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Foreword

The Third International Conference on Global Health Challenges (GLOBAL HEALTH 2014),
held on August 24 - 28, 2014 - Rome, Italy, took a global perspective on population health, from
national to cross-country approaches, multiplatform technologies, from drug design to
medicine accessibility, everything under mobile, ubiquitous, and personalized characteristics of
new age population.

Recent advances in technology and computational science influenced a large spectrum
of branches in approaching population health. Despite significant progresses, many challenges
exist, including health informatics, cross-country platforms interoperability, system and laws
harmonization, protection of health data, practical solutions, accessibility to health services,
and many others. Along with technological progress, personalized medicine, ambient assistance
and pervasive health complement patient needs. A combination of classical and information-
driven approach is developing now, where diagnosis systems, data protection mechanisms,
remote assistance and hospital-processes are converging.

We take here the opportunity to warmly thank all the members of the GLOBAL HEALTH
2014 Technical Program Committee, as well as the numerous reviewers. The creation of such a
high quality conference program would not have been possible without their involvement. We
also kindly thank all the authors who dedicated much of their time and efforts to contribute to
GLOBAL HEALTH 2014. We truly believe that, thanks to all these efforts, the final conference
program consisted of top quality contributions.

Also, this event could not have been a reality without the support of many individuals,
organizations, and sponsors. We are grateful to the members of the GLOBAL HEALTH 2014
organizing committee for their help in handling the logistics and for their work to make this
professional meeting a success.

We hope that GLOBAL HEALTH 2014 was a successful international forum for the
exchange of ideas and results between academia and industry and for the promotion of
progress in the field of global health.

We hope Rome provided a pleasant environment during the conference and everyone
saved some time for exploring this beautiful city.
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Abstract— E-Appointment, E-Family Practice, E-

Information, E-Prescription, E-Pharmacy, Electronic 

Health Registration (E-Registration), Nursery Information 

System, E-Radiology, E-Laboratory, E-S mart Card, Tele-

Medicine, Biometric Authentication System, are used 

within the E-Healthcare system in Turkey. Main objective 

of this research is to evaluate opinions of patients about E-

healthcare services provided in healthcare institutions and 

utilization status of these services. The research is 

important in terms of understanding  the E-healthcare 

using patients' views on the national usage of technology in 

healthcare in Turkey. The public survey consists of 19 

questions and among them there are questions to measure 

the participants’ sociodemographic status along with the 

ones to evaluate participants’ awareness of E-Healthcare 

services and their satisfaction of these services.  

 
Keywords- E-Healthcare; Patient Opinions; Hospital 

Information System; Healthcare Institutions; Healthcare 

Informatics in Turkey. 

 

I.  INTRODUCTION 
 

Nowadays, technology is one of the best ways to 
gather information. Storage of informat ion, systematic 

arrangement, processing, transmission and accessibility are 
possible thanks to the existing technology [1].  In  healthcare 

services, hospitals and healthcare institutions also use 

computers to interact with complicated environments in order to 
be effective [2] [3].  Quick developments in both healthcare and 

computer science sectors result in both of this sectors to be 
intertwined and to change drastically [4] [5].   

 
According to the World Health Organization (WHO), 

Technology concept in terms of healthcare technology can 

greatly contribute to the solution of a medical problem, and 
including its users; is a combination of methods, technique and 

equipment [6]. E-Healthcare is defined as the usage of 
communication and information technologies in their full 

function to improve the health of individuals and the 
accessibility of healthcare services provided in forms of high 

quality, efficient and effective healthcare services [7]. Also, E -
Healthcare is used for healthcare services that are supported by 

communication and information technologies [4] [8].    

 

 

In this paper, patients’ opinions about E-healthcare 
services and evaluation of usage status of these services in 

Turkey are the main objective of the research. In parallel with 
the main objective of the research within the extent of E-

healthcare services concept, it is aimed to evaluate patients’ 
opinions about services that are executed in healthcare 

institutions like Electronic Patient Registration (E-Registration), 

E-Prescription, E-Appointment System, Biometric 
Authentication, E-Radiology, Pharmacy, Laboratory, Surgery 

Room Information systems and their knowledge, opinions about 
Tele-medicine and also, usage status of the current services. 

The research is important in terms of understanding the E-
healthcare using patients' views on the national usage of 

technology in healthcare in Turkey. The research was 
conducted between the dates of 1 of June 2013 and 31 of 

August-2013. Therefore, time can be boundary of this project. 

 

In Section II, we give state of the art in E-Healthcare. 

In Section III, we introduce E-healthcare applicat ions in 

Turkey. More details of historical development of the E-

healthcare services in Turkey are described in Section IV.  In 

Section V, we give methods of research.  Results of the research 

are given in Section VI. Finally, we drew a conclusion and 

suggestions for future work in Section VII. 

 

II. STATE-OF-THE-ART IN E-HEALTHCARE 

 

In the article “Acceptance of Swedish E-Health 

Services” which was written by Mary-Louise Jung and Karla 

Loria in Sweden, 12 old patients were interviewed in order to 

determine the attitude towards technology usage in healthcare 

sector [9]. The research contains only the inspection of services 

that are provided by public healthcare hosts in Sweden that 

provide online healthcare services, online doctor and e-

prescription services. In order to collect data, interviews were 

conducted about the difficu lty level of e-health systems and 

about the attitude towards each one of the services.  

In the research that was conducted by Fatma Gül Altın 

in Turkey “Application of Information Technologies in The 

Healthcare Sector” doctors’ opinions towards usage of e-health 

services were evaluated [10].  

Opinions of the patients that use e-health services 

directly and the evaluation of these services’ usage status are 

significantly important. There is no research about usage of e-

health systems with patients in Turkey. Our work is  the one and 

only in this perspective. In order to conduct the research, a large 

1Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-359-9
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focus group was considered (656 Patients). The evaluation of all 

the e-health services that are used in public and private sector is 

the main purpose of this research. 
 

III. E-HEALTHCARE APPLICATIONS IN TURKEY 
 

By using E-Healthcare services, healthcare institutions’ 
expenses will be lowered, thus their efficiency will be improved 

along with the efficiency of serving healthcare services and 
distribution of sources and the communication among 

healthcare staff. It will be easier to benefit from healthcare 

services for individuals who have problems such as 
accommodating in rural areas or having hardship with 

transportation. Individuals and healthcare staff will be able to 
reach information more easily thus time will be used much 

more efficiently [10] [11].   
 

Services that are already in use in Turkey are E-Family 
Practice, E-Appointment, E-Information, E-Prescription, E-

Pharmacy, E-Registration (Electronic Healthcare Registrations), 

Nursery Information Systems, E-Radiology, E-Laboratory, Tele 
medicine, Biometric Authentication Services [9].  

 
Electronic Patient Registration is a storage, in which all the 

information about a patient is stored virtually, to be used when 
needed [12] [13]. 

 

Family Practice is a computer program for the use of 
the family doctor on duty under the extent of “Family Doctor 

Implementation” and  healthcare staff who works in the field  of 
family healthcare [4] [14].  

 
E-Appointment System is the scheduled acceptation of 

patients to the polyclinics through a set of pre-determined rules. 

Patients that are going to be examined are given a certain date. 
Scheduling is about using time and sources efficiently [15] [16].   

 
Radiology, also known as Medical Visualization, creates, 

stores, processes, and saves images [17].  Visualization devices 
work through the use of computer technology and data process 

techniques and help doctors to reach proper diagnosis and to 
prepare disease diagnosis and a treatment plan [18].  

 

E-Prescription provides digital input, storage, and 
transmission of prescription information electronically among 

institutions. The era of writing prescription on paper has come 
to an end due to switching to the E-Prescription System. With 

the system, doctors write prescriptions on digital environment 
and pharmacists can see which doctor prescribed which 

medicines online. Being supported simultaneously by smart 

card, this system ended health certificates and referral notes, 
thus all transactions passed upon digital environment [19].  

 
Nursing Informatics System contains systems on which 

information and communication systems focuses on procedures 
and fields about nursery. The system makes informat ion process 

and management easier [5] [12].   

 

Telemedicine provides distant patient treatment services 

with the help of technology [20].  
 

E-Information Serv ices is one of the services that the 
Ministry of Health delivers. With this procedure, service can be 

received via double sided, sound-video transmitting, interactive 
screen located in the patient’s house which provides 

communication between healthcare staff and the patient.  

 
Biometric Authentication has been developed to identify 

individuals by recognizing their physical and behavioral 
characteristics features [21]. The most important feature of 

biometric systems is developing personal features. These 
features provide such security that it cannot be transferred to 

another individual. 
 

IV. HISTORICAL DEVELOPMENT OF THE E-

HEALTHCARE SERVICES IN TURKEY 
 

E-Healthcare service works has started with the projects of 
the Ministry of Health with the help of the World  Bank in 1991 

and the Healthcare Information Systems started in 1995.  The 
studies in the field of healthcare informat ion systems have been 

improved with the Ministry of Health Pro ject in  Healthcare 

Project (CHP) which started in 2003 to create a Heath 
Information System (HIS) that covers every aspect of the 

healthcare sector. Studies for this are called E-Healthcare 
Project. Healthcare ministry undertook the coordination of E-

Healthcare Work Group in the extent of “E-Transformation 
Turkey Pro ject”, created and executed a Schedule in 2006.  It 

includes projects like E-healthcare Project, Central Hospital 

Appointment system (E-appointment), E-prescription, 
Electronic Referral system (E-referral), Family Practice, 

Electronic Identity Card, and Tele-Medicine. The Healthcare 
Informatics Congress from 2006 and the Healthcare Informat ics 

Congress from 2007 were held to discuss this matter. “E-
Healthcare System in Turkey Project” has been improved by 

holding E-Healthcare/Tele-Medicine Congress  in the extent of 
Informatics Summit in 2008 [22] [23]. 

 

V. METHODS 

 

The research was conducted between the dates of 1 o f 

June 2013 and 31 of August-2013 in Ankara Private 

Sanatorium Health Center. The basis of the research is created 

total 5000 patients who had applied to receive medical service. 

The sampling of the study consists of 656 patients. 

 

The research is a descriptive, cross-sectional study. 

Data were  gathered via public survey form. The public survey 

consists of 19 questions and among them, there are questions 

to measure participants’ sociodemographic status along with 

the ones to evaluate participants’ awareness of E-healthcare 

services, usage of services and satisfaction level of these 

services, opinions about E-healthcare services protecting 

participants’ privacy, informat ion sources about application of 

the services and problems occurred using the services.  
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The surveys were done in the waiting room while the 

patients were waiting fo r examination. They usually lasted 

about 5 minutes. Participation in the survey is completely 

voluntary. Likert Scale 5 Point is applied to the poll. During 

data analysis, analysis was done via combining the part icipants 

that gave the answers of “bad” and “very bad” with the ones 

gave the answers of “good” and “very good”. The data which 

had been gathered by poll results was analyzed via SPSS 18.0 

package program. 

 

VI.  RESULTS 

60.4% (n=396) of the patients are female, 39.6 

%(n=260) are male. 30.6% (n=201) of the patients are 

elementary school graduates, 10.2% (n=67) are middle school, 

28.7% (n=188) are h igh school graduates, 8.5 % (n=56) have 

two-year degree, 19.7% (n=129) have bachelor’s degree, 1.5% 

(n=10) have master’s degree, 0.8% (n=5) have doctorate. 

74.7% (n=490) of the participants are married, 21.3% (n=140) 

are single, 0.9% (n=6) are divorced, 3% (n=20) are widower. 
 
    
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

Figure 1. Participant’s Awareness Status Of The E-Healthcare Services E-
Healthcare Application 
 

It can be seen on the figure that the service patients 

are aware of most is E-Registration 26.0 %, with E-

appointment following with the second highest ratio of 24.0 % 

(Figure 1). 

 

While 51.8% (n=340) o f the participants encountered 

problems about E-Healthcare procedures, 9.8% (n=64) of them 

did not.  While 17.7% (n=116) of the part icipants pointed out 

that there has been no difference regarding services after E-

Healthcare procedures took effect, 20.7% (n=136) of them 

have no idea about the matter. 
 
TABLE I. SATISFACTION AND USAGE STATUS OF THE 
PARTICIPANT ABOUT E-PRESCRIPTION, E-APPOINTMENT AND E-
REGISTRATION SERVICES 

 While 39.2% of the participants are satisfied with E-

prescription services, satisfactory ratio of E-reg istration 

services is 72.8%. 26.1% of the participants are dissatisfied 

with E-appointment services (Table 1). 

 

Among the patients who use the E-prescription system 

40.1% pointed out that they think that the system is secure in 

terms of protecting personal privacy, 31.3% are indecisive, and 

28.7% pointed out that the system is insecure in terms of 

protecting personal privacy. It is observed that 61.4% of the 

patients who participated in the research use E-reg istration 

system in registration before examination, 13.1% occasionally 

use it, and 25.5% of the patients do not use it. When it is 

analyzed that if electronic registration system makes 

procedures easier in the hospitals, according to the participants, 

66.6% of them think the system makes it easier to benefit  from 

medical services, while 14.3% thinks otherwise. According to 

the 10.7% of the participants, even with the help of E-

registration system there is no d ifference, while 8.4% are 

indecisive. 

 
TABLE II. SOURCES OF THE PROBLEMS IN E-HEALTHCARE 
SERVICE PROVISION ACCORDING TO THE PARTICIPANT 

 

 

According to the participants, most of the problems 

about the E-healthcare services mostly occur because of 

software and substructure inadequacy 79.0% (Table 2). 

 
 
 

 
 

  

 

 

 

 

 
 
 

 
 
 

 
Figure 2.    Information Sources Of The Participant About The E-Healthcare 
Practices 
 

Hospitals (26.0%) and Television (25.0%) are at the 

top of the informat ion sources which are for E-healthcare 

practices (Figure 2).  
 

 

Poor Good Excellent No Usage  

n % n % n % n % 

E-Prescription 41 6.2 42 6.4 257 39.2 316 48.2 

E-Appointment  171 26.1 111 16.9 295 45.0 79 12.0 

E-Registration 64 9.7 78 11.9 477 72.8 37 5.6 

 Sources Of The Problems* n % 

Healthcare Staff               432 66.0 

Software and Substructure Inadequacy                      521 79.0 

Lack of Information             499 76.0 

Healthcare Policies 234 36.0 
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VII. CONCLUSION AND FUTURE WORK 

 

Healthcare sector is  affected by the changes and 

innovations which are brought by technology. Each passing 

day new treatment methods and products become available . 

These days, intense usage of technology in healthcare sector 

makes the usage of E-healthcare services more important, and 

it is of great importance for serving these services more 

efficiently, more effectively  and of h igher quality. It  is obvious 

that generating information, reaching informat ion and using 

informat ion with the help of technology has great importance 

to the healthcare institutions and to the individuals who want to 

make use of these institutions’ services . 

 

 The main objective of this study is the evaluation of 

the services that are provided in healthcare institutions based 

on the patients’ opinions. We also discuss the usage status of 

these services. We surveyed patients about their awareness of 

the E-healthcare services, usage ratio of the services, 

satisfaction level, problems about the services, information 

sources about the services, and problem sources of the patients. 

 

In conclusion, these can be suggested: 

• It is observed that with respect to telemedicine 

practices, healthcare information systems usage ratio is not 

enough. Because of this, hospitals should try improving R&D 

activities. 

• Aspects like data transfer, data transfer security, 

adaptation convenience, access convenience, response time, 

determines E-healthcare services’ quality. Improving these 

aspects will  improve the satisfaction level and usage ratio  of 

these services. 

• Healthcare Ministry should raise awareness about the 

importance of informatics systems on general healthcare 

systems. 
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Abstract—The prevention of opportunistic infection for the 

elderly is important in home care and the hygiene management 

for infection is required. When water containing sodium 

chloride is electrolyzed, electrolyzed water with strong 

bactericidal ability due to the available chlorine (AC) is 

generated on the anode side. Slightly acidic to neutral 

electrolyzed water (SANEW, pH 5.0 to 7.5) is physiological pH 

and is suitable for biological applications. For producing 

SANEW simply and at a low cost, the container has electrolysis 

cell in a cylindrical shape having a sidewall without membrane 

partition and the sidewall serves as a cathode in the 

electrolyzer device. The graphite rod was used as the anode. As 

a result, the pH and AC concentration were 5.6 and 13.7 ppm, 

respectively. SANEW was obtained directly by this 

experimental device and this water showed a strong 

bactericidal activity. This device is useful for producing 

SANEW as a disinfectant to employ at home care, when 

considering economic and environmental factors, since it 

returns to ordinary water after use.  

Keywords- Home care; Electrolyzed water; Bactericidal 

activity.  

 

I.  INTRODUCTION 

The prevention of opportunistic infection due to a 
reduction in resistance or physical strength of the elderly is 
important in home care and the hygiene management for 
infection is required. Electrolysis is known as a method of 
separating an ionic substance by way of a chemical reaction. 
A device for achieving electrolysis requires certain 
components, such as an electrolyte containing an ionic 
substance, a pair of electrodes (an anode and a cathode), a 
diaphragm and a direct electric current supply. In the 
electrolysis process, water containing sodium chloride 
(NaCl) is electrolyzed, resulting in the production of strongly 
acidic electrolyzed water (SAcEW, pH 2.2 to 2.7) on the 
anode and strongly alkaline electrolyzed water (SAlEW) on 
the cathode side (Fig.1). SAcEW contains an available 
chlorine (AC) such as hypochlorous acid (HClO), which is 
known to have a strong bactericidal action and shows an 
instantaneous bactericidal activity [1] [2]. SAcEW reverts to 
ordinary water again after use. Therefore, recently this water  
has attracted considerable interest in a medical field. 

However, the activity does not persist. In addition, 
SAcEW stimulates the oral mucous etc. because of its strong 
acidity, and is therefore unsuitable for biological applications 
[3][4]. On the other hand, in slightly acidic to neutral 
electrolyzed water (SANEW, pH 5.0 to 7.5), since the 
activity persists and its pH is physiological levels, it can be 
applied to various uses. However, the production of SANEW 
requires electrolysis of hydrochloric acid itself or use of 
hydrochloric acid as a pH adjuster. Thus, the production is 
too complicated to perform in domestic homes. 

In this study, we developed a simple device to produce 
SANEW directly for home care without use of hydrochloric 
acid and evaluated the bactericidal activity of this solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Anode side 

H2O → 1/2O2 + 2H
+
 +2e- 

2Cl
-
  →  Cl2 + 2e- 

Cl2 (aq) + H2O ⇆ HCl + HClO 

 

Cathode side 

H2O + 2e- → 1/2H2 + OH
-
 

Na
+
 + OH

-
 ⇆ NaOH 

 

Figure 1.  Principle of producing electrolyzed water with two electrolytic 
cell 

 
This paper is structure as follows. Section II describes 

the device used as well as the approach to measure 
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bactericidal activity. In Section III, we present the results. In 
Section IV, we discuss the relevance of the results. Section V 
concludes the paper. 

 

II. METHODS 

A. Device 

The most expensive in the electrolyzer device is an 

electrode which is coated by platinum for the protection 

against corrosion. In order to reduce the cost, the container 

was electrolysis cell in a cylindrical shape having a sidewall 

without membrane partition. The sidewall was made of 

stainless steel and was operatively connected to a DC power 

supply so that the sidewall serves as a cathode in the 

electrolyzer device. The graphite rod was used as the anode. 

As the graphite rod was arranged as the anode in the vicinity 

of a center of the container, the anode was surrounded by 

the cathode at a constant distance, and thereby the strongly 

alkaline electrolyzed water will be obtained at the vicinity of 

the sidewall of the container (Fig. 2). 

 

 

 

 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 2. Principle of producing electrolyzed water with a cylindrical shape 

 

 

B. Measurement 

Using an experimental device, 1L of 0.1% NaCl 

solution was put into a container and electrolysis is 

performed by applying a DC 20 voltage for 30 minutes. The 

values of the pH and AC concentration of the electrolyzed 

water were measured with diethyl-p-phenylenediamine by a 

spectrophotometer. 

 

C. Bactericidal activity 

Two strains of bacteria (S.aureus and B.cereus) were 

prepared to investigate the bactericidal activity of 

electrolyzed water. The bactericidal activity was examined 

as follows. These bacteria were cultivated at 37°C for 24 

hours under aerobic-culture in petri dishes. After cultivation, 

each one colony was incubated with 10% povidon iodin, 

70% isopropyl alcohol, SAcEW and SANEW, also this 

solutions were added onto the fresh petri dishes and were 

cultivated for 48 hours. The colony of bacteria in the petri 

dish was counted and the bactericidal activity was judged. 

 

III. RESULTS 

The obtained measurement results, the levels of pH and 

AC concentration of the extracted electrolyzed water at 30 

minutes after the start of the electrolysis are listed in Table 1. 

The levels of pH of those water were from 5.5 – 5.9 and 

those of AC concentrations were from 11.1 – 13.7 ppm. 

SANEW was obtained directly by this experimental device. 

     The results of bactericidal activity of chemical 

disinfectants and electrolyzed water are shown in Table 2. 

There were many colonies of S. aureus and B.cereus in each 

petri dish as controls, while there was no colony of bacteria 

after added SANEW as same as other solutions. 

 

 
TABLE Ⅰ. THE LEVELS OF PH AND AC CONCENTRATION OF 

ELECTROLYZED WATER 

 pH AC concentration (ppm) 

 

Electrolyzed water 

5.9 11.2 

5.6 13.7 

5.6 13.0 

5.5 11.1 

 

 
TABLE Ⅱ.   BACTERIAL ACTIVITY OF ELECTROLYZED WATER 

Bacteria 

Solutions 

S.aureus B.cereus 

Control (Sterilized water) 

CFU/ml 

16.6×10
6
 67×10

5
 

10% povidon iodin 0 0 

70% isopropyl alcohol 0 0 

SAcEW 0 0 

SANEW  0 0 

 

 

IV. DISCUSSION 

Generally, in an electrolyzed water generator having a 

membrane, equal amounts of acidic water and alkaline water 

are generated in the respective electrolytic chambers with 

the same capacities on both sides of the membrane. 

Consequently, SANEW cannot be directly produced. 

Alternatively, a system for producing SANEW by a method 

using hydrochloric acid as a pH adjuster with a membrane-

less system suffers from the problem of handling 

hydrochloric acid. 
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SANEW has strong bactericidal activity against E.coli 

and B.cereus similar to chemical disinfectants and also, it 

has an advantage that its bactericidal activity stably persists 

for a long time, making it useful for sterilization, 

disinfection and cleaning as same as SAcEW with pH 2.2 

[5]. Accordingly, it is applicable to electrolyzed water 

generators producing bactericidal water that can contribute 

to killing bacteria on equipment and utensils in food 

factories, sterilization of instruments in medical-related 

departments, care homes for the elderly, cleaning toilets and 

the interiors of buildings, and cleaning bathrooms. 

Furthermore, since bactericidal water can be simply 

generated and returns to ordinary water when discarded, the 

present study is easy to use for improving public hygiene. 

The present study is characterized in that electrolysis 

cell in a cylindrical shape having a sidewall serves as a 

cathode, and does not need to maintain for membrane 

replacement. The structure is a simple one that does not 

need any special tool. This apparatus can be made at a low 

cost about 1/10 times as compared with conventional 

apparatus using hydrochloric acid [6]. Therefore, this device 

is useful for producing SANEW as a disinfectant to employ 

at home care. However, as a disadvantage, the graphite rod 

elutes very slightly during electrolysis by DC 20 V and 

needs to be replaced with long term use. And also, the 

quantity of SANEW production is 1L/30 min because of a 

batch type specification, which is rather low compared to 

the conventional apparatus of flowing water type (5L/min). 

Further research is necessary to make an improvement in 

this apparatus.  

 

 

V. CONCLUSION 

We made a simple electrolytic device in cylindrical 

shape having a sidewall and succeeded to produce SANEW 

with strong bactericidal ability as a disinfectant. SANEW 

can be produced from a saline solution and at a low cost in 

this system. This device is useful in home care. 
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Abstract— The main purpose for visualizing medical data in 

Clinical Information Systems (CISs) is to convert the medical 

data in relevant information about the patient’s health status. 

The process of conversion from single disparate data into 

useful information considers as relevant input datasets the 

known clinical problems and their clinical pathway, the 

already collected medical data and the social, demographic and 

administrative data. Visualization of the medical data 

represents the operational decision support system at point of 

care. The concept presented in this paper is a potential solution 

to the existing CISs’ shortcomings, through the extent of the 

timeline-based social networking experience to medical 

software, and at the same time, by applying the industry 

standard of business process modeling, Business Process 

Modeling Notation (BPMN) 2.0 in encoding the clinical 

pathways and administrative processes. The primary goal of 

the Timeline-based Clinical Case Management System 

(TCCMS) is to give a comprehensive picture of patients’ 

condition, both real-time as well as historically, using textual 

and graphic means, and to sustain, in a task-oriented approach 

and based on advanced decision support algorithms, the 

application of accurate treatment plans and actions. This 

paper presents a data visualization concept that hides under a 

simple temporal relation all the complexity of medical field, 

into a familiar Graphical User Interface (GUI), promoted by 

social networks in the last years, finally giving the chance to 

healthcare IT to become completely paperless. 

Keywords-Medical data visualization; clinical pathways; 

timeline; case management; BPMN. 

 

I.  INTRODUCTION 

“The Electronic Health Record (EHR) is a longitudinal 
electronic record of patient health information generated by 
one or more encounters in any care delivery setting. 
Included in this information are patient demographics, 
progress notes, problems, medications, vital signs, past 
medical history, immunizations, laboratory data and 
radiology reports.” [1] 

A large majority of the existing CISs emphasizes the 
need for separating between accessing medical history and 
the operational user interface. 

The current CISs' market covers most of the healthcare 
provider operational needs in regard to clinical services with 
some degree of support for point of care clinical decisions. 
The GUI for documenting clinical cases is centered usually 
on patient and patient banner in order to help the medical 

personnel to easily identify the current patient clinical 
context. 

This ensures a comprehensive standard-based approach 
in regards to CISs functionalities, which is regulated by the 
world’s leading medical informatics organizations: HL7 
EHRS [2], CCHIT [3], Eurorec [4] / Prorec [5], etc. 

In this context, in order to analyze the current state of the 
art, we need to structure the existing knowledge in three 
domains: clinical pathway visualization, relevant medical 
data visualization (medical and administrative) and the 
combination of these two - medical data in clinical context. 

Clinical pathway visualization should be considered from 
two points of view: from the point of view of clinical 
pathway encoder or designer, and from the point of view of 
the one who is executing the patient current clinical pathway 
requested actions. Projects/solutions like Protégé [6], Tallis 
Toolset [7], GUIDE [8], GLARE [9], VisiGuide [10], 
AsbruView [11], etc., are suitable for encoding and/or 
execution of a clinical pathway, but with limited adoption by 
the healthcare providers. 

Not necessary in relation with the clinical context, 
projects like Graphical Summary of Patient Status [12], Time 
Lines and LifeLines [13], PatternFinder [14], KNAVE and 
KNAVE-II [15], VISITORS [16], VIE-VISU [17], 
Interactive Parallel Bar Charts (IPBC) [18], Gravi++ [19], 
and others moved in the direction of visualizing the medical 
relevant data.  

There are also very few combined approaches of medical 
data in clinical context: Guideline Overview Tool (GOT) 
[20], Midgaard [21], CareVis [22], NHS Common User 
Interface [23], Visual-D [24], but most of them failed to be 
widely adopted. 

The barriers in CISs’ adoption are mainly generated by 
the GUI complexity through the magnitude of change 
perceived by medical personnel accustomed to work with 
paper documents. The CISs usually ignore their practices and 
their social, communication and professional context and this 
is reflected in unified browsing experience for heterogeneous 
data and inefficient decision support at point of care. 

The potential solution to the previously mentioned CISs’ 
shortcomings consists in extending of the timeline-based 
social networking experiences to medical field by hiding 
under a simple temporal relation all the complexity of 
medical field with benefits especially in user adoption and 
learning curve. 
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The paper structure, section by section, is presented 
below:  

Section II describes the challenges experienced in 
conversion of medical data into relevant information about 
the patient’s health status, 

Section III describes the concept and the elements of 
novelty of such a system in the Electronic Health Record 
(EHR) context, 

Section IV describes the main set of functionalities 
required for the concept implementation and 

Section V presents the way forward in concept 
implementation. 

 

II. MEDICAL DATA VIZUALIZATION  

The main purpose of medical data visualization in 
patient-centric CISs is to convert the medical data in relevant 
information about the patient’s health status. The process of 
conversion from disparate data into useful information 
should be analyzed at least from several perspectives: 
communication, computer science (and GUI) and healthcare 
domain (especially, clinical context and clinical pathway). 

The relevant input datasets which are used by the data 
visualization process could be grouped in three categories: 
known clinical problems and their clinical pathway, the 
already collected medical data and the social, demographic 
and administrative data. 

Basically, the medical data visualization in a CIS should 
represent the operational decision support system at point of 
care and at the same time a Clinical Case Management 
System (CCMS). 

It is essential to visualize the current clinical problem and 
its corresponding clinical pathway; also, to know what are 
the active problems (including chronic clinical problems), 
what the medical history is, what the recent objective 
observations are, what the social, demographic and 
administrative details are, etc. The progress observed in the 
patient treatment, the definitions of the clinical pathways 
with specific actions, stages, conditions and so on and 
nevertheless the best practices of the clinical problem (to 
treat the health problem) should be accessible. 

It is obvious that the level of adoption of industry 
standards in terms of functionality  it’s quite limited and the 
main barrier in adopting comes from the fact that 
implementation does not take into account the end user 
practices and their context. 

Medical personnel are accustomed to work with paper 
documents and previous attempts to create paperless 
solutions have failed due to the magnitude of change 
perceived by the often non-technical end users mainly 
because of GUI complexity. 

So, the medical professionals need a Clinical Case 
Management System, developed around their current social, 
communication and professional context, able to manage 
operational processes and, at the same time, to provide an 
efficient point of care decision support. 

III. TIMELINE-BASED CLINICAL CASE MANAGEMENT 

SYSTEM 

The concept presented in this paper is a potential solution 
to the previously mentioned shortcomings in order to extend 
the timeline-based social networking experiences to medical 
software and at the same time to introduce the industry 
standard of process modeling, BPMN [25], in encoding the 
clinical pathways. The primary goal of the Timeline-based 
Clinical Case Management System (TCCMS) is to offer a 
comprehensive picture of patients’ condition, both real-time 
as well as historically, using textual and graphical means, 
and to sustain, in a task-oriented approach and based on 
advanced decision support algorithms, the application of 
accurate treatment plans and actions. 

Furthermore, using clinical protocols and timelines, in 
combination with the visualization of patients’ relevant 
medical data, dramatically improves the point of care 
decision support. 

Another important characteristic of TCCMS is the fast 
development and reusability of medical templates, achieved 
through an external component, part of a Business Process 
Management Solution (BPMS) [26] also used to execute 
clinical protocols and guidelines that encode and organize 
the decisions and action tasks for the medical personnel. 

