
belprize.org. Nobel Media AB 2014. Web. 30 Apr 2016. 
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1974/  

5. "The Nobel Prize in Chemistry 2014". Nobelprize.org. Nobel Me-
dia AB 2014. Web. 30 Apr 2016. 
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2014/  

6. Karnowsky MJ (1965) A formaldehyde-glutaraldehyde fixative of 
high osmolality for use in electron microscopy. J Cell Biol 
27:137A 

7. Karnowsky MJ (1961) Simple method for “staining with lead” at 
high pH in electron microscopy. J Biophys Biochem Cytol 
11:729-732 

8. Hogeboom GH, Schneider WC, Palade GE (1948) Cytochemical 
studies of mammalian tissues; isolation of intact mitochondria 
from rat liver; some biochemical properties of mitochondria and 
submicroscopic particulate material. J Biol Chem 172:619-635 

9. Blobel G, Potter VR (1966) Nuclei from rat liver: isolation method 
that combines purity with high yield. Science 154:1662-1665 

10. Adelman MR, Blobel G, Sabatini DD (1973) An improved cell 
fractionation procedure for the preparation of rat liver membrane-
bound ribosomes. J Cell Biol 56:191-205 

11. Ehrenreich JH, Bergeron JJ, Siekevitz P, Palade GE (1973) Golgi 
fractions prepared from rat liver homogenates. I. Isolation proce-
dure and morphological characterization. J Cell Biol 59:45-72 

12. Bergeron JJ, Rachubinski RA, Sikstrom RA, et al. (1982) Galac-
tose transfer to endogenous acceptors within Golgi fractions of rat 
liver. J Cell Biol 92:139-146 

13. Laemmli UK. (1970) Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature. 227: 680–685 

14. Towbin H, Staehelin T, Gordon J. (1979) Electrophoretic transfer 
of proteins from polyacrylamide gels to nitrocellulose sheets: pro-
cedure and some applications. Proc Natl Acad Sci U S A 
76(9):4350-4354 

15. Burnette, W. N. (1981) “Western Blotting”: Electrophoretic 
Transfer of Proteins from Sodium Dodecyl Sulfate-
Polyacrylamide Gels to Unmodified Nitrocellulose and Radio-
graphic Detection with Antibody and Radioiodinated Protein A 
Anal. Biochem. 112:195-203 

16. Gershoni JM, Palade GE. (1983) Protein blotting: principles and 
applications. Anal Biochem 131:1-15 

17. Kastner M. (2000) Protein Liquid Chromatography. Elsevier, Am-
sterdam. 

18. Binnig G, Quate CF, Gerber C. (1986) Atomic force microscope. 
Phys Rev Lett 56(9):930-933 

19. Goodman F. O., Garcia N. (1991). Roles of the attractive and re-
pulsive forces in atomic-force microscopy. Phys Rev B Condens 
Matter 43:4728–4731 

20. Pang D, Thierry AR, Dritschilo A. (2015) DNA studies using 
atomic force microscopy: capabilities for measurement of short 
DNA fragments. Front Mol Biosci 2:1. doi: 
10.3389/fmolb.2015.00001. eCollection 2015. 

21. Li M, Liu L, Wang Y. (2015) Nanoscale monitoring of drug ac-
tions on cell membrane using atomic force microscopy. Acta 
Pharmacol Sin 36(7):769-782 

22. Li M, Liu L, Xi N, et al. (2013) Atomic force microscopy imaging 
of live mammalian cells. Sci China Life Sci 56:811–817 

23. Jarvis SP. (2015) Resolving intra- and intermolecular structure 
with non-contact atomic force microscopy. Int J Mol Sci 
16(8):19936-19959 

24. Schneider SW, Sritharan KC, Geibel JP, et al. (1997) Surface dy-
namics in living acinar cells imaged by atomic force microscopy: 
identification of plasma membrane structures involved in exocyto-
sis. Proc Natl Acad Sci U S A 94(1):316-321 

25. Cho SJ, Wakade A, Pappas GD, Jena BP. (2002) New structure 
involved in transient membrane fusion and exocytosis. Ann N Y 
Acad Sci 971:254–256 

26. Cho SJ, Jeftinija K, Glavaski A, et al.  (2002) Structure and dy-
namics of the fusion pores in live GH-secreting cells revealed us-
ing atomic force microscopy. Endocrinology 143:1144–1148 

27. Cho WJ, Jeremic A, Rognlien KT, et al. (2004) Structure, isola-
tion, composition and reconstitution of the neuronal fusion pore. 
Cell Biol Int 28:699–708 

28. Tojima T, Yamane Y, Takagi H, et al. (2000) Three-dimensional 
characterization of interior structures of exocytotic apertures of 
nerve cells using atomic force microscopy. Neuroscience 101:471-
481 

29. Cho WJ, Ren G, Lee JS, et al. (2009) Nanoscale 3D contour map 
of protein assembly within the astrocyte porosome complex. Cell 
Biol Int 33(2):224-229 

30. Hou X, Lewis KT, Wu Q, et al. (2014) Proteome of the porosome 
complex in human airway epithelia: interaction with the cystic fi-
brosis transmembrane conductance regulator (CFTR). J Prote-
omics 96:82-91 

31. Schermelleh L, Heintzmann R, Leonhardt H (2010) A guide to su-
per-resolution fluorescence microscopy. J Cell Biol 190:165-175 

32. Klar TA, Engel E, Hell SW (2001) Breaking Abbe's diffraction 
resolution limit in fluorescence microscopy with stimulated emis-
sion depletion beams of various shapes. Phys Rev E Stat Nonlin 
Soft Matter Phys 64:066613 

33. Göttfert F, Wurm CA, Mueller V, et al. (2013) Coaligned dual-
channel STED nanoscopy and molecular diffusion analysis at 20 
nm resolution. Biophys J 105:6-8 

34. D'Este E, Kamin D, Göttfert F, et al. (2015) STED Nanoscopy 
Reveals the Ubiquity of Subcortical Cytoskeleton Periodicity in 
Living Neurons. Cell Rep 10:1246-1251 

35. Opazo F, Rizzoli SO. (2010) The fate of synaptic vesicle compo-
nents upon fusion. Commun Integr Biol 3:427-429 

36. Felts RL, Narayan K, Estes JD, et al. (2010) 3D visualization of 
HIV transfer at the virological synapse between dendritic cells and 
T cells. Proc Natl Acad Sci USA 107:13336-13341 

37. Koning RI, Koster AJ (2013) Cellular nanoimaging by cryo elec-
tron tomography, Methods Mol Biol 950:227-251  

38. Leis A, Rockel B, Andrees L, Baumeister W (2009) Visualizing 
cells at the nanoscale. Trends Biochem Sci 34:60-70.  

39. Milne JL1 Borgnia MJ, Bartesaghi A, et al. (2013) Cryo-electron 
microscopy: A primer for the non-microscopist. FEBS J 280: 28–
45 

40. Harapin J, Eibauer M, Medalia O (2013) Structural analysis of su-
pramolecular assemblies by cryo-electron tomography. Structure 
21:1522-1530 

41. Cheng Y, Grigorieff N, Penczek PA, Walz T (2015) A primer to 
single-particle cryo-electron microscopy. Cell 161:438-49  

42. Studer D, Humbel BM, Chiquet M (2008) Electron microscopy of 
high pressure frozen samples: bridging the gap between cellular 
ultrastructure and atomic resolution. Histochem Cell Biol 
130:877-889 

43. Kovari LC, Brunzelle JS, Lewis KT, et al. (2014) X-ray solution 
structure of the native neuronal porosome-synaptic vesicle com-
plex: implication in neurotransmitter release. Micron 56:37-43 

Corresponding author: 
Author: Dr. Mircea Leabu 
Institute: “Victor Babes” National Institute of Pathology 
Street: 99-101, Splaiul Independentei, sector 5 
City: Bucharest 
Country: Romania 
Email: mircea.leabu@ivb.ro 

 

340 C. M. Niculi e et al.

 IFMBE Proceedings Vol. 59  
  

 