A BPM-based case management solution in healthcare 
offers the benefits of configurable workflows for both the 
medical areas (clinical pathways) as well as the 
administrative areas (Admission, Discharge and Transfer). 
An example of BPM implementation of administrative 
processes (outpatient encounter) is presented in Figure 1. 
The presented process allows the basic management of the 
outpatient encounter, managing also the exceptions like 
encounter reactivation, automatic checkout or canceling the 
encounter. The notifications are also part of the process 
definition by the fact that the process can be started based on 
a received message from the appointment system, and also, 
the process contains a throw notification event designed in 
fact for the communication with inpatient encounters 
systems. 

Based on the medical documents associated with a 
patient and on a complex array of business rules as a part of 
the current clinical pathway, relevant alerts regarding a 
specific patient (e.g., allergies, high cardiovascular disease 
risks etc.) will be triggered. Moreover, the alerts must 
suggest recommended actions to be taken as a consequence.  

During clinical pathway encoding, using the clinical 
pathway development environment as a collection of 
workflows designer, advanced business rules designer, 
process simulators and execution engine, the clinical 
pathway encoder has the possibility to define customized 
alerts based on a patient conditions, in order to generate at 
runtime all sorts of critical patients’ status notifications. 
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Figure 1. TCCMS - Simple BPMN representation of outpatient encounter 

 
TCCMS overcomes the problem raised from the 

unavailability of easily interpretable clinical guides within 
existing medical applications and takes the recording of 
clinical information beyond historical and statistical reasons, 
by being a proactive solution that is giving a strong 
decisional support to the medical personnel. As a concept, 
TCCMS targets directly any type of healthcare provider. 

 

The central piece of this approach is the Clinical 
Timeline, representing a historical view of clinical 
documents disposed along a vertical time axis as thumbnails, 
which offers a clear and actionable insight into the patient’s 
clinical history, as presented in Figures 2 and 3. 

 
 
 

 
Figure 2. TCCMS - Timeline view with entries grouped by event dates (concept) 
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IV. TCCMS KEY FEATURES 

There are few core features implemented by the proposed 
system: 

Visualization 

Medical documents displayed as thumbnails along a vertical 

timeline; 

Problem management 

Capability to initiate, activate or inactivate a new episode of 

illness; 

Encounter management 

Capability to execute administrative actions like admission, 

discharge and transfer;  

Documentation and actions 

Case-level actions; 

Document-level actions; 

Document-level comments that can generate actionable 

alerts; 

Possibility to attach unstructured documents; 

Capability to also view the documents added directly by the 

patient through the PHR; 

Filtering 

Filtering records by medical staff, problems/diagnoses, 

types of medical documents; 

Filtering records by administrative events/medical 

encounters; 

Integration 

Integration with diagnostic departments (laboratory, 

radiology, functional explorations, etc.); 

Integration with local or national e-Health services (e-

Referral, e-Prescribing, national EHR, etc.) and  reflected by 

specific actions (e.g., dispatching a referral); 

 

 
Figure 3. TCCMS - Timeline view with entries grouped by encounters 
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As medical data sit at convergence the episode of care 

(the administrative sequences, usually collection of 
encounters) and episodes of illness (the medical events that 
are performed for treatment of a clinical problem), a 
comprehensive view of a patient’s case must include both 
these interrelated aspects. Moreover, complex clinical 
workflows and treatments available today lead to the 
collection of patient-centric information in the form of series 
of numbers (often representing analyses results), medical 
documents, images and videos, all coming from different 
equipment at different points in time. As such, one of the 
main benefits of this approach, when compared with the tried 
and proven patient encounter-based interfaces, is represented 
by the possibility of dynamically loading a large volume of 
data that is time-sorted, meaning that most recent analyses 
and results will be shown first, allowing physicians to have a 
quick overview of the patient’s situation. Moreover, the 
clinical timeline provides a unified browsing experience for a 
volume of heterogeneous data that was collected at different 
points in time and using a wide range of medical equipment. 

The pervasiveness of computing platforms and their 
wide-scale adoption has led to the emergence of several new 
methodologies for user interface design that have been 
widely embraced by the public. One of the relatively new 
means of data presentation is the timeline. In order to 
provide a gentle learning curve and natural grouping of 
information, TCCMS GUI concept presented in Figure 4, is 
developed around familiarity gained from social networking 
services like Facebook and suitability of this approach to the 
medical domain, and therefore embraced the established 
graphical presentation patterns. 

While not a new idea with regards to the presentation of 
medical information [29], timelines have been embraced 
with the advent of widely used social networks that 
popularized them. As such, they can be considered an 
already mature and well-known mean for data presentation, 
significantly reducing the steepness of the learning curve. 

 
 

 

 
Figure 4. Conceptual layout description (concept) 
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V. CONCLUSION AND FUTURE WORK 

Despite the fact that EHR Systems are widely used, the 
paperless CISs are still a desideratum and the previous 
attempts failed due to the magnitude of change perceived by 
the often non-technical end users.  

The last decade has created a new paradigm in which 
users have realized the need for systems that do not need or 
have very little need of training. This paradigm is based on 
user habits and their knowledge field. 

Basically, the concept of Timeline-based Clinical Case 
Management System presented in this paper hides under a 
simple temporal relation all the complexity of medical field, 
the complexity of clinical pathways and administrative 
protocols and the decision support into a familiar Graphical 
User Interface, promoted by social networks in the last years,  
finally giving the chance to healthcare IT to become 
completely paperless. 

Part of the concept described above is implemented in a 
Personal Healthcare Record solution [27] since 2012 and in 
2013 was tested on small scale healthcare professionals’ 
pilots on two verticals: oncology and family doctors. All the 
implementations proved significant benefits in user adoption 
and learning curve. 

 Currently TCCMS is under industrial implementation as 
a multitenant/cloud solution and the underlying development 
technologies are: Bonita BPM [28], Node.js [29] and 
AngularJS [30]. 
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Abstract—The present study tested a prototype teledentistry 
system in which regional Community Health Centers are linked 
to the Melbourne Dental School or the Royal Children’s 
Hospital in Melbourne (RCH). Three general dental 
practitioners (GDP) working in community dental clinics in the 
Australian state of Victoria were trained to manipulate an 
intraoral camera and to use existing ICT infrastructure to 
communicate with a dental specialist at RCH and transmit 
video images for remote assessment. Participants were 
recruited from the RCH’s patient database for cleft lip and 
palate (CL&P) and orthodontics, living in the selected rural 
locations. Patients/parents of patients participating in the study 
completed a questionnaire to assess their experiences with the 
program. Forty-two assessments/consultations were conducted; 
26 CL&P patients, and 16 in orthodontics. For most patients, 
the outcome of the consultation was the avoidance of trips to the 
centrally located RCH for initial assessment and/or follow-ups. 
This field trial provided initial evidence on how teledentistry 
might improve access to specialist care; identified broader 
community benefits for both the family and the services 
providers. From the RCH perspective, the potential reduction 
of inappropriate referrals with the concomitant reduction of 
waiting lists for specialist consultation, were important 
advantages of teledentistry. 

Keywords-oral health; teledentistry; intraoral camera; cleft lip 
and palate. 

I. INTRODUCTION  
In the last few decades, the implementation of 

teledentistry has been widely witnessed by various 
institutions and organizations concentrated mainly in the 
United States and Europe, but such trials also occur in many 
other parts of the world. A recent review of the teledentistry 
literature concluded that most reports referred to pilot 
projects, and the remainder concentrated on experimental 

stages and short-term outcomes, and were descriptive in 
nature. Despite these limitations, these trials prove that this 
technology can be successfully implemented in different 
health settings [1]. The positive outcomes and positive health 
professional-patient experiences described are very 
encouraging and clearly indicate that teledentistry works by 
delivering practical solutions [1] [2].  

Teledentistry is particularly well suited for children. 
Using teledentistry, children’s teeth were screened for early 
childhood caries, during which it was reported that all 
children liked seeing their teeth on the computer screen [3]. 
Dental imaging was seen as a game by them, rather than as a 
dental examination. Moreover, as no instruments are used 
and the camera head does not need to be inserted far into the 
child’s mouth to obtain dental images, there was less risk of 
uncooperative behavior by the very young child or toddler 
than that posed by a conventional dental examination. Child 
comfort is also increased when the teledentistry examination 
is conducted in a familiar environment, as opposed to a 
clinical environment. This resulted in children being more 
enthusiastic and co-operative during the imaging and 
recording procedures [3]. In addition, parents and children do 
not have to take time off work or school for travel, and a 
child can be tracked easily to determine whether treatment 
has been rendered, or if an emergency evaluation is needed. 

In the state of Victoria, Australia, general dental services 
are provided by the State to all school children and those 
adults from lower socioeconomic groups, with strict 
eligibility criteria and waiting times of up to 18 months [4]. 
Thus, to see a dentist specializing in pediatric dentistry, 
access in remote areas is limited, and often there is a long 
waiting list for both consultation and treatment, especially 
for specialist care.  
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Teledentistry has advantages as a method of providing 
oral specialist services [5]. For example, there are clear 
advantages if patients could be examined by a dentist/dental 
therapist with links to a centralized pediatric dentistry 
specialist, who could provide support with diagnosis and 
treatment planning and prioritization via tele-consultation 
and the use of intraoral cameras. Rural community clinics 
and isolated dental practices are likely to benefit most from 
this approach. More patients could receive assessment and 
treatment, since patient care would be effectively triaged at 
the community level for future care in a specialist centre. For 
patients, it would reduce the cost of treatment and the need to 
travel to Melbourne to be seen by the specialist, because 
their problems were previously identified and planned via 
teledentistry. 

From a public health perspective (i.e., Royal Children’s 
Hospital), if this system is implemented, this screening 
would save considerable time and decrease waiting lists [6]. 
Specialists might conduct the teleconsultations from a 
computer in a dedicated room, this would mean that the time 
in the clinic could be used entirely to treat patients [7].  The 
result would be a more productive use of clinical time and 
resources. 

The present project builds on a University of Melbourne 
Institute for a Broadband Enhanced Society (IBES), Project 
Seed Grant, which tested the technology under laboratory 
conditions (proof of concept) and developed the instructional 
material for non-oral health professional operators [8]. The 
validity of the teledentistry approach was also investigated 
and there was no loss in quality compared to face-to-face 
examinations [8]. Thus, results demonstrate that the 
proposed teledentistry approach for oral health screening 
using an intraoral camera is feasible and reliable as an 
alternative to traditional oral health consultation.   

This paper is organized in six sections. The first Section 
provides the foundation for the need for teledentistry in this 
population. The second Section is concerned with the aims 
and objectives of the paper. Sections 3 describes the 
methodology used in this field trial of teledentistry.  Section 
4 describes the results of the trial, including interviews with 
personnel and responses from parents of the children 
involved in the program. Sections 5 and 6 discuss the results 
of the trial and conclude on its findings, respectively. Further 
steps are also discussed in last section. 

II. AIMS AND OBJECTIVES 
The specific objectives of this study were to: assess the 

feasibility of using teledentistry for pediatric teleconsultation 
in children and adolescents living in rural and remote areas 
of the Australian state of Victoria; and to assess the 
participants’ (patients and dental practitiners) views about 
the structure, content and delivery of the program.  

The working hypothesis of this study is that an initial 
assessment by a consultant, using teledentistry, would 
decrease the number of long-distance trips needed by 
patients located in remote areas to visit the RCH to see a 
specialist (i.e., orthodontist, pediatric dentist), thereby 
avoiding disruption and reducing costs. In addition, the use 

of teleconsultation as a method of screening patients would 
help to categorise treatment priority avoiding the need for 
unnecessary referrals and for the patient to travel to an often 
distant centre for additional assessment.  

Additionally, as there is some tension between the 
increased need for oral health care and a financial climate 
which limits the oral health budget, the study included an 
evaluation of whether this innovative oral health care 
program could be implemented under current financial 
arrangements. 

The plan was to conduct remote assessments/ 
consultations in three specific specialist service areas: 

1) Cleft lip and palate (CL&P). Support for the timely 
management of CL&P conditions, which have 
involvement of pediatric dentistry as part of the 
multidisciplinary team. 

2) Dental trauma.  Support for the management of oro-
facial trauma in rural or remote Community Health 
Centers, and isolated practices. Patients who present 
with a trauma can be imaged by trained personnel, a 
pediatric dental consultant views the case from a 
remote place and a rapid response is obtained [9]. 

3) Orthodontics. Malocclusions remain untreated due to 
lack of (or restricted access to services) (barriers 
include financial, geographic, access to specialist).   

It was considered that this assessment would provide 
initial understanding of the implementation challenges and 
associated issues to aid decision making in expanding those 
services to other underserved populations and locations. 

III. METHODS 
Three community dental health clinics in rural areas of 

Victoria were recruited to participate in this project. These 
clinics were located in Rosebud, Shepparton and Geelong, 
and worked in partnership with the University of 
Melbourne’s Melbourne Dental School and the Royal 
Children’s Hospital of Melbourne, which acted as the central 
site.  

Training was provided for the staff involved in the 
project and an instruction was manual prepared to assist with 
use of the intraoral camera. Three general dental 
practitioners (GDPs) working in community health centers at 
each of the three remote locations manipulated an intraoral 
camera. They used existing ICT infrastructure to 
communicate with the dental specialist at the Royal 
Children’s Hospital of Melbourne (RCH) and uploaded and 
distributed the images to the pediatric dentist at the RCH for 
remote assessment. 

For the purposes of this trial, assessment of fifty patients 
was considered to be adequate to meet the specific objectives 
of this study. The study included children that would 
generate payment for general consultation and for specialist 
consultation. Thus, participants were recruited from the 
RCH’s cleft lip and palate (CL&P) and orthodontics patient 
database who also lived in the selected locations.  

Patients were introduced to the study by the local GDP. 
When the patients, or their primary carers, expressed interest 
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in participating, each received a Plain Language Statement 
describing the study and a Consent Form. Once informed 
consent was obtained, patients underwent an oral health 
assessment. Patients/parents of patients participating in the 
study completed a questionnaire to assess their experiences 
with the various aspects of the program. This included 
satisfaction, acceptance and practical issues of the 
teledentistry approach and participants were also invited to 
discuss any concerns associated with the project.  

In the present study, a teledentistry installation was 
organized using a SOPROLIFE® [10] intra-oral camera 
(Acteon, France) to capture video and transmit both audio 
and videos in a high definition software platform (i.e., 
GoToMeeting®) over the Internet. Additionally, each GDP 
was sent a web camera (Logitech) to connect to his/her 
computer. Mpeg4 audio was also transmitted at 128kbit/s 
along with the images via the use of Clear One Chat 50 
model microphone/speaker units also connected via USB 
cables. This allowed excellent quality audio communications 
between the patient and clinician nodes. The RCH has an 
excellent review system available for teleconsultation as a 
two-way interactive consultation [11], however, it had been 
rarely used for dentistry prior to the present study.  

Rather than arranging video conferencing in an ad-hoc 
basis, it was thought to be more effective if the consultant 
would be available during a set time each week. 
Teleconsultations were organized once a week on Fridays 
afternoon. 

The trained GDP obtained the reason for the consultation, 
manipulated the intraoral camera and recorded findings for 
each participant. The remote pediatric dentistry/orthodontic 
consultant, in collaboration with the local GDP, recorded 
findings for each participant. An off-site pediatric dentistry 
consultant and orthodontist located at the RCH, performed 
the ‘virtual dental assessments’ and was available to discuss 
the case with the GPD in real-time teleconferences. 
Treatments needs were determined by the specialist and the 
specialist also evaluated whether a referral to the RCH was 
required. 

The remote examiner assessed the patient’s needs and 
provided advice and follow-up to the GDP on how to 
manage the condition either locally or by referral for 
specialist care (e.g., orthodontics, pediatric dentistry) as 
required. They could also organize a specialist consultant at 
the RCH or Royal Dental Hospital of Melbourne. 
Additionally, the remote examiner provided advice to the 
health staff at the local Community Health Centre, or to the 
parents of the child. 

Data collection extended between August and December 
2013. At the end of the cycle GDPs who collected the 
information were sent a summary evaluation form in which 
they reflected on their acceptance of the practice, and their 
experience as a whole. The utility of the instructional 
training kit and any other issues associated with the project 
were also assessed. The evaluation form consisted of 
statements that participants rated on a five 5-points likert 
scale, depicting their level of agreement with the statement 
(1 ’Strongly agree’; 3 ‘Neutral’; 5 ‘Strongly agree’). The 
summary evaluation also contained four open-questions, so 

participants could include their thoughts about their 
experience and critiques. 

Because of the small sample size, the analysis will only 
include basic descriptive information on the distribution of 
selected socio-demographic and outcome variables, and 
parents’ views about the format, content and delivery of the 
teledentistry program. In some cases, categorical and ordinal 
data were analyzed utilizing Chi square analysis () to 
compare results between different oral conditions and 
distribution of socio-demographic and outcome variables. To 
complement this quantitative description and to obtain a 
better understanding of the usefulness of this approach, from 
the perspectives of the users (i.e., parents), a qualitative 
process evaluation was organized to offer new insights. 

Ethical approval to conduct this study was sought and 
obtained from the University of Melbourne. 

IV. RESULTS 
Three general dental practitioners were recruited for this 

project. Recruitment of patients took longer than expected as 
many did not want to participate.  The most common answer 
was that they would come to Melbourne anyway.  At the end 
of data collection, the three GDPs conducted 
assessments/consultations in two specific specialist service 
areas; 26 CL&P patients, and 16 in orthodontics. 
Additionally, one patient presented with Cohen’s syndrome. 
Trauma could not be assessed because no case with oro-
facial trauma presented during the period of data collection. 
The analysis that follows does not include the patient with 
Cohen’s syndrome.  

Seventeen examinations were conducted in Shepparton, 
thirteen in Geelong and another twelve in Rosebud. Mean 
age was 8.6 (4.2) years (See Table I) with significant 
difference in mean age by oral condition (p<0.01) and by 
location (p<0.05). CL&P were younger than orthodontics 
patients (7.2 vs. 10.9 years, respectively). By location, 
participants from Geelong were younger than those from the 
other two locations (6.1 vs. 9.3 and 10.3 years). Ages ranged 
from 1 year and 11 months to 18 years of age. The largest 
group of participants (41.9%) was between 4 and 8 years of 
age. The majority of participants (60.1%) were males, with 
no significant differences by location or oral condition.  

For most participants, the outcome of the consultation 
was the avoidance of trips to the centrally located RCH, for 
initial assessment and/or follow-ups.  For 7.3% of the cases, 
the follow-up consultation would occur in the three months 
following the teleconsultation. In about half of the 
teleconsultations (48.8%), the advice from the consultant 
was the need for a follow-up visit, which would occur within 
6 to 12 months. Another 7.3%, were advised to arrange an 
appointment at the Dental Department of RCH. For 17.1%, 
the consultant requested additional information (e.g., 
radiographs), or the type of general dental treatment that 
would be required (e.g., restorations, extractions, oral 
hygiene instructions, etc.) and were referred to their local 
clinic. For the remaining 20% (n = 8), the patient was not 
eligible for treatment at public clinics, and in those cases 
advice was provided on alternative treatment avenues for 
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initial evaluation (e.g., the Royal Dental Hospital of 
Melbourne or local specialists). This proportion would 
represent inappropriate referrals to the RCH. Inappropriate 
referrals represented 44% of the orthodontics consultations. 

TABLE I.  PARTICIPANTS CHARACTERISTICS AND OUTCOME OF THE 
TELECONSULTATION BY ORAL HEALTH CONDITION 

 
Oral condition 

Cleft lip  
and palate Orthodontics Total 

Age (mean and s.d.) 7.2 (4.3) 10.9 (2.6) 8.6 (4.2) 
Sex 

Male 
Female 

n (%) 
18 (69.2) 
8 (30.8) 

    n (%) 
8 (50.0) 
8 (50.0) 

  n (%) 
26 (61.9) 
16 (38.1) 

Location 
Shepparton 
Geelong 
Rosebud 

 
10 (38.5) 
13 (50.0) 
3 (11.5) 

 
7 (43.8) 

- (0.0) 
9 (56.2) 

 
17 (40.5) 
13 (31.0) 
12 (28.5) 

Outcome 
Review next 3 months 
Review at 6 months 
Review at 12 months 
Referral to CL&P/Ortho/RCHb 
Referral local clinic 
Referral other 

a 
3 (12.0) 

10 (40.0) 
8 (32.0) 
3 (12.0) 

- (0.0) 
1 (4.0) 

 
- (0.0) 
- (0.0) 

2 (12.5) 
4 (25.0) 
3 (18.8) 
7 (43.7) 

 
3 (7.3) 

10 (24.4) 
10 (24.4) 
7 (17.1) 

3 (7.3) 
8 (19.5) 

Total 26 16 42 

a. Figures do  not add due to missing values 

b. Cleft lip and palate and orthodontic clinics at the Royal Children’s Hospital of 
Melbourne  

When parents were asked about their level of satisfaction 
with remote dental assessment, amongst those parents who 
answered the question (n=33), the majority was either 
strongly satisfied (82%) or slightly satisfied (12.0%). 
Another 5% of parents were neutral about the remote 
assessment (See Table II).  Parents described the service 
provided in these ways: 

“I believe this is a valuable service for rural 
communities” (Rosebud-2). 
“They did give us instructions on hygiene and 
checked up on our upcoming appointment at the 
RCH”.  …“This was our first experience and we 
were very impressed” (Shepparton-5). 

The majority of parents (75.6%) commented that the 
most valuable element of the remote dental assessment was 
the avoidance of travel to the city to visit a dental specialist 
which caused disruption to family routines, and was often 
difficult and expensive to organize. Parents commented: 

“Not needing to take the day off to drive to 
Melbourne for five minutes appointment” 
(Shepparton-9). 
“… the advantage of not having to travel to 
Melbourne is great, plus money saving” 
(Shepparton-2). 
Parents considered the teleassessment as appropriate and 

would ‘strongly recommend’ or ‘recommend’ the practice to 
other people (97%). One parent (3%) slightly would not 
recommend remote examinations to other parents.  No 
reason was given for that opinion. 

The majority of parents (90%) found it very easy/easy to 
understand the instructions received from the remote 
examiner. One parent indicated: “Amazing that they can 
consult this way” (Rosebud-8).  On the other hand, four 
parents (10%) were neutral about understanding of 
instructions received from the remote examiner. 

TABLE II.  PARENTS’ RESPONSES TO TELEDENTAL ASSESSMENT 
QUESTIONNAIRE (%) 

1. How satisfied were you with the remote dental examination? a 
Strongly 
satisfied 

Slightly 
satisfied Neutral Slightly 

dissatisfied 
Strongly 

dissatisfied 
82.0 13.0 5.0 - - 

2. If remote examinations were available for patients, would you 
recommend them to other people? 

Strongly 
recommend 

Slightly 
recommend Neutral Slightly not 

recommend 
Strongly not 
recommend 

86.0 11.0 - 3.0 - 

3. Were instructions from the examiner in the remote examination 
clear and easy to understand? 

Very easy Slightly 
easy Neutral Slightly 

difficult 
Very 

difficult 
69.0 21.0 10.0 - - 

4. How satisfied were you with the review of your dental needs by the 
remote dentist? 

Strongly 
satisfied 

Slightly 
satisfied Neutral Slightly 

dissatisfied 
Strongly 

dissatisfied 
74.0 21.0 5.0 - - 

5. How appropriate was the format of the remote dental examinations? 
Very 

appropriate 
Slightly 

appropriate Neutral Slightly 
inappropriate 

Strongly 
inappropriate 

74.0 20.0 3.0 3.0 - 

a. N= 39 

When parents were asked about how satisfied they were 
with the review of oral health needs, the majority was either 
strongly satisfied (74%) or slightly satisfied (21%), two 
CL&P’s parents (5%) were neutral. 

The majority considered the format of the remote dental 
examination to be either very appropriate (74%) or slightly 
appropriate (20%). On the other hand, one parent (3%) was 
neutral about its format and another (3%) considered remote 
dental examination to be slightly inappropriate. No reason 
was provided for that view, but they were a child with 
CL&P’s parents. 

No statistically significant differences were present in the 
parents’ evaluations by oral conditions.  The exception was 
the level of satisfaction with the review, where CL&P 
parents tended to be more “Strongly satisfied” than 
orthodontics case’s parents (84% vs. 57%, respectively; 
p<0.05). 

The GDPs recruited were able to operate the camera, 
conduct intraoral examinations and transmit the information 
accurately. They provided feedback on the training material 
presented (i.e., a hard-copy, on-line manual and 
demonstrations). There was general agreement that the 
material presented was clear and relevant to the purposes of 
this project and that the information provided in the manual 
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and in the training was helpful in providing the necessary 
step-by-step information to conduct the oral examination, 
operate the camera, send the information, etc. However, 
they were neutral regarding the length of the material.  
GDPs considered that the manual provided less relevant and 
sometimes unnecessary information to oral health 
professionals, (e.g., dental anatomy).  

On the question about the training received, the GDPs 
indicated that they may need more practice before starting 
examinations outside the study. One GDP commented about 
the need of more practice time to manipulate the intraoral 
camera, in particular, to get good images of the maxillary 
arch.  

When asked about the relevance of the teledentistry 
model in their workplace, they indicated that the technology 
could be expanded to other areas in dentistry, for example 
dental trauma, dental emergencies, and the provision of 
treatment to those who cannot travel.  

V. DISCUSSION 
The main aim of the present study was to address key 

priorities (i.e., “Children and Adolescents”, “Improving 
services to rural communities” and “Potential benefits of 
technological innovations in dentistry”) established by 
Australia's National Oral Health Plan 2004-2013 [12]. The 
study targeted children and adolescents living in regional and 
remote locations, and proposed the use of teledentistry to 
provide an additional step in closing the gaps in the provision 
of sustainable oral health care services to underserved areas 
of the country (e.g., rural areas). Rural and regional Australia 
has major access to oral health workforce shortages, in 
particular oral health specialists (e.g., oral medicine, 
pediatric dentistry, maxillo-facial surgery).  

The major outcome of the present study was the 
successful trial of an alternative model for pediatric oral 
health service provision in remote and underserved areas via 
a teledental diagnosis and teleconsultation model. The trial 
provided general and specialist oral health care support to 
local facilities to assist in regular and timely oral health 
checks using a GDP in the first instance, and subsequent 
specialist dental services when the required treatment was 
identified. In so doing, the trial showed that pediatric 
teledentistry is a viable solution, in terms of time, stress, and 
money saved for parents and children who were able to 
avoid travel to the city for consultation. Furthermore, the 
concept of teleconsultation was well received by parents and 
patients and by the GDPs.  However, this support must be 
evaluated with caution in view of the sample size. 

Teledentistry can be a highly effective method for 
enhancing early diagnosis and referral for patients who 
otherwise might not receive timely care.  Additionally, 
today's high resolution and reliable digital and online 
technology makes it possible to be connected for distant oral 
health promotion, education, and assessment, transcending 
social and geographic barriers. 

Findings would indicate that this is a valid, efficient and 
time saving method for clinical screening. This teledentistry 
study via teleconsultation was successfully in improving 
accurate diagnosis and appropriate referrals. It was also 

extremely valuable in providing feedback to patients, for 
example, about the need to bring radiographies or about the 
eligibility of services.   

More specifically, in this project, there were reductions in 
costs to patients. This reduction of costs on the 
patients/parents side was achieved without increasing costs 
to the oral health provider. In this telehealth project, both the 
community health centres and the RCH, charged the services 
provided within current financial arrangements.  
Nonetheless, despite these arrangements, GDPs, and to a 
lesser degree the specialists, put a significant amounts of in-
kind time to self-train and setting up the teledentistry 
installation.  However, these must be considered as research 
driven costs. 

While acceptability and cost saving of the study, from the 
patient perspective, was established, a societal perspective 
should be the preferred one.  From a public health 
perspective, the evaluation of the success of the proposed 
model of care and its sustainability will be dependent on the 
ability to clearly demonstrate service and economic benefits 
from the services provider’s perspective.  Supportive 
business cases, to a large extent, have not been captured by 
earlier telehealth projects.  

The Australian government established funds to provide 
financial incentives for health teleconsultation with a 
specialist, consultant physician, etc. to provide 
teleconsultation to a range of health professionals (i.e., 
medical practitioners, nurse practitioners, midwives, 
psychiatrists, and Aboriginal health workers), but that did not 
include the provision of financial incentives for oral health 
services or teleconsultations.  This incentive ceased on the 30 
of June 2014 [13]. 

Results have been presented in a simple and descriptive 
fashion and therefore some limitations should be 
acknowledged when interpreting these findings. Firstly, as 
with any voluntary study, there is the possibility of a bias in 
self-reporting of information. Secondly, with respect to 
sampling, the sample was small in terms of numbers of 
respondents and not all CL&P or Orthodontics patients 
registered with the RCH or local community health centers 
participated in the study. The questionnaire data lacked, in 
some instances, the necessary depth for a detailed analysis of 
the overall clinical experience and its context.  

Despite these limitations, this field trail provided initial 
evidence of how teledentistry might improve access to and 
efficiency of specialist care in various ways; it showed a 
pathway to improvements in the quality of access and 
provision of oral health care; it identified potential broader 
community benefits such as the level of convenience for both 
the family and the dental specialist; and it provided evidence 
of the generally excellent levels of acceptance of the virtual 
examination by patients, parents, and oral health 
professionals. In the example of teledentistry presented in 
this paper, oral health screenings were performed by GDPs 
at distant sites, thus reducing the need for patients and 
dentists (or dental specialists) to travel to health care 
facilities, particularly those located in rural areas. 
Participants were practically unanimous in their satisfaction 
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with, and appreciation of, the various benefits of the 
teledentistry services delivered to them. 

From the RCH perspective, the potential reduction of 
inappropriate referrals with the concomitant reduction of 
waiting lists for specialist consultation, are important 
advantages of teledentistry, which are clinically important 
and also have budgetary implications. 

Nonetheless, a significant shortcoming of the current oral 
health system is its failure to take advantage of innovations 
in health promotion and e-technologies. This failure is also 
impacted by the paucity of research information informing 
oral health practices and identifying innovative ways to use 
e-health and m-health to make preventive and care 
intervention programs more accessible, particularly for those 
living in rural Australia. Findings from this study also add 
valuable information to the discussion about the value and 
feasibility of this technology, particularly where unmet needs 
for dental services among children and young people are 
high and accessibility is low. It is suggested that teledentistry 
can make a valuable contribution to the delivery of dental 
care in both the private and public dental settings.  

The project could easily be extended as an integrated part 
of the general adoption of telemedicine/ telediagnosis. 
Further research will be required to undertake economic and 
clinical outcome modeling to determine if the teledentistry 
approach is cost-effective and leads to a similar or better 
level of care being provided in comparison to the traditional 
model of oral health assessment. This will lead to more 
advanced stages of teledentistry implementation, including 
larger samples, multi-State community-based trials of longer 
duration of the technology, which will lead to sustained 
outcomes.  

VI. CONCLUSIONS 
Findings suggest that teledentistry may be an important 

public health measure to improve access to oral health 
specialist services for populations where referral to 
specialists is not possible or feasible.  Real-time 
consultation with oral specialists could provide a new 
avenue for socially disadvantaged children (Poor, rural, 
immigrants) to receive these services. At present, these 
malocclusions remain untreated resulting in oral health 
inequalities. 

An important challenge for future trials would be to 
ensure that tele-oral health models and programs are 
maintained in a community for a length of time that is 
sufficient to achieve the stated goals. These trials would 
necessarily have a highly collaborative, partnership 
approach, with a strong academic base in rural health issues 

to ensure that the results of the present study can be further 
developed and implemented.  
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Abstract— The aim of this paper is to highlight the 

Patient-Centered e-Health (PCEH) concept, introduce its 

importance and demonstrate a multidisciplinary project 

that combines advanced technologies. The project 

combines several aspects of PCEH functionality, such as: 

(a) homecare telemedicine technologies, (b) e-prescribing, 

e-referral, e-learning and (c) state-of-the-art technologies 

like cloud computing and Service Oriented Architecture 

(SOA), will lead to an innovative integrated e-health 

platform that delivers many benefits to the society, the 

economy, the industry and the research community. This 

paper provides insights of the PCEH concept and the 

current stages of the project. In doing so, we aim to 

increase the awareness of this significant work and 

disseminate the knowledge gained so far through our 

effort. 

Keywords-Personal Healthcare Record; Cloud Computing; 

Healthcare Information Systems Integration. 

I. INTRODUCTION 

Healthcare Information Systems (HIS) integration has 

been associated with various aspects, amongst others: 

strategic, social, and/or organisational [1]. In this respect, 

there is a common trend to address HIS integration by an 

overall approach, seen as integrated patient centered care [2]. 

Integrated patient centered care reflects on integrated HIS 

(with elements as e-health services) requiring coordination 

across professionals, facilities, support systems that is 

continuous over time and between patient visits [3]. This 

approach is observed on national healthcare strategies that 

encourage patient involvement in their healthcare treatment. 

Moreover, in the USA and Europe, online personal health 

records that allow patients to manage their health data have 

emerged [4]. For example, in Finland, this integration trend 

can be observed in a legislation that allows citizens to access 

and interact with their own Electronic Healthcare Records 

(EHRs), ePrescriptions and audit-logs via the Internet [5].  

Following similar legislative opportunities worldwide, 

patients increase their involvement with HIS. This is a 

growing involvement, seen in parallel with mechanisms for 

the collection of information (obtained by mobile and other 

sources) in order to develop an enhanced, complete and 

integrated view of citizens health status. The latter is reflected 

in EHRs and Personal Health Records (PHRs), which are 

being enriched and exploited by different actors and 

stakeholders (i.e., health and care professionals, citizens, 

nutrition experts, hospitals, etc.) in the health ecosystem. 

Three general PHR models have been proposed [6]: a) the 

stand-alone model, b) Electronic Health Record (EHR) 

system, and c) the integrated one, which is an interoperable 

system providing linkage with a variety of patient 

information sources, such as EHRs, home diagnostics, 

insurance claims etc. The main types of health information 

supported by PHRs are problem lists, procedures, major 

illnesses, provider lists, allergy data, home-monitored data, 

family history, social history and lifestyle, immunizations, 

medications and laboratory tests [7][8]. Widely known PHR 

platforms in terms of centralized web-based portals include 

Dossia and Microsoft Health Vault platforms. Many systems 

presented in literature offer integration with already 

established PHRs platforms [9][10]. Early experiences from 

the adoption of PHR-based systems have been found to be 

positive, showing that such systems can be feasible, secure, 

and well accepted by patients [11]. Nonetheless, today’s 

EHRs and PHRs are far from being what the citizens consider 

as of value to their health, since for the public view, health 

means more than being disease-free. 

Following this trend for patients’ empowerment, 

academics, practitioners and patients advocate in favor of the 

patient centered healthcare systems. Still the aforementioned 

advocates have not yet reached a concise definition of Patient-

Centered e-Health (PCEH) that is shared across the research 

disciplines that focus on health and Information Technology 

(IT) [12]. The lack of consensus can be attributed, amongst 

other, (a) on the number of challenges that are involved in 

transitioning healthcare delivery to a more patient-centered 

system and (b) the lack of proof-of-concept through well-

documented and effective PCEH projects. 

Healthcare is unique and complex ecosystem that poses 

several challenges on developing PCEH [13]. The healthcare 

ecosystem consists of several networking organisations that 

constantly interact with each other, but also differentiate 

amongst them. The differentiation can be noted in issues, such 
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as: (a) medical specialisations, (b) socio-technical and IT 

capacities, (c) organisational cultures, (d) structures, (e) actors 

and (f) business process [1]. More precisely, healthcare tasks 

are distributed between several actors (physicians, nurses, 

residents, and other clinical support staff) and artefacts 

(information technology, healthcare specific machines, paper 

notes) [14]. 

Thus, the challenge to integrate and redesign existing 

healthcare systems towards a more patient-centered exists [2].  

This challenge is emphasized when integration efforts as the 

PCEH projects try to leverage the different actors and their 

sub-sequential attributes. Apparently, the professional 

healthcare actors with their many years of training, 

qualifications and expertise have much more medical 

knowledge than their patients. As a result, a paternalistic 

system has evolved where physicians expect, and patients 

expect them, to make the decisions about, or at least 

recommend, an appropriate course of treatment [15]. 

Therefore, an integrated system of personal healthcare 

information that is governed by the patient him/herself 

contradicts the established norms and highlights new 

challenges (e.g., validity and royalty of medical data, decision 

making culture etc.). For example following a more shared 

decision making or interpretation of the enclosed data, as the 

PCEH entails, requires (a) a plethora of the necessary medical 

data integrated in an easily accessible and comprehensible 

platform adequate for decision-making and (b) the physicians’ 

arbitration to support or contradict those decisions. This 

requires well-developed sophisticated systems with clear 

boundaries on decision-making, responsibilities and 

availability of data.  

Regardless the challenges, moving toward patient-

centeredness is important [12].  To this end, this paper aims to 

introduce: (a) the main concepts surrounding the PCEH and 

(b) a PCEH project utilizing cloud computing. These are 

depicted in the following sections. 

II. PATIENT-CENTERED E-HEALTH (PCEH) 

Most developed countries are facing important overall 

problems regarding health care services, such as: (a) aging 

population with increased demand on specialized health care 

services (e.g., Chronic diseases), (b) need for increased 

efficiency with limited financial resources (e.g., Staff /bed 

reduction), (c) requirements for increased  accessibility of 

care outside hospitals (e.g., home care) to name a few. To 

these problems, advances in information and communication 

technologies have provided considerable assistance in the 

form of EHRs [6]. Yet, it seems that traditional EHRs, which 

are based on the 'fetch and show' model, provide limited 

functionality that does not cover the spectrum of the patients’ 

needs. Therefore, new solutions as the PHRs appeared to 

narrow this gap. In more detail, PHRs’ data can come from 

various sources like EHRs, health providers (e.g., e-

Prescibing, e-Referal), and/or directly from the patient 

him/herself – including non-clinical information (e.g., 

exercise habits, food and dieting statistics, etc.) [16]. 

The PCEH concept is a new multidiscipline area of 

research, with crucial aspects as it deals with the wellbeing of 

patients.  

However, due to the length limitations of this paper we 

briefly present up-to-date research on the field, with the 

intention to fully present and analyse our rigorous research in 

a future publication. In this paper, we focus mainly on 

Wilson’s et al., (2014a) views. In more detail, Wilson et al., 

(2014b) depicts that the PCEH should integrate three themes:  

 

 Patient-focus - In many cases, e-health developers have 

created systems designed for patients’ use that is not 

patient-focused but rather focused on healthcare 

organizations’ objectives. Patient-focus requires PCEH 

strategies to be centered first and foremost on the 

requirements and perspectives of patients. To this extent 

if the patient require e-health services tailored to their 

needs, developers need to accommodate these needs. For 

example, young web-savvy patients expect their e-health 

applications to be responsive to their medium of choice 

(mobile, tablet, etc.), while more unexperienced elderly 

patients require a more user friendly environment. 

 

 Patient-activity - Patient-activity requires 

comprehensive, interactive input by patients in providing 

data about themselves and representing their own 

perspectives as well as consuming information of interest 

to them. Yet, achieving high patient-activity in other e-

health services may require reconceptualization of 

healthcare processes and information flows in order to 

provide opportunity to patients to add information they 

perceive to be relevant. The PHR is an example of such 

an e-health application.  

 

 Patient-empowerment - in a technological perspective 

the empowerment happens through information-sharing, 

offering the patients a visual overview of their course of 

treatment, letting the patients take their own 

measurements, and letting them provide verbal and 

written inputs. From the PCEH perspective, however, 

patient-empowerment centers on providing similar levels 

of control via e-health that exist for patients in other 

modes of interaction with their healthcare providers. 

 

The value of the three introduced characteristics is to 

ascertain the generalizability and abstraction properties of 

patient-focus, patient-activity, and patient-empowerment to 

the theoretical domain and to explore relationships among the 

PCEH characteristics [17]. Although at an early stage Wilson 

et al., (2014b) arguments provide helpful guidance in the 

emerging issue of patient-centered e-health and can be of 

value in the development, design and evaluation of PHRs. 

These issues are included in our research agenda as well. 
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To this end, we introduce in this paper our own practical 

involvement with a PHR project and provide a brief 

introduction in the following section. 

III. PROVIDING INTEGRATED E-HEALTH SERVICES FOR 

PERSONALIZED MEDICINE UTILIZING CLOUD 

INFRASTRUCTURE (PINCLOUD) 

 

PINCLOUD seeks to integrate different application 

components, leading to the provision of an end-to-end 

personalized disease monitoring and medical data service 

“anytime, anywhere”, which ensures an independent living 

regardless of age [18].  

The scenario upon which PINCLOUD is based, as seen in 

Figure 1, is a patient governs his\her PHR that can be 

remotely monitored by a physician located either at a hospital 

or at an individual medical office. Complementary to the 

PHR’s stored information the doctor monitors the patient 

using a home care platform that receives and analyses 

patient’s medical data. The proposed home care platform will 

include among others the following services: (a) Asthma or 

Chronic Obstructive Pulmonary Disease (COPD) disease 

management; (b) Hyper-tension disease management; (c) 

Diabetes monitoring; (d) Electrocardiogram (ECG) 

monitoring; (e) Video/ Audio Access to physicians for remote 

consultation; (e) Remote picture and text archiving and 

communication service (back-up/long term archiving 

complementary to infrastructure operated by hospitals) and 

(f) Fall Prevention and Detection Services. The doctor can 

access the patient’s PHR on-line through a cloud computing 

service. The latter can support the doctor in decision making 

and results in better quality of health service. In more detail, 

the doctor retrieves and updates the patient’s medical data and 

can also use the proposed on-line system to: (a) prescribe a 

new medicine; (b) fill in an e-referral for specific exams (e.g., 

blood test); (c) inform and advise his/her patient or (d) ask the 

patient to visit the hospital. Following the doctor’s advice, the 

patient visits a pharmacy, or a diagnostic centre or a hospital. 

At the final stage, the healthcare service providers (doctors, 

hospitals, diagnostic centres) and pharmacies interact with 

the health insurance organisation to compensate all 

outstanding orders and medical actions. 

Currently, PINCLOUD [19] is in its implementation 

phase, upon which the various components, such as: (a) PHR 

platform, (b) e-prescribing and e-referral, and (c) homecare 

applications, are being developed and tested. 

 
 

Figure 1. Providing Integrated e-Health Services for 

Personalized Medicine utilizing Cloud Infrastructure 

(PINCLOUD) 

IV. MAIN IDEAS 

Service and data availability is crucial for healthcare 

providers who cannot effectively operate unless their 

applications are functioning properly and patients’ data are 

available in a consistent manner. This is also the case for 

PINCLOUD. PINCLOUD’s services (e.g. E-Prescription, E-

Referral, Home-Care and PHR) ought to be available 

continuously with no interruptions or performance 

degradation since they will be used for decision making 

regarding the patients wellbeing.  

New research projects, as PINCLOUD need to reinsure 

service availability to the participating healthcare providers 

and other organizations. In addition, hardware and software 

installations, upgrades, and reconfigurations have to be 

managed and maintained without any service interruptions 

that may cause problems. In order to achieve the availability 

in a cost efficient way the use of Cloud-Computing seems to 

be the appropriate solution and thus the PINCLOUD was 

designed based on its features. These features as cost-saving, 

agility, efficiency, resource consolidation, business 

opportunities and Green IT are relevant and applicable to the 

healthcare sector. 

Besides, PINCLOUD potentially will be responsible for 

the governance of a big volume of medical data. The 

protection and integrity of such data is vital for both the 

patients’ privacy and their wellbeing. At this stage of the 

project the protection of these data is achieved with a Private 

Cloud delivery model. A Private Cloud model is operated by 

a single organization. In the private cloud, the technology 

resides within an organization's own data center and the 

resources are deployed as needed to the different 

departments. In our project, a private IT company which is 

part of the consortium has provided the Private Cloud’s 

infrastructure. Thus, the developers can overcome the 
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challenges associated with other Cloud models (e.g., Public, 

Hybrid) since the ability to manage and control sensitive 

patient data remains within the organization.  

PINCLOUD is based on the well-known Cloud-

Computing three service models’ structure, namely: (a) 

Software as a Service (SaaS), (b) Platform as a Service (PaaS) 

and (c) Infrastructure as a Service (IaaS). Respectively, 

PINCLOUD provides the user interaction through SaaS. In 

theory, SaaS is the capability provided to the consumer to use 

the provider’s applications running on a cloud infrastructure. 

The applications are accessible from various client devices 

through either a thin client interface, such as a web browser 

(e.g., web-based email), or a program interface. PINCLOUD 

offers four applications, such as (a) E-prescription, (b) E-

referral, (c) Home-Care and (d) PHR. These applications 

provide the main functionality required and are being 

consumed by End-Users (e.g. Patients, Doctors, 

Hospitals/Labs and Insurance Bodies). All these users access 

the PINCLOUD through user interface provided as a service. 

For example, a PINCLOUD registered user can have access 

to his/her medical record online. 

In addition, PINCLOUD takes advantage of PaaS service 

model. Literature presents PaaS as the capability provided to 

the consumer to use and or deploy into the cloud 

infrastructure consumer-created or acquired applications 

created using programming languages and tools supported by 

the provider (NIST). Accordingly, it takes advantage of the 

PaaS model and provides open source components as Web-

Services and Application Programming Interfaces (APIs) that 

facilitate the integration with third (3rd) parties (e.g., Medical 

Data Providers, Hospitals). For example, when a hospital 

decides to be integrated in the PINCLOUD system, it can 

allocate and consume the Web-services’ API created.  

The processing and storage capability of PINCLOUD is 

based on IaaS model. IaaS is the capability provided to the 

consumer to provide processing, storage, networks, and other 

fundamental computing resources while the consumer can 

deploy and run arbitrary software, which can include 

operating systems and applications. PINCLOUD takes 

advantage of the IaaS and provides data processing and 

storage of medical data. IaaS consists of multiple Virtual 

Machines (VM), Medical Data Base and Network 

Infrastructure. In the given case, multiple VMs are utilized 

with each one dedicated to one service (e.g. Database, Access 

Control, Backup).  

V. EXPECTED BENEFITS 

The project shall build a reliable, secure and extensible 

platform warranting stakeholder collaboration and enjoying 

public trust. The expected benefits for all participant 

organizations include amongst others: (a) the development of 

integrated healthcare services that improve quality of service 

and reduce costs; (b) business process reengineering, 

improvement, simplification and integration; (c) enhanced 

decision making for health organizations and significant 

reductions to medical errors; (d) standardization, automation, 

synchronization, better control and communication; (e) 

improved coordination, management and scheduling of 

specific health supply chains and services; (f) development of 

monitoring systems that improve quality of care of patients at 

home; (g) establishment of an infrastructure that provides up-

to-date information; (h) development of an innovative 

organizational environment for the participating hospital 

using horizontal processes instead of the traditional 

hierarchical organization; (i) implementation of an extensible 

and maintainable infrastructure that can be enriched with 

other medical services; (j) development of an appropriate, 

sustainable technological framework that can be deployed 

and applied in other relevant situations and environments; (k) 

investigation of state-of-the art technologies and novel 

research that extends the body of knowledge; (l) significant 

research outcomes and publications of excellent quality; (m) 

production of new platforms, infrastructures and solution that 

can be further exploited, (n) knowledge and expertise gained 

can lead to competitive advantage and (o) production and 

export of technical know-how for all the participants.  

The results of the proposed project are of great importance 

for the businesses that deal with the medical/health sector as 

they will gain the potential to gain competitive advantages 

through the project. The area of healthcare is significant and 

the need for advanced and innovative IT solutions in this area 

is apparent too. Thus, the participant enterprises will have the 

opportunity to: (a) develop an integrated platform that can be 

used by other organizations in the future; (b) better 

understand and analyze the complexities of the Greek 

healthcare environment; (c) experiment and implement 

innovative integrated solutions that can be turned into 

products; (d) gain expertise and know-how on a complex 

area; (d) sell these products and know-how at national and 

international level since PINCLOUD seeks to develop an 

innovative solution; (e) obtain and reinforce experiences that 

can be used for the development of other network-oriented 

systems and (f) extend their business activities.  

The benefits for both healthcare organizations include 

among others: (a) specifications of processes for the 

management of healthcare processes; (b) simplification and 

acceleration of business processes; (c) better management of 

healthcare tasks; (d) personalized disease monitoring and cost 

calculation; (e) more efficient operation and (f) economies of 

scale. 

The academic institutions’ participation in the project is 

equally important and include benefits, such as: (a) 

knowledge exchange and transfer; (b) engagement in 

innovative research; (c) investigation of state of the art 

technologies; (d) opportunity to publish research articles of 

high quality; (e) prospect to conduct applied research and 

combine theory and practice.  

PINCLOUD will deliver the following benefits to the 

national economy and society: (a) enhancement of occupation 

and working activities for the participating partners; (b) the 

reinforcement of scientific research; (c) improved delivery of 

healthcare services at reduced cost; (d) patients’ and next of 

23Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-359-9

GLOBAL HEALTH 2014 : The Third International Conference on Global Health Challenges

                           34 / 103



keen satisfaction; (e) the development of innovative and state 

of the art healthcare systems; (f) more efficient allocation and 

management of computing resources; (g) the development of 

new products and jobs; (h) reduction of medical errors and 

consequently the amount of people that are affected or die due 

to them; (i) the reduction of the cost as an immediate effect 

of the reduction of medical errors; (j) technical, scientific and 

research benefits; (k) reduction of the amount of prescriptions 

and referrals and the associated cost; (l) improvement of the 

quality of life of people who live in islands or rural areas.  

VI. CONCLUSIONS AND FUTURE RESEARCH AGENDA 

This paper introduces a Patient-Centered e-Health 

(PCEH) conceptual aspects alongside a multidisciplinary 

PHR project that combines state of the art technologies like 

cloud computing, Service-Oriented-Architecture (SOA), 

homecare telemedicine technologies, e-Prescribing, e-referral 

and e-learning in healthcare environment. The aim of the 

project is to create an integrated PHR platform that delivers 

many benefits to the society, the economy the industry and 

the research community. To this end, various technologies (e-

health, cloud, etc.) and healthcare issues (e.g., complexity, 

PCEH, etc.) were presented. Additionally, our intentions on 

the way we propose to address and combine these issues were 

explained and depicted. In the previous section the benefits 

of such an endeavor alongside the steps taken so far to realize 

the implementation of a secure and reliable system, were 

analyzed. Yet, further research is required both in the testing 

and evaluation of our design and implementation. 

To this end, the Research and Development (R&D) team 

engineered several mechanism to test and evaluate 

PINCLOUD and its components. For example, a proof-of-

concept test will be implemented to check the communication 

of various sensors with the main PHR. The results of this test 

will be examined by healthcare professionals and provide 

initial evaluation of the technologies used. Additional, testing 

mechanism have been designed for other components (e.g., e-

prescribing and e-referral) as well.  Besides, PINCLOUD will 

be implemented in two different cloud IaaS providers so as to 

study the interoperability in two different settings. The results 

of this test will again provide insights into the utilized 

technologies and if needed reconfigurations and adjustments 

will be implemented. The authors expect the results of this 

test to be the subject of our next publication. 
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Abstract—We present an initiative to adapt, optimize and 
productize a multimodal breast cancer detection technology, 
termed “Sono-Contrast Spectroscopy” (SCS), for use in Low- 
and Middle-Income Countries (LMIC) to facilitate point-of-
care early detection of breast cancer. The prototype SCS 
scanner was developed from proof-of-concept in vivo 
preclinical research and subsequently through a first-in-
human pilot clinical study. Quantitative evaluation with 
histopathology data from tissue biopsy of the interrogated 
lesions as ground truth demonstrated that the SCS technique 
achieved very high discriminating power as measured by 
sensitivity, specificity and Receiver Operating Characteristics 
(ROC) analysis; the Area Under the Curve (AUC) ranged from 
0.90 to 0.95 in racial/ethnic subgroup analysis, and was equal 
to 0.91 over the entire study group of 66 subjects. Particularly 
of relevance to global health applications in the LMIC settings, 
the SCS technique does not require clinical subspecialty 
interpretation, is easy to deploy and operate, has no disposable 
or consumable parts, reports diagnostic results 
instantaneously, and potentially offers an effective alternative 
to expensive and invasive large-core vacuum-assisted needle 
biopsy followed by subspecialty pathology evaluation, all of 
which may be inaccessible in LMICs. Significant steps towards 
global health deployment in these settings are outlined. 

Keywords-cancer diagnosis; spectroscopy; biopsy; near 
infrared; focused ultrasound. 

I.  INTRODUCTION 

According to the World Health Organization, breast 
cancer is the top cancer in women in the developing world, 
and its incidence is increasing due to increases in life 
expectancy and urbanization; furthermore, the majority of 
breast cancers that develop in Low- and Middle-Income 
Countries (LMICs) are diagnosed in very late stages [1]. 
Therefore, early detection in order to improve breast cancer 
outcome and survival remains the cornerstone of breast 
cancer control. Population-based cancer screening is a highly 
complex public health undertaking. Mammography 
screening is very costly and is cost-effective and feasible 
only in countries with good health infrastructure that can 
afford a long-term organized population-based screening 
program. Breast cancer survival rates vary greatly 
worldwide, ranging from 80% or over in North America, 
Sweden and Japan to around 60% in middle-income 
countries and below 40% in low-income countries [2]. The 
low survival rates in less developed countries can be 

explained mainly by the lack of early detection programs, 
resulting in a high proportion of women presenting with late-
stage disease, as well as by the lack of adequate diagnosis 
and treatment facilities [1]. 

Early detection of breast cancer has been proven to 
reduce mortality by about 20% to 35% [3]. Histopathological 
examination is considered to be the “Gold Standard” for 
definitive diagnosis of cancer but requires adequate tissue 
samples that are collected through biopsy procedures capable 
of sufficient tissue retrieval. Of the two major approaches for 
breast biopsy, needle biopsy and open excisional biopsy, 
needle biopsy is the most commonly practiced standard in 
affluent countries because it is less traumatic, produces little 
or no scar, allows quicker recovery, and is less expensive. 

Relative to LMIC resources, however, these techniques 
can be prohibitively expensive (e.g., disposable large-core 
needle), requires tissue transfer to pathology facilities and 
expert review (not always available or timely), and results in 
patient call-back (often impractical in remote/rural settings). 
Open excisional biopsy suffers from these same drawbacks, 
and results in greater trauma and postsurgical care. At the 
same time, it is well known that current methods for breast 
cancer surveillance including breast self-exam (BSE), 
clinical exam, mammography, ultrasound and even Dynamic 
Contrast-Enhanced (DCE) MRI lead to high proportions of 
unnecessary biopsies (on average, only 1 in 3 to 4 biopsies 
results in a cancer diagnosis even in highly subspecialized 
breast care centers). In less affluent healthcare environments, 
some or many of these proven diagnostic modalities may be 
unavailable or not uniformly affordable by all patients. 
Clearly, there is a severe unmet need in LMICs for realizing 
adequate and accessible diagnosis of treatable early stage 
breast cancer. 

We have successfully developed and validated a breast 
cancer diagnosis tool using combined Near Infra-Red (NIR) 
Diffuse Reflectance Spectroscopy (DRS) and Low-Intensity 
Focused Ultrasound (LIFU) modulation of blood flow in 
vivo. We have shown, first in preclinical animal models and 
recently in a pilot clinical study, that focused ultrasonic 
pulses create different blood flow and tissue oxygenation 
signatures depending on whether the tissue being 
interrogated is malignant or normal; these differences can be 
markedly discriminated via NIR spectroscopy, with 
pronounced contrast in spectral parameters. Thus we termed 
the technique sono-contrast spectroscopy (SCS). 
Importantly, this technique overcomes a prevailing problem 
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in using noninvasive optical tissue interrogation methods, 
i.e., the spatial or targeting certainty becomes highly 
degraded due to NIR light propagation in tissue. Numerous 
physical, mathematical or multimodal hardware devices have 
been applied to solve this fundamental “ill-posed” problem 
in biomedical photonics. Here we deploy the fundamental 
solution that the acoustic sonication is focused on the target 
lesion unequivocally; any change in spectrophotometric 
values before, during and after sonication is characteristic of 
the lesion being interrogated. Thus there is no need for 
multiple expensive source/detector arrays, inverse solutions, 
a priori multimodal information or multimodality encoding, 
leading to a simple, low-cost and somewhat elegant device. 

Importantly, the SCS in vivo scans are completely 
noninvasive: both the ultrasonic and NIR light intensities 
needed are well below U.S. Food and Drug Administration 
(FDA) recommended safety levels. Additionally, computer-
aided discrimination of cancerous vs. normal findings can be 
made instantly, following a 2-min. or less sonication and 
light illumination/spectral acquisition time. If proven 
sufficiently accurate for breast cancer diagnosis, the 
proposed technique can be considered “virtual biopsy” with 
real-time reporting of study results offering rapid turnaround 
in busy LMIC breast clinics. 

There is no disposable component in the SCS exam; only 
routine cleaning/disinfecting is needed after each patient’s 
visit. In the long run, focused ultrasonic transducers (note: 
these are not sonographic probes), low-power NIR lasers and 
photodiodes can all be mass assembled from off-the-shelf 
components; RF signal generation can be achieved in 
software and dedicated amplification circuitry. Data 
transmission, analysis and diagnostic algorithm updates can 
make use of wireless technology (e.g., Bluetooth), consumer 
electronics (e.g., Smartphone apps) and cloud computing. 
Thus, it is entirely feasible that the fully productized device 
will be low-cost, battery-driven, and usable by non-
specialists. 

We envision that the eventual SCS device will be 
handheld, reports examination results instantly in two mode: 
(a) simple – such as green, yellow and red LEDs for benign, 
needing further interrogation and highly suspicious of 
malignancy; (b) comprehensive user-configurable interface 
where patient-specific factors such as age, racial/ethnic 
group, Body Mass Index (BMI), cup size, and other relevant 
health/lifestyle parameters can be associated with the 
diagnostic finding. The globally deployed SCS device will 
use cloud-computing and massively distributed learning 
paradigms to improve its diagnostic accuracy and adapt to 
new LMIC environments or racial/ethnic settings. The 
overall goal of this initiative is to push breast cancer 
diagnosis progressively earlier, so that low-cost treatment 
regimens such as surgery alone, or breast-conserving surgery 
plus simple whole breast tangential radiation, are still 
effective in eradicating the disease. 

Even in LMIC communities where breast ultrasound 
and/or mammography is accessible to patients, there is still a 
large gap between a suspicious imaging finding and positive 
diagnosis by surgical excision.  In affluent countries, this gap 
is being closed by improved accessibility of DCE MRI, 

Contrast-Enhanced Spectral Mammography (CESM), 
3D/tomosynthesis, and ultimately large core needle biopsy 
with tissue histology diagnosis and biomarker profiling. 
Absent of such expensive technologies, patients in LMICs 
are faced with the choice of surgical excision with high 
probabilities of negative result, or delayed diagnosis of 
cancer. The proposed SCS technology can be used as a low-
cost method to close this gap by identifying suspicious 
lesions that are associated with high likelihood of 
malignancy. 

Accurate surgical excision also requires technology 
guidance. In affluent countries, this is achieved by wire 
localization under stereoscopic imaging, ultrasound and 
MRI, or radioactive seeds. In LMIC communities where 
facilities or patient logistic does not permit such complicated 
precision guidance, the SCS technology may become a 
useful tool for the surgeon to identify the tumor 
extent/location immediately prior to incision. The standard of 
care for breast cancer treatment in the U.S. and many 
developed countries is lumpectomy plus radiation (or 
mastectomy). When radiation therapy is inaccessible in 
LMICs, the standard care is relatively unclear; however, 
anecdotal evidence suggests that limited 
excision/lumpectomy alone sometimes represents the entire 
treatment. In such cases, arming the surgeon with a real-time 
cancer delineation tool like the SCS probe can potentially 
change the probability of local control vs. recurrence. 

In affluent countries, modern standard of care consists of 
large-sample tissue histology diagnosis plus biomarker 
profiling. In LMICs, however, even the cost of large core 
sample retrieval can be prohibitive. The decision for open 
surgical excision biopsy is considerably more difficult 
because of its invasiveness. Through added diagnostic value 
in using the SCS technology, we hope to inform the patient 
more effectively before undergoing highly invasive and 
costly procedures that may be unnecessary, thus the concept 
of “virtual biopsy”. 

At the same time, the cancer screening initiative we plan 
to implement would serve as early sentinel events pointing to 
the need for comprehensive diagnostic workup in patients 
with highly suspicious breast lesions. In LMIC settings, low-
cost surgical excision (mastectomy or wide-excision 
lumpectomy) may be an accessible option. Radiotherapy 
may or may not be accessible; chemotherapy or targeted 
biologics may be out of reach. Early diagnosis of localized, 
non-metastatic breast cancer could be an important 
demarcation between curative vs. palliative treatment plans. 

In short, in the SCS technology we hope to achieve the 
complementary goals of eliminating unneeded invasive 
interventions and discovering breast cancer before it 
becomes expensive or impractical to treat. 

 

II. SONO-CONTRAST SPECTROSCOPY PRECLINICAL 

STUDIES 

In 1971, Dyson et al. reported that stationary ultrasound 
waves caused stasis of red blood cells in vivo [4]. In 2006, 
we reported our initial animal study, supported by NCI R21 
CA107860, in which this effect was first used to differentiate 
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tumor from normal leg muscle tissue in mice [5]. Under 
normal physiological conditions, oxygen dissociates from 
hemoglobin molecules in red blood cells to replenish the 
oxygen supply in tissues as blood flows through the vessels. 
When standing wave ultrasound is used to slow or stop the 
blood flow, the ratio of oxy- vs. deoxy-hemoglobin content 
decreases, which can be measured using NIR spectroscopy. 
We hypothesized that the effect of this acoustic radiation 
force on blood flow and stasis would be different in normal 
vessel network morphology vs. malignant, angiogenic 
morphology (lack of directionality, chaotic network, leaky 
vessel walls, etc.). The “sono-contrast”, i.e., changes in 
spectroscopic parameters due to administration of ultrasound 
acoustic force, was indeed found to be strong in normal 
vasculature and absent in tumors, thus serving as an excellent 
discriminator of benign vs. malignant vascular morphology 
in the in vivo model [6]. 