Abstract—" Vjg" uvwf{" ku" fgfkecvgf" vq" vjg" mkpgvkeu" qh" vjg"
ejgokecn" fgitcfcvkqp" qh" rcpvqvjgpke" cekf" *xkvcokp" D7+0" Vjg"
xcnwgu" qh" vjg" ejgokecn" fgitcfcvkqp" tcvg" qh" rcpvqvjgpke" cekf"
jcxg"dggp"ecnewncvgf"cv"fkhhgtgpv"rJ/xcnwgu"xct{kpi"dgvyggp"4"
cpf" 340" Eqorctgf" vq" vjg" tgncvgf" rjctocegwvkecn" qt" hqqf"
rtqfwevu" eqpvckpkpi" vjku" eqorqwpf." vjg" xkvcokp" uvcdknkv{" ku"
eqpukfgtcdn{"tgfwegf" kp"rwtg"cswgqwu"uqnwvkqpu0" Kp" vjg"cekfke"
qt" cnmcnkpg" rJ/fqockp." ykvjkp" qpg" jqwt." wr" vq" 62'" qh" vjg"
kpkvkcn"coqwpv"qh"cekf"ecp"dg"fgitcfgf."uwiiguvkpi"vjcv"vjg"tcvg"
qh"vjg"fgitcfcvkqp"qh"rcpvqvjgpke"cekf"kp"vjgug"u{uvgou"ku"eqp/
ukfgtcdn{"jkijgt"vjcp"vjqug"tgrqtvgf"kp"vjg"nkvgtcvwtg0"D{"wukpi"
OCVNCD"uqhvyctg."c"eqorngz"ocvjgocvkecn"mkpgvke"oqfgn"qh"
fgitcfcvkqp"ycu"rtqrqugf0"Vjg"oqfgn"kpenwfgu"vjg"kphnwgpeg"qh"
rJ/xcnwg"cpf"qhhgtu"c"iqqf"eqpeqtfcpeg"ykvj"vjg"gzrgtkogpvcn"
tguwnvu"hqt"tgcevkqp"tcvg"*vjg"cxgtcig"fgxkcvkqp"qh"vjg"ecnewncv/
gf"xcnwgu"qh"vjg"kpcevkxcvkqp"tcvg"htqo"vjg"gzrgtkogpvcn"qpgu"ku"
∑32043'+0"

Keywords—" rcpvqvjgpke" cekf." mkpgvkeu." ejgokecn" fgitcfc/
vkqp."kpcevkxcvkqp"tcvg"eqpuvcpv"

I. INTRODUCTION  

Pantothenic acid, also known as vitamin B5, is a water-
soluble vitamin involved in the conversion of carbohydrates 
into glucose needed to produce energy [1]. From the chemi-
cal point of view, pantothenic acid is the amide of pantoic 
acid with β-alanine (Fig. 1). 

 
Fig. 1 The chemical structure of pantothenic acid 

Vitamin B5 was isolated from yeast in 1933, and few 
years later from liver, by R.J. Williams [2]. 

The main role of pantothenic acid in cells is the synthesis 
of coenzyme A, and the synthesis and metabolism of pro-
teins, carbohydrates and fats. Regarding the human body, 
this compound is involved in the health of the digestive, 
nervous, circulatory, and skeletal systems, skin and hair, as 
well as in the synthesis of hormones (insulin, adrenaline). It 
also plays an important role in increasing the immunity of 
human body. 

Generally, pantothenic acid is obtained from natural 
sources (bread yeast, cereals, eggs, peanuts, soybeans, len-
til, liver of various animals or birds, etc. From these materi-
als, the compound can be obtained by extraction with aque-
ous solvents, in weak acidic medium (pH = 4-5) at elevated 
temperature (80-95°C), with or without prior enzymatic 
hydrolysis of the natural compounds formed by the acid 
(usually, the enzymatic complex containing papain is used 
in this purpose) [3]. Pantothenic acid can be also obtained 
by chemical synthesis [4]. An efficient alternative is the 
biosynthesis by microorganisms, due to the reduction of the 
process steps required and consumption of materials and 
energy. The biochemical synthesis uses Brucella abortus, 
Azotobacter vinelandii, Escherichia coli, Fusarium ox-
ysporum microorganisms, the main nutrients of the cultiva-
tion media being glucose and ammonium inorganic or or-
ganic salts [4-8]. 

The separation of pantothenic acid from natural extracts, 
chemical synthesis, or biosynthesis media was carried out by 
crystallization, ion exchange, and chromatography [9-12]. 

Pantothenic acid is added in various pharmaceutical or 
food products [13]. A key issue that affects both the opera-
tion of separation and purification of this compound, as well 
as the pharmaceutical and food associated compounds 
quality is the stability of pantothenic acid. The thermal 
stability of this acid has been analyzed by a number of re-
searchers, considering the temperature corresponding to the 
different operations through which the respective products, 
pharmaceutical or food ones, were processed (sterilization, 
preservation, cooked, etc.) [14-16]. These studies were 
carried out in a limited pH range, mainly between 4 and 6. 
Furthermore, the thermal stability of pantothenic acid was 
assessed indirectly, being tested either foods containing the 
acid or pharmaceutical products (e.g., pills containing vita-
min complex). Both approaches affect significantly the 
accuracy of measurements associated with the pure panto-
thenic acid. 

Therefore, the experimental studies are aimed to establish 
the exact influence of pH on the rate of chemical degrada-
tion of pantothenic acid from pure aqueous solutions. In this 
regard, the influence of pH on the inactivation rate constant 
was determined, being proposed a more complex kinetic 
model for this reaction. 
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II. MATERIALS AND METHODS 

The experiments on the degradation of pantothenic acid 
were carried out in the pH range between 2 and 12. The 
pantothenic acid was dissolved in 100 ml buffer solutions 
with default pH-value. The initial concentration of panto-
thenic acid in each solution was 50 mg/l (2.28 x10-4 M). The 
flasks with acid solutions at different pH-values were main-
tained at 25°C. The unhydrolyzed acid concentration has 
been determined at different moments of the reaction. In 
this purpose, from each flask samples of 5 ml solution have 
been taken, and added in 45 ml of buffer solution of pH = 5, 
for avoiding the inactivation reaction (the acid stability is 
maximum at pH = 5-7 [16]). Finally, the concentration of 
pantothenic acid was determined in the pH = 5 solution. For 
dosing the pantothenic acid concentration the HPLC with 
concentration gradient has been used (using Dionex equip-
ment Ultimate 3000, Acclaim Polar Advantage column type 
II (PA2), with a diameter of 4.6 mm, length of 150 mm, 
particles diameter of 5 μm). The equipment was provided 
with UV-VIS detector with diode array DAD-3000. The 
injection volume was 20 μl. The mobile phase consisted of 
acetonitrile (A) and phosphate buffer (pH 3.2, phosphoric 
acid) (B). The gradient was 0-35% A in the first 14 minutes, 
at a flow rate of 1 ml/min. Analyses were carried out at 
temperature of 25°C. 

III. RESULTS AND DISCUSSION 

According to the literature data, pantothenic acid stability 
is maximum in the pH range of 5-7. However, there is no 
information on the behavior of the acid outside this pH area 
[16]. At the same time, it was found that the presence of 
compounds such as nicotinamide and phosphates may ex-
hibit a catalytic effect, by accelerating the acid hydrolysis 
even in this pH range [16, 17]. 

Pantothenic acid degradation can be described by a first 
order reaction [16, 17]. In these circumstances, the reaction 
rate expression is: 

                                                     (1) 

where: CAP - pantothenic acid concentration, mol/l 
          k1 - the first order reaction rate constant, min-1. 
By solving the integral: 

                                                 (2) 

the equation of a straight line was obtained: 

                                                     (3) 

The constant of the acid degradation rate can be calculat-
ed from the straight line slope (CPA0 represents the initial 
pantothenic acid concentration, mol/l). 

Initially, the variation of pantothenic acid concentration 
during the chemical degradation process has been plotted 
(Fig. 2). 
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Fig. 2 Variation of pantothenic acid concentration 

From Fig. 2 it can be observed that the pH-value of 5 
corresponds to the lowest degradation rate of the acid. 
However, although the acid degradation occurs both in 
strongly acidic medium (pH < 4) and in strong alkaline 
medium (pH > 10), figures 2 and 3 suggest that the process 
is more important in alkaline medium. 
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Fig. 3 The influence of pH on the pantothenic acid concentration 

As it was mentioned above, the results from literature 
have been obtained for different food and pharmaceutical 
products, within a limited range of pH variation [16]. Thus, 
the degradation of pantothenic acid has been associated with 
a long period of time, of the order of dozens of days, its 
stability being improved by the presence of the other com-
pounds in these products and also by neutral pH environ-
mental conditions. However, in the case of pure acid solu-
tions and for pH-values corresponding to its maximum 
stability, Fig. 2 and 3 indicate that up to 40% of the initial 
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amount of acid could be hydrolyzed within the first 60 
minutes. This percent suggests that the degradation of pan-
tothenic acid in these systems is considerably accelerated 
than has been reported in the studies mentioned in the litera-
ture. 
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Fig. 4 Graphical representation of equation (3) at different values of pH 

By means of Fig. 4, the value of the degradation reaction 
rate constant of pantothenic acid can be calculated at differ-
ent pH-values of aqueous solution. 