TABLE I.  PANEL OF SPECTROSCOPIC PARAMETERS WITH 
STATISTICALLY SIGNIFICANT CORRELATION WITH IMMUNOHISTOCHEMICAL 

PARAMETERS 

Dependent 
Variable  

Statistically Significant (p < 0.05) 
Predictors from Regression Analysis 

p value  

Percentage of 
perfused vessel 
area in analysis 

area  

Maximum minus minimum of the ratio 
signal with baseline trend subtracted 

0.031  

Standard deviation of the ratio signal 
with baseline trend subtracted 

0.015  

Average 
distance 

between all 
vessels in 

analysis area  

Maximum minus minimum of the ratio 
signal with baseline trend subtracted 

0.008  

Standard deviation of the ratio signal 
with baseline trend subtracted 

0.005  

Mean EF5 
intensity for all 

vessels  

Difference between the endpoint values 
of the baseline trend line 

0.013  

Mean EF5 
intensity for 

perfused vessels  

Difference between the endpoint values 
of the baseline trend line 

0.012  

Standard 
deviation of 

average 
distance for all 

vessels  

Maximum minus minimum of the ratio 
signal with baseline trend subtracted 

0.023  

Standard deviation of the ratio signal 
with baseline trend subtracted 

0.014  

 
To study the physiological differences between normal 

vasculature and tumor vasculature, immunohistochemical 
studies were then conducted on the mouse muscle tissue and 
tumor samples following imaging and cryostat sectioning. 
Results of regression analyses showed that certain 
spectroscopy signals are significantly (p = 0.005 to 0.013) 
correlated with immunohistochemistry analysis of a panel of 
variables including percent area of perfused vessels, total 
number of vessels, mean distance between vessels (both total 
and perfused), and EF5 intensity (see Table 1) [5]. These 

findings further support the hypothesis that SCS is a 
functional reporter of vascular microenvironmental 
variability, and strongly suggest that SCS may be used to 
characterize tumor neoangiogenesis, proliferation and 
aggressiveness. 

 
 

III. SONO-CONTRAST SPECTROSCOPY PILOT CLINICAL 

STUDY 

A. Instrument Design 

Based on the encouraging animal study results, we 
designed a human breast SCS scanner [7][8] and conducted 
a pilot clinical study to evaluate the diagnostic accuracy of 
this multimodal detection method. The scanhead was 
designed to deliver focused acoustic radiation fields up to 
about 2.4 cm deep in tissue. Two 1 MHz focused 
transducers (Channel Industries, Santa Barbara, CA) were 
aligned orthogonally inside the scanhead to create a focal 
area at the intersection of the axes. A commercial ultrasound 
probe (Philips L12-5, Valhalla, NY), located in the same 
plane as the focused transducers, was used for image co-
registration with the NIR spectroscopy information, tissue 
density information and blood flow information. The 
ultrasound probe and focused transducers have two degrees-
of-freedom, so that the focal zone can be scanned in tissue 
depth-wise and laterally. Three force sensors (Honeywell 
model 53, Morristown, NJ) were incorporated on the lower 
concave compression plate of the scanhead to measure the 
force exerted on the breast.   

The optical spectroscopy system consisted of 18 
customized 15-foot long and 2.5-mm diameter fiber bundles 
terminating at the concave bottom plate of the scanhead. 
Out of these 18 fiber bundles, 6 were used as sources and 12 
were used as detectors. The 6 sources were illuminated by 
two laser diodes (LG-Laser Technologies, Germany) 
through a multichannel optical switch (O/E land Inc., 
Canada) that had 2 input channels and 6 output channels. 
Diffuse reflectance signals were collected by the 12 
detectors, amplified by 12 avalanche photodiodes (APD) 
(Hamamatsu C5460-01, Bridgewater, NJ), and then 
transmitted through 1 multi-channel data acquisition card 
(National Instrument, Austin, TX) to the computer for 
analysis. 

The ultrasound imaging probe was connected to a 
commercial ultrasound system (Philips iU22, Valhalla, NY) 
for image co-registration. The focused ultrasound 
transducers were driven by a function generator (Agilent 
33250A, Santa Clara CA) connected to an RF amplifier 
(Amplifier Research 25A250A, Souderton, PA). During the 
operation, the forward and reverse power level was 
monitored via a directional coupler (Amplifier Research 
DC3010, Souderton, PA) using an oscilloscope (Tektronix 
TDS 2022, Richardson, TX), for ensuring electrical safety. A 
mobile hydraulic cart was used to host the instruments. 
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According to ANSI Z136.1 (1993) Safe Use of Lasers, 
for wavelength 0.647-0.905μm, the maximum permissible 
exposure (MPE) to skin is 0.2-0.5 W·cm-2. We selected 0.2 
W·cm-2 as the threshold. Two Continuous Wave (CW) laser 
diodes were used in the spectroscopy system: one had a 
wavelength of 685 nm with the maximum output of 50 mW; 
the other had a wavelength of 830 nm with the maximum 
output of 110 mW. The power output for the two laser 
systems can be adjusted using the knob in the front panel. 
The threshold laser output at the source terminals was 
calculated to be 9.8 mW for the two laser units. A laser 
power meter system (Coherent LabMax, Santa Clara, CA) 
was used to calibrate and mark the corresponding threshold 
positions on the two units. 

Based on the FDA guideline, the derated global 
maximum acoustic output of the diagnostic ultrasound 
equipment should not exceed Pre-amendments acoustic 
output exposure levels, i.e., derated Spatial Peak Temporal 
Average Intensity ISPTA ≤0.72 W·cm-2. We calibrated the 
acoustic radiation fields to ensure that it was within the limit. 
The acoustic focal spot having the maximum peak-positive 
voltage signal on the oscilloscope was found at about 2 cm 
below the bottom plate, which is the designed intersection of 
the axes of the two focused transducers. The ISPTA was 
determined to be 0.4 W·cm-2, below the FDA ultrasound 
limits of 0.72 W·cm-2. The focal spot was then registered in 
the ultrasonography system for image guidance during the 
pilot clinical study. This calibration established the baseline 
of the dual-transducer focused acoustic radiation field. A 
Quality Assurance (QA) protocol was formulated based on 
the same procedure. 

B. Clinical Study Results 

Clinical study was carried out under an Institutional 
Review Board (IRB) approved protocol at Cooper University 
Hospital, NJ. The intended patient populations were those 
who present with a solitary mass in the breast that required 
ultrasound-guided tissue biopsy to rule out malignancies. 
The study was scheduled to be performed on the same day as 
biopsy. Once the patient signed the consent form for 
participation, the SCS scanning procedure would first be 
performed. After completing SCS scanning, the patient 
would be re-prepped using sterile technique for the standard 
needle biopsy procedure. Usually 3-4 core biopsy specimens 
were obtained for the same mass using large core biopsy 
needle. The approximate location of each core would be 
documented. Based on our clinical experience, the time 
taken from prep to first tissue removal was approximately 10 
min. This time interval should be sufficient for the reversible 
process of vascular compression by LIFU to recover fully to 
the original state [4,9]. Tissue histology was obtained for all 
patients from the standard pathology reports. This 
information served as ground truth for developing the 
Computer-Aided Diagnosis (CAD) algorithm and validating 
its effectiveness. 

The collected data stream consists of LIFU signals and 
NIR diffuse reflectance spectroscopy signals together with 
time stamp. They are first synchronized and segmented into 
12 channels (corresponding to the 12 detectors). The diffuse 

reflectance spectroscopy signals are first processed using 
moving average technique to remove the noise and smooth 
the data. Discrete wavelet analysis is then used to further 
process the data, which involves using filters of different 
cutoff frequencies to analyze the signal at different scales. 

A total of 66 patients were enrolled with informed 
consent under the IRB-approved protocol. Subsequent 
biopsy of each index lesion revealed 14 histologically-
proven cancers (8 IDC, 4 ILC, 1 metastatic adenocarcinoma 
in lymph node, 1 invasive mammary carcinoma with ductal 
and lobular features; final staging 1A to 4). Using histology 
gold standard as ground truth, the predictive accuracy of SCS 
incorporating sophisticated wavelet analysis was evaluated 
[10]. Results of this human study corroborated the animal 
study. By exploiting the sono-contrast differences and 
imaging features, we have developed a panel of spectral and 
imaging biomarkers that demonstrates high discriminating 
power. It was found that this methodology predicted cancer 
vs. non-cancer with sensitivity of 93% at specificity of 81%; 

the area under the ROC curve (“area under the curve”, or 
AUC), was determined to be 0.91 [11]. In comparison, 
reader-averaged AUC for mammography has been generally 
reported to be 0.70 [12]. Furthermore, additional subgroup 
analysis revealed that certain spectral and imaging 
biomarkers in the panel could discriminate between ductal 
and lobular cancer subgroups (p=0.022), and between HER2 
negative 0 vs. 1+ subgroups (p=0.044) [11]. These subgroup 
analysis results further reveal that SCS may be used to 
interrogate and characterize breast cancers. This first-in-
human trial clearly demonstrated the effectiveness of SCS as 
an in vivo probe of invasive breast cancers. 

We also performed secondary analysis of the clinical 
study data by racial/ethnic groups including “White” (non-
Hispanic), “Hispanic” and “African American” subgroups 
[13]. While the pilot study was not powered to generate 
definitive conclusions, it was found that subgroup-specific 
tuning of the diagnostic algorithms may lead to incremental 
improvements to diagnostic accuracy. For example, AUC 
was 0.95 for “White”, 0.92 for “African American”, and 0.90 
for combined “African American”+“Hispanic” subgroups, 
respectively. Bootstrap resampling method was applied to 
overcome the data limitation; thus, these results should be 
regarded as suggestive of potentially even more improved 
efficacy in LMIC-specific racial/ethnic populations. 

 

IV. SYSTEM ADAPTATION FOR LMICS 

A. Low-power, Portable Configuration 

The early generation instrument was tested with 
attenuated intensities in both the optical and the ultrasonic 
subsystems. The clinical data revealed that substantially low-
powered optical and ultrasonic modules would be effective 
in eliciting contrast in blood flow/oxygenation between 
benign and malignant masses. Additionally, as few as one 
well-selected light detector channel (out of 6) was sufficient 
for diagnostic data collection. Thus, we have identified 
significant opportunities to eliminate over-designs to achieve 
a modular system with portable ultrasonic generator, 
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miniaturized transducers and off-the-shelf optical bench. 
Furthermore, the original design incorporated an imaging 
ultrasound probe in the scanhead for image guidance. 
Considering the likelihood that sonographic equipment may 
not be readily available in LMIC clinics as well as the viable 
alternatives found in the pilot clinical study (such as using a 
standalone imaging probe to mark the location and depth of 
interrogation), the imaging probe has been eliminated from 
the second-generation device design. Also eliminated are all 
scanning mechanisms in the lateral and depth directions; 
probes with sonication depths of 0–1, 1–2, 2–3, and 3–4 cm 
will be selectable, with appropriate standoff bolus as needed. 
Thus the new device design is predominantly “point-and-
shoot” in operation. Together with near real-time CAD 
reporting of results, this design will offer a point-of-care 
virtual biopsy assay for cancer detection in low-resource 
healthcare environments. 

 

B. Smart Diagnostics and Cloud-based QA Repository  

Quality control of SCS clinical measurement data is 
critically important for diagnostic algorithm self adaptation 
and distributed learning (see Section C, below). The 
opportunity for non-expert or minimally trained healthcare 
providers to use a simple and noninvasive “point-and-shoot” 
device on patients further highlights the need for built-in QA 
surveillance. Excessive movement of the handheld probe 
during a point data acquisition period (which lasts for 105 
sec. in our initial clinical study and is reducible to 36 or 
minimally 24 sec. in the second-generation) will cause signal 
breaks or noise in DRS, and may perturb LIFU sonication 
pulses. Such unwanted movement will be detected using 
built-in accelerometer chip with associated user 
warning/guidance and, if necessary, repeat data acquisition. 
Poor acoustic field contact can potentially lead to false 
positive findings; thus it is important to ensure consistent 
probe-tissue coupling. This will be monitored using built-in 
hydrophone circuit at the probe side. Similarly, NIR light-
tissue coupling is essential for adequate illumination and 
DRS signal detection. Smart diagnostics on the collected 
spectral signal will be carried out in real-time to detect poor 
probe-tissue contact by analyzing the reflectance above 
ambient background signals, and communicated through 
simple user interface on the device. 

In addition to the self-diagnostic functionalities built into 
the device to prevent erroneous use or data collection, 
anonymized study data from each examination can be 
transmitted to centralized QA repository using modern 
wireless technology. To achieve best interconnectivity for 
these purposes, integrate wireless capabilities (Bluetooth, 
WiFi) and Smartphone/tablet compatibility will be 
incorporated in the final product. Where the device is not 
used in online mode (e.g., in rural settings where WiFi or 
wireless connection is off), the data transmission will occur 
when the system is docked with online connection after field 
use or in charge mode. These data will include: sonication 
pulse heights and widths at both input amplifier and 
hydrophone receiver ends, reference optical wavelength 
intensity received, the full spectral signal, and accelerometer 

signals, all synchronized to the same timeline. From these 
data, nearly every scenario in the data acquisition sequence 
can be reconstructed. More sophisticated cloud-based QA 
diagnostics algorithms can then be developed by aggregative 
analysis of signal deviations.  

 

C. Large Scale Distributed Learning to Improve Cancer 
Predictive Accuracy 

Another design consideration is to include a touch screen 
interface to give the user limited access to software 
configuration such as entering racial/ethnic profile (or 
complexion), age range, breast density estimate, cup size, 
BMI, etc. Although some of the patient-specific factors 
currently do not enter the diagnostic model, they are 
potentially useful in later software release/updates as 
additional algorithm self-training codes are developed. For 
example, if a false-positive or false-negative diagnosis is 
generated, the user will be able to enter the correct diagnosis 
and force the algorithm to learn from the data. Similarly, 
correct diagnosis can be used by the self-learning codes in 
conjunction with patient-specific factors to discover 
statistically significant influence factors for increased 
diagnostic accuracy. In the future, if users consistently enter 
patient-specific factors and definitive tissue diagnoses 
associated with the SCS exam data, it is possible to improve 
the diagnostic accuracy continually by aggregating this 
information from multiple devices in the field. De-identified 
data can be transmitted to cloud-based applications that 
aggregate and disseminate statistically significant data to 
generate refined diagnostic models. Alternatively, if 
transmitting patient data to central repositories is culturally 
or administratively unacceptable, then downloadable “app” 
can be developed for the user to run model extraction 
algorithms. The app can be designed to bring in collective 
knowledge from other downloaded apps (i.e., app on other 
SCS devices in the field), extract and abstract diagnostic 
features, spectral fingerprints, etc., that may be significant in 
model building, and upload the abstracted data (not the 
patient data) to cloud-based servers.  

Similarly to other large-scale distributed learning 
paradigms, it is anticipated that the predictive accuracy will 
continually improve with the frequency and variety of use. 
Importantly, it is envisioned that the SCS system be adaptive 
to population-specific signatures of cancer assay, with the 
ultimate goal of becoming a diagnostic and screening tool for 
global health. 

V. CONCLUSION AND FUTURE WORK 

Sono-contrast spectroscopy has been shown in preclinical 
and clinical studies to confer high discriminating power for 
diagnosing malignant breast masses. An adaptation strategy 
has been outlined to produce a portable device with 
uncompromised performance characteristics suitable for 
LMIC deployment. Additional use of modern wireless, cloud 
computing and large-scale distributed learning technologies 
will enable unprecedented cancer diagnosis algorithm’s self-
learning/adaptation and population-based tuning capabilities. 
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To further meet the cancer burden needs in LMICs, it is 
envisioned that a set of end-firing and side-firing probes 
incorporating the SCS technology will be developed for 
detecting cancers of the cervix, prostate and rectum. Pilot 
clinical studies will be designed to evaluate the effectiveness 
of SCS as either adjunct or primary detection technology in 
the presence/absence of standard screening tests. 
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Abstract—This article aims at solving one of the most 

important issues of computer-based interpretation of medical 

images for diagnosis purposes – obtaining the maximum 

authentic image, which then can be processed by computer-

assisted diagnosis methods. The article offers a new approach 

to the problem of the X-ray plate digitalization – namely 

increasing the quality and the quantity of information obtained 

from the X-ray plate by creating a model of the plate 

illumination while an X-ray image is being created. The 

implementation of the presented method is based on the theory 

of high dynamic range images. Increase and enhancement of 

human perception of X-ray plates and possibilities to diagnose 

more precisely many sicknesses are the final result of this 

work. 

Keywords-medical imaging; X-rays; HDR-images; image 

digitalization. 

I.  INTRODUCTION  

In the era of computer-based medical applications, the 

requirements for the diagnostic process quality are directly 

related to the quality of the computer generated 

data/information used by physicians. This follows to the 

requirement for generation new approaches for data 

acquisition, data storage and data/information processing. On 

the medical images processing tools market this led to the 

development of many new solutions. For example, the desire 

for increasing the quality of generic images led to the fast 

progress in the hardware and software development of digital 

X-Ray machines, CT, MRI, ultra-sound apparatuses, and the 

possibility to control the image-taking process. The need to 

store these images without any loss of information and 

without any reduction of the quality leads to changing the 

standards for image processing as well as the standards for 

image archiving – the best example is the changing of the 

DICOM standard in the last 10 years. 

One of the most important characteristics of the diagnosis 

process is the need to track patient’s status over time. In the 

area of automated and semi-automated methods and systems 

for detection and diagnosis of diseases and changes in 

tissues, this required to define the concept of “equality” and 

“comparability” of medical images. Now, this term is used to 

define how the physicians’ evaluation of the sameness of the 

two images coincides with the computer evaluation. This is a 

very serious problem, because tracking of a disease evolution 

is assessed depending on how the patient’s organs and 

tissues have changed. This is based on images which were 

taken at different times, on different systems and under 

different conditions. Although some digital X-ray machine 

manufacturers have software for images obtained from 

various X-ray apparatus from their product list [12], this 

problem has not yet been solved when using images obtained 

by the apparatus of different manufacturers.  

An additional factor, complicating the process of 

automated tracking of the disease, is the need to use X-ray 

images stored on plates and films. This requires the plates 

with X-ray images to be digitized with the quality and 

characteristics that allow computer-based comparison with 

images obtained by digital X-ray apparatus. From a technical 

point of view, this issue is much more complex than the 

problem of images portability between digital X-ray 

apparatus, due to the use of different physical phenomena in 

the process of obtaining digital images: 

 The digital X-ray apparatus uses a digital sensor, which 

takes the X-ray photons and converts them into an 

optical picture depending on the sensor calibration – the 

process uses an additive type of lighting system 

because photo-photons, which are used for optical 

image generation, are generated by the emitting 

material, most commonly selenium. The resulting 

image is a medical image, which is displayed on a 

display and interpreted by radiologists. Therefore, in 

the same stream of X-ray photons radiologists can get 

different optical pictures depending on the sensor 

calibration and the sensor linearization [3][4]. This is 

used by radiologists for improving the quality of the 

final digital image. 

 The digitization process of X-ray plates/films is an 

optical information conversion from an analog form 

(recorded on the plate) to a digital form to be displayed 

- this is a subtractive type of image generation, because 

the digital image is generated by measuring changes of 

luminosity when the light passes through the plate. This 

is a totally different class of problems, since the main 

limitation is the inability to obtain additional 

information to be used for the correction of deficiencies 

in the analog image. For example, it is necessary to use 

different type of methods and techniques for correcting 
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the nonlinearity and the constraints of a digitizing 

system. 

Since the final image quality is the result of three 

different groups of characteristics – the quality of the 

recorded image on the plate, the way the X-ray plate is 

stored, and the quality of the digitalizing system – the 

development of new digitalizing methods and techniques 

requires the use of more diverse hardware and software tools. 

The classic solution in this case is the use of a very small 

size laser beam, which allows high accuracy of measurement 

of the luminosity change, low degree of influence of the 

diffuse lighting over the luminosity change, and the well-

known apparatus architecture [8][9]. A major drawback of 

this approach is the fact that digitization cannot compensate 

for the change in the final image quality due to deterioration 

of the image quality with improper storage or because of an 

incorrect process of image creating on the plate [14][15][16]. 

The present paper describes a new approach to the 

process of X-ray image digitalization from the plate, which 

allows for compensating the reduction of image quality due 

to deterioration in the characteristics of the plate. At the 

same time, this approach allows you to compensate the 

reduction in the final image quality, resulting from the 

overexposed/ underexposed X-ray image recording. Also, 

this approach allows to preserve all the necessary 

characteristics of the radiographic image such as resolution, 

dynamic range, contrast, sharpness, etc. This is achieved 

through an image pre-processing technique which resembles 

the characteristics of the X-ray-image-creating process by 

modern digital X-ray apparatuses. 

This present paper is structured as follows: 

 Section II background of the new digitalization method  

 Section III describes the HDRI-based digitization 

method for X-ray plates 

 Section IV includes the analyses of the results 

 Section V is the paper conclusion.   

II. BACKGROUND OF THE NEW DIGITALIZATION METHOD  

X-ray imaging utilizes the ability of high frequency 

electromagnetic waves to pass through soft parts of the 

human body largely unimpeded. With classical X-ray 

apparatus, X-rays are usually generated in vacuum tubes by 

bombarding a metal target with high-speed electrons. The 

X-ray images are produced when the radiation passed 

through the body is absorbed by a photographic plate or 

digital X-ray sensor to produce a radiograph [17]. The 

resulting X-ray images show the parts of your body in 

different shades of black and white because different tissues 

absorb different amounts of radiation:  

 Calcium in bones absorbs X-rays the most, so bones 

look white;  

 Fat and other soft tissues absorb less and look gray;  

 Air absorbs the least so lungs look black. 

The quality of the digitalization process of such images 

will be measured with the difference between the 

information stored on the image and the one read from it.  

From the perspective of optics an X-ray plate represents a 

type of material that fully corresponds to the laws of the 

physics of semi-transparent materials. This allows a much 

more flexible approach to be used for digitalization of the X-

ray image plate in order to extract the fullest possible 

information for the optical picture recorded on the plate. One 

of the benefits of the computer system in this case, compared 

to the human vision system, is the fact, that the computer 

system does not have features like "visual weight" and 

"approximation of the color consistency”. At the same time, 

the computer system does not have different perception 

sensitivity for color and grayscale images, which is a well-

known characteristic of human vision. 

Analyses showed that the plate with a recorded X-ray 

image on it has the behaviour of a multilayer structure. This 

is due to several factors: the different photo-photons 

penetration into the material corresponding to their energy in 

the process of image creation; the different distribution of the 

light-sensitive elements (often silver) in the plate material; 

and the different penetration of chemical reagents when 

handling the plate after capture. Therefore, the change in the 

different plates when exposed to the same constant light is 

different. In terms of optics, this characteristic of the plate 

material causes the effects of the subsurface scattering – the 

effect strongly depends on the spectrum and the energy of 

the light flux passing through the plate. Thus, the resulting 

optical picture after passing the light through the plate is 

some kind of averaging of recorded illumination in the 

different levels of the plate. This means that if the plate is 

illuminated for a short period of time with light having 

constant spectrum and intensity, we cannot obtain all the 

information stored in the plate. This defines the main 

difference between X-ray scanner manufacturers using laser 

beam lighting - the choice of the beam spectrum and energy 

results in a different amount of loss of recorded information. 

These differences are particularly visible when scanning 

overexposed or underexposed X-rays. Another reason for the 

search of a new approach is the characteristic of human 

vision which allows manifold increase of its dynamic range. 

When a person has long been watching the same image or 

scene for a prolonged period of time he gradually starts 

perceiving its elements in a much different way from the 

initial perception. 

This is due to the fact that the human dynamic range 

increases through the gradual light accumulation in the 

photoreceptors – mainly, this is a chemical process. In 

computer science the idea that comes closest to this one is 

the idea of creating and using the so-called HDR images. 

Limitations in the dynamic range of photo-sensors 

require to look for new methods and approaches to solve this 

problem. 

Different approaches were developed – from increasing 

the dynamic range of photo-sensors to methods based on the 
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merging of information from photo-sensors with different 

photosensitivity. 

Today a combined approach – photo-sensors with wider 

dynamic range and control of the sensitivity range is mostly 

used. 

Thus, combining information obtained in different ranges 

it is possible to create an image with a much wider dynamic 

range. The most well-known and used method today is the 

High Dynamic Range Imaging (HDRI) [12]. 

HDRI, in photography and imaging, includes a set of 

techniques for obtaining and reproducing a greater dynamic 

range of luminosity (the difference between the brightest and 

darkest parts of the image) than when using standard 

photographic and imaging techniques [13]. Thus, HDR-

images can present more accurate intensity levels of light for 

real scene. So, the HDR-image does not store pixels intensity 

values – it stores the information for the illumination in 

logarithmic form or as a real number without a fixed 

presentation of individual color channels [12]. Therefore, the 

use of HDR-images in the X-rays plate digitalization process 

allows the creation of a model corresponding to the 

illumination which has created the original image. In this 

way, by using lighting with different exposures, we can 

obtain information about the light flow which generated 

changes in the different levels of the plate. The only problem 

in this case is the number of exposure levels and the 

exposure value for these levels. 

III. THE HDRI-BASED DIGITIZATION METHOD FOR X-RAY 

PLATES 

Based on the research results of existing systems and 

technologies for X-ray plates digitization and using quality 

criteria for digital images from digital X-ray apparatus 

described in [1][5][6][7], the following primary requirements 

to develop a new method for digitization of chest X-ray 

images have been defined: 

 The method should make it possible to obtain images 

with resolution at least 600 dpi (5 LP/mm). 

 Digitized images should be grayscale images with at 

least 12 bits depth (4096 gray levels). 

 The method should make it possible to obtain images 

with at least 120 dB dynamic range. 

 The method should control the final image quality, 

similar to the pre-processing in digital X-ray apparatus. 

 The method does not generate medical artifacts in 

digitization images. 

 The method should allow compensating the reduction 

of image quality due to changes in the X-ray plate 

resulting from improper storage. 

 The method should allow the digitization of all sizes of 

radiographic plates while maintaining the same quality. 
The idea of the method is to create the illumination 

model (the HDR-image) which has led to the grayscale 

image stored on the X-ray plate. This idea is implemented by 

capturing the sequence of images with different exposures 

(these images are images with low dynamic range – LDR-

images). Thus, the information about tissues and organs with 

different X-ray density would be obtained in great detail. 

To achieve the above requirements a method for X-ray 

plates digitization based on a "photo-camera" type of scanner 

has been developed [10][14]. The main difference between 

those methods and the presented in the paper new one is in 

the way how the information in X-ray plates is extracted and 

in the quality of the digitalization X-ray images.  

  The method has the following main characteristics: 

digitalization of segments and bracketing over segmented 

image, remote calibration of the digital photo-sensor, 

stitching multiple images’ segments and the HDR-image 

generation, pre- and post-processing of digital image.  

The proposed new digitalization method uses the 

following steps to achieve its goal: 

Step 1. Photo-sensor calibration to reach the biggest 

possible dynamic range according to plate’s quality. 

Step 2. Determining how many segments are needed to 

digitalize the processed X-ray plate.   

Step 3. Segment by segment digitalization of the X-ray 

plate following pre-defined scanning path and using 

bracketing. 

Step 4. Using segments stitching for simultaneous 

rendering of all the layers of the full image (captured 

with different exposures). 

Step 5. HDR image generation. 

Step 6. Image pre-processing and LDR-image generation. 

Step 7. Post-processing and rendering of the final 

digitalized X-ray image. 

The goal of the first stage of the method is a selection of 

photo-optical characteristics of the photo-sensor. This allows 

obtaining the largest possible amount of information about 

the luminance recorded on the plate.  

These characteristics are sensitivity of the photo-sensor, 

optical zoom, focal length, shutter speed and white balance. 

To determine the optimal values of these parameters a 

procedure has been developed which is based on a 

comparison of the average exposure of the image and the 

exposure of the image in the brightest and darkest areas (the 

aim is to have difference between the brightest and darkest 

areas not bigger than 4.0-4.5 EV). The procedure is iterated 

till an appropriate value of the average exposure and 

exposure range of change between the darkest and brightest 

areas is found. The same settings of the sensor system are 

used for the processing of all segments [8][9][10]. This 

increases the final image quality because it reduces medical 

artefacts. 

The second stage of the method requires to determine the 

number of segments (rows and columns) which the image 

should be broken down into.  The selected algorithm 

includes the size of the X-ray plate, the required final image 

resolution, image size according to the selected values for the 

focal length and optical zoom, and the degree of overlap for 

the particular class of images (underexposed plates, 

overexposed plates, plates with loss of brightness, etc.). For 
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chest X-ray plates, it was found that the best quality is 

obtained with an overlap between 35% and 45%, i.e., about 

40%. Thus, for a plate size 43/40 cm a 5×4 matrix is used, 

while for 30/35 cm the matrix is 3×3. 

The third stage is capturing plate segments using the 

bracketing procedure. In the initial versions of these photo-

camera-based scanners, filming of the entire image was used, 

which determined the low resolution of the resulting image. 

The resolution of the resulting image is the CCD/CMOS 

sensor resolution. This limits the quality of the final image. 

The method uses technology based on digitalization of an X-

ray plate as a set of ordered segments to meet the 

requirements for digitization of all sizes of X-ray plates and 

to achieve the necessary resolution of the final images 

(Figure 1). 

 
Figure 1.  Digitalized X-ray - one row of image segments. 

The method uses technology based on capturing of each 

segment by a bracketing procedure (our method uses 5 LDR-

images with different exposures). To achieve the dynamic 

range value requirement all individual images are captured 

and stored with a 12-14 bits depth (when using images with 

8-bits depth, the maximum value of the dynamic range does 

not exceed 60-65 dB); see Figure 2. 

    
Figure 2.  X-ray image bracketing with exposures 0 EV, -2 EV, +2 EV. 

The fourth stage task is to generate an integral image 

from the segments - the image segments are stitched into 

one, and thus a total final image is obtained. The stitching 

procedure is done simultaneously for different exposure 

segments and this allows a physical and geometric 

homogeneity of the final images (one per selected exposure 

of image capturing) to be achieved. Of a particular 

importance for the quality of the processing at this stage are 

the settings of the photo-sensor and the capturing procedure 

of each plate segment. The reason for this is that lung X-rays 

have a great number of “looking similar” areas which 

frequently results in wrong stitching. To solve this problem a 

methodology for software stitching tool evaluation and 

selection was developed which can be used in the presented 

area of application (medical images) without generation of 

artifacts with diagnostic importance.  The methodology 

includes 10 comparison parameters which allows to estimate 

the possibilities to work with sensor raw data, 

homogenization of luminosity between segments, working 

with different overlapping, simultaneous stitching of layers 

with different exposures, etc. 

The next stage is the generation of a luminance model for 

the X-ray plate. To achieve this goal a 32-bits HDR-image 

using the Tone Mapping Algorithm is generated. The 

selected exposure values for individual LDR-images allow 

the required final image quality to be obtained for all 

radiographic densities. The result of this stage is an image 

which is analogous to the raw data obtained from the X-ray 

digital sensor.  

Digital image pre-processing is the 6
th
 stage – this stage 

has tasks similar to those addressed at the pre-processing 

stage of the digital X-ray apparatus, i.e. various operations 

are performed to correct the quality of the digitalized image. 

Most often these operations include the level of detail 

adjustment, local and global contrast changes, structures 

sharpness selection, eliminating the ‘halo’ effect, dynamic 

range adjustment (Figure 3).  At the final stage of processing, 

the HDR-image is converted to the 16 bits per channel 

grayscale LDR-image. This is the final image after X-ray 

plate digitalization. 

The last stage is the post-processing of the final image – 

as an additional stage in our method we propose the 

possibility to use methods for digital post-processing of the 

displayed final image. In this case the radiologist selects 

different values for brightness, contrast, level-of-details – 

this additionally improves the quality of the digitalized 

images. This stage is not obligatory and can be replaced by 

any product for medical images post-processing. 

The main problem when using HDRI-based technology 

to produce high quality medical images is the choice of the 

exposure values for LDR- images that will be used to create 

the HDR-image. The classic technique requires using 3 

LDR-images in which the base image is chosen so that there 

is an optimal presentation of the scene objects. The 

additional exposures are made at ‘+2 EV’ and ‘–2 EV’, 

which makes it possible to reach improved level of details 

and contrast in the brightest and darkest areas [11]: 1 EV 

corresponding to a standard power-of-2 exposure step. 

Experiments demonstrated that for the purposes of chest X-

ray plate digitization the presented above set of exposure 

values is not applicable. The reason is that the X-ray image 

does not have great homogeneity of the pixels color and 

intensity distribution in the entire range, because there are 

various well-defined radiographic densities, which lead to 

strictly defined grey levels. Therefore, the method is oriented 

to take 5 LDR- images with the following exposures: ‘0 EV’, 

‘+1.67 EV’, ‘+2 EV’, ‘–1.5 EV’, ‘–2 EV’. In this way the 

quality of the HDR-image is a function of the correct photo-

sensor calibration to create a base image (the image with 0 

EV) – the goal of Stage 1. 

IV. ANALYSIS OF THE RESULTS 

The experiments with the proposed method for 

digitization of chest X-ray plates, validated by physicians 

with over 20 years’ experience from hospitals at the Medical 
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University of Sofia, have led to the following conclusions on 

the applicability of the method: 

 The possibility to control the number of segments used 

to capture the plate, makes it possible to receive the 

digitized image with a resolution better than the grain 

of the plate. This allows the correction of the digitalized 

image which does not generate medical artifacts. The 

only problem is the increased digitalization time when 

the final image resolution is increased. 

 The creation of the illumination model (the HDR-

image) allows one, much more correctly, to choose the 

values for the different characteristics of the final image 

(dynamic range, contrast, sharpness, level of details, 

etc.). This significantly improves the final image 

quality compared to other digitization techniques. 

 Classic X-ray plate scanners use constant exposure for 

the image capturing. In the case of images with a 

pronounced bimodal histogram this creates significant 

image readability problems. The proposed digitization 

method makes possible to avoid the appearance of this 

type of image histogram, due to the ability to manage 

the process of transformation from an HDR-image to 

the final LDR-image.  

 In medical images with a small dynamic range, after 

digitalization, the image histogram has a narrow stretch 

and a very large peak in it. This creates serious 

problems for quality enhancement methods, which very 

often lead to the intrusion of medical artifacts. 

Examples of such images are underexposed images: 

they have small dynamic range and large peak in white 

area.  The proposed digitalization method makes it 

possible to create images with a unimodal histogram 

with a normal (Gaussian) distribution of intensities.  

 In overexposed X-ray images most often the histogram 

has a bimodal nature. The approach used in the 

proposed digitalization method allows to create an 

image with a unimodal (or similar in nature) histogram 

because the created illumination model (the HDR-

image) makes it possible to minimize the peaks in the 

dark area (the user has control over the mapping 

process between the HDR-image and the final LDR-

image). This significantly improves the image quality 

and the possibility for using automated methods of 

digital image processing. 

Some results of the presented digitalization method are 

shown in Figure 4 and Figure 5. 

V. CONCLUSION 

The proposed X-ray plates digitalization method is highly 

adaptable depending on the condition and quality of the X-

ray plate, and some specific needs. The possibilities to 

manage sensor settings and the presence of a pre-processing 

stage substantially improve the quality of digitalized images. 

Comparability of results for different types and different 

sizes of X-ray plates show that when a correct adjustment of 

the digitalization system is set the captured images have 

higher quality, or at least similar to that captured by classical 

X-ray scanners. In several cases, the presented method has 

allowed to diagnose or exclude the occurrence of diseases 

that until now could not unambiguously be interpreted only 

using the original X-rays. 

ACKNOWLEDGMENT 

This work is funded partially by Bulgarian NSF under 

DO02/113 and DRNF02/3 projects. 

REFERENCES 

[1] Frost and Sullivan Institute. “Growth Partnership Service: 
Medical Imaging”, Frost & Sullivan’s Medical Imaging 
Research and Consulting practice, March 2011, available 
from: http://www.frost.com/prod/servlet/svcg.pag/HCIM. last 
accesed 12.June.2014 

[2] R. Koenker, “Improved conspicuity of key X-ray findings 
using advanced postprocessing techniques: Clinical 
examples.” MedicaMundi, 2005;49(3):11. 

[3] E. Krupinski et al., “Digital Radiography Image Quality: 
Image Processing and Display”, J Am Coll Radiol 2007, 
4:389-400. 

[4] M. Williams et al., “Digital Radiography Image Quality: 
Image Acquisition”, J Am Coll Radiol 2007, 4:371-388 

[5] ICRU. “Medical Imaging - The assessment of image quality”, 
ICRU report 54, International Commission on Radiation Units 
and Measurements, 1996. 

[6] EUR. “European guidelines on quality criteria for diagnostic 
radiographic images”, Report EUR 16260 EN Luxembourg, 
Office of official publication of the European Communities; 
1996. 

[7] ICRU. “Image quality in chest radiography”, Report 70, 
Journal of the ICRU, Vol. 3 No.2; 2003. 

[8] V. N. Misale, S. Ravi and R. Narayan, “Digital Radiography 
Systems Techniques and Performance Evaluation for Space 
Applications”, Proceedings of the National Seminar & 
Exhibition on Non-Destructive Evaluation, NDE 2009, 
December 10-12, 2009 

[9] B. Barbero and E. Ureta, “Comparative study of different 
digitization techniques and their accuracy”, Computer-Aided 
Design,  vol. 43, issue 2,  Feb. 2011, pp. 188–206 

[10] P. Krogh, “Camera Scans – Using a Digital Camera as a Film 
Scanner”,  2009, available from:  http://dpbestflow.org/ 
camera/camera-scanning [last accesed: 12.June.2014] 

[11] D. Nightingale. “Practical HDR: A complete guide to creating 
High Dynamic Range Images”, 2nd ed., ISBN 978-
0240821221, 2011 

[12] E. Reinhard, W. Heidrich, P. Debevec and S. Pattanaik. “High 
Dynamic Range Imaging: Acquisition, Display, and Image-
Based Lighting”, 2nd ed., Morgan Kaufmann, ISBN 978-
0123749147, 2010 

[13] F. Banterle, A. Artusi, K. Debattista and A. Chalmers. 
“Advanced High dynamic Range Imaging: theory and 
practice”. AK Peters/CRC Press, ISBN 978-156881-719-4, 
2011 

[14] V. Gueorguiev and I. Ivanov. “Digital cameras as low-cost 
tools for telemedicine and e-health: opportunities and 
constraints”. In proceeding of: 4th International Joint 
Conference on Biomedical Engineering Systems and 
Technologies (HEALTHINF2011); Rome, 2011, pp. 608-613 

[15] V. Gueorguiev, D. Georgieva, M. Nenova and I. Evgeniev. 
“Advancing in digitalized x-ray images post-processing”. In 
proceeding of: eTELEMED 2013: The Fifth International 

                           46 / 103



GLOBAL HEALTH 2014 : The Third International Conference on Global Health Challenges

Copyright (c) IARIA, 2014. ISBN: 978-1-61208-359-9 36

Conference on eHealth, Telemedicine, and Social Medicine, 
Nice, France, Feb - Mar 2013, pp. 234 – 239 

[16] D. Georgieva, V. Gueorguiev and I. Evgeniev. “Problems in 
the digitalization of x-ray, ultrasonic and Doppler machine 
images”. In proceeding of: 6th Annual International 
Conference on Computer Science and Education in Computer 

Science 2010 (CSECS 2010), Fulda, Germany, June, 2010. 

[17] IOP Institute of Physics. “X-ray imaging: Teaching Medical Physics”, 
Lecture notes, 2012, url: http://www.iop.org/education/ 
teacher/resources/teaching-medical-physics/xray/ 
file_56282.pdf [ last accesed: 12.June.2014] 

 

a.  b.  c.    d.  

Figure 3.  Images after different pre-processing operations: (a) the basic image; (b), (c), (d) corrected images.   

a.   b.   c.   d.  

e.   f.  g.   h.  

Figure 4.  Comparison between classical digitalization method and presented HDR-based digitalization: (a)(b)(c)(d) digitalization by classical method; 

(e)(f)(g)(h) digitalization by the presented HDR-method. 

a.   b.   c.   d.  

e.   f.  g.   h.  

Figure 5.  Comparison between classical digitalization method and presented HDR-based digitalization: (a)(b)(c)(d) digitalization by classical method; 

(e)(f)(g)(h) digitalization by the presented HDR-method. 
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Abstract—Smoking cessation or successful quitting depends a lot 

on one of its identified crucial factors - motivation. The PRIME 

Theory of Motivation has listed five motivation domains in the 

human motivational system.  These are Plans, Responses, 

Impulses, Motives and Evaluations. For the purpose of this study, 

Persuasive Multimedia Application (PMA) has been produced 

and used as a learning and persuasion approach through the use 

of Persuasive Technology. PMA has adopted a cause-and-effect 

principle from Persuasive Technology as a learning strategy at 

the macro-persuasion level, and Multimedia and Redundancy 

principles draw from Mayer’s Multimedia Learning Principles as 

a design strategy at the micro-persuasion level. A total of 54 

respondents have been selected and have undergone a 2x2 quasi-

experimental research design experiment. Considering the 

limitations of this study, only three selected PRIME domains in 

the form of Plans, Evaluations and Motives were measured by 

using an instrument adapted from the PRIME questionnaires 

and later analyzed using IBM SPSS 20. The results of the study 

prove that the PMA developed by using the cause-and-effect 

principle, specifically one in the Multimedia and Redundancy 

mode (Mode B), has produced a significant impact on motivation 

towards smoking cessation, especially in terms of the evaluations 

domain. 
 

Keywords-Persuasive Technology; Captology; Persuasive 

Multimedia Application (PMA) 

I.  INTRODUCTION 

 

Teenagers or adolescents are defined as individuals in the 

10 – 19 year age group according to the World Health 

Organization (WHO) and the Canadian Paediatric Society [1]. 

WHO [13] added that there are more than 1.1 billion 

adolescents worldwide, and 85% of them live in developing 

countries. Heikkinen et al. [4] stated that smoking is 

associated with other types of unhealthy behaviours such as 

alcohol consumption. Thus, all efforts to control smoking are 

worthwhile, especially when intervention programmers have 

not paid attention to smoking cessation among adolescents [4]. 

     In the United States, tobacco use remains the leading cause 

of death, although its use is voluntary [12]. Research has 

proved that smokers, who quit, live longer than those who 

continue to smoke and those who receive intensive treatment 

receive a mortality benefit.  

The article is structured as follow: Section 2 will discuss the 

related research. Section 3 will define and discuss the concept 

of a behaviour and motivation support system. Section 4 will 

discuss the methodology employed in the research. Section 5 

will present the data analysis. Section 6 will discuss the 

finding. Section 7 will discuss the research implications. 

Finally, section 8 will suggest the future research directions.  

 

II. BACKGROUND TO THE PROBLEM 

 

In their official website the World Health Organization 

(WHO) has also said that 80,000 and 100,000 children 

worldwide start smoking every day, and roughly half of them 

are from Asia [6]. About 50 teenagers in Malaysia below the 

age of 18 start smoking everyday according to a survey 

conducted by the Malaysia Ministry of Health (MOH) (2003) 

even after the ‘Tak Nak’ (Say No) campaign. 

      In 2003, the United States Center for Disease Control and 

Prevention (CDC) found that motivation and readiness to quit 

smoking are among predictors of successful quitting. They 

have also found from self-reports that 41% of current smokers 

(20.2 million) had tried to quit smoking for 1 or more days 

within the previous 12 months. Many smokers who try to quit 

cite a desire to improve their health as the main reason. 

     Parkinson et al. [8] also stated that beliefs about smoking 

are important predictors of smoking behaviour among youth. 

West [9] has also stated that human being’s motive for doing 

something (including smoking) depends on his/her beliefs, or 

what he refers to as the ‘Evaluations’ domain in PRIME 

Theory. 

     Therefore, developing innovative and effective approaches 

to control tobacco use among youth, through both prevention 

and cessation strategies, remains a high public health priority 

[6]. Parkinson et al. [8] also suggested that anti-smoking 

media may be an important means of targeting beliefs about 

smoking among youth, especially when they often respond 

defensively to messages that threaten their lifestyle, attributes 

and prospects [5]. 

 

III. SIGNIFICANCE OF THE STUDY 

Persuasive Technology is defined as any interactive 

computing system designed to change people’s attitudes or 

behaviours [3]. Therefore, it has created a space for the 

development and the implementation of a Persuasive 

Multimedia Application which aims to increase motivation 

with regard to smoking prevention and cessation among 

teenagers. 

Previous studies that have used this technology showed that 

Persuasive Technology is capable of changing people’s 

attitudes or behaviour in terms of the expected attitudes or 
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behaviour. Hence, this study will produce a persuasive 

multimedia application that will contribute to the current 

efforts of the Malaysia Ministry of Health (MOH), the 

Malaysia Ministry of Education (MOE), the Malaysia Ministry 

of Youth and Sports and, especially, parents and teenage 

smokers themselves. 

This PMA has being designed and developed based on 

Multimedia Learning Principles [7] and Persuasive 

Technology [3]. The finding will help to enlighten other 

researchers about which of the multimedia presentation 

elements (words, images or both) and Persuasive Principles 

work best in increasing teenagers’ motivation with regard to 

smoking cessation, and then impacting on their smoking 

behaviour after gaining enough knowledge and motivation 

through persuasion. 

 

IV. THEORETICAL FRAMEWORK 

Two theoretical foundations of this study are the design and 

development of the PMA, which is based on Persuasive 

Technology [3], and Multimedia Learning Principles [2] and 

the use of PRIME Theory [10][11] to explain human 

motivational systems. 

The theoretical foundations can be interpreted in terms of 

the following conceptual framework (Fig. 1): 

 
Figure 1.  Conceptual Framework 

Persuasive Multimedia Application (PMA) has been 

developed by using the principles in Persuasive Multimedia 

Content. In the Planned Effects (increase motivation), the 

motivation is called intrinsic motivation and it is based on the 

satisfactions of behaving “for its sake." This intrinsic 

motivation depends on what is known as internal environment 

in PRIME Theory [11]. 

 

V. LIMITATIONS OF THE STUDY 

There are more principles related to Persuasive Technology 

and multimedia learning principles than can be dealt with in 

this study in order to maximize the full potential of Persuasive 

Technology.  However, due to the limitations of the 

timeframe, only one principle from Persuasive Technology 

(cause-and-effect), two from multimedia learning principles 

(Multimedia and Redundancy) and three domains of PRIME 

theory (Plans, Evaluations and Motives) are used in this study.  

Finally, due to these limitations, this study could only focus 

on the proof of the persuasive multimedia model with the 

factors that foster intrinsic motivation based on three elements 

in PRIME Theory on the selected participants in the school’s 

multimedia lab. 

 

VI. METHODOLOGY 

The main purpose of this study is to design and develop a 

persuasive multimedia application based on Persuasive 

Technology principles and Multimedia Learning Principles in 

order to increase teenagers’ motivation in terms of smoking 

prevention and cessation in such a way as to enable them to 

quit smoking. The study also suggests an appropriate way to 

evaluate its effectiveness. 

A. Method and design 

 

     It is suggested that the study employed a 2 x 2 quasi-

experimental design in which two groups of participants will 

be tested twice using pre-test and post-test experiments with 

regard to a particular exposure to different modes of treatment 

as indicated by the following Table 1: 

 

TABLE 1. RESEARCH DESIGN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Participants 

 

A total of 54 randomly selected participants were 

appointed to the experiment in which they were divided into 

two equal groups. 

C. Instrument 

 Adapting the PRIME Theory Questionnaire used in 

Smoking Cessation programme in the United 

Kingdom 

 Persuasive Multimedia Application 

 Phase 1 Phase 2 Phase 3 

Treatment 1 

Group #1 

Baseline 

motivation test 

(Pre-test) 

-using  

questionnaire 

adopted from  

PRIME theory 

Persuasive 

courseware 

(PMA Mode A- 

Multimedia 

Principle) 

Treatment #1 

Post motivation 

test (Post-test) 

-using  

questionnaire 

adopted from  

PRIME theory 

Treatment 2 

Group #2 

Baseline 

motivation test 

(Pre-test) 

-using  

questionnaire 

adopted from  

PRIME theory 

Persuasive 

courseware 

(PMA mode B- 

Redundancy 

Principle) 

Treatment #2 

Post motivation 

test (Post-test) 

-using  

questionnaire 

adopted from  

PRIME theory 
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D. Data Analysis and Results 

 

The purposes of the analysis are to measure the 

effectiveness of Persuasive Multimedia Application on the 

teenager’s motivation towards smoking prevention and 

cessation, before and after the treatment. The scope for the 

analysis is based on the research hypotheses stated earlier in 

this study. 

 

 

VII. DATA ANALYSIS 

A. Combined effect of intervention and effects on modes of 

presentation 

 

There is no significant difference between two multimedia 

principles on persuasive design principle (cause-and-effect) in 

two Persuasive Multimedia Applications in terms of 

increasing teenage motivation with regard to smoking 

prevention and cessation. 

 

 

 

 
 

 

 

 

 

 

 

 

 

Generally there was no significant effect of courseware on 

smoking status for both modes at F=1.108, p = 0.513 from the 

ANCOVA result after controlling for the effect of smoking 

status prior to the intervention. Hence H2 is rejected. 

In terms of two different modes, group B in the 

redundancy mode showed a significant effect of courseware 

on smoking status at F=49.132, p = 0.004 from the ANOVA 

result. 
 

TABLE 3. TESTS OF BETWEEN-SUBJECTS EFFECTS. 

Dependent Variable: B_Smoking Status Post 

 

Source Type III Sum 

of Squares 

Df Mean 

Square 

Corrected Model 12.283a 24 .512 

Intercept 253.939 1 253.939 

B_Domain_Post_

B  
12.283 24 .512 

Error .031 3 .010 

Total 281.859 28  

Corrected Total 12.314 27  

a. R Squared = .997 (Adjusted R Squared = .977) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. PRIME as a result of Persuasive Multimedia Application 

 

Specifically, there is a significant difference at one domain 

(Evaluations) at F = 2.054, p = 0.038 as a result of PMA. 

 

Domain Evaluations (Beliefs) 

 
               TABLE 6. TESTS OF BETWEEN-SUBJECTS EFFECTS. 

                   Dependent Variable: Combined_Smoking Status_Post  
 

 
 

VIII. DISCUSSION AND FINDINGS 

This study adapted PRIME Theory by West [9], in order to 

simulate the three different domains under PRIME Theory in 

terms of smoking prevention and cessation. With the increase 

in the three preliminary domains of motivation, there will an 

increase in one’s motivation level which will promote 

smoking prevention and cessation. 

Two types of Persuasive Multimedia Application (PMA) 

were developed as an intervention strategy to promote the 

three domains of motivation under PRIME Theory. The 

Persuasive Multimedia Application is developed based on 

Persuasive Technology Principle as learning strategy and 

Multimedia Learning Principles (Multimedia and 

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 14.692
a
 16 .918 1.951 .047 

Intercept 2.726 1 2.726 5.793 .021 

Combined_evaluation_pra .948 1 .948 2.014 .164 

Combined_evaluation_post 14.498 15 .967 2.054 .038 

Error 17.410 37 .471   

Total 586.609 54    

Corrected Total 32.102 53    

 

TABLE 2. TESTS OF BETWEEN-SUBJECTS EFFECTS. 

Dependent Variable: Combined smoking status post 

 

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. 

Corrected Model 30.036a 48 .626 1.515 .345 

Intercept .734 1 .734 1.778 .240 

Combined_smoking 

status_pra  
1.230 1 1.230 2.978 .145 

Combined_domain_

post 
21.507 47 .458 1.108 .513 

Error 2.066 5 .413   

Total 586.609 54    

Corrected Total 32.102 53    

a. R Squared = .936 (Adjusted R Squared = .318) 

 

 
TABLE 4. TESTS OF BETWEEN-SUBJECTS EFFECTS. 

Dependent Variable: B_Smoking_Status_Post 

 

Source Type III Sum 

of Squares 

Df Mean 

Square 

F Sig. 

Corrected Model 12.283a 24 .512 49.132 .004 

Intercept 253.939 1 253.939 24378.128 .000 

B_Domain_Post_B 12.283 24 .512 49.132 .004 

Error .031 3 .010   

Total 281.859 28    

Corrected Total 12.314 27    

a. R Squared = .997 (Adjusted R Squared = .977) 

 

TABLE 5. TESTS OF BETWEEN-SUBJECTS EFFECTS. 

Dependent Variable: A_Smoking_Status_Post 
 

Source Type III Sum 

of Squares 

Df Mean 

Square 

F Sig. 

Corrected Model 16.463a 23 .716 .526 .828 

Intercept 280.585 1 280.585 206.144 .005 

A_Domain_Post_A 16.463 23 .716 .526 .828 

Error 2.722 2 1.361   

Total 304.750 26    

Corrected Total 19.185 25    

a. R Squared = .858 (Adjusted R Squared = -.774) 
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Redundancy) as a design strategy. The effectiveness of the 

Persuasive Multimedia Application (PMA) is tested using 

PRIME questionnaires developed by West [10]. 

A. Combined effect of intervention and effects according to 

modes of presentation 

 

The overall analysis with regard to the second hypothesis 

also shows that, in general, there is no significant effect of 

courseware on smoking status for both modes at F=1.108, p = 

0.513 from the ANCOVA result after controlling for the effect 

of smoking status prior to the intervention. 

However, group B in the redundancy mode shows a 

significant effect in terms of courseware on smoking status at 

F=49.132, p = 0.004 from the ANOVA result, compared to 

group A in the Multimedia mode, where the result is F=0.526, 

p = 0.828. These results suggest that the redundancy mode 

related to group B had a more positive result in increasing 

teenage motivation with regard to smoking prevention and 

cessation, based on prior smoking status, compared to the 

multimedia mode.  

Hence, despite the results of the overall analysis, the 

findings with regard to group B confirmed and were parallel 

with those of Toh, Waddah and Wan Ahmad Jaafar [11], 

where there are positive effects of redundancy principle on 

learning. One possible explanation is that the narration used in 

the redundancy mode in this study might have reduced the 

split-attention effect and learners’ cognitive load, which then 

promoted their motivation. 

B. PMA supports PRIME Theory 

 

The overall results show that there is no significant effect 

of Persuasive Multimedia Application on three different 

domains of PRIME Theory in increasing teenage motivation 

towards smoking prevention and cessation at F = 1.868, p = 

0.252 from the ANCOVA result in general. Specifically, 

however, there is a significant difference in terms of one 

domain (Evaluations) at F = 2.054, p = 0.038. 

This finding supports the PRIME Theory that the internal 

environment and the stimulation of the human motivational 

system depend on the external environment. In this study, 

Persuasive Multimedia Application (PMA) acts as the external 

environment or stimuli to stimulate them. The results show 

that one domain of the human motivational system - the 

Evaluations domain - shows a significant difference after the 

treatment. This result is vital in strengthening teenage 

motivation towards smoking prevention and cessation. As 

West [10] stated, human motives in doing something 

(including smoking) depend on their beliefs or what he 

referred to as ‘Evaluations’ in PRIME Theory. 

As the Evaluations domain is one part of the human 

motivational system, the results of the analysis with regard to 

the evaluations domain shows the effects of an interactive 

programme (Persuasive Multimedia Application) which in 

general is similar to the work of Fogg [3] in which an 

interactive programme can help someone to quit smoking 

when the urge (motivation) is strong. 

The results of the analysis with regard to the evaluations 

domain also proved the belief of Parkinson et al. [8] that anti-

smoking media may be an important means of targeting 

beliefs about smoking among youth. “Beliefs” is the same as 

the Evaluations domain in PRIME Theory. Therefore, findings 

with regard to this domain are vital for future research. 

 

IX. IMPLICATIONS OF THE STUDY 

The results of this study have confirmed that Persuasive 

Multimedia Application developed by using the principle of 

cause-and-effect as a persuasive design principle has 

stimulated human motivational system at macro level through 

stimulation.  

On the other hand, the Redundancy principle as a 

multimedia learning principle, has shown the significant 

impact of stimulating the Evaluations domain in PRIME 

theory in terms of the human motivational system at micro-

level.  

Hence, in order to ensure that persuasive messages are 

successfully delivered through a multimedia application in 

terms of stimulating the human motivational domains, and 

thus strengthening human motivation levels in terms of the 

targeted behaviour, the following design guidelines may be 

considered: 

 

 Persuasive Multimedia Application may be used as a 

medium for stimulating and strengthening human 

motivation, where the focus is on the cause-and-effect 

principle as the main learning strategy. 

 The redundancy principle should be the main design 

strategy in delivering the persuasive message, 

especially when teenagers are the target group. 

 

Based on the above design guidelines, a few suggestions 

have been made for future research. 

 

X. SUGGESTIONS FOR FUTURE RESEARCH 

Due to the study limitations, some areas were not covered in 

this study. The following are the areas that need further 

research based on the findings and the literature on which this 

study was based: 

 

 A combination of persuasive principles with an 

integrative theory (CMOB: The Behaviour System and 

PRIME Theory of motivation) to provide a systematic 

basis for designing a Persuasive Multimedia 

Application and developing behaviour change 

techniques in order to elevate and strengthen the 

individual’s motivation which will lead to smoking 

cessation. 

 

 A combination of other persuasive principles in 

designing and developing a Persuasive Multimedia 

Application to maximize teenage learning. 
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 The effects of Persuasive Multimedia Application in 

elevating and strengthening the five domains of human 

motivational system according to PRIME Theory by 

using mobile persuasion strategy. 

 

Findings, discussions, implication and suggestion for future 

research have led to the following conclusion. 

 

 

XI. CONCLUSION 

Smoking has been identified as one of the major problems 

in Malaysia. The literature review has revealed that motivation 

is closely connected with persuasion. Therefore, this research 

has added a new insight in terms of motivation with regard to 

the field of Persuasive Technology.  

Persuasive Technology has been used in many fields of 

study including education and health, where one of the 

ultimate aims is to change people’s attitudes or behaviour. 

Researchers have applied and tested different models and 

principles of design and used a variety of approaches in their 

studies, with various purposes and target audiences. Most of 

their attempts have produced significant results. 

The Persuasive Multimedia Application (PMA) used in this 

study were designed and developed by integrating Persuasive 

Technology and PRIME Theory, as these are firmly believed 

to be able to elevate and strengthen teenagers’ motivation with 

regard to smoking prevention and cessation. 

Stimulating and strengthening human motivation levels is a 

fundamental and also a vital step in terms of the ultimate goal 

which is to change people’s attitudes or behaviour. In this 

case, we are interested in smoking cessation. This Persuasive 

Multimedia Application thus is a preliminary intervention 

aimed at stimulating and strengthening motivation in terms of 

smoking cessation.  

West [10] stated that recovery occurs when an individual is 

no longer experiences powerful motivations to engage in an 

addictive activity to an extent that is harmful. Therefore, 

developing an intervention with regard to reducing an 

individual’s powerful motivation towards smoking is 

fundamental. This can be done by stimulating and 

strengthening the human motivational system. 

Based on the findings from the study, specifically both 

Persuasive Multimedia Application (PMA) that uses the 

cause-and-effect Principle derived from Persuasive 

Technology [3] as a learning strategy are confirmed as having 

a significant impact on smoking status treatment.  

The findings also confirm that a PMA that uses the 

Redundancy Principle from Cognitive Theory of Multimedia 

Learning [7] as a design strategy, will have a significant 

impact on the Evaluations domain. Therefore, a PMA that uses 

the Redundancy Principle is proven to be an effective tool in 

elevating and strengthening teenagers’ motivation towards 

smoking prevention and cessation among the two multimedia 

principles. It is also a proof that Persuasive Technology may 

provide the right kind of encouragement to help a person quit 

smoking [3].  
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Abstract — Medical equipment contribute to the quality of 
healthcare services on several levels. They play a key role in 
the diagnosis, the treatment, and the rehabilitation of the 
medical impairment and diseases. However, as any operating 
machine, medical equipment would have a definite lifespan 
that expires after a period of time. Theoretically, Taylor K. 
specified ten years as the lifespan of medical equipment. In 
fact, the status of the medical equipment defines its age. This 
status should be addressed according to a list of criteria that 
evaluate the efficiency and the performance of these 
equipment. The purpose of this study is to develop a well-
designed plan for evaluating medical equipment. According to 
this evaluation, we can rank the equipment that should be 
replaced in the descending order of urgency taking into 
account many criteria and sub-criteria. 

Keywords-efficiency; healthcare; lifespan; medical 
equipment; performance.  

I. LITERATURE REVIEW 
Assessment of medical equipment is increasingly 

becoming the concern of healthcare institutions. Many 
companies concentrated their studies on the evaluation of 
medical technology and the investigation of their accidents. 
In the early 1990s, the world raised the attention to the 
device-related activities and many regional offices were 
opened all over Europe, the Middle East, and Asia Pacific 
[1]. Moreover, the International Medical Device Regulators 
Forum (IMDRF) discussed the future directions in medical 
device regulatory harmonization [2]. Furthermore, the 
International Organization for Standards (ISO) defined ISO 
13485 as a standard for assessing and maintaining the 
efficacy of medical equipment. It deals with the 
specifications of medical technology to meet healthcare 
requirements for healthier outcomes [3]. In addition, the US 
Food and Drug Administration (FDA) generated a Device 
Evaluation Intern Program (DEIP) to monitor the efficiency, 
safety, and degree of risk to public health of the medical 
equipment [4]. 

A. Kirisits and W. K. Redekop highlighted the economic 
evaluation as a critical key point that stands behind the 
decision making for an equipment-upgrading program [5]. 
The clinical investigation of medical devices in Europe 

focuses on outlining the risks that may threaten both the 
patient and the staff [6]. However, among all the calls 
regarding the evaluation of medical equipment, a study done 
by Sharareh Taghipour in 2011 assigned six main criteria in 
which some of them are branched intao sub-criteria [7]. 
Sharareh focused on the recalls and hazard alerts that may 
occur for medical equipment. Moreover, concerning the 
risks, a great deal of attention is given to the failure 
frequency, the possible redetect of the risk, and the failure 
consequences, where we investigated the safety and 
environment effect of the device.  

On the other hand, Sharareh raised the attention to the 
operational and the non-operational consequences of a 
failure, to inspect the cost of repair. This inspection 
investigates the ‘manpower’ and the ‘spare parts’ costs to fix 
a defect. Besides, the Canadian study boosted the attention to 
the out of service periods and the number of patients waiting 
due to those failures, which is defined as the downtime of the 
device.  