The values of the kinetic constant k1 are given in Table 1. 

Table 1 Chemical degradation rate constant of pantothenic acid 

pH k1x103, min-1 
2 7.73 
4 5.05 
5 1.16 
6 2.53 
8 5.86 

10 8.72 
12 9.67 

 
The values of kinetic constant k1 from Table 1 confirm 

the above discussed evolution of pantothenic acid stability 
in function of pH-value, underlining that the increase of pH 
from 5 to 12 leads to the acceleration of the acid 
degradation reaction for more than 8 times. By lowering the 
pH from 5 to 2, this reaction rate increases for about 7 
times. The dependence of the kinetic parameter k1 and pH 
was plotted in Fig. 5. This dependence suggests the 
following mathematical correlation between the reaction 
rate constant and the concentration of H+ ions: 

                                                 (4) 

The values of α, β and δ coefficients were calculated by 
multiple regression method, using MATLAB software. 
Thus, the following equation (5) has been obtained: 

                   , min-1           (5) 

 
This equation offers a good concordance with the exper-

imental data, the maximum deviation being 17.72% and the 
average one ±8.8%. 
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Fig. 5 The influence of pH on the chemical degradation reaction rate of 

pantothenic acid 

In these circumstances, the equation that describes the 
kinetics of the chemical inactivation of pantothenic acid 
becomes: 

, 

mol/l.min                                                                            (6) 

For establishing the accuracy of the proposed model, the 
values of hydrolyzed acid concentration calculated with the 
equation (6) have been compared with the variation on time 
of the experimental concentration of the degradation prod-
ucts given in Fig. 6. The momentary rate of the reaction is 
calculated from the slope of the tangent at the point corre-
sponding to the considered reaction time. 
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Fig. 6 The variation over time of the concentration of the degradation 

products 
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The comparison between the experimental and calculated 
values of the rate of inactivation of pantothenic acid is pre-
sented in Table 2. 

Table 2 The experimental, vexp, and the calculated values, vcalc, 
of chemical degradation rate of pantothenic acid 

pH Vexp x 107, 
mol/l.min 

Vcalc x 107, 
mol/l.min 

2 12.33 13.60 
3 9.82 10.12 
4 7.66 7.68 
5 2.50 1.89 
6 4.83 5.36 
7 6.01 5.48 
8 8.67 9.35 
9 10.35 9.46 

10 13.82 13.75 
11 15.09 16.33 
12 16.34 18.56 

 
According to Table 2, the values calculated by the pro-

posed kinetic equation are in concordance with the experi-
mental ones, the standard deviation being ±10.21%. 

IV. CONCLUSIONS 

The experimental studies on degradation of pantothenic 
acid in pure aqueous solution with pH-value varying be-
tween 2 and 12 revealed that the vitamin stability is consid-
erably reduced compared to that of the pharmaceutical or 
food products containing this compound. 

These investigations were the first one which consider a 
broader pH range and constitutes a completion of the litera-
ture reporting the influence of pH on the rate of pantothenic 
acid degradation. 

Based on the original experimental data, a complex ki-
netic model was developed, which includes the influence of 
pH on the reaction rate constant. The proposed model pro-
vides a good concordance with the experimental results, the 
standard deviation being ±10.21%. 
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Abstract— Oquv" qh" vjg" tguvqtcvkqp"ocvgtkcnu" ujqwnf"ykvj/
uvcpf"hqtegu"fwtkpi"ocpwhcevwtkpi"qt"ocuvkecvkqp." uq"vjg"og/
ejcpkecn" rtqrgtvkgu" ctg" korqtvcpv" kp" wpfgtuvcpfkpi" cpf" rtg/
fkevkpi" vjg"ocvgtkcn"dgjcxkqt"wpfgt" nqcf0" ]3_"Pqycfc{u" vjgtg"
ctg"pwogtqwu"qrvkqpu" kp"wukpi"eqorqukvg"ocvgtkcnu" hqt"fgpvcn"
tguvqtcvkqpu."cu"vjgkt"gzrqpgpvkcn"fgxgnqrogpv"rtqxkfgf"ownvk/
rng"ejqkegu"qh"eqodkpcvkqpu"ykvj"dgvvgt"cpf"dgvvgt"rtqrgtvkgu0"
Vjg{" tgurqpf" vq" c" nctig" tcpig" qh" tgswktgogpvu" ocmkpi" vjg"
ugngevkqp"swkvg"fkhhkewnv"hqt"dqvj"wugtu"*fgpvkuvu+"cpf"dgpghkekct/
kgu" *rcvkgpvu+0"Vjku" ku" vjg" tgcuqp"yj{"c" vjqtqwij" uvwf{"qh" vjg"
ocvgtkcnu" rtqrgtvkgu"okijv"qhhgt"ykfgt"rquukdknkvkgu" hqt"c"ykug"
ejqkeg"ceeqtfkpi"vq"vjg"ukvwcvkqp"cv"jcpf"cpf"cnuq"eqwnf"dg"vjg"
hwpfcogpv" qh" kortqxkpi" cpf" gpjcpekpi" vjg" gzkuvkpi" rtqrgt/
vkgu0 

Vjg" rtgugpv" rcrgt" ckou" vjgtghqtg" vq" rgthqtokpi" cp" ceew/
tcvg"uvwf{"qh"vjg"ogejcpkecn"rtqrgtvkgu"hqt"ucorngu"qh"vjg"oquv"
wugf" fgpvcn" ocvgtkcnu" uq" vjcv" cp" gfwecvgf" cpf" uekgpvkhkecnn{"
dcugf" ugngevkqp" qh" vjg" ocvgtkcnu" ecp" dg" ocfg" cpf" cnuq" pgy"
kortqxgogpvu"ecp"dg"rtqrqugf0"

Keywords—" fgpvcn" tguvqtcvkqp." eqortguukqp" ewtxgu." cf/
xcpegf"fgpvcn"ocvgtkcnu."eqorqukvgu0"

I. INTRODUCTION  

 It is well known that dental problems do not solve them-
selves, they need to be approached in due time and very 
seriously, otherwise the irreversible loss of teeth may occur, 
also other related disorders.  

Caries incidence for example in our country is about 
80%, a large number of people avoiding the dentist ap-
pointment either for fear of painful interventions or mostly 
because of financial reasons. A person with dental problems 
may have pulmonary, renal, cardiac etc. disorders and will 
never be accepted for an implant, for example. The suitable 
care for denture may reduce up to 30% the risk of heart 
attack, stroke but also other cardio-vascular diseases [1]. 

 By neglecting these aspects, especially by the disadvan-
taged population and even by persons with an average in-
come, the increase of destructive dental diseases incidence 
is increasing, requiring restorative actions, reconstructions 
or even prosthetic works with consequences upon social 
comfort and welfare. 

Endodontic treatment is kind of a routine today, more 
and more teeth being recovered for prosthetic treatment [2]. 
For these reasons, the correct choice of the dental material 

becomes an important issue and requires extensive and 
accurate information, both for the professional users and for 
the beneficiary represented by the patient. 

One of the most important applications in dentistry is the 
study of the forces applied to teeth and dental restorations. 
The maximum forces recorded by strain gauges and teleme-
try devices reach 250 to 3500N. The forces developed in the 
dental occlusion for an adult subject decrease from the mo-
lar area towards the incisors, reaching forces values from 
400 to 800N, upon the first and second molar [3]. 

Obviously the used materials should meet several condi-
tions, the most important one being biocompatibility, mean-
ing that the material is accepted by the surrounding tissues 
without triggering allergic reactions [3].  

But this is not all. The dental material should resist from 
mechanical point of view to the mastication forces and wear 
due to abrasion actions, should resist to thermal stress and 
all kinds of chemical aggressions due to the various types of 
ingested foods [4]. 

II. MATERIALS AND METHODS 

The oldest type of dental material used for restorations 
(usually fillings) is the amalgam (a mixture of two or more 
metals, also containing mercury), which is not very much 
used lately due to the poor esthetics and suspicions of tox-
icity.[5,6] 

Nowadays, the most used materials are various types of 
composites (combination between an acrylic resin and some 
glass-like particles), glass ionomers (combination of acrylic 
acids and glass powders), resin ionomers, ceramics (porce-
lain) sometimes on metallic structure, whose resistance is 
good and they also fit the teeth colour [5,6]. 

Each type of material has its advantages and disad-
vantages, several factors are to be considered when select-
ing one material or another for the restorative work, mostly 
their mechanical properties, thermal properties, colour, cost, 
allergic reactions, time of curing, etc. 