Here, a new evaluation technique, similar to the 
Canadian one, which will be highlighted later in the paper, is 
proposed but with less required data. In our model, we tried 
to make the investigation simple and direct so we focused on 
the function and the age of the medical equipment, as well as 
we focused on the mission criticality, the risks, and the 
maintenance requirements. Actually, collecting data for each 
criterion is very hard and requires a long questionnaire, so 
we designed a checklist questionnaire to gather the required 
data about each equipment. As a case study, we applied this 
model on a Lebanese public hospital and we came back with 
a list of equipment that should be replaced after a period of 
time as defined by the hospital.  

In this paper, we are going to propose the methodology 
of the study in the “Proposed Methodology” paragraph. Then 
we are going to show the way to derive the weights and the 
intensities of the tested criteria in the “Parameters” Section. 
After that, we are going to present the missions to 
accomplish the assessment plan through the “Mission” 
section. In the “Evaluation and Discussion” section, we will 
be analyzing the obtained results and make a decision 
accordingly. This will be followed by “Case Study” to test 
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the validity of the presented technique. Finally, we will end 
up with a conclusion and our further expectations through 
the “Conclusion”. 

II. PROPOSED METHODOLGY 
Medical devices play a significant role in providing 

healthcare as they affect the patient and the care providers 
directly. Besides, the design of the medical equipment gives 
a share in the safety of the environment [8]. The excessive 
use of the medical equipment is directly proportional to its 
performance with time, which will shorten its expected 
lifespan. The clinical evaluation of medical technology 
should be based on a comprehensive analysis that covers 
relevant criteria and parameters to appraise the efficiency of 
the equipment.  

This paper proposes a model to evaluate the medical 
equipment according to measurable criteria and quantitative 
parameters that identify the time after which this equipment 
should be replaced. To start, we are going to identify some 
main criteria in which some of them are branched into sub-
criteria. To make our work measurable, we assigned each 
criterion and sub-criterion to a specific weight that defines its 
criticality. 

Many methods can be used to appraise and weight 
clinical data. In our study, we take into account five main 
criteria in which some of them are divided into sub-criteria. 
Each criterion has a certain weight that specifies its weight in 
the study. Moreover, each criterion is limited to a certain 
range of choices, where every choice is assigned to certain 
intensity. 

After defining the grades and intensities for all criteria, 
the model will be ready for use to assess the devices. To 
compute the final score, we need to calculate the total score 
that is the summation of the product of intensities and 
weights for each criterion. After that, we should calculate the 
Normalized Score Value that indicates the relative 
importance of each device in comparison with other devices, 
from which we generated the Transformed Score Value. The 
transformed score value is the value that allows us to rank 
the medical device according to its importance. 

III. PARAMETERS 
For a measurable reliable ranking for the medical 

devices, we should introduce some grades known as 
intensities and weights for each criterion and sub-criterion. 
The grades may encounter several classes for one criterion. 
For example, the maintenance requirements of a device may 
be high, medium, or low. The definition of each class differs 
from one hospital to another depending on the decision 
makers at each hospital. Consequently, the term ‘low’ for 
maintenance requirements differs from hospital to another. 

If the criterion of a device contributes with its maximum 
capacity to the upper-level of this criterion, then its intensity 
should record a value of 1. 

According to Sharareh, the intensities and the weights 
are obtained from a pairwise comparison matrix of 
qualitative grades, which is built using expert opinion [7]. 

The weight of each grade is obtained using Equation 1:  

𝑣𝑖 =  
(∏ 𝑎𝑖𝑗)5

𝑗=1

1
5

∑ (∏ 𝑎𝑖𝑗)5
𝑗=1

1
55

𝑖=1

 i= 1, …, 5,    j= 1, …, 5   ( Equation 1) 

The intensity of each grade is obtained using Equation 2: 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =  𝑣𝑖
max (𝑣𝑖)

 i= 1, …, 5,    (Equation 2) 

 
Table I.  PAIRWISE COMPARISON MATRIX FOR THE GRADE OF CRITERION 

'FUNCTION'. 
 Life 
saving 

Therapeutic Diagnostic Analytic 
Misc. 

Life saving 1.00 5.00 6.00 8.00 9.00 
Therapeutic 0.20 1.00 1.60 1.40 1.80 
Diagnostic 0.17 0.63 1.00 1.25 1.50 
Analytic 0.13 0.71 0.80 1.00 1.29 

Misc. 0.11 0.56 0.67 0.78 1.00 
 

Table I shows the pairwise comparison matrix for the 
grades of criterion ‘Function’ as assigned by expert opinion. 
Using above table and formulas, we can calculate the 
intensities and the weight for the criterion ‘Function’. We 
listed the results in Table II, using the Equations 3 and 4: 

where a = (∏ 𝑎𝑖𝑗)5
𝑗=1      (Equation 3) 

and b = (∏ 𝑎𝑖𝑗)5
𝑗=1

1
5       (Equation 4) 

Table II. CALCULATING THE INTENSITIES OF THE CRITERION 'FUNCTION'. 
 𝑎 𝑏 𝑣𝑖 Intensity 

Life saving 2160.00 4.64 0.62 1.00 
Therapeutic 0.81 0.96 0.13 0.21 
Diagnostic 0.20 0.72 0.10 0.16 
Analytic 0.09 0.62 0.08 0.13 

Miscellaneous 0.03 0.50 0.07 0.11 
                        ∑ 𝑏 = 7.455

𝑖=1   

In our model, we discarded the sixth criterion, which I 
“Recalls and Hazards” from the study as it is not available in 
the hospital where the study was done. We distributed 0.16, 
the weight of recalls and hazards, on the other criteria by 
adding 0.032 on each of the five criteria. For example, the 
weight of the criterion “Function” is 0.45. After adding 0.032 
it becomes 0.482. 

IV. MISSIONS 
Assessment of medical equipment requires five 

consecutive missions where each one deals with a criterion. 
The core of each mission is gathering data. Before going 
through any of the missions, we made up an identity card for 
each equipment by filling up its name, its serial number, its 
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brand, and its manufacturer. This information will not affect 
our study, but the aim is rather to identify each equipment to 
make sure that there is no overlapping in case the equipment    
is shared among the units and departments. 

The intensities are obtained from a pairwise comparison 
of grades; experts construct these grades  
First Mission: In the first mission, we classified the function 
of each medical equipment into five categories: lifesaving, 
therapeutic, diagnostic, analytic, and miscellaneous 
according to the classification developed by Fennigkoh, 
Smith, and Dhillion [9]. The weight of the function and the 
intensity of each category are shown in Table III. 

Table III: THE INTENSITIES OF THE FUNCTION OF THE EQUIPMENT. 
Function (0.482) 

Life 
saving 

Therap
. 

Diagnostic Analytic Miscellaneous 

1.00 0.21 0.16 0.13 0.11 
 
Second Mission: This mission accomplishes the second 
criterion; mission criticality of weight (0.132) is divided into 
two sub-criteria: the utilization and the availability of 
alternative devices, as shown in Figure 1. 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 1. Hierarchy for mission criticality. 

The usage of the device and its back-up devices identify 
the load of work on that device. Moreover, using the 
equipment excessively will increase the failure on the 
equipment [10]. In the first sub-criterion, utilization of a 
device is the total hours the device is used on average in a 
hospital (the unit can be defined as hours per day or days per 
week or weeks per year). In our proposed model, we 
considered the ‘average hours a device is used per week’ for 
the utilization criterion divided into three classes as shown in 
Table IV. 

Table IV. THE WEIGHT AND INTENSITIES OF THE USAGE OF MEDICAL 
EQUIPMENT. 

Usage hour/week (0.70) 
24≤ 12≤x<24 <12 
1.00 0.34 0.15 

On the other hand, the availability of alternatives affects 
the mission criticality as it represents the number of similar 
or backup devices for one equipment. However, as the 
number of similar devices at hand becomes fewer because of 
lack of backup of the medical equipment the risks on that 

equipment will increase. Furthermore, having several similar 
devices with low demand may also harm the device by 
affecting its performance from one side and by costing the 
hospital regular preventive maintenance from the other side. 
The weight and the intensities of the availability of 
alternatives are shown in Table V. 

Table V. THE WEIGHT AND THE INTENSITIES OF THE ALTERNATIVES. 
Alternatives (0.30) 

≤1 1< x≤4 >4 
1.00 0.34 0.20 

 
Third Mission: The third mission deals with the third 

criterion, which is the age of the equipment. The age of the 
medical device is based on the actual age of a device and its 
predictable life span. In general, 10 years is the average life 
span for a medical device. The equipment are divided into 
five categories according to the actual age of the equipment 
divided by the life span as shown in Table VI. As the ratio 
approaches 1, the equipment is considered as old otherwise, 
it is considered to be new as the ratio approaches zero. The 
age ratio is expressed in equation 5: 

𝐴𝑔𝑒 𝑅𝑎𝑡𝑖𝑜 =   𝐴𝑐𝑡𝑢𝑎𝑙 𝐴𝑔𝑒
𝐿𝑖𝑓𝑒 𝑆𝑝𝑎𝑛

         (Equation 5) 

Table VI. THE WIGHT AND THE INTENSITIES OF THE AGE OF THE MEDICAL 
EQUIPMENT. 

Age (0.092) 
>1 0.75< x≤1 0.5<x≤0.75 0.25<x≤0.5 0≤x≤0.25 

1.00 0.67 0.43 0.17 0.12 
 
Fourth Mission: The fourth mission addresses the fourth 
criterion, which is the risk of a device of weight (0.192). In a 
patient-centric environment, managing risk is the top priority 
that occupies a worthy space under the umbrella of the 
healthcare [11]. The risk of a device is the summation of all 
risks threatening patients. These risks can be estimated from 
the actual failures, which have occurred in that device, are 
shown in the figure below. Figure 2, shows the three sub-
criteria of risks. The consequences associated to the risks of 
a device are assigned by the failure frequency, the 
detectability, and the failure consequences should be 
extracted or estimated from data history and device 
maintenance archive [12]. 
 

 
 
 
 
 
 
 
 
 

 

Figure 2. Hierarchy for risks on the medical equipment. 

Risks  
(0.192) 

Failure  
Frequency 

 (0.3) 

Detectability 
 (0.24) 

Failure  
Consequences 

 (0.46) 

Risks  
(0.132) 

Utilization 
 (0.7) 

Availability of 
 Alternative devices 

 (0.3) 
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Five Main Criteria 

Function 
 (0.45) 

Mission  
Criticality  
(0.132) 

Utilization 
 (0.7) 

Availability  
of Alternative  
Devices (0.3) 

Age  
(0.092) 

Risks  
(0.192) 

Failure  
Frequency  

(0.3) 

Detectabiliy  
(0.24) 

Failure 
 Consequences 

 (0.46) 

Maintenance  
Requirements 

 (0.102) 

The frequency of failure tells whether the failure is 
occurring frequently or not. For that, we considered four 
levels for the frequency of failure shown in Table VII. If the 
failure is frequent, it means that the failure is likely to occur 
(several occurrences in 1 year). If the failure is occasional, it 
means that it probably will occur (several occurrences in 1 to 
2 years). If it is uncommon, it means that it is possible to 
occur (one occurrence in 2 to 5 years). If it is remote, it 
means that it is unlikely to occur (one occurrence in 5 to 10 
years). 
Table VII. THE WEIGHT AND INTENSITIES OF THE FREQUENCY OF FAILURE. 

Frequency of Failure (0.3) 
Frequent Occasional Uncommon Remote 

1.00 0.33 0.20 0.15 
 

Failure detectability is the ability to detect a failure when 
it occurs. This is the most important criteria to assess harm 
[11]. We can detect the failure at many different levels. In 
our model, we used four levels of detectability. The failure 
maybe detected by error; that is when the equipment stops 
working, by inspection during the regular preventive 
maintenance rounds, it might be visible by naked eye or it 
can be detected by self-announcement, as summarized below 
in Table VIII: 

Table VIII. THE WEIGHT AND INTENSITIES OF THE DETECTABILITY. 
Detectability (0.24) 

Error Inspection Visible Self-announcement 
1.00 0.33 0.20 0.13 

 
The failure consequences of weight (0.46) deal with the 

safety and the environment where we discuss the effect of 
the failure on the patient and the staff [13]. The failure of the 
medical equipment may harm the patient at different levels. 
It may cause death in extreme cases, injury in which it may 
disable the patient, inappropriate therapy, misdiagnosis, 
which makes the situation worse or the failure, which may 
cause a delay in the treatment. Finally, in some other 
situations, it may cause nothing. The intensities of those 
failures are summarized in Table IX.  
Table IX. THE WEIGHT AND INTENSITIES OF THE FAILURE CONSEQUENCES. 

Failure Consequences (0.46) 
Death Injury Inapp. Therapy 

or misdiagnosis 
Delay in 

treatment or 
diagnosis 

Non 

1.00 0.34 0.21 0.14 0.09 

The risk value can then be estimated as a function of 
frequency, consequence, and detectability for each failure 
mode. As a result, the risk of the device is the total risk of all 
its failure modes. 
Fifth Mission: The last criterion, which is the fifth one 
where we studied the maintenance requirement for every 
medical equipment, is covered in the fifth mission. The 
availability of the medical equipment should be based on 
maintenance history and the maintenance requirements [14]. 

According to Fennigkoh and Smith [15], equipment that is 
predominantly mechanical, pneumatic, or fluidic often 
requires the most expensive maintenance. A device is 
considered to have an average maintenance requirement if it 
requires only performance verification and safety testing. 
Equipment that receives only visual inspection, a basic 
performance check, and safety testing is classified as having 
minimal maintenance requirements. We defined each of 
these classes as high, medium, and low with their 
corresponding intensities as shown in Table X. 

Table X. THE WEIGHT AND INTENSITIES OF THE MAINTENANCE 
REQUIREMENTS. 

Maintenance Requirements (0.102) 
High Medium Low 
1.00 0.50 0.17 

Identifying the main and the sub-criteria of each 
equipment allows us to determine their relative importance 
according to their goal or their upper level criterion using 
Saaty’s eigenvector technique-a mathematical technique that 
assigns a total score value for each medical device under 
study. This technique is used in multi-criteria decision-
making missions [16]. This total score is generated from the 
weights and the intensities of those medical devices from the 
matrix of criteria and sub-criteria observed [17], [18]. Figure 
3, show a schematic diagram of the main, and sub criteria of 
the evaluation test. 

 

 

 

 

 

 

 

 

 
 

Figure 3. Hierarchy for the fve main criteria. 

V. EVALUATION AND DISCUSSION 
After filling the above questionnaire for each equipment, 

we can compute the scores using the assigned weights and 
intensities. The total score of each equipment is the 
summation of the weight × intensity for the five criteria 
(Equation 6).  
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D
escending order 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 =  ∑ wj sij
5
𝑗=1    (Equation 6) 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 = 𝑤𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 × 𝑖𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 + 𝑤𝑎𝑔𝑒 ×
𝑖𝑎𝑔𝑒  +  𝑤𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 × �𝑤𝑢𝑠𝑎𝑔𝑒 × 𝑖𝑢𝑠𝑎𝑔𝑒  +

𝑤𝑏𝑎𝑐𝑘−𝑢𝑝 × 𝑖𝑏𝑎𝑐𝑘−𝑢𝑝]  + 𝑤𝑟𝑖𝑠𝑘𝑠 ×
 �𝑤𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠 × 𝑖𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠  +
𝑤𝑑𝑒𝑡𝑒𝑐𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑖𝑑𝑒𝑡𝑒𝑐𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 +  𝑤𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ×
𝑖𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦] + 𝑤𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠 ×

𝑖𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠 

Where “w” is the weight of each criterion “j” = 1, 2 … 5 and 
“i” is the intensity of each class.  

At this stage, we listed the total score for the equipment in 
descending order from the highest score to the lowest score. 
This rank helps us in calculating the normalized score value 
that indicates the relative criticality of a device compared to 
other devices. Therefore, the Normalized Score Value of 
each equipment (Equation 7): 

𝑁𝑆𝑉 =  𝑻𝒐𝒕𝒂𝒍 𝒔𝒄𝒐𝒓𝒆 𝒐𝒇 𝒆𝒂𝒄𝒉 𝒅𝒆𝒗𝒊𝒄𝒆
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒕𝒐𝒕𝒂𝒍 𝒔𝒄𝒐𝒓𝒆

   (Equation 7) 

The aim of this study is to prioritize the medical devices 
according to their criticality. To do so, we have to calculate 
the transformed score value from the above procedure, which 
can be used for prioritizing or ranking of devices. The 
Transformed Score Value depends on the Normalized Score 
Value of each device involved in the model and on the 
minimum and the maximum scores that could be achieved. 
The transformed score value plays an important role in 
assessing the medical equipment according to a percentage. 
In our proposed model, devices can have a total score 
between (0.1257592, 1.0) where score 1.0 is for a device, 
which gets the highest intensity when assessed against every 
single criterion and 0.1257592 is obtained when the device 
gets the lowest intensity from all criteria. The calculation is 
shown below using equation 6:  

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑜𝑡𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 𝑉𝑎𝑙𝑢𝑒
= (0.482 × 0.11)
+ 0.132[(0.7 × 0.15)
+ (0.3 × 0.2)] + (0.092 × 0.12)
+ 0.192[(0.3 × 0.15)
+ (0.24 × 0.13) + (0.46 × 0.09)
+ (0.102 × 0.17) = 0.1257592 

However, the total scores of devices can be used as 
absolute measurements for classification. The ranking of the 
medical devices can be done according to the normalized 
score value, however, for a better reading we can express the 
results in percentage, and so the normalized score value can 
then be mapped to (0, 100%) Transformed Score Value 
using the following equation:   

𝑇𝑆𝑉 = 𝑺𝒄𝒐𝒓𝒆 𝒗𝒂𝒍𝒖𝒆 −𝑴𝒊𝒏𝒊𝒎𝒖𝒎
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 −𝑴𝒊𝒏𝒊𝒎𝒖𝒎

× 𝟏𝟎𝟎        (Equation 8)        

     = 𝑺𝒄𝒐𝒓𝒆 𝒗𝒂𝒍𝒖𝒆 −𝟎.𝟏𝟐𝟓𝟕𝟓𝟗𝟐
𝟏.𝟎𝟎  −𝟎.𝟏𝟐𝟓𝟕𝟓𝟗𝟐

× 𝟏𝟎𝟎        

= 𝑺𝒄𝒐𝒓𝒆 𝒗𝒂𝒍𝒖𝒆 −𝟎.𝟏𝟐𝟓𝟕𝟓𝟗𝟐
𝟎.𝟖𝟕𝟑𝟏𝟏

× 𝟏𝟎𝟎              

The whole process is summarized in Table XI: 

Table XI. THE TRANSFORMED SCORE VALUE. 
Eq
uip. 

Total 
Score NSV TSV 

 

 
(𝑇𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 
𝑜𝑓 𝑒𝑎𝑐ℎ 𝑑𝑒𝑣𝑖𝑐𝑒)
𝑚𝑎𝑥.  𝑇𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒

 

𝑆𝑐𝑜𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 −𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 −𝑚𝑖𝑛𝑖𝑚𝑢𝑚

× 100 

   
𝑆𝑐𝑜𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 − 0.1257592

1.00  − 0.1257592
× 100 

   
𝑆𝑐𝑜𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 − 0.1257592

0.87311
× 100 

The obtained list of medical equipment can be classified 
into many categories according to the prioritizing plan of the 
hospital, which is related to the budget assigned by the 
decision makers. In our study, the criticality of a device is 
classified into three categories in which a transformed score 
value should belong. The first category is for those, which 
should be replaced urgently. The second one for those, which 
should be replaced after a year and a half (their replacement 
can be limited to a deadline defined by the hospital according 
to their budget). The third one is for those, which are still 
functioning normally and can work for several years ahead. 
Using the transformed score value we can sort the medical 
equipment according to their urgency using Table XII. 
Table XII. THE CRITICALITY OF A DEVICE FROM THE TRANSFORMED SCORE 

VALUE. 
Criticality 

class 
Transformed Score 

Value 
Maintenance Strategy 

High 65% <TSV≤ 100% To be changed urgently 
Medium 50% < TSV ≤ 65% To be changed after a 

year and a half 
Low   0% ≤ TSV ≤ 50% To be changed after 

three years 
 

Using the above study, we can easily rank the equipment 
of a hospital in the order of their urgent need for 
replacement. If the equipment’s score is between 65% and 
100%, it means that the equipment should be replaced 
immediately. If its score ranges between 50% and 65%, then 
the equipment should be replaced after a while. Finally, if its 
score is less than 50%, this means that the replacement of the 
equipment does not need to happen in the near future. Keep 
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in mind that we can consider other intervals to sort the tested 
devices according to the hospital’s financial contribution. 

VI. CASE STUDY 
In this section, we are going to apply the assessment 

model on the medical equipment found in some units of a 
Lebanese hospital in order to evaluate them for an updating 
program. 

To do this, we have chosen the Dialysis and the critical 
care units as a sample study. In these critical units, we have 
the Intensive Care Unit (ICU), which is dedicated to treat 
patients, who are seriously ill. Besides, we have the 
Coronary Care Unit (CCU), where patients with a 
pacemaker, intra-aortic balloon pump, or with cardiac 
telemetry are treated. Moreover, there is the Cardiac Surgical 
Unit (CSU), where patients having open-heart, lung, or 
vascular surgery are recovered. In addition, there is the 
Neonatal Intensive Care Unit (NICU) is the unit that 
monitors the neonates, who are facing newborn problems. 
Finally, the Pediatric Intensive Care Unit (PICU) is the 
intensive care specialized for the pediatrics.  

In these units, we dealt only with the medical equipment 
that is in direct contact with the patient and that might affect 
the patients’ safety. The equipment that are related to the 
ward medical equipment, housekeeping equipment, mortuary 
equipment, general furniture and accessories, are considered 
as not urgent at all so they are kept away from the study with 
“to be replaced after a determined period of time” as an 
general status. We gathered the required data for 324 
equipment distributed over 35 different items and we came 
back with the results listed in Table XIII. As you can notice, 
from the obtained results, the same item may record different 
grades when used in different units. For example, the ECG in 
the ICU records a grade of 57.35 whereas the ECG in the 
NICU recorded a grade of 42.88. These two different grades 
for the same item reflect the different mode of use and 
different urgency of that equipment at its unit.  

Table XIII. SCORES AND GRADES FOR EACH ITEM. 

Nb
. Name Normalized 

Score 

Transform
ed Score 
(%) 

1 Defibrillator 1 100 
2 Blood Gas system 0.84776143 82.563644 
3 Pulse Oximeters 0.83167396 80.721096 
4 Infusion pump 

(CCU) 0.80675075 77.866563 
5 Monitor (ICU) 0.76745621 73.366037 
6 Oximeters  0.76154527 72.689039 
7 Syringe pump 

(ICU) 0.75121329 71.505686 
8 Dialysis 0.74112659 70.350424 
9 Monitor (CCU) 0.69471468 65.034724 

10 Monitor 0.68912238 64.394221 

(Endoscopy) 
11 Syringe pump 

(PICU) 0.68817904 64.286177 
12 Refrigerator 

Pharmacy) 0.68541098 63.969142 
13 Monitor (Dialysis) 0.68198543 63.576804 
14 Incubator(PICU) 0.67304633 62.552981 
15 Refrigerator 

(NICU) 0.66928522 62.122209 
16 Refrigerator 

(PICU) 0.66928522 62.122209 
17 Incubator (mobile) 0.66080627 61.151088 
18 Syringe pump 

(floors) 0.65123852 60.055265 
19 Incubator 

(Therapeutic) 0.64902559 59.801811 
20 ECG (ICU) 0.62764624 57.353167 
21 Fetal Monitor 0.62328606 56.853783 
22 x-ray (ICU) 0.60806278 55.110213 
23 Ultrasound Unit 0.59212049 53.284293 
24 Reanimation & 

warming table 0.58451048 52.412695 
25 ECG (CCU) 0.57761153 51.622536 
26 ECG (Dialysis) 0.56972919 50.719747 
27 Infusion Pump 

(NICU) 0.56173091 49.80368 
28 Infusion Pump 

(floors) 0.54855002 48.294032 
29 Lactina Electric 

pulse 0.52413795 45.498041 
30 CPR 0.52413795 45.498041 
31 ECG (NICU) 0.50133159 42.885958 
32 Fetal Doppler 0.48090312 40.546222 
33 Incubator 

(Delivery Unit) 0.43585151 35.386322 
34 Otoscope  0.39837394 31.093899 
35 Bair Hugger 0.24364574 13.372397 
 
At this stage, we are able to make our decision. 

According to the hospital’s budget, we can set three 
consecutive categories; each bounded within an interval of 
grades that matches the updating strategic plan of the 
hospital. In our case study, we assigned the three categories 
based on a strategic updating plan set by the hospital. The 
decision makers at that hospital were planning to spend a 
certain budget after the results of the study, and another 
amount after a year and a half and finally another amount 
after three years. Consequently, we set the coming three 
missions, as seen in Table XIV; the equipment with grades 
between 65% and 100% should be replaced directly. Those 
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with grades between 50% and 65% can be replaced after a 
year and a half, and finally, those with grades below than 
50% can be replaced after three years from the first updating 
plan. 

Table XIV. THE CRITICALITY OF A DEVICE FROM THE 
TRANSFORMED SCORE VALUE - CASE STUDY 

Criticality 
class 

Transformed Score 
Value 

Maintenance 
Strategy 

High 65% <TSV≤ 100% To be changed 
urgently 

Medium 50% < TSV ≤ 65% To be changed after 
a year and a half 

Low   0% ≤ TSV ≤ 50% To be changed after 
three years 

Based on the above three ranges of grades, we can 
summarize the three groups of medical equipment as shown 
in Table XV: 

Table XV. RESULTS FOR THE UPDATING PLAN. 
To be changed 

urgently 
To be changed 

after a year and 
a half 

To be changed 
after three 

years 
High 

70% <TSV≤
100% 

Medium 
50% < TSV 
≤ 70% 

Low 
0% ≤ TSV 
≤ 50% 

Defibrillator Monitor 
(Endoscopy) 

Infusion Pump 
(NICU) 

Blood Gas 
System 

Syringe pump 
(PICU) 

Infusion Pump 
(floors) 

Pulse Oximeter Refrigerator 
(Pharmacy) 

Lactina Electric 
pulse 

Infusion pump Monitor 
(Dialysis) CPR 

Monitor (ICU) Incubator(PICU) ECG (NICU) 

Oximeters  Refrigerator 
(NICU) Fetal Doppler 

Syringe pump 
(ICU) 

Refrigerator 
(PICU) 

Incubator 
(Delivery Unit) 

Dialysis Incubator 
(mobile) Otoscope  

Monitor (CCU) Syringe pump 
(floors) Bair Hugger 

 Incubator 
(Therapeutic) 

 

 ECG (ICU)  
 Fetal Monitor  
 x-ray (ICU)  
 Ultrasound Unit  

 Reanimation & 
warming table 

 

 ECG (CCU)  
 ECG (Dialysis)  

 To make sure that the obtained results are correct and the 
devices to be changed meet the hospital’s requirements, we 

designed a questionnaire that questions the physicians the 
technicians, and the doctors. In the questionnaire, we asked 
for the equipment that should be replaced directly and we 
came back with a list that matched the above list obtained by 
the scientific study. 

One can do some modifications on the result, especially 
for the equipment on the boundaries. For example, the 
endoscopy monitor recorded 64.39% so it should belong to 
the second category. However, if the doctors and the 
physicians, who work on the endoscopy monitor, 
recommended an urgent replacement for this monitor, we 
can move it to the first category and add it to the equipment 
to be replaced directly. This will not be considered an error 
since the endoscopy monitor is on the boundary so it may 
belong to both categories. 

Finally, once the hospital has the results, it should launch 
the procurement process for the first category list.  

VII. CONCLUSION 
Medical equipment is a critical interface between the 

patient and the diagnosis, the treatment, or the rehabilitation 
process. It provides an opportunity for a better medical 
service. Consequently, medical devices are expected to 
operate in the required way providing the ultimate results of 
accuracy, safety, and reliability for an efficient and healthy 
contribution. As such, this study provides a new model for 
assessing the life of medical equipment based on its actual 
usage and not only speculated based on its suppositional life 
span. This method would result in a more accurate scheme 
that would most probably extend the life and usage of the 
equipment thus resulting in substantial savings to the 
healthcare institution from one side and would serve as an 
assessment tool based on a multi criteria decision-making 
approach from the other side. 

Using such a model of evaluation, we can drag the wheel 
of change in the assessment of medical equipment to 
overreach several sectors in the world of machinery. 
Moreover, adapting an automated management system to 
monitor the evaluation of the medical equipment will be 
revolutionary move towards safety and efficiency. 
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Abstract—Porous silicon has become the gold standard when 
it comes to improving biocompatibility and bioactivity. For 
this reason, it has become a primary candidate in neural 
electrodes research and development. Consequently, the 
purpose of this work was to investigate the mechanical 
strength of porous silicon neural electrodes. Thus, a finite 
element model representing the proposed electrode was 
generated. Mechanical simulation was done on porous and 
non-porous electrodes using COMSOL® Multiphysics. 
Results showed that porosity decreased the mechanical 
strength of the neural electrode without risking the 
mechanical requirements for neural applications. 

Keywords-biocompatiblity; finite element model; failure 
analysis; neural microelectrodes; porous silicon 

I.  INTRODUCTION 
For centuries, people have fantasized about the 

possibility to communicate with the human brain to 
understand its structure and how it functions. In the recent 
decades, due to progresses in neuroscience and 
microtechnology, this fantasy became a reality with the 
introduction of neural electrodes. Neural electrodes are 
implantable micro-dimensional structures that enables a 
bidirectional communication between the brain and an 
outer electronic circuitry [1]. These electrodes are used in 
both recording action potentials from neurons and 
stimulating specific brain regions, which aid in the 
diagnosis and treatment of several brain diseases such as 
seizures, epilepsy, and migraine [2]. Such interfaces have 
applications in neuroscience research and brain-machine 
interfaces [3][4].  

Several types of neural electrodes have been designed 
and developed to date. These electrodes can be classified 
under three main categories: metal wire based, silicon 
based, and polymer based neural electrodes. A metal-based 
electrode is composed of a metal wire entirely insulated 
except for its tip; it is left exposed acting as a recording 
site [5]. The drawback of this type is that only one 
recording site was available and any attempt to increase 
the number of recording sites would increase the overall 
size of the electrode which is not generally desired. This 
drawback was solved with the introduction of silicon 
based neural electrodes that emerged with the advances of 
microfabrication techniques. Silicon offers suitable 
biocompatibility and mechanical strength and allows the 

incorporation of multiple recording sites without 
increasing the overall size of the electrode. Another type is 
the polymer-based neural electrode characterized by 
improved flexibility and biocompatibility. However, it 
suffers from lack of rigidity which leads to less accurate 
neural targeting [6]. 

This article covers the simulation of the mechanical 
behavior of porous silicon neural electrode. The next 
section presents the major limitation of neural electrodes 
and the advantages of using porous silicon. Section III 
introduces the design of the proposed electrode. Section IV 
discusses the simulation strategy followed. Section V 
details the results yielded. 