Obviously the materials manufacturer are making all the 
necessary testing before releasing the components into pro-
duction and trading, meaning that all of them are meeting 
the requirements at some extent but in order to make an 
educated choice and find solutions for mitigating the short-
comings, a comparison between them is required. For this 
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reason the present paper proposes an extended analysis of 
the mechanical properties for some of the most used restora-
tive dental materials, so that it may offer a tool for their 
classification from this point of view and providing helpful 
elements in making a correct choice. 

In [7] the authors showed that the most affected area of 
the tooth is the central area, if the bite is correct and the 
denture has a normal structure or some eccentric loads may 
occur if the denture is not normally shaped. In any situation 
the filling area is subjected to the highest loads and for this 
reason the filling material should resist to compression in 
the first place. 

The experiments were carried out upon three different 
samples made of some modern and advanced composite 
materials used in dental works: 

-"Hknvgm"\"772" is a composite material activated by visi-
ble light, designed for the use in anterior and posterior teeth. 
It is recommended for direct restorations, immobilizations 
but also indirect restorations [8]. 

- Dtknnkcpv"Hnqy is a fluid radio-opaque composite used 
for repairing dental cavities. It consists of metacrylates, 
barium silica and hydrophobic amorphous silica [9]. 

- Xcnwz" Rnwu due to its high wear resistance is used in 
more sustainable works. Bending and traction resistance are 
the ones providing the growth of durability for this material, 
but it is not very compression resistant. It consists of BIS-
GMA and TEGDMA resins with synthetic minerals involv-
ing zirconium or silicon and inorganic elements [10]. 

- Dkpgt"NE"is a restorative material with fluoride release 
and radio-opaque characteristics. It is considered to be a 
basic material specially designed for using with adhesives, 
composites and conventional restorative materials. For 
solidification, polymerization light is used [11]. 

- PgzEqor" is a reinforced nano-filler composite used 
for restoring anterior and posterior teeth [12]. 
- Coctku"Hnqy is a photo-polymerizable fluid composite for 
special aesthetic restoration works. It has an excellent light 
dynamics and high color stability [13]. 

 Determination of mechanical characteristics is done fol-
lowing the procedure of testing on special equipment ac-
cording to the proposed goal. The samples behavior is stud-
ied until they break and parameters are recorded, also the 
manner and aspect of breakage is analyzed. 

 Compression testing was performed on a LS-100 com-
pression testing machine produced by Lloyd’s Instruments, 
United Kingdom. This has a maximum capacity of 100 kN, 
accuracy of testing velocity <0.2%, maximum stroke length 
840 mm, load resolution <0.01% from the used force cell, 
extension resolution <0.1 microns, force cell XLC-100K-
A1, analysis software is NEXYGEN MT. 

The testing precision class is 0.5, the equipment being 
provided with a digital control device in closed loop and 
also a computer for data control, acquisition and recording. 

The force application point was centric, implying a cor-
rect dental occlusion. Malocclusions would require a high 
number of very expensive samples and will be considered in 
future researches.   

At the critical time, when the first crack occurred, the 
compression force reached maximum value and started 
decreasing after the total destruction of the sample.  

The experimental data were recorded and the characteris-
tic compression curve was obtained, while the tested sample 
was fixed in the device.  

The crack firstly occurred at the surface as very thin line, 
then it propagates to the depth of the material leading to 
spontaneous breakage. 

Three samples of each material were used for compres-
sion testing, all obtained during the same time of polymeri-
zation (3min). The samples could not be manufactured in 
the exact same size, as they were obtained by courtesy of 
various dental specialists who were interested in our re-
search. All samples were light-cured.  

III. RESULTS AND DISCUSSIONS 

The compression characteristic curves obtained during 
the tests are presented in fig. 1 – fig.6. 

The Amaris Flow samples have a mean diameter of 
6mm, while the area of the sample cross-section reaches an 
average value of 28,274mm2. 

 
Fig.1 Compression curves for Amaris Flow 

As shown in the diagram from fig.1, the first part of the 
characteristic curve is a straight line, the unit efforts being 
proportional with deformations. Up to a certain value of the 
unit effort the material behavior is perfectly elastic. When 
the unit effort grows higher than the strength at break, the 
material deformation becomes concentrated in a single point 
and the sample will crack suddenly in this case. 
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The Valux Plus samples presented the same diameter and 
area as the Amaris Flow samples.  

But it is obviously a totally different situation for Valux 
Plus (see fig.2), some of the samples follow the pattern of 
sudden break, and others go through the plastic phase when 
the material has the tendency to “flow” before it breaks, 
showing most likely different concentration of the compo-
nents. 

 
Fig.2 Compression curves for Valux Plus 

The Biner LC samples have an average diameter of 
9,5mm and the area of the cross-section has a mean of 
70,882mm2. 

The samples of Biner LC present an elastic behavior to a 
certain point, two of them will show a small drop in the 
force value as the material starts to give in (fig.3). 

 

 
Fig.3 Compression curves for Biner LC 

The Brilliant Flow samples have 6mm in diameter and 
the area 28,274mm2.  

The samples of Brilliant Flow are behaving differently to 
one another, there is an obvious tendency of sudden break 
without the plastic flow, which occurs only for sample 3 at a 
certain extent. The material is more resistant than the others 
except for Amaris Flow. 

Fig.4 Compression curves for Brilliant Flow 

For Filtek Z550 the samples present a mean diameter of 
6mm and the area is 28,274mm2. 

Fig. 5 shows the characteristic curves for Filtek Z550 
samples. All three behave differently proving the fact that 
the samples composition is not exactly the same, it is possi-
ble to have different concentrations of the components lead-
ing to different results. Still the breaking values are high 
enough by comparison to other materials. 

 
Fig.5 Compression curves for Filtek Z550 

The samples of NexComp have the same size as those for 
Filtek Z550. 

In fig. 6 the compression curves for NexComp are dis-
playing a smooth slope in the elastic domain, breaking sud-
denly at rather average values of the load. 

 
Fig.6 Compression curves for NexComp 
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The results were summarized in Table 1 in order to facili-
tate the comparison between the analyzed materials by de-
termining the average load at break. 

Table 1 Average load at break for analyzed restorative  
materials 

Materials  Average load at break [kN] 

Amaris Flow 4,505 

Brilliant Flow 2,606 

Valux Plus 0,835 

NexComp 1,344 

Biner LC 2,093 

Filtek Z550 1,067 

It becomes obvious that Amaris Flow is the most re-
sistant material to compression as it breaks suddenly for an 
average load of 4,5kN, while Valux Plus breaks for only 
0,835kN (as it was expected, the material being known as 
wear resistant and not very good at compression). But all 
the materials are strong enough to resist to the usual forces 
applied during mastication upon the restorative dental mate-
rials, they usually do not increase over 0,8kN.  

The experiments allow the determination of many other 
mechanical characteristics, like Young’s modulus, stiffness, 
stress for different loads, extension for different loads, but 
in order to achieve a useful and comprehensive comparison 
to the dental materials requirement, the load at break is the 
most significant parameter. 

Anyway, a direct correlation between the mechanical 
properties determined in laboratory conditions and the clini-
cal behavior is not very strong yet. Specialists still consider 
that the laboratory tests take place in ideal conditions; this is 
why several directions of study of correlating aggressions 
upon restorative materials are to be considered in order to 
resist clinical trials.[14]  

The visual aspect of the breakage can also provide valua-
ble information concerning the manner of material failure. 
In order to analyze that, the broken samples were studied by 
help of a digital microscope (type Keyence) with 20x and 
100x magnification. [15] 

The images at 20x magnification show the general aspect 
of the breakage cross-section, followed then by an analysis 
at 100x magnification in order to highlight the broken struc-
ture. 

For example, in fig.7 and 8 the breakage cross-section for 
Amaris Flow (that proved to be the most resistant material 
for compression load) is shown for both magnifications. 

As already shown by the compression characteristic 
curves the material lacks plasticity, the rupture is abrupt, no 
visible deformation occurs. But it is the most resistant mate-

rial for compression, breaking for an average load of ap-
prox. 4,5kN. 

 
Fig.7 Amaris Flow, cross-

section 20x 
Fig.8 Amaris Flow, detail 100x 

Brilliant Flow is the second best material for compres-
sion but the average load for breaking drops dramatically at 
almost half of the value for Amaris Flow, reaching only 
approx. 2,6kN.(fig.9,10) 

 
Fig.9 Brilliant Flow, cross-

section 20x 
Fig.10 Brilliant Flow, detail 

100x 
As the characteristic compression curves showed before, 

there are slightly any plastic deformation (not for all sam-
ples), the breakage aspect is clean and cut. 

Almost a similar behavior is displayed by Biner LC with 
an average load at break of 2,09kN. (fig. 11, 12) 

Fig.11 Biner LC cross-section 
20x 

Fig.12 Biner LC, detail 100x 

The cross-section is not as smooth as the ones for Amaris 
Flow and Brilliant Flow, as there are some signs of plastic 
deformation, which can also be seen in two of the character-
istic curves. 

The next resistant material proved to be NexComp, the 
average load at break records another representative drop by 
comparison to the previous two materials, reaching only 
1,34kN.(fig.13, 14) 

348 D. Cotoros, A. Stanciu, and M.M. Scutariu
 

 IFMBE Proceedings Vol. 59  
  

 



  

Fig.13 NexComp, cross-section 
20x 

Fig.14 NexComp, detail 100x 

The visual analysis shows some sliding lines on the 
breaking surface proving the plastic deformations already 
obtained in the characteristic curves. 

Filtek Z550 provides an average break load of 1,06kN, 
the samples behave very different from one another, some 
show plastic deformations, some do not, and the difference 
between samples as far as the breaking load is concerned, is 
very high. The benefit of this material resides in its excep-
tional wear resistance and ease of processing during restora-
tions (fig.15, 16). 

Microscopic analysis shows some sliding lines and also 
an increased density of material on one side, the breakage is 
not uniform, the material shows plasticity for some of the 
samples. 

  
Fig.15 Filtek Z550, section 20x Fig.16 Filtek Z550, detail 100x 

Valux Plus proves to be less resistant to compression, but 
the manufacturers are recommending it for the high wear 
resistance (fig.17, 18). 

  
Fig.17 Valux Plus, cross-section 

20x 
Fig.18 Valux Plus, detail 100x 

The average break load for compression determined for 
Valux Plus is about 0,835kN. Again the samples have be-
haved very different from one another. Some developed 

only elastic behavior and some showed slight plastic defor-
mations. The cross section is partially smooth, showing 
some fine sliding lines and an area of concentrated density. 

All tested materials are strong enough to resist to the 
highest mastication forces that do not overcome 0,8kN. 

V. CONCLUSIONS 

Dealing with the mechanical characteristics of composite 
materials, especially the polymeric ones may be in a certain 
way similar to dealing with metals, but it is necessary to 
keep in mind the fact that they are quasi-anisotropic. Be-
sides, there may be some variations between the properties 
of different samples of the same material, according to the 
components concentration and mixture, as the experiments 
have already proven. 

Also, it is a well-known fact that for dental materials 
whose resistance to compression is much higher than the 
resistance to tension, meaning they are fragile materials, the 
differences between the real characteristic compression 
curves and the conventional ones are insignificant.  

The experiments have the purpose of comparing the me-
chanical properties of various dental composite materials 
but also for controlling the conformity of different samples 
of the same materials. This information are usually not 
provided by the manufacturers and by the dealers but are 
very important for users, as an educated decision regarding 
a fair ratio quality-cost is to be considered when selecting a 
certain material.  

Of course, other properties are also to be considered in 
the long run, like resistance to abrasion; esthetics – color, 
translucence, opacity; resistance to chemical substances 
from different nutritional elements; resistance to tempera-
ture variations (hot food followed by cold beverages or vice 
versa), biocompatibility, etc. But the first thing usually 
considered is: will the restoration be able to resist mastica-
tion like a healthy tooth for a reasonable price? 

According to the experiments, the diagram in fig.19 of-
fers an expressive classification of the studied materials 
according to their cost per refill syringe. This would offer 
the possibility of comparing mechanical properties and 
evaluate the quality cost ratio. 

As far as compression strength, Amaris Flow is much 
above the other studied materials but is also the most expen-
sive. The lowest values were determined for Valux Plus, 
while the other materials seem to present slightly decreasing 
values between those two but costs are not always following 
the same variation pattern. 
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Fig.19 Classification of studied materials according to cost per refill 

syringe 

As a conclusion, modern nutrition is characterized by the 
presence of very aggressive substances that subject the 
people’s dentition to various aggressions leading at one 
moment or another to teeth decay. Therefore it is necessary 
to be able to rely on strong, esthetic and affordable materi-
als in order to restore the damaged teeth. 

Due to the explosive development in the field of compo-
site materials several types of dental materials are available, 
with different properties and also shortcomings making the 
appropriate selection very difficult. 

Both dental professionals and patients need to be in-
formed about the properties offered by this large range of 
offers in order to be able to make educated choices accord-
ing to their set priorities. 
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oqfgn0"  
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K0 INTRODUCTION"

A. System Biology approach  

The cell can be considered as a system. In order to a full 
understanding of all aspects in the cell life, we cannot con-
sider only the components inside the cell. Instead, we must 
discover all the interactions between the components, the 
hole dynamic of what, when and why all that interactions ex-
ist. Only after we know all that, we can be sure that we can 
control them. 

A system approach to a cell model requires actions in four 
possible fields of research [1]: 
vjg"u{uvgo"uvtwevwtg< a diagram with all the genes and pro-
teins interactions, their biochemical ways to interact, and 
the mechanisms of the cell inside structure control; 
vjg"u{uvgo"f{pcokeu< the cell reactions over time at the 
environmental stress. The study can be drive by complex 
methods, on different areas, such as metabolic analysis, 
sensitivity analysis and dynamic analysis. 
vjg"eqpvtqn"ogvjqfu< building procedures that control the 
state of the cell in order to minimize the malfunctions. 

These research can provide new kind of treatments of dis-
eases. 
vjg"fgukip"ogvjqfu< building of synthetic biological sys-
tems with specific properties, after establishing by simula-
tions the main design principles. 

Significant progresses in all these fields were done when 
computational-based cell models were realized.  Even is not 
possible for the moment to introduce in a model all the com-
ponents that are present in a real cell, this kind of analysis 
may provide to the end very useful hypothesis about what can 
be the real mechanisms that allow a cell to survive and repro-
duce in a particular environment. 

For all computational cell models, we must establish from 
the very beginning the goal and the level of complexity of our 
model.  

For the goal, we need to decide whether: i) we want to 
understand the behavior for a very specific process, or ii) we 
want to find how our model responds to a very wide complex 
of factors.  

To model even a simple cell, new software tools must be 
developed. Compared with other kind of models, a model of 
a biological cell combines the stochastic way of events with 
a space with huge number of reactions that some of them are 
feedback processes. All these choices must consider also the 
availability of biological knowledge possible to be used to 
build the model. 

From the biological point of view, after obtaining the 
complete genome sequences of some simple organisms, the 
idea to build a minimal cell model consider also the minimal 
gene set that can answer at two obvious problems: what was 
the genome for the very first forms of life, and consequently, 
what would be a minimum genome necessary to support and 
reproduce life? 

Until now, for example, Mycoplasma genitalium, with 
468 identified protein-coding genes is considered as the min-
imal genome that exists. This organism was compared with 
that of Haemophilus influenzae (1703 identified protein-cod-
ing genes) ([2], [3]). Other micro-organisms were also con-
sidered in order to build o minimal cell, such as Ureaplasma 
urealyticum [4]. The work method was the idea that the genes 
with same functions and conserved in two different organ-
isms that were compared, must be essential for life. Finally, 
256 genes were considered as being essential for life. 
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 In this case, for so few genes, it is not surprisingly that 
not all the functions in a normal cell are also present in a min-
imal cell. For example, there is no amino acid biosynthesis or 
also “de novo” nucleotide biosynthesis. Also, the lipid bio-
synthesis is very limited and very few enzymes to be synthe-
sized.  

Knowing that from a real living cell, one of the principles 
used to build the model was that not all the compounds and 
features present in a complex form of live must be present 
also in the computer model.  

Another central feature of the model is to remain stable, 
which means to have a tendency to be all the time around the 
steady-state parameters values, despite the action of pertur-
bations. Another term used for the stability feature of organ-
isms is robustness (a definition of robustness is: the preser-
vation of particular characteristics, despite uncertainty in 
components and environment [5]). The most important fea-
ture in order to have that is, in the real cell as it is in a model, 
to have a built-in feedback reaction attributes (positive or 
negative). A feed-back reaction can bring to a system adap-
tation to environment, insensitivity to parameter changes, 
and slow degradation of a function in the case of damages. 

B. Examples of computational software tools 

Some of the first kind of models created until now follows 
bellow. 