II. ADVANTAGES OF POROUS SILICON FOR NEURAL 
ELECTRODES 

The major limitation facing the previously mentioned 
types is the resultant tissue response, which is provoked 
by the neural injury upon the implantation of the 
electrode. This tissue response threatens the long-term 
functioning of the neural electrode. The implantation of 
any neural electrode is always a traumatic procedure. 
When a neural electrode is inserted into the brain, it 
breaches the vasculature and kills the neurons in its path. 
This provokes the activation of an acute immune 
response, which is characterized by the recruitment and 
activation of glial cells whose role is to digest the cellular 
debris with enzymes. This gives rise to a chronic 
response. This response results in the formation of an 
encapsulation layer termed the “glial scar” around the 
electrode. This scar isolates the electrode from nearby 
neurons and these neurons are in turn pushed away from 
the recording sites the thing that leads to signal 
deterioration [5]. 

It has been proven that tissue response is highly 
dependent on the surface topography. That is to say that 
rough surfaces such as porous ones are more 
biocompatible than smooth surfaces [7]. Particularly, 
porous silicon has shown enhanced biocompatibility and 
bioactivity [8]-[10]. For instance, in a study performed by 
Hajj-Hassan et al. [10], the biocompatibility and 
bioactivity of porous silicon wafers (Si) was assessed by 
examining the survival and replication of mesenchymal 
stromal cells (MSC) isolated from the bone marrow of 
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wild type mice. These results were compared with that of 
cells growing in 2D culture on tissue culture plastic (TCP) 
and on smooth titanium (SmTi), which is well known for 
its superiority (gold standard) for the manufacture of 
implants. In the first experiment performed, bone marrow 
derived MSC were seeded in porous silicon wafers etched 
to a depth of 20 μm (Si20) in 12 well plates and harvested 
after 3, 6 ,and 9 days of culture. Control cells plated at the 
same density on tissue culture plastic were harvested at 6 
days and stained with toluidine blue to visualize the cells. 
Results showed that the Si20 substrate supported the MSC 
growth. Additionally, an Alamar Blue metabolic assay 
was used to analyze the metabolic activity of cells grown 
porous silicon substrates etched to a depth of 20 μm 
(Si20) or 30 μm (Si30) and compared with TCP or 
smooth titanium, which is a common implant material. 
Representative results of the Alamar Blue assay, shown in 
Figure 1(A), indicate a small increase in metabolic 
activity of the cells grown on Si20 and Si30 samples 
compared to smooth titanium and tissue culture plastic 
controls. The cell counts indicated a steady increase in 
numbers that appeared to be dependent on the substrate 
on which they were grown. 

 
Figure 1. Quantitative analysis of MSC grown on porous silicon etched 

to a depth of 20 μm (Si20), 30 μm (Si30), commercial grade smooth 
titanium (SmTi) and tissue culture plastic (TCP) using the Alamar Blue 

assay to assess the metabolic activity [10]. 
 
So, it has been shown that the introduction of the pores 

improves the biocompatibility and bioactivity. However, a 
fundamental question imposes itself regarding whether 
their introduction influences the mechanical strength of 
the electrode. In other words, we are interested in 
knowing if the implanted porous electrode will still 
survive the forces exerted by the brain environment 
during and after implantation. The solution to this 
question is demonstrated in the sections that follow. 

III. DESIGN  
The following section covers the design of the 

proposed neural electrode. The developed neural electrode 
is constructed using a silicon substrate and is considered to 
be ultra-long with a length of 10.5 mm. Its overall 
structure is tapered, which facilitates the penetration. The 
geometry of the electrode is sectioned into three main 

regions; a base region, a measuring region incorporating 
the metal recording sites, and a piercing region. The 
relative dimensions of these regions are indicated in Figure 
2. The electrode was implemented using COMSOL© 
Multiphysics 4.3 as depicted in Figure 3. 

 

 
Figure 2. 2D drawing of the designed electrode with annotations. 

 

 
Figure 3. Complete 3D model of electrode. 

 
As for the pores, they were characterized by a 

cylindrical geometry with a radius of 1.5 µm and a depth 
of 0.6 µm. This is illustrated in Figure 4.  

 

 
Figure 4. 3D model of porous electrode in COMSOL® Multiphysics. 

 
Arrays of pores were distributed along the top surface 

of the electrode with a distance of 3 µm separating one 
pore and the other. 

IV. SIMULATION STRATEGY 
Regarding the adopted simulation strategy, increasing 

forces were gradually applied on both a porous and a non-
porous electrodes until the failure stress of silicon, which 
is equivalent to 1GPa [11], is reached. During simulation, 
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two types of forces, which are naturally exerted by the 
brain environment, are applied on the electrodes [12]. The 
first force is vertical force that occurs as a result of the 
movement of the brain relative to the skull. This vertical 
force causes the bending of the electrode and is applied 
along the negative z-axis. The second force is an axial 
force that occurs during penetration and results in the 
buckling of the electrode. This force is applied along both 
the negative x and y axes. These forces were applied on 
the front face of the piercing tip while fixing the back face 
of the support base region as illustrated in Figure 5. 
 

 
Figure 5. Marked in green is (a) Area on which the stress is applied, (b) 

area, which is a fixed constraint. 
 

It is notable to mention that during the simulation of 
the porous electrode, pores were restricted to the weakest 
regions of the electrode as seen in Figure 6.  

 

 
Figure 6. (a) Porous region on the middle of the probe, (b) porous region 

on the base. 
 

This was done to reduce the computational complexity. 
These regions are the middle of the electrode (during 
axial loads), and the base region of the electrode (during 
vertical loads) [12]. 
 

V. RESULTS AND DISCUSSION 
The following section elaborates on the results 

obtained from the simulation of both the porous and non-
porous electrodes. For each simulation, a plot of the 
induced principal stress in MPa versus the length of the 
electrode in µm as a result of applying axial and vertical 
loads. 

Regarding the application of an axial force along the 
negative x-axis on the non-porous electrode, a force of 
527.5 mN induced a maximum critical stress of 1GPa at a 
length of around 10.5 mm as indicated in the graph in 
Figure 7. This location corresponds to the tip region of the 
electrode. As for the porous electrode, a force of 522.5 
mN induced a similar response at a similar location as 
shown in Figure 8. 

Most importantly, it is essential to mention that the 
maximum critical stress is determined using the 
“Maximum Distortion Energy Theory” also known as the 
“R. von Mises Theory”, which is demonstrated in equation 
1 [13]. 
     

                σe=(σ1
2+σ1σ2+σ2

2 )1/2                                    (1)  
 

where σe is the effective stress or von Mises stress and σ1, 

2 are the principal stresses. The maximum distortion 
energy theory is one of the famous failure theories for 
ductile material. This theory states that failure is 
predicted to occur in the multiaxial state of stress when 
the distortion energy per unit volume becomes equal to 
or exceeds the distortion energy per unit volume at the 
time of failure in a simple uniaxial stress test using a 
specimen of the same material [14]. In other words, a 
given structural material is safe as long as the maximum 
value of the distortion energy per unit volume in that 
material remains smaller than the maximum distortion 
energy per unit volume required to cause yield in a 
tensile test specified of the same material. The simulated 
effective stress is then compared to the yielding stress of 
the material. 
 

 
Figure 7. Von Mises stress induced upon applying an axial force along 

the negative x-axis versus the electrode length (non-porous). 
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Figure 8. Von Mises stress induced upon applying an axial force along 

the negative x-axis versus the electrode length (porous). 
 

As for the application of an axial force along the 
negative y-axis, for the non-porous electrode, a force of 
47.5 mN, induced a maximum stress of 1GPa at a length 
of the electrode approximately equal to 5750 μm, which 
corresponds to the middle region of the electrode. 
Meanwhile, in the porous electrode, a force of 37.5 mN 
caused a fluctuation in the induced stress in the porous 
middle region. This region also incorporated the 
maximum stress of 1GPa. These results are indicated in 
the plots depicted in Figures 9 and 10, respectively.  

 

 
Figure 9: Von Mises stress induced upon applying an axial force along 

the negative y-axis versus the electrode length (non-porous). 

 
Figure 10. Von Mises stress induced upon applying an axial force along 

the negative y-axis versus the electrode length (porous). 

 
Finally, regarding the application of a vertical force 

along the negative z-axis, for the non-porous electrode, a 
force of 18.25 mN, induced a maximum stress of 1GPa at 
a length of the electrode approximately equal to 400 μm 
which corresponds to the fixed base region of the 
electrode (Figure 11). On the other hand, in the porous 
electrode, a force of 11.5 mN caused a fluctuation in the 
induced stress in the porous base region. This region also 
contained the maximum stress of 1GPa (Figure 12). A 
summary of the results yielded is presented in Table 1. 

 

 
Figure 11. Von Mises stress induced upon applying a vertical force along 

the negative z-axis versus the electrode length (non-porous). 
 

 
Figure 12: Von Mises stress induced upon applying a vertical force along 

the negative z-axis versus the electrode length (porous). 
 

TABLE I. A COMPARISON OF FORCES THAT INDUCED 1GPA STRESS IN 
POROUS AND NON-POROUS ELECTRODES ALONG ALL THREE PRINCIPLE 

AXES. 
Type of 
Force 

Axis Non-porous 
(mN) 

Porous (mN) 

Axial 
 

 

Along –
ve x 

527.5 522.5 

 

Along –
ve y 

47.5 37.5 

Vertical 
 

Along ive 
z 

18.25 11.5 
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Based on the mentioned results, since the forces 
needed to induce a maximum critical stress of 1GPa are 
less in the porous electrode than in the non-porous 
electrode, we can infer that the porous electrode is 
mechanically weaker than the non-porous electrode. This 
weakening is illustrated in Table 2.  

 
TABLE II. RELATIVE WEAKENING OF POROUS ELECTRODE. 

Weakening  Axial (-ve x) Axial (-ve y) Vertical (-ve z) 

Percentage 0.1% 21% 37% 

 
 Additionally, it has been shown that the penetration 

force that an electrode must withstand is equal to 
2.42±0.77 [12]. Since the forces that brought the porous 
electrode near failure are much higher than the force that 
the electrode must withstand during penetrating the brain 
tissue, we can deduce that the porous electrode would 
definitely survive the axial penetration force. 

 

VI. CONCLUSION 
We have presented the novel idea of the mechanical 

simulation of a porous neural electrode. Even though the 
introduction of the pores relatively weakened the neural 
electrode, the electrode was found still capable of 
surviving the brain environment. Nevertheless, certain 
limitations were present especially related to the finite 
element model. The full arrays of pores could not be 
simulated due to computational complexity and they were 
restricted to the weakest areas. Moreover, different radii 
of pores and volume porosity percentages should be 
tested.  The porous electrode is superior to the non-porous 
electrode due to the improved biocompatibility and 
bioactivity it offers. Furthermore, the presence of the 
pores gives an additional advantage where they can 
behave as scaffolds for entrapping neural growth factors 
that encourage the re-growth of neurons. This alteration to 
the electrode’s design is able to advance the healthcare 
services provided to neural diseases’ patients all around 
the world. 
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Abstract–In the area of medical information collection, 

transportation, presentation, and analysis there are a lot of 

standards. Many of them contradict each other. Mobile devices 

are a new domain of medical equipment. To enable their 

communication with different hospital information systems, 

standards have to be implemented. Standards selection and 

implementation is a hard process. The aim of this paper is to 

present the available standards concerning medical data 

exchange and how to transfer these standards and their 

applicability to the current mobile devices and remote 

applications oriented to medical and health care. A solution 

oriented to archetype data representation is presented, as a 

way to solve some information presentation problems. 

Keywords-telemedicine; medical standards; conformance; 

electronic health record. 

I. INTRODUCTION  

The increasing use of mobile and individual healthcare 
devices is one of the major tendencies in out-of-hospital care. 
Many vendors provide extensive sets of those devices. 
Unfortunately, most of them cannot work outside their 
servers and service software. Transition of health data 
between hospitals, healthcare providers and health insurance 
companies is still very limited. Some of these limitations are 
defined by law restrictions, but many result from data format 
differences and general incompatibilities. The only way to 
solve these incompatibilities is to follow available standards 
and to maintain all new devices to be compatible with those 
standards. Common use and exchange of information 
between different actors in the healthcare process, in 
particular in clinical diagnostics process, is only possible if 
all partners adopt a common format, content, structure and 
meaning of exchanged messages. 

This article targets some ideas and standards for their 
implementation in the area of health informatics and the 
correspondence between them and new generations of 
personal mobile healthcare devices. 

This present paper is structured as follows: Section II 
presents the health care data exchange process and 
appropriate to it communication standards; Section III 
presents the archtypes as conceptual structures and their 
place in the medical data presentation process;  Section IV 
briefly presents the design steps for mobile device software 
outlined in the archetype concept; Section V concludes the 
paper.   

II. HEALTH DATA EXCHANGE AND COMMUNICATION 

STANDARDS 

Exchange and interaction between the different actors 
can be discussed in terms of infrastructure or the application 
side. 

A. Infrastructure level 

This level corresponds to the interchange formats related 
to communication and transport protocols used from layer 1 
(physical ) to layer 6 (representative) of the OSI (Open 
System Interconnection) model [20] of the ISO (International 
Standard Organization). At this level, there are defined 
channels of communication (network connections, satellite 
communications, telephone systems, etc.). 

B. Application level 

This level corresponds to the content of the message, and 
it is divided into the layers of the syntax, semantics and 
pragmatic. According to the OSI model, that corresponds to 
the layer 7 (application layer). 

Syntax layer describes the rules presenting how various 
phrases, signs and other may be combined into 
corresponding messages containing data or control 
information. These rules define the shape, consistency and 
physical representation of the messages. 

Semantic layer (content layer) describes the content of 
the message and it requires an agreement on how to interpret 
the data unambiguously. An external system of terms 
representing medical concepts can explain   the meaning. 
Many health organizations describe the data using their own 
conventions. As a result, in the process of data exchange, the 
receiving system cannot understand these codes if it does not 
have appropriate classification catalogue. Data exchange 
between many organizations is practically impossible. That 
is why standardized clinical nomenclatures are widely 
applied (clinical vocabularies, controlled medical 
terminology, etc.). A standardised clinical vocabulary 
provides a means of accurately, clearly, and reliably 
communicating medical information.   

Context (pragmatic) layer describes the information 
and knowledge about the environment (context) where the 
message is generated. Together with semantic, the pragmatic 
level describes some of the content of the message.  

At higher levels, it is much more difficult to achieve a 
common understanding of the content of the message 
elements. 
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Hereafter, we present the major existing and evolving 
standards in the field of medical informatics. The 
presentation is made from the lowest to higher levels of 
application level, i.e., the level of syntax to pragmatic level. 
By “standard”, we understand collection of specifications 
adopted by a standards organization or group. In the last two 
decades, many organizations have proposed standards for 
data exchange, but unfortunately most of them are defined at 
the level of syntax only. 

A. Syntax layer standards 

These are generic standards, such as ASN.1 (Abstract 
Syntax Notation One) [21], EDIFACT (Electronic Data 
Interchange for Administration Commerce and Transport) 
[22], XML (Extensible Mark-up language) that are 
independent of the field of application. Specific to the field 
of health are standards of the HL7 organization (Health 
Level 7) [23], the DICOM (Digital Image and 
Communications in Medicine) [9] of the American College 
of Radiology (ACR) and the National Electrical 
Manufacturers Association (NEMA), representing a standard 
for the formatting, processing and storage of digital images 
and its associated data and the standard IEEE 1073 - MIB 
(Medical Information Bus). MIB is applicable to the 
exchange of data between devices located in intensive care, 
critical care and operating rooms (such as monitors, infusion 
pumps, ventilation devices). However, the DICOM was 
published back in 1993; so the standard precedes the 
development of the web technologies like XML and web 
services and uses binary en-coding for the graphical 
information. To overcome this problem, two additional 
supplementary standards were developed - Web Access to 
DICOM Persistent Objects (WADO) [10] and DICOM 
Structured Reporting (SR) [24]. 

Work on the specialization of the generic standards, such 
as XML, to answer service specific requirements of health 
applications, has started in the past few years. 

B. Semantic layer standards 

The following standards can be assigned to this level: 
LOINC (Logical Observation Identifiers, Names and Codes) 
[25], GALEN (Generalized Architecture for Languages, 
Encyclopaedias and Nomenclatures in medicine) [26], 
GRAIL Language (GALEN Representation And Integration 
Language) [26] and the multi-axial Systematized 
Nomenclature of Medicine-Clinical Terms SNOMED – CT 
[27]. The KIF (Knowledge Interchange Format) [28] is 
language for knowledge exchange and is characterized by 
declarative semantics, i.e., the meaning is straightforward 
and well defined. 

C. Pragmatic layer standards 

The list of these standards is presented by the model of 
the European Committee for Standardization (CEN, French: 
Comité Européen de Normalisation) - European Healthcare 
Record Architecture (EHCRA). In 2004, the ISO Technical 
Committee 215 published the specification TS 18308 – 
Requirements for an Electronic Health Record Architecture. 
It is extended with ISO/TR 20514 published 2005. This 

report introduces the generic definition of the Electronic 
Health Record (EHR) – a repository of information regarding 
the health status of a subject of care, in computer processable 
form. Most of the novel developments like CEN EN 13606 
and OpenEHR are based on this technical specification. 

III. ARCHETYPES AS CONCEPTUAL STRUCTURES 

When attempting  to “plug-and-play” a new device from 
some vendor in an existing health network, the most 
important is the pragmatic layer.  

The GEHR (Good European Health Record) initiative 
started at the beginning of the 90-s as European Union 
project. Currently, this initiative is maintained by an 
international online, non-profit organization, called the 
OpenEHR Foundation [29]. 

The most noteworthy concept of this initiative is a 
knowledge-based model, also known as the archetype 
modelling technique. It facilitates, on one hand, the 
specification of a generic clinical record structure, and on the 
other hand the specific semantic definitions of clinical 
contents. This model utilizes a dual-level methodology to 
define the EHR structure. More specifically, the first level is 
used to define a small, but constant in time, Reference Object 
Model (ROM) for an EHR, which typically contains only a 
few generic, concepts/classes (e.g., role, act, entity, 
participation, observation, etc.). In addition, at this level (the 
level of the ROM), additional methods on how to organize 
and group clinical information, capture contextual 
information, query and update the health record, and use of 
versioning to safely manage clinical information from a 
medico-legal point of view, are specified [4]. The second 
level is used to define constraining rules and mechanisms 
called archetypes. The archetypes role is to specify the 
common data structures, which have been created in the first 
level.  

The OpenEHR initiative defines a formal language called 
ADL (Archetype Definition Language). The main purpose of 
this language is to describe the three main parts of each 
archetype: descriptive data, constraints and ontological 
definitions [7]. The descriptive data usually contains a 
unique identifier for the archetype; machine readable code, 
which describes the clinical concepts modelled by this 
archetype; different metadata, like version, author etc. The 
constraining rules describe the core of the archetype, define 
the possible constraints of a valid structure and also describe 
the contents of the component models for EHR. The 
ontological part defines controlled vocabulary, which can be 
used in specific parts in the archetype instance. Archetypes 
are chunks of declarative medical knowledge that are 
designed to capture maximally expressive and internationally 
reusable clinical information units. They encode knowledge 
about clinical observations, evaluations, actions and 
instructions regardless the context, in a coherent and holistic 
manner. Archetypes are based on conceptual structures of 
medical knowledge. Medical ontologies conceptualise 
domain objects, actions and relationships among them; the 
archetypes, representing the blueprints of defined medical 
domains, are focused on capturing clinical information about 
the patient.  
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Analysing the important types of information in the 
health care process, we select the Clinical Investigator 
Record Ontology, where the observations (evidences) and 
opinions (inferences) are different categories (see Figure 1). 
This taxonomy provides the categories in the Entry classes of 
the openEHR reference model [31]. 

In 2008, the archetype approach to structuring patient-
related records became ISO standard 13606-2:2008, as a 
specification of the information architecture required for 
interoperable communications between systems and services 
dealing with EHR data [14]. This way, ISO 13606-2:2008 
defines how to organise hierarchically the EHR content, how 
to define the individual data items and their aggregations, 
what types of values or measurement units are appropriate, 
and so on. Archetypes are viewed as a serialized 
representation, an exchange format for communicating 
individual archetypes between archetype libraries.  

All this work makes archetypes as a platform for 
integration in future mobile device connectable to extended 
hospital or other health care networks. 

IV. DESIGN STEPS OF SOFTWARE FOR MOBILE 

APPLICATIONS CONFORMING TO ARCHETYPE CONCEPT 

To design a new mobile device which can be “plug-and-
play”-ed the following steps are recommended (technical 
design is excluded):  

 Definition of minimum clinical data set - the main goal 
of this step is to prepare appropriate data set for clinical 
data measurements. This involves the definition of the 
measurements to be performed. A specialized data set 
of clinical markers for patient’s status description has to 
be provided. 

 Data standardization - the goal of this step is to prepare 
presentation of all registered markers and measurement 
results as clinical archetypes according CEN EN ISO 
13606 standard. The possibility to integrate the 
obtained measurement and analysis results to available 
EHR has to be proposed. 

 Design of infrastructure level communication 
depending on the exact communication environment. 

This number of steps looks simple, but they offer several 
possibilities to design devices with standardised 

interconnection interface. As an example, the archetype for 
blood pressure introduced in [19] will be discussed. 

Minimal data set consists of the following elements:  

 Blood pressure (BP) 
systolic BP 
diastolic BP 
mean arterial BP 
pulse BP 

 State/ Position 
 Standing 
 Sitting 
 Reclining 
 Lying 
 Lying with the tilt on the left 

 Other - cuff size, location of measurement, method, 
mean arterial pressure formula, diastolic endpoint, etc. 

Based on this data, we can obtain an extended archetype 
as presented in Figure 2.  

The presented in Figure 2 archetype gives a basis for 
software development and extended presentation of obtained 
patient’s data and environment of its obtaining for electronic 
health records and its transfer to hospital information system.  

We did a preliminary software design, based on the 
proposed archetype. Simple implementation on a single-
board-computer based on ARM processor is done, as well. 
The implementation is only for design validation. The design 
and testing environment includes a program generator for 
embedded devices and semi-natural simulator [30][31], 
which were used to build the software and to simulated 
operating environment. No real sensors, actuators and similar 
were installed. The module operated in a simulated space, 
connected to an external computer. This computer ran a 
simplified model of the blood-pressure measurement device 
physical hardware and communicated via physical signals to 
the embedded computer. Some of simulations were very 
simplified and only imitated some behaviour. This did not 
degraded the validation process because its target was the 
archetype software representation not the real device control 
and precise measurements. According to some previous 
work [32] and prototype of a Hospital Information System 
(HIS), implemented under Bulgarian National Science Fund 
Do02-113, some data transfer has been realized. All 

 

Figure 1. The Clinical Investigator Record Ontology [12] 
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activities were only test and validate the idea to use 
archetypes as software design paradigm for unified medical 
data transfer form mobile medical device to HIS.  

It does not have any medical validity and only proves the 
possibility to implement the presented formal technology on 
a physical devise. 

Some lessons from this implementation are that software 
design has to be very precise and to follow the archetype 
design without variants and “adaptations”. The 
communication increases because more data are transferred. 
Data composition in the mobile device and its parsing in the 
HIS are simple. Here is one of the most useful elements of 
this design. Data can be recognized without some specific 
extra information because the archetype model is 
implemented both in the HIS and the mobile device. Every 
mobile device conforming this this archetype can exchange 
data to the HIS. Of course, the protocol can be unified also, 
but we discussed this in the previous sections. 

V. CONCLUSION 

In this paper, we presented a general overview about the 
available standards for medical information interchange and 
their usability for system-to-system and device-to-system 
connection. We discussed about availability of standard 
elements in clinical descriptions. It is evident that the 
conceptual structures, designed to capture patient-related 
clinical information in order to ensure its systematic 
representation, need a long period of development, 
standardisation and wide adoption in order to provide 
interoperability. First step in this direction is the presented 
way to generate a formal archetype and after that – to 
transfer it on a specific hardware, implementing all needed 
data acquisition and communication actions. Technically, 
this is not a problem. Today the problem is to achieve a 
common understanding of the exchanged content   between 
systems and not a used data transfer technique. The proposed 
new type of thinking in terms of archetypes and conceptual 
structures solves many problems in this area and reduces 
standards contradictions.  
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Figure 2. Map View of the ‘Blood Pressure measurement’ archetype [1] 
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Abstract—Latest medical diagnostics, such as
genome sequencing, generate increasing amounts of
"big medical data". Healthcare providers and med-
ical experts are facing challenges outside of their
original field of expertise, such as data processing,
data analysis, or data interpretation. Specific software
tools optimized for the use by the target audience,
as well as systematic processes for data processing
and analysis in clinical and research environments are
still missing. Our work focuses on the integration of
data acquired from latest next-generation sequencing
technology, its systematic processing, and instant
analysis for researchers and clinicians in the course of
precision medicine. We share our research results on
developing specific software tools for drug response
analysis built on top of our distributed in-memory
computing platform for genome data processing. For
that, we present our technical foundations, as well as
process aspects of integrating and combining hetero-
geneous data sources, such as genome, patient, and
experiment data in the clinical routine.

Keywords-Drug Response Analysis; Genome Data
Analysis; Process Integration; In-Memory Database
Technology; Precision Medicine; Next-Generation Se-
quencing.

I. Introduction

The Human Genome (HG) project that was officially
launched in 1990 involved thousands of research insti-
tutes worldwide and required more than a decade to
sequence and decode the full HG [1]. Nowadays, Next-
Generation Sequencing (NGS) devices enable processing
of whole genome data within hours at reduced costs [2].
NGS is used to support precision medicine, which aims
at treating patients specifically based on individual dis-
positions, e.g., genetic or environmental factors [3].

The In-Memory Database (IMDB) technology has
proven to have major advances for analyzing big en-

Figure 1. The optimized drug response analysis process involves
data in heterogeneous formats from different data sources.

terprise and medical data, e.g., to support researchers
and clinicians in evaluating best therapies for cancer
patients [4, 5, 6].

In this work, we present our findings of applying
IMDB technology to enable integration of experiment
results, real-time analysis, and prediction of drug re-
sponse in silico in course of precision medicine. We
introduce an integrated research process for oncologists
built upon our High-performance In-memory Genome
(HIG) cloud platform to reduce media breaks and to
improve the efficiency of drug response testing [7]. The
HIG platform provides services for processing of huge
amounts of high-throughput genome data in real-time.
In interdisciplinary teams we developed jointly with
cancer researchers a special purpose application to evalu-
ate results of conducted Xenograft experiments without
significant delay [5, 8]. Figure 1 depicts the optimized
research process and the involved data sources.

The rest of the paper is structured as follows: In
Section II, our work is set in context of related work
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Figure 2. Costs for next-generation sequencing and main memory
from 2001 to 2014 adapted from [9, 10].

and in Section III, we introduce our applied research
methodology. We present the current drug response
process in Section IV and introduce optimized research
process in Section V. In Section VI, we discuss our
contribution and our work concludes with an outlook
in Section VII.

II. Related Work

Figure 2 provides a comparison of costs for sequencing
and main memory modules. Both costs follow a steadily
declining trend, which facilitates the increasing use of
NGS for whole genome sequencing and IMDB technol-
ogy for its data analysis. Related work in the field of
genome data processing has increased in recent years.
However, work focusing on implementing end-to-end
processes is still rare. Thus, we focus on implementing
innovative processes, e.g., by tight integration of genome
data processing and statistical data analysis in course of
drug response analysis.

Sun investigated gene regulations in prostate cancer
samples combining latest sequencing technology and
bioinformatics approaches. We agree that an integrated
data processing and analysis approach is also essential
for other application fields. Thus, we integrate various
heterogeneous data sources to enable multi-modal mod-
eling of diseases. Furthermore, we enable researchers for
the first time to perform data analysis a) in real-time
without any delay and b) without the need to involve
dedicated IT experts, e.g., to prepare analysis reports.

Rossello et al. propose the use of Xenograft models as
data sources for preclinical models when primary tumor
samples are rare, e.g., for small cell lung cancer. They
share very detailed insights into their methodology using
state-of-the-art alignment and variant calling tools, such
as BWA, GATK, and snpEff [13, 14, 15]. However, they
still miss a tight integration of their genome sequencing
pipeline and their data analysis pipeline, which con-
sumed a major part of the their experimental time.

Our contribution enables tight integration of various
experimental data, such as NGS tumor data, and their
real-time data analysis as described in Section IV.

III. Methodology

In the course of this project, we followed the design
science methodology to improve the existing research
process with the help of software artifacts [16].

For that, we applied the Design Thinking (DT)
methodology, which proposes to work in interdisciplinary
teams [17]. The idea behind this proposal is that team
members from different disciplines, e.g., a software de-
veloper and a medical researcher, will have different
viewpoints on the same problem domain. Thus, if a
team is comprised of members from different disciplines
relevant to the problem at hand, chances that an im-
portant aspect is forgotten are minimized. Additionally,
an interdisciplinary team will not suffer from rivalry
between experts of the same field, instead all expertise
necessary to implement the solution is already available
in the team. Besides suggesting interdisciplinary team
compositions, DT provides a process framework as de-
picted in Figure 3. It asks for constant communication
between the developing team and the stakeholders and
targeted end users.

Following DT, we conducted user interviews with can-
cer researchers and physicians to document the existing
research process as described in Section IV. Further-
more, we developed an optimized process by integrating
heterogeneous data sources and manual process steps
within a software prototype. Based on the obtained
insights, we iteratively extended software prototypes in
short development sprints, evaluated the functionality
either in workshops at the users’ sites or conducted
telephone interviews, while giving end users the chance
to use the software artifacts via screen sharing. Based on
the input from the workshops and interviews, the next
iteration was planned according to the scrum software
development methodology [18].

IV. Current Drug Response Analysis Process

Nowadays, drug response analysis consists of a) con-
ducting drug experiments, e.g., in Xenograft models, and
b) the analysis of the obtained experiment results [19].
The following selected data sources are used for drug
response analysis as depicted in Figure 1:

‚ Patient Metadata is retrieved from Clinical Infor-
mation Systems (CISs) and contains specific patient
details, such as age, gender, and anamnesis. Its data
volume typically ranges from one to 100 MB exclud-
ing any diagnostic data, such as imaging data,

‚ Genome Data is obtained by sequencing resected
tumor material, e.g., with NGS devices. Its data
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Figure 3. Design thinking process as defined by the HPI School of
Design Thinking in Potsdam and Stanford adopted from [17].

volume is in the range of some 100 MB for panel
sequencing and up to 500 GB for NGS.

‚ Experiment Data is obtained by wet laboratory
assistants, e.g., documenting the individual drug
tests in Xenograft experiments. Its data volume is
in the range from 10 MB to 1 GB.

The time consumed in wet laboratories can range from
days to weeks depending on the conducted experiments.
Although the data analysis phase is assisted by use of
software, it still takes days up to weeks to perform com-
plex data analysis. The reasons are many-fold, e.g., the
absence of specific tools for flexible data analysis, tools
limited to a small set of data sources, and transformation
of relevant data.