E-CELL"is an ambitious project to build a complete com-
putational model for an entire bacteria genome, based on My-
coplasma genitalium organism. The model is realized by the 
Laboratory for Bioinformatics from Keio University, Japan. 
The model tries to put together all the features of a real cell. 
The model has 127 genes and several different kinds of reac-
tions. Many parameters are estimated [16] 

Virtual Cell is being developed by the National Resource 
for Cell Analysis and Modeling (NRCAM) at University of 
Connecticut Health Center. It has a graphical interface 
presentation on its own web page. The model can analyze 
chemical reactions among different substances in the cell and 
other such spatial locations. It does not appear to be desired 
to handle complex transcription-translation-transport events 
in the cell [17] 

Bio-Spice is an initiative at Berkeley National Laboratory 
[18].  

These computational tools are all still under development. 
Thus far them consists of a framework to enable users to add 
modules that interact with simulation modules from other us-
ers. They are all limited in their ability to model complex reg-
ulatory interactions between different kinds of molecules in-
side a cell. Another main limitation is that some software 
does not account for stochastic reactions, while others does 

not account for spatial movement of concentrations of mole-
cules. The user-interfaces for all of them are still cumber-
some, as is the method for specifying which reaction to in-
clude 

Another kind of models are made for some very specific 
interactions. Their only purpose is to propose a possible path-
way to occur for these particular interactions.  

An example on this regards is a model capable to register 
the changes in cell composition, cell sizes, cell shape, and the 
timing of chromosome synthesis in response to changes in 
external glucose limitation ([6], [7]). So, this model was spe-
cifically built for one pathway.  

Another example is a model made for a very specific and 
singular event in a cell: the interaction between cdc2 and cy-
clin [8]. Even for a whole cell, the model is still based on 
adding more specific reactions for some of the possible ac-
tivities in the cell.  

II. METHODS 

A. Steps to create a computational model 
 

The present theoretical biological cell was built considering 
all these design principles. Other important design principles 
are also considered, as follows: 

Reducing the inside cellular components to a manageable 
number of components. Only for gene actions, where the 
most prominent feature is the binding of transcription fac-
tors to the regulatory elements of that gene, the number of 
states of the complexes grows exponentially with the num-
ber of components and their binding sites (a single gene 
where 10 transcription factor can bind, has 210 = 1024 dif-
ferent possible states, resulting in the same number of tran-
scriptional rates; also, because each state can have 10 dif-
ferent transcription rates, there are 10,240 potentially 
reactions to specify). 
Writing the reactions that summarize the stoichiometric re-
lationships within the cell. 
Developing kinetic relationships that reflect the general de-
pendencies of major metabolic pathways or steps. 
Including metabolic control systems using only the concen-
trations of chemical components as signals. 
Evaluating as many kinetic and stoichiometric parameters 
as possible.  
The best model should be modular and to permit a contin-
uous increase in complexity by adding new components 
and must easily admit new functions too [9]. 

 The computational model described below makes the 
second choice, and has the goal to be available for simula-
tions in all kind of processes inside the cell. 

352 D. Stoicovici et al.
 

 

  

 IFMBE Proceedings Vol. 59  
  

 



There are two basic scientific methods for analyzing the 
biological system behavior and that are used to build the 
models in System Biology: "

The first method is the steady-state analysis. Knowing the 
components of a biochemical system of molecules and the 
reactions rates among them at the steady state, this kind of 
analysis can reveal how the model reacts when we modify 
some of the external and internal parameters, in order to sim-
ulate the environmental stress. 

The second method is the bifurcation analysis. This kind 
of analysis follows the changes in time in the system in a 
“multidimensional space”, where each of these space axes 
represent a parameter involving evolution in time, shown in 
correlations with all the others. By this method we can follow 
the system behavior in its dynamic evolution. 

The computational model described below uses the 
steady-state analysis.  

We must introduce all this attributes in the model for hav-
ing a reliable one, to create a computer model with robustness 
attribute. We must add to our model features like negative or 
positive feedback control, modularity and mechanisms to 
provide structural stability, which is a central feature of a 
model, that is to have a tendency to be all the time around the 
steady state parameters values, despite the action of pertur-
bations. 

Among them, the negative feedback control is one of the 
most important, that must provide a stable response to an ex-
terior stress, independent of further internal parameters vari-
ations and external disturbances. The most important robust-
ness attributes are: adaptation to environment, parameter 
insensitivity, slow degradation of a function in the case of 
damages. 

There are mainly two methods to design a cell model: 
i. the deterministic method 

ii. the stochastic method. 
i) The deterministic approach builds its model on the ba-

sis of a so called collision volume: the space around one mol-
ecule where we can find the center of a sphere of another 
molecule at the time T (Fig. 1),  

where: 
- R1 is the radius of the first molecule; 
- R2 is the radius of the second molecule; 
- V1-2 is the speed of the first molecule relative to the sec-
ond molecule; 
- R1 + R2 is the collision volume. 

 

 
Fig. 1 The collision between two molecules (after [5]) 

If inside this collision volume there is the center of a sec-
ond molecule at the initial moment T, then it will take place 
a collision at the moment (T + δT). In order to find the rate of 
such kind of situations that takes place, we must divide the 
number of molecules inside the collision volume of one other 
molecule and divide that number by δT. Then, we can take 
the limit of the interval (T, T + δT) → 0: 

0
.

T
T

collisionVinmoleculesNr
RateCollision          (1) 

The deterministic method is used for example in models 
based on the evolution of species logical relations ([10], [11], 
[12]).  

But obviously, it might be a problem to find a number for 
those molecules that come together in the same volume when 
we consider a very small time, because in that moment this 
number will be also close to 0.  

ii) Instead of the number of molecules, the stochastic ap-
proach considers the probability that the center of such 
sphere will be inside the collision volume of another one. 
This probability is given by the ratio of collision volume/total 
volume and this will have a physical sense even when the col-
lision volume will be closer and closer to 0: 

   0collisionV
totalV

collisionV
yprobabilitCollision           (2) 

Even that the behavior of only one molecule is “determin-
istic”, the behavior of a complex of molecules in a mixture of 
different species and different kind of interactions cannot be 
deterministic. Unless we consider also the influence of the 
nuclear matrix or other interconnections like this (influence 
of membrane structures, cytoskeleton, etc.) that reduce the 
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degree of freedom of molecules to each other, the random-
ness is more convenient because we consider the phenome-
non inside the cell more to a probabilistic level. 

A. Computational efficiency  

In order to be relevant, a model should be more compre-
hensive, more like a whole cell. Instead of building specific 
reactions for a particular pathway, it is better to build more 
general interactions that can fit to a general protein-protein or 
protein-protein-protein interactions. This kind of approach 
can bring inside a model the feedback that we need for a dy-
namic behavior. 

From this point of view, in order to build a whole cell 
model, major computational efficiency problems show up: i). 
the minimum number of genes to include inside in a cell 
model. and ii). the most important functions that we need to 
have in our computational cell model.   

Concerning the functions, we can assume that not all the 
important functions that are usually present in a normal cell 
will be also present in a minimal cell. For example, we can 
assume that some types of the molecules are “imported” from 
the surrounding media. On the other hand, other functions 
must be present in all living organism, even in the simplest 
ones, such as the ability to replicate DNA and to translate the 
genetic message to produce proteins, also the ability to pro-
duce energy, and finally to transport molecules and signals 
across the cell membrane. So, of course, all these functions 
we must find also in a computational cell model.  

Concerning the number of genes, this is an important mat-
ter, because it is a necessity to reduce the inside cellular com-
ponents to a manageable computational number. Only for the 
gene activity, for example – where the most prominent fea-
ture is the binding of transcription factors to the regulatory 
elements of that gene – the number of states of the complexes 
grows exponentially with the number of components and 
their binding sites. A single gene, where 10 transcription fac-
tors can bind, has 210 = 1024 different possible states, result-
ing in the same number of transcriptional rates. Also, because 
each state can have 10 different transcription rates, there are 
10240 potentially reactions to specify [13].  But of course that 
this is only a pure theoretical consideration, because not all 
the possible reactions can really occur and not all the possible 
combinations between the compounds are simultaneous. This 
is the reason that is better from the beginning to approach 
directly to different possible states for molecules complexes 
and not for only one compound. Still we need to limit for the 
beginning to around 100 molecules the number of some of 
the compound inside the model. Otherwise the running time 
will last too long.   

III. RESULTS 

A. Brief summary of the computational cell model 

The starting point of the model developed in this thesis 
was a model created by Dr. Brent Foy, Associate Professor 
at Wright State University – Dayton Ohio [14]. The original 
cell model had two genes and a pathway for these genes to 
produce the corresponding proteins by combined transcrip-
tion and translation processes. Also, the “cell” was designed 
to respond to an external chemical compound by increasing 
the production of one protein while decreasing production of 
another. The response is possible by having a receptor protein 
with the capability to bind an external chemical and to gen-
erate a signal for a second messenger compound. This second 
messenger was able to enhance the activity of one of the gene 
present in the cell and repress the activity of the other gene. 

Afterwards, in [14] the capabilities of the cell model were 
extended beside the previous model by a third gene. So, this 
model has now three genes, one to encode for the protein that 
will be produced only as response to the changes in the envi-
ronment, another that produces a protein all the time but it 
will be repressed when that changing in the environment oc-
cur, and a third new one gene that encodes all the time for the 
receptor protein (Fig.2). Also, a new important feature is the 
separation of the transcription and translation into separate 
events. So, each of the gene will have now a corresponding 
messenger RNA and proteins (Fig.3). Another important new 
feature is the presence of some of the metabolism events. The 
model simulates the taking over of glucose inside the cell and 
the production of ATP and pyruvate from ADP, glucose and 
inorganic phosphate (Fig.4).  

Also the degradation of all the proteins and messenger 
RNAs and the presence of the amino acids necessary for 
building the proteins are other features added to the model. 

The model developed analyzes and optimizes the capabil-
ity to sense and responds the presence of an extra-cellular 
chemical compound for a whole theoretical biological mini-
mal cell by simulating the regulation of gene expression path-
way (Fig. 5), and protein transport (Fig.6).  

The final software is even more complex that only simu-
lating all these events. It has also the capability to run a com-
plete experiment with 32 different simulations for different 
values of some of the parameters and variables.  
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Fig.2 Three genes - transcription 

 
Fig. 3 Three proteins - translation 

IV. DISCUSSIONS 

New approaches were improved lately by using the System 
Biology approach. The design and optimization that were 
used in this work are built on a system approach to a cell 
model that requires the actions showed at part I, point A.   

The first step is to build the system’s structure: a diagram 
with all the genes and proteins interactions, their biochemical 
ways to interact and the mechanisms of the cell inside struc-
ture control.  The diagram of this project can be seen in [14].  

The second step is to realize the system’s dynamics: the 
cell actions and reactions over time at the environmental 
stress are simulated in some special files for the case of this 

project. A best, flexible model should be also modular to per-
mit a continuous increase in complexity by adding new com-
ponents. Also, it must easily admit new functions [14]. 

 
Fig. 4 Metabolism 

 
Fig. 5 The regulation of gene expresion pathway 

The computer program for this project was conceived from 
the beginning to insure that. The program has subroutines 
that simulate one-direction reactions and bi-directional ones. 
These subroutines can be used to introduce any kind of evo-
lutions inside the cell, because almost any kind of such events 
can be reduced at these two types of reactions.   
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A third step would be to study the system: explore the 
stability, explore the effect of random reactions, explore sen-
sitivity to parameters and optimize system to achieve. In or-
der to do that the present project has used two kinds of exper-
iments, by running 30 times the computer program with the 
same base line parameters, and by running 32 times but with 
changing the values of some parameters [13]. 

 
Fig. 6 Protein transport     

The fourth step is to conceive the new final synthetic bi-
ological systems with specific properties, after establishing 
the main properties that these models should have. The sum-
mary of some of the main model properties that results after 
the experiments are: i) increasing the amount of Gene_1 pro-
duces an increase in the amount of the corresponding protein; 
ii) increasing the amount of Gene_2 produces an increase 
also in the amount of the corresponding protein; iii) decreas-
ing the amount of the inactive form of the second messenger 
(SM_I) from 300 molecules to 30 has produces a decrease in 
the Gene_1 protein amount and an instability of the response 
signal, but produces an increase in the Gene_2 signal, be-
cause there is no longer repression possible on Gene_2; iv) 
the amount of the external signaling molecule receptor pro-
tein (EM_recept) has a weak effect; v) increasing the protein 
degradation rates, and the messenger RNAs degradation rates 
have the most important influence on the cell response, by a 
very important increase in the protein amount.  

The ADP inside the cell is provide by the initial amount, 
and during the simulation, by the ADP released from the 
translation reactions. From the fact that the level of ADP is 
very high all the time we can conclude that the transition rate 
from ADP to ATP is low and we must consider increasing it 
in the future.  

The chemical sensing capability is the feature introduced 
to simulate the negative feedback control [15]. The computer 
cell model function results proved that the negative feedback 

control provides a stable response to an exterior stress, rela-
tively independent of further internal parameters variations 
and external disturbances.  

V. CONCLUSIONS 

Even with all these problems and limitations, there are 
some very important benefits of creating and working with 
cell models.  

The most important help and effect of computational mod-
eling will be in pharmaceutical industries and medical treat-
ments. By creating a complete cell model, with reliable tran-
scription and translation features and also with other 
important attributes as signal-transduction and metabolism, 
one can provide new tools for drug discovery.  

Another goal is to build a multiple drug system (the sim-
ultaneous use of several drugs with different targets on the 
body) that can bring the state of a sick cell, tissue, organ or 
organism to a normal shape with minimum side effects.  

Creating a cell model can be also a first step in designing 
a synthetic gene network and constructions of integrated bio-
logical circuits capable of performing increasingly elaborate 
functions, such as auto regulatory systems (switches, oscilla-
tors, logic gates and so on), or intercellular signaling systems 
(networks to communicate between cells). 

Such a simulation program is a reliable tool in identifying 
the principles that relate a structural diagram of the genome 
to the dynamic functioning of all the compounds inside a cell. 
[9]. 

Creating models for interactions in some well-studied or-
ganisms (where it is easier to do that because all the network 
of compounds and events is better understood) can be an ad-
vantage in explaining other interactions for the less known 
organisms. Researchers that have used this approach relay on 
the idea that the evolution toward optimal systems generate 
similar way to solve the control processes. This is the reason 
that simple models that are conceived and improved using as 
pattern some living organisms can explain the functioning of 
others, often very different, organisms [14].    

Finally, to build a data base with all different types of so-
lutions found during their evolution by the organisms in order 
to better adapt to the environmental stress will be a great 
achievement for this kind of modeling.  

Finally, one can say that this paper brings a contribution 
in order to establish the basic principles in order to build-in 
that specific cell model of a living minimal biological cell, 
and that proved to work with that specific cell model.   
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Abstract—"Fgxgnqrkpi"ghhgevkxg"ecpegt"vjgtcrkgu"jcu"dggp"c"
oclqt" hqewu" kp" dkqogfkecn" tgugctej0" Vjku" rcrgt" rtqrqugu" cp"
kpvgitcvgf"igpg"cpcn{uku"rtqegfwtg."ykvj"vjg"rwtrqug"qh"hkpfkpi"
fkhhgtgpvkcnn{" gzrtguugf"rtqdg" ugvu"yjkej"yknn" ngcf" vq" c" dgvvgt"
wpfgtuvcpfkpi" qh" ecpegt" oqngewnct" dcuku" cpf" jqrghwnn{" vq"
hwvwtg"ftwi"fgxgnqrogpv0"Kp"qvjgt"yqtfu."dcugf"qp"rwdnke"fcvc"
ugvu."yg"yknn" kfgpvkh{" igpg" gzrtguukqp" ukipcvwtgu" qh" ecpegtqwu"
fkugcugu" kp" qtfgt" vq" eqpvkpwkpi" hkpfkpi" pgy" crrtqcejgu" kp"
wpfgtuvcpfkpi"cpf"eqpvtqnnkpi"vwoqtcn"egnn"ukipcnu0"

Keywords— Igpg"gzrtguukqp, oketqcttc{"cpcn{uku." enwuvgt/
kpi."pqtocnk|cvkqp0"

I. INTRODUCTION 

Over the last years, more and more studies are made on 
organization, analysis and interpretation of biological data, 
in order to better understand the mechanisms of life at dif-
ferent levels. Cancer is one of the leading cause of mortality 
worldwide and is a generic term for a large range of diseas-
es characterized by alterations of normal cells [1]. 

The motivation for choosing this theme is the major im-
plication that cancer still stands in public health; technolo-
gy, although advanced, has been failing so far in providing 
precise treatments to eradicate any type of cancer. 

II. BACKGROUND 

A. Genes expressions analysis 
 

Gene expression or genetic code represents triplets of nu-
cleotide sequences (RNA) which form amino acids, activat-
ing protein synthesis [2, 3]. 

Regulating gene expression means all the mechanisms 
used by the cells to decrease or increase production of spe-
cific products genes (RNA/protein) for the proper function-
ing of the body. 

An important step in understanding progression of vari-
ous diseases is the transcription step, where transcription 
factors bind in specific places from DNA and promotes or 
inhibits the expression of a gene. Correct transcriptions 
phases are vital for maintaining proper functioning and 
reproduction of cells. Interrupting the gene tuning or prob-
lems in genes transcriptions into mRNA can lead to some 
variety of diseases, such as cancer [3]. 