Manual or semi-manual time-consuming process steps,
such as the use of Microsoft Excel for complex data
analysis, characterize all phases of the existing process.
From a software engineering perspective, we focus on all
process steps where digital data processing and analysis
is conducted. Thus, our work focuses on the data analysis
phase of the existing process to optimize the overall
research process.

V. Enabling Real-time Data Analysis

Figure 4 depicts a screenshot of our developed drug
response cloud application. It shows details of genetic
changes of a specific mama carcinoma tumor sample.
Our optimized research process is divided in the follow-
ing process steps:

‚ Computational biology performs data process-
ing, e.g., raw DNA,

‚ Clustering of tumor data enables real-time clas-
sification of results, and

Figure 4. Screenshot of the drug response analysis cloud applica-
tion of the HIG project.

‚ Visual data exploration supports the interactive
testing and verification of research hypotheses.

A. Computational Biology

In the following, we share insights of our process
extensions focusing on processing of raw DNA data.

1) Open Reading Frame Detection in the In-Memory
Database: The detection of Open Reading Frames
(ORFs) builds the foundation of finding potential gene
locations within the genetic code [20].

The detection of ORFs is two-fold as follows. In the
first phase, we search for start and end codons in all
possible reading frames, i.e., three reading frames per
strand of the double helix. In the second phase, pairs
of corresponding start and end codons within the same
reading frame are analyzed to identify ORFs with a
minimum length.

Within the first phase, we process the forward and
the backward strand in parallel. For example, when
searching for the start codon "ATG" on the forward
strand, we also search for the reserve-inverted triplet
"CAT" to detect the start codon on the backward strand.
The reading frame is determined by the position of the
first base of the codon modulo three on the forward
strand and by adding three for the position on the
backward strand. In addition to the reading frame, we
store the type and the position of the found codons.

In the second phase, we group the results from the first
phase by reading frame and search for a start followed
by its corresponding stop codon.

We implemented the ORF detection algorithms di-
rectly within IMDB. For that, we used the programming
languages SQLScript and L [21, 22]. As a result, our
implementation can directly incorporate advances of in-
memory computing by performing all data processing
directly on top of the genome data stored within our HIG
platform without the need for data transformations.

2) Evaluation of Genetic Variants to Detect Func-
tional Changes in In-Memory Database: The detection
of functional changes is an essential step of genome
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Figure 5. The columnar database implementation of the amino acid
coding sun [23].

data analysis. Each genetic variant needs to be analyzed
according to its potential impact on the Amino Acid
(AA) built from the genetic code. As a result, a potential
change in the product built from the AA is an indicator
for a genetic variant that describes a harmful mutation
within the DNA [23].

Our algorithm for processing of the genetic variants is
described in the following. Firstly, we check if a concrete
variant is located within the range of a known gene. For
that, we join the variant’s location consisting of chromo-
some and position with a database table containing a list
of known genes [24]. If the current location is outside of a
known gene range, we consider its impact as minor, since
the current medical knowledge about variants outside
the range of genes is very limited. However, once a
new gene is added to the list of known genes, it is
automatically analyzed.

If the variant is located on a gene, all splicing vari-
ants of the gene are analyzed in parallel to derive the
individual impact per splicing variant.

Each splicing variant consists of introns and ex-
ons [25]. Thus, the reading frame of the splicing variant is
determined by the codon of the genetic variant. This al-
lows us to identify the position of the changed nucleotide
within the affected codon. The codon of the variant and
corresponding codon of the reference genome are trans-
late into AAs using our database table implementing the
AA coding sun as depicted in Figure 5 [23].

An AA change is documented by the expected and
the detected AA followed including the position of the
affected triplet, e.g., S12Y donating an AA change of
Serine to Tyrosine at triplet location 12.

If the resulting AAs of the reference genome and the
variant differ, we refer to it as functional genetic change.

The reading frame around the variant remains the
same for all splicing variants of the gene. Thus, the
reading frame for a variant is only calculated once
independent of the number of splicing variants of the
concrete gene.

Our algorithm can be applied to the forward and the
backward strand of the DNA. If a gene is located on the
backward strand of the DNA the list of exons needs to
be considered in the reverse order as well. However, all
other steps of the algorithm can be reused.

In our case, a specific version of the stored procedure
within the IMDB is executed to translate codons on the
corresponding strand.

B. Real-time Clustering of Tumor Data

In the following, we share our process extension for
automatic classification of processed research data.

1) Tumor Data Association Rules: Association Rules
Mining (ARM) requires a set S of item sets Si as its
data basis: S “ tS1, ..., Smu. Every item set Si consists
of several items ii from the list I of distinct items:
I “ ti1, ..., inu. These item sets are processed to detect
reliable rules of type: A ñ B where A Ď I ^ B Ď I. A

is called prior whereas B is called posterior.
In our use case, items are all distinct variants found

in the library of available tumors. Item sets correspond
to the set of variants found for one tumor together
with respective drug response classes determined by
Xenograft experiments. In the context of our current
work, we only focus on functional changes. The goal in
our use case are rules of type A ñ B, where A is a set
of functional changes and B is a specific drug response
class. We investigate the impact of single functional
changes on drug responses to limit the problem space,
i.e., we restrict |A| “ 1.

Two important measures for association rules are
support and confidence. Support supppAq represents the
relative frequency of A Ď I in all items sets S as defined
by Equation 1.

supppAq “
|tSi|Si P S ^ A Ď Siu|

|S|
(1)

confpA ñ Bq “
supppA Y Bq

supppAq
(2)

Confidence confpA ñ Bq is the relation of the number
of item sets where A and B occur to the number of items
sets where only A can be found defined by Equation 2.

Support defines how important a found rule is, with
respect to all data, while confidence shows how reli-
able it is. We applied the Apriori algorithm for ARM
by using the PAL integrated in the IMDB and by
using the implementation provided by the R package
arules [26, 27, 28].

For tumor classification, either the Tumor/Control
(T/C) value or the RECIST value can be used. There-
fore, cancer researchers can decide individually per anal-
ysis run. In the remainder of this paper, we investigate
both measures.
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In order to use Apriori ARM for classification, we need
to add drug response classes to each item set. Possible
classes are Partial Response (PR), Stable Disease (SD),
and Partial Disease (PD). The thresholds, by which a
drug response is classified in one of the classes, can be
adapted individually.

C. Visual Data Exploration

We developed specific visualizations to enable re-
searchers to work a) interactively with the data instead
of having statically generated charts and b) with com-
monly used graphical representations.

In the following, we share details about our extensions
for interactive exploration of tumor data.

1) Real-time Classification of Tumor Experiment Data
with Support Vector Machines: Classifying tumor data
can be used to identify similarity measures in an un-
sorted set of data. Thus, an automatic classification of
tumor data can be used to generate hypotheses, e.g., to
identify new tumors subtypes.

Our implementation builds on Support Vector Ma-
chine (SVM) as machine learning algorithm. SVM is
available in many popular statistical frameworks, such as
R [26]. To leverage the complete performance advance of
in-memory computing, we built on the implementation
directly integrated within our IMDB as part of the
Predictive Analysis Library (PAL). Since the algorithm
can directly access experiment data without the need
to export/import data. It improves the existing process
by eliminating media breaks. Furthermore, the SVM im-
plementation within the IMDB incorporates technology
advances and performs faster than the aforementioned
implementations, e.g., due to reduced disk I/O.

Our tumor classification algorithm incorporates the
steps configuration, preparation, and execution.

Configuration Stage: During configuration stage,
the researcher is guided through a web page to configure
relevant SVM parameters, e.g., drugs to predict and
experiment data to be used as training data.

The result of a SVM prediction depends on the criteria
selected during the configuration phase, e.g., a concrete
Tumor/Control (T/C) or a RECIST value for a specific
pharmaceutical based on the selected tumor attributes.
SVM uses a regression mode also known as Support Vec-
tor Regression (SVR) to estimate correlation between
attributes of the train data and applies these correlations
to the data points to predict [29].

In addition to prediction of concrete values, we focus
on classification of data in response classes as introduced
in Section V-B1. For our concrete use-case, we classified
values from 0.0 to 0.7 as PR, representing a reduction in
tumor growth by administering the drug, 0.7 to 1.2 is as
SD, which represents no significant change, and values

greater than 1.2 as PD, representing a negative response
and thus growth of the tumor.

SVM in classification mode calculates class member-
ship probabilities instead of drug efficiency values [30].

Preparation Stage: Input and output tables are
created, training data is selected, and the database
procedure is prepared to process SVM model during
preparation stage.

The input database table for SVM is constructed
according to the chosen tumor attributes, with each
column representing a specific tumor attribute. A table
record in the input table represents all relevant data for
a single tumor entity based on the configured attributes.

Execution Stage: The train formula in the R proce-
dure is “drug .”, telling R that the drug column of the
data frame is the depending variable, whereas the rest
are deciding variables, indicated by a dot. SVM decides
whether to perform classification or prediction by inves-
tigating the dependable variable in the SVM training
formula, i.e., if a numeric value is encountered, SVM will
run in regression mode otherwise in classification mode.

The execution of SVM for multiple drugs is done by
running preparation and execution stages individually
per drug isolated from each run ensuring that no side
effects influence the SVM algorithm.

2) Clustered Heat Map using Hierarchical Clustering:
Hierarchical clustering is a clustering method that builds
a hierarchy of clusters from the given data by iteratively
merging the closest data points to one cluster (ag-
glomerative hierarchical clustering). In order to identify
the clusters that should be combined, the clustering
algorithm needs a measure of dissimilarity between sets
of observations. Figure 6 shows a clustered heat map
based on a hierarchical clustering algorithm. For hier-
archical clustering, the measure is formed by combining
an appropriate metric for distance calculation between
data points and a linkage criterion for calculating the
distance between merged data points [31].

We used row- and column-wise vectors, the Euclidean
distance function as distance metric, and single link
clustering to create the heat map.

The result of any hierarchical clustering is a dendro-
gram, i.e., a binary tree with data points as leaves. It
represents the clustered data points and the nested clus-
ters at certain similarity levels as depicted in Figure 7.
The dendrogram is used to rearrange / reorder the heat
map and identify positions for adding cluster gaps to
the heat map. For example, rearranging rows in the heat
map according to the clustering result can be done by
traversing the dendrogram tree and leveraging the order
of the leaves, which are by our definition the row vectors.
Thus, similar rows will be side by side or at least close
to each other.
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Figure 6. Clustered heat map using hierarchical clustering comparing mutation count, a subset of genes, and tumor samples.

Figure 7. Dendrogram tree as the result of applying hierarchical
clustering. Cluster borders are the turning points in the tree that
split up in two clusters denoted as black nodes.

VI. Evaluation and Discussion

With the help of oncologists, we have been able to
verify that our introduced research process improves
their daily work. We focused primarily on improving
aspects of data processing and analysis to create an
integrated and reproducible research process. The incor-
porated IMDB technology provides a data integration
platform, which minimizes the need for additional third-
party tools. As a result, we were able to reduce media
breaks, provide flexible and individual real-time analysis
of acquired data, and establish a single source of truth,
which holds all acquired data and enables a consistent
and iterative research process.

In the following, the advantages and enhancement of
our proposed research process are summarized:

‚ Integration of heterogeneous data sources,
‚ Elimination of media breaks and improved process-

ing time,
‚ Automated data processing by integration of algo-

rithms for computational biology,
‚ Flexible data analysis built on latest in-memory

technology, and
‚ Interactive graphical data exploration enabling di-

rect verification of research hypotheses.

VII. Conclusion and Outlook

In our contribution, we shared details about our
proposed research process for drug response analysis.
We incorporated latest in-memory technology as the
key enabler for real-time analysis and exploration of
experiment data and the integration of various data
sources. We outlined the applicability of our HIG plat-
form for processing of genome data and the specific
drug response analysis application to optimize existing
research processes in this specific field of cancer therapy.
Furthermore, we shared detailed insights in our applied
research methodology, which involved experts from in-
terdisciplinary teams.

Our future work will focus on applying the research
process to additional fields of cancer research in course of
precision medicine. Furthermore, we will investigate how
a huge library of tumor samples can be used as training
data to create more stable prediction models to discover
new medical insights.
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Abstract—The structure of the 17% N-terminal domain of 
apolipoprotein B-100, apo B-17 (or simply B17), was 
homology-modeled after the structure of the N-terminus of 
lipovitellin (LV), a protein that shares not only a sequence 
homology with B17, but also a functional aspect of lipid 
binding and transport.  The model structure was first forced to 
accommodate the six disulfide bonds found in that region, and 
then dynamically relaxed to minimize the free energy of the 
molecule.  The content of secondary structural elements in this 
model structure correlates excellently with the reported data 
from other biophysical probes.  The C-terminus of B17 shows a 
considerable homology with a conserved region in the constant 
domain of the T-cell receptor containing several residues that 
are essential in the interfacial connectivity with the variable 
domain.  This structural insight may be the first potential link 
between atherogenic LDL and inflammation. 

Keywords–Apolipoprotein; atherosclerosis; homology 
modeling; LDL; inflammation. 

 

I. INTRODUCTION 
Atherosclerosis is a complex disease that has been linked 

to many risk factors, including hyperlipidemia, dyslipidemia, 
high blood pressure, and endothelial dysfunction [1]. 
Oxidative modification to the small Low-density Lipoprotein 
(LDL) has been dubbed the central event that initiates and 
propagates coronary artery diseases [2][3], and therefore, 
LDL is considered a major risk factor for atherosclerosis [4]. 
It has been also shown that systemic inflammatory 
mechanisms may underlie the pathogenesis of 
atherosclerosis [5][6][7]. This is probably why 
atherosclerosis is called an inflammatory disease [8]. The 
atherosclerotic process begins when cholesterol-rich LDL 
particles accumulate in the intima, and then activate the 
endothelium [8]. Leukocyte adhesion molecules and 
chemokines help in the recruitment of monocytes and T 
cells, and thus the inflammatory pathways [8].   However, 
the specific structural interactions implicated in these 
mechanisms have not yet been elucidated.  

This report introduces a work-in-progress about the 
relation between inflammation and atherosclerosis, by 
probing the structural aspects of the apo-B. The next section 
gives some background information about the topic. It is 
followed by the experimental design.  Subsequently, the 

results are discussed. Finally, some conclusions are 
summarized at the end.  

 
II. BACKGROUND 

Apolipoprotein B-100 (apo B) is the sole protein 
component of LDL [9], but its large size (4536 a.a.) and the 
limitation of current experimental techniques require that it 
be studied in pieces corresponding to its structurally 
organized domains [10]-13].  Biochemical [13][14], 
calorimetric [15][16], computational [11][17]-[20], and 
spectroscopic [21][22] approaches were used to probe the 
domain arrangement and characterization of the protein, but 
no molecular structure has ever been assigned to any of the 
different domains.  These techniques, however, helped in the 
understanding of the overall arrangement of apo B on the 
LDL particle and the interactions that the various secondary 
structures have with both the lipid and aqueous phases, and 
in the ability to genetically engineer protein truncations that 
correspond to these various domains [14][23]-[25]. 

In this project, we will use the model structure of the 
17% N-terminus of apo B [10]  – the first 782 a.a. of apo B 
(17% of the full-length sequence), a region that is rich in 
disulfide bonds [26][27], essential for the secretion of the 
protein from hepatic cells [23] and behaves like an 
independent globular protein [21] – to further understand 

Figure 1.  The structure of B17 modeled after lipovitallin, with the TCR 
homology region (yellow stretch) shown magnified [11]. 
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the C-terminus of the protein.  This part of B17 shows a 
considerable homology with a conserved region (25 aa) in 
the constant domain of the T-cell receptor (TCR) – a protein 
that is necessarily present during inflammation (Figure 1).  
It also contains several residues that are essential in the 
interfacial connectivity with the variable domain, which 
binds to the different antigens specific to each inflammatory 
pathway. We will try to establish a potential link between 
LDL and the inflammatory state correlated with 
atherosclerosis. 

III. EXPERIMENTAL DESIGN 
The structure of B17 was modeled using Insight II 

(Accelrys Inc., Insight Modeling Environment, Release 
2000.1, San Diego: Accelrys Inc., 2002), based on the crystal 
structure of lipovitellin (LV) [11].  The secondary structure 
of the unstructured region was predicted using the Chou-
Fasman Algorithm [28], the PROF methods [29][30] and the 
Deep View modality [31] (Figure 2). The calculation will be 
performed using the CHARMm molecular dynamics 
application [32].  

 
The project will continue to have the following outputs 

and activities: 
• Output 1: Explore the structural characteristics of 

the potential TCR homology region; 
- Activity 101: Further assessment of the model 

in various solvated states; 
- Activity 102: In-silico exploration of the ability 

of the TCR homology region to interact with 
ligands, by probing the propensities of the 
different exposed residues; 

• Output 2: Study the ability of the region to adopt 
several conformations based on the lipidation state 
of the protein or the environmental conditions in the 
plasma; 
- Activity 201: Simulation of the various 

conditions to explore the corresponding 
conformations, by working out the energy 
minimization of the proposed structure; 

- Activity 202: further refinement of the model 
based on the environmental interactions and 
conditions, by introducing parameters 
pertaining to these conditions into the energy 
function; 

• Output 3: Probe the interactions that might exist 
between this particular region and inflammation 
markers, i.e., interleukins and interferon. 

- Activity 301: Possibility of in-vitro 
interaction between a synthesized peptide 
corresponding to the TCR homology 
region with inflammation markers; 

 

IV. RESULTS AND DISCUSSION 
Inflammatory mechanisms have been reported to underlie 

the pathogenesis of atherosclerosis [5][6][7]. The C-

terminus of B17 shows a considerable homology to a 
conserved region in the constant domain of the T-cell 
receptor – a protein that is necessarily present during 
inflammation. It also contains several residues that are 
essential in the interfacial connectivity with the variable 
domain, which binds the different antigens specific to each 
inflammatory pathway. The current model clearly shows 
that this region is fairly exposed and flexible, which – along 
with the normal protrusion of B17 from the small dLDL 
particle – may suggest that some kind of interactions may 
take place between apo B and other cell surface proteins, 
thus mimicking or competing with the T-cells during 
atherogeneity. This model, therefore, establishes a potential 
structural link between LDL and the inflammatory state 
correlated with atherosclerosis. 

 

V. CONCLUSIONS 
In this report, a solid link between atherosclerosis and 

inflammation is established. During atherogenesis, 
Monocytes recruited upon the activation of the endothelium 
differentiate into macrophages and upregulate pattern 
recognition receptors, including scavenger receptors and 
toll-like receptors. Scavenger receptors are responsible for 
lipoprotein internalization, and hence, foam-cell formation, 
one of the major steps in the plaque formation, characteristic 
of atherosclerosis. On the other hand, toll-like receptors 
transmit effector signals that lead to the release of cytokines, 
proteases, and vasoactive molecules.  The T cells in these 
lesions recognize local antigens, and therefore, mount T 
helper-1 responses characterized by the secretion of pro-
inflammatory cytokines, which contribute to local 
inflammation and the growth of the plaque [8].  

While the cascade of events in the above inflammatory 
response is well organized, the structural link between the 
various players, in general, and between the oxidized LDL 
and the inflammation markers, namely the T-cells, has not 
been observed, let alone elucidated.  In the current project / 
report, an exposed amino acid stretch in the C-terminus of 

706 
VLVDHFGYTKDDKHEQDMVNGIMLSVEKLIKDLKS 
                         HHHHHHHHHHHHHHHHHHHHHH 
741 
KEVPEARAYLRILGEELGFASLHDLQLLGKLLLMGA 
        HHHHHHHHHHHH            HHHHHHHHHHHHHH 
777 
RTLQGI 
HHH 

Figure 2. The unstructured region of B17 (aa 706-782).  The H's below the 
sequence denote regions predicted to have helical secondary structure. 
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the first 17% amino-terminal end of apo B-100 was found to 
adopt the structure of that of the T-cell receptor binding 
domain.  This constitutes the first evidence of a structural 
link between atherosclerosis-causing LDL and 
inflammation. 

After establishing such a link “in silico,” we anticipate 
that in vitro experimentations take place, probing the 
cytokines – and possibly interleukins – involved, then 
followed by in vivo tests to determine the real physiological 
effects correlated with such a link vis-à-vis the roles of the 
different involved factors.      
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Abstract— This paper presents an implementation of hybrid 

Health Virtual Community (Health VC) using a predefined 

model to design Health VC in a developing country. It provides 

an analysis of the components needed in an environment where 

high technology is not as available as in a developing country. 

We argue that virtual community researches should take into 

consideration a more flexible approach to model VCs and we 

suggest changes to the model. 
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I.  INTRODUCTION 

Worldwide, chronic diseases (e.g., diabetes, 
hypertension, cardiovascular diseases, and chronic 
respiratory diseases) are hitting an increased number of the 
population. Globally, Chronic diseases related caused 35 
million death out of 58 million in 2005; moreover, the 
fatalities caused by cardiovascular diseases is almost twice 
the number of fatalities caused all infectious diseases 
combined (e.g., tuberculosis, malaria, AIDS) [1]. Besides the 
lower life expectancies, populations in developing countries 
suffer from chronic diseases [2]; in fact, the number of 
deaths from Cardio-Vascular Diseases (CVD) in developing 
countries is twice the same number in developed countries, 
and more than three-quarters of deaths related to diabetes are 
occurring in developing countries [1]. 

An intervention that uses eHealth System has the ability 
to allow chronic disease management. Health Virtual 
Communities has been identified as one eHealth tool that 
allow such intervention. Virtual Communities (VCs) were 
subject to investigation from many sides to explore their 
advantages and challenges. Researchers in healthcare 
investigated ways to use VCs for healthcare delivery and 
support [3][4]. In an attempt to understand and sketch the 
VC, models were proposed for static and mobile virtual 
communities [5][6]. 

In this paper, we will describe the development a health 
VC in a developing country for chronic disease management. 
The health VC was designed based on previously suggested 
model [7]. We will explain the Health VC components and 

discuss the ability of this model to satisfy the requirements of 
virtual community definition, taking into account the 
technological challenges of developing countries in a global 
health context. 

We will start with a description of the health VC for 
chronic disease management Virtual Community in section 
II. We will, then, explain the design of our Health VC in 
section III. We provide a discussion of our Health VC in 
section IV and conclude the paper in section V. 

II. BACKGROUND: HEALTH VIRTUAL COMMUNITIES 

A Health Virtual Community cover a wide range of 
clinical specialties, technologies and stakeholders [8]. 
Members of a Health VC can be health care providers, 
educators, patients, health professionals. We can classify 
Health VCs into two categories: professional-centered or 
patient-centered. A professional centered VC is focused on 
exchange of knowledge among professionals and forms a 
community of practice. Members in such communities are 
health professionals that interact and work in virtual teams in 
order to exchange knowledge and create new knowledge if 
possible. 

Members of patient-centered VCs include health 
professional, patients and possibly their family members. 
Patient centered VCs permit professionals-to-patient and 
patient-to-patient communication. Health care professionals 
can tele-monitor and support patients and their families in 
their day-to-day management of their health condition. 
Moreover, individuals diagnosed with the same condition 
(e.g., chronic disease) can exchange and share health 
information and personal experiences. Hence, patient 
centered VC ensures continuity of care. 

The communication between patients and their doctors 
improves patient care [9]. Hence, the creation of patient-
centered Health VCs constitute a mean to strengthen patient-
doctor interaction and flow of information, providing 
improved care while overcoming geographical boundaries. 

Managed care is considered to take place when the right 
care is provided by qualified health team members to a 
person “at the right frequency and duration that will best 
support that person” [10]. Tools to remotely monitor and/or 
educate patients and people at risk, play an important role in 
managed care. This allows the patients and people at risk to 
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be involved in the management of their own conditions. That 
is the idea behind self-managed care [11].  

In a Low-Middle Income Country (LMIC), in a global 
health context, a project involving the implementation of 
health VC is underway. The internet penetration in LMICs 
allows implementation of health VCs with potential benefits 
to healthcare health care providers and their patients. We will 
explain in the following the design of a patient-centered 
health VC for chronic disease management in a LMIC. 

III. A VIRTUAL COMMUNITY FOR CHRONIC DISEASE 

MANAGEMENT 

Healthcare VCs emerged in the online environment as an 
attempt to benefit from the advantages VCs offer for patients 
[4] such as those with chronic diseases [3] or diabetes and 
hypertension [5]. Mobile VCs present also many 
possibilities, and many models have been proposed to use 
them, wither in a general context [6] or in the health sector 
[12] (e.g., for cancer patients [13][14]). Our project consists 
of building a collaborative health virtual community in 
Lebanon to enhance equity in access to primary care in rural 
areas and Palestinian refugee camps. The research team 
includes researchers from the American University of Beirut, 
Lebanese Ministry of Public Health (MoPH), the United 
Nations Relief and Works Agency (UNRWA), York 
University, and University of Toronto.  

In Lebanon, a LMIC, 84% of all deaths are due to 
chronic diseases [15]. Age-standardized death rates from 
CVDs diabetes reach 404.4 and 262.7 per 100,000 
individual, respectively [16]. This problem is intensified in 
disadvantaged populations in the rural areas and the 
Palestinian refugee camps. Non-Governmental Organization 
(NGO) that run primary health care centers available in the 
underserved rural areas often suffer from limited resources 
[17]. 

This project takes a proactive integrated approach that 
couples community-based and health care initiatives. A 
health VC is being developed in order to support both 
patients and healthcare providers in 10 primary health care 
(PHC) centers located in rural areas and enrolled in the 
Lebanese Ministry of Public Health (MoPH) PHC National 
Network (Network) and 6 UNRWA PHC centers will 
comprise the study population. Agency (UNRWA) centers 
will comprise the study population. These centers are 
randomly assigned into the intervention and control groups. 
The intervention has two components:  

- A Provider Oriented Component: it targets the 
physicians (supply)  

- A patient Oriented Component: it targets patients 
having appointments at the primary care centers and 
suffering from diabetes and hypertension (demand). Another 
aspect of the patient oriented component includes screening 
potential patients in the community.  

We designed a health virtual community to provide the 
necessary tools. The hardware and software infrastructure 
was already provided by the network connection between the 
healthcare community centers and the MoPH. The tools 
needed for doctors and patients can be summarized in 3 sub-

systems: patient-oriented, provider-oriented and a service-
oriented one. 

 

A. Provider-oriented Sub-System 

The healthcare providers need to have access to 
information related to the clinical guidelines, the physician-
patient communication strategies, and online forums and 
Frequently Asked Questions (FAQ). An online portal was 
designed to enable healthcare providers from the PHC 
centers to meet and discuss online. Moreover, a FAQ section 
was designed to contain health information relevant to 
diabetes and hypertension. A coordinator of the Forum was 
designated to receive questions from the healthcare providers 
in the PHC centers, formulate answers, and ultimately create 
new FAQs. The clinical system and the online portal would 
be independent, and any information to be posted on the 
portal was to be de-identified to protect patients’ and health 
providers’ privacy. 

B. Patient-oriented Sub-System 

The patient oriented component was composed of 
targeted consumer Short Message Service (SMS) containing 
either health information related to disease self-management 
or reminders to appointments at the community PHC centers. 
We have used the Application Programming Interface (API) 
of a commercially available SMS service available in the 
local market to integrate our SMS-based patient oriented 
component into the existing system at the community 
centers. 

Regarding the patient e-education material; even though 
Lebanon has a high penetration of internet (52%) and cell 
phone use (3,350,000 mobile-cellular telephone 
subscriptions, equivalent to 78.65 subscriptions per 100 
inhabitants) [18], smart phones were not judged to be a good 
tool in the rural communities. The eHealth research team 
decided to deliver the educational material targeting screened 
patients, using a more accessible medium, namely a. 

C. Service-oriented Sub-System 

The provider-patient relationship had to be managed 
through two components: a health indicators collection 
component and an appointment-scheduling system 
component. 

 The health indicators component was needed to enter 
clinical data related to the collection of the baseline and the 
evaluation of the intervention. The MoPH provides the 
clinical system in the community centers; however, we 
needed to update it in order to collect the additional clinical 
indicators (e.g., rate of controlled glycated hemoglobin or 
HbA1c, controlled hypertension, and annual eye exam). The 
related additional modules were designed using a minimalist 
approach; the design was straightforward and did not add 
complexity to the already existing system. 

The appointment-scheduling system component was 
designed through an existing commercial service. We have 
decided to use the commercial Application Programing 
Interface (API) to embed the SMS messaging strategy into 
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the clinical application that is present in the community 
centers. 

The design of the Health VC is presented in Figure 2. 

 
 

Figure 1. The Health VC Design 

IV. A HYBRID VC MODEL 

Based on our analysis and design of the Health VC, we 
find that the models proposed in the literature [5, 6, 19-24] 
are more focused on developed countries and exclude the 
situation in developing countries. We suggest a more 
inclusive design of a hybrid virtual community model that 
takes into consideration that the VCs can be developed using 
a myriad of technologies. Some of these technologies can be 
traditional (e.g., DVDs), others can be desktop based, while 
others can be off-line and then synchronized once they are 
connected to the whole system.  

We suggest a three dimensional hybrid model for virtual 
communities that takes into account the diversity of 
technologies that can be available to implement a virtual 
community. The model, shown in Figure 3, is composed of  

- Hybrid Communication Mechanisms that allows for 

Synchronous (e.g., online) and/or asynchronous 

(e.g., offline/synchronization) communication 

between members 

- A Hybrid Infrastructure that can be web-based, 

desktop-based, and/or offline (e.g., DVD) 

- Hybrid Delivery Channels that allow multichannel 

communication with the community members, 

including mobile, non-mobile (Desktop), and offline 

(e.g., DVD) 

This model is inclusive of experiences in developing 
countries that have different levels of access to ICT. 

 

 
Figure 2. A Hybrid Virtual Community Model 

V. DISCUSSION 

The actual analysis and design of the Health VC faced many 

challenges. Our model may look surprising as it contains 

off-line material and information that need to be 

synchronized at a certain point in time. Nevertheless, our 
model complies with the definition of a virtual community.  

Preece [25] suggests a working definition for online 
community that is broad enough to cover a wide range of 
communities but precise enough to fit into social science 
definitions. According to Preece (2000), an online 
community consists of:  

- Socially interacting people performing special roles 

or satisfying their needs 

- A purpose, which is the reason behind the 

community 

- Policies to govern people’s interaction 

- Computer systems that support social interaction 

Weissman [26] identifies two types of systems that form 
when humans get together: the organization type designed 
for a specific aim and the association type formed out of the 
individuals’ dedication for shared objectives or beliefs. Had 
systems been of the former or latter type, they all share all or 
some of the characteristics that are outlined by Weissman. 
These are causal reciprocity, purpose, design, roles, 
circumstances, officers, passion, needs, loyalty, and access. 

Our system complies with both Preece’s definition of 
online communities or VCs, as well as Weissman’s ten 
characteristics of communities. 

Our Health VC: 
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- Is composed of socially interacting people 

constituting the users of the Health VC. There are 

four types of users of the Health VC: patients, health 

providers, fieldworkers, and the forum coordinator. 

Users perform special roles; the fieldworkers aim to 

screen the population and schedule appointments, 

the healthcare providers provide the diagnosis and 

patient follow-up, they interact with the portal 

(forum) coordinator for FAQs and access the online 
modules. Finally, the portal coordinator manages the 

online forum and answers questions related to new 

situations sent by healthcare providers remotely. The 

patients get access to educational