Analysis of time series gene expression aims to better 
understand the dynamics related to transcription and thereby 
the progression of disease. Gene expression analysis refers 
to finding different patterns in the genes expressed under 
specific situation or in a specific cell and to look for associ-
ations between regulation of gene expression levels and 
phenotypic variations [4, 5]. 

A very useful method for genes expressions analysis is 
DNA microarray - DNA points collections attached to a 
solid surface used to measure gene expression levels of two 
different samples: normal versus pathological, in order to 
identify chromosomal imbalances [5]. 

III. APPROACH 

In this paper, using R software for statistical computing 
and graphs, we will identify, analyze and interpret gene 
expression signatures of cancerous diseases (Figure 1), 
according to the following steps: 

Fcvc"ceswkukvkqp"cpf"vtcpuhgt 
Consult Gene Expression Omnibus database. GEO 

is an international public repository that archives and dis-
tributes different kinds of functional genomics data sets 
submitted by the research community. Data in GEO repre-
sent original gene expression studies generated from micro-
array or high-throughput sequence technologies, investigat-
ing a wide range of biological and medical themes [7].  

While the main goal of GEO is to serve as a public ge-
nomic data archive, the resource also provides user-friendly 
mechanisms that allow users to review, analyze and visual-
ize gene expression profiles of interest. Today, GEO ar-
chives data for approximately 40.000 studies comprising a 
million samples, for over 2.200 organisms, submitted by 
15.000 laboratories from around the world [6].  

Download publically available microarray data 
(Affimetrix Gene Chip Arrays or CEL files containing 
Afymatrix data); 

Fcvc"rtgrtqeguukpi"cpf"swcnkv{"eqpvtqn"ejgemu 
Loading, reading, normalize and quality control of 

a large dataset of microarray samples  
Method: RMA normalization; 
Pqkug"hknvgtkpi"cpf"fkogpukqpcnkv{"tgfwevkqp 
Selecting genes that pass some criteria to arrive at a 

reduced set of features; 
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Jkgtctejkecn"enwuvgtkpi" 
In order to discover novel relationships among 

samples in a given dataset; 
Finding differentially expressed probe sets/genes to 

identify those with similar expression profiles; 
Cppqvcvkpi"rtqdg"ugvu"vq"igpg"u{odqnu 

 

 
Fig. 1. Overall view of the integrated gene expression analysis 

We started the"first step:"Fcvc"ceswkukvkqp"cpf"vtcpuhgt."
by"downloading seven sample .CEL.gz file for breast can-
cers from GEO. 

After the data is read and"uncompressed." the next step is"
Fcvc"rtgrtqeguukpi"cpf"swcnkv{"eqpvtqn"ejgemu0 

Microarray data normalization is necessary to ensure that 
differences in intensities read by the scanner are due to 
differential gene expression and not due to printing, hybrid-
ization or scanning artifacts. There are several methods to 
normalize data based on quantile normalization or log-
median centering, such as MAS5.0, GCRMA or RMA. If 
MAS5 is Affymetrix's older probe level normalization algo-
rithm due to the fact that normalizes each array inde-
pendently and sequentially based on mismatch probe value,  
in present, most CEL file data in  literature are being nor-
malized with one of RMA or GCRMA algorithm [7]. 

Compared to MAS5, the RMA (Robust Multiarray Aver-
aging) method ignore the mismatch values (fact that in-
creases precision by reducing  noise) and scale all the chips 
to the same mean and fit all to the same distribution using a 
multi-chip model. GRCMA is similar to RMA, but calcu-
lates background differently by making use of mismatch 
intensities to correct background [7]. 

In this article, we will normalize all of the microarrays 
together using RMA, followed by an annotation of those 
probe sets to gene symbols (e.g., Entrez Gene ID and Sym-
bol), see Figure 2. 

 
Fig. 2. From downloading to annotating microarray gene expression 

To check the effects of RMA normalization, we can plot 
a boxplot of probe intensities before and after normalization 
(Figure 3 and Figure 4). 

 
Fig. 3. Boxplot of unnormalized intensity values  

 
Fig. 4. Boxplot of normalized intensity values 

From the plots in Figure 5 and Figure 6, we can conclude 
that normalization has brought the intensities from all of the 
chips into distributions with similar characteristics. 

 
Fig. 5. Density vs. log intensity histogram for the unnormalized data 

 
Fig. 6. Density vs. log intensity histogram for the normalized data 

Using the Bioconductor package affyPLM, we can com-
pute Relative Log Expression (RLE) and Normalized Un-
scaled Standard Error (NUSE) scores using our normalized 
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data and visualize statistical characteristics of the CEL files 
(Figure 7). 

 

 
Fig. 7. RLE vs NUSE plots of the CEL files  

Microarray analysis is commonly characterized in a 
number of genes much larger than the number of samples, 
thus leading to the issue of high dimensionality. Not all of 
the thousands of genes are relevant and needed for classifi-
cation. Moreover, they lead to computational burden and 
presents unnecessary noise in the classification process, 
therefore it is essential to arrive at a reduced set of fea-
tures/genes, suffice for good classification [8]. 

For the" pqkug" hknvgtkpi" cpf" fkogpukqpcnkv{" tgfwevkqp"
rctv."we choose a"basic method based on three well defined 
metrics [9]. Other methods that reduce dimensionality by 
replacing a large number of predictors (genes) with just a 
few significant, beside the one we used are PLS or PCA. In 
this paper, we select genes that pass each of the three fol-
lowing criteria: 

genes expressed in at least 5% of samples; 
genes having a significantly different variance 

from the median variance of all probe sets using a threshold 
of p smaller than 0.01. In this way are removed  probes with 
median intensity values below a pre-specified threshold 
considered to be the same as noise; 

genes having a coefficient of variation larger than 
0.186; 

We compute these metrics for our normalized data to ar-
rive at a reduced set of features. 

A powerful analytical tool to leverage with large sample 
sizes is enwuvgtkpi. Clustering is an unsupervised method 
for grouping sets of similar objects based on some criterion, 
usually a series of features whose similarity is defined by 
some distance function.  

For this step, we choose hierarchical method because it is 
used on a large scale due to its intuitive appeal and visuali-
zation properties. Also, it does not require no apriori infor-
mation about the number of clusters required, so can be 
extremely useful in exploratory data analysis. 

We perform jkgtctejkecn" enwuvgtkpi on the data matrix 
and cut the dendogram such that the samples are divided 
into clusters (Figure 8).  

 
Fig. 8. Dendogram 

We also display filtered data as a heat map with clustered 
columns. In Figure 9 we can see colored increasing intensity 
values of genes from the seven CEL files. 

 
Fig. 9. Heat map 

Using the data matrix and the cluster memberships, we 
identify genes differentially expressed between a given 
cluster and all other clusters (Figure 10.) using a t-test, an 
univariate statistical method unaffected by the ratio of fea-
tures to samples (e.g. number of genes differentially ex-
pressed, p-val smaller than 0.05). 

 

Fig. 10. Steps to genes differentially expressed 

Each found cluster or molecular subtype has various 
pathological features, different molecular alterations, gene 
expressions at different level or deregulated signaling path-
ways."
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For hwvwtg rtqurgevu, we need to identify, interpret and 
validate the generated data (clustered gene) using GO (Gene 
Ontology), then build a model which can characterize can-
cer subtypes based on gene expression and the defining 
genes class in the system and predict changes of genes from 
a subset of cancer to another [10]. 

IV. CONCLUSIONS 

While the large datasets generated by microarrays are a 
potential goldmine of information, their large size makes 
analysis a cumbersome task. Extracting the right infor-
mation from microarray data sets can have a great signifi-
cance and importance in understanding molecular basis of 
different diseases, which can lead to prevention and treat-
ment. Molecular subtypes help us  to identify specific mark-
ers for a particular type of cancer or profile gene, markers 
that will be targets for future drug development and prog-
nostic prediction. 

A substantial challenge of this approach, using R and the 
methods mentioned above, is to obtain new biological in-
formation which we hope that will contribute to the biologi-
cal field. 

The main goal of this microarray analysis is to be able to 
identify relevant genes and specific biological pathways that 
had a strong correlation with a phenotype of interest (cell 
growth or cancer).  

Scientists anticipate that molecular mutations analysis 
will lead to new stages of detection and treatment multifac-
torial diseases, such as cancer, thus this project of finding 
differentially expressed probe sets comes to help them by 

continuing finding new approaches in understanding and 
controlling tumoral cell signals. 
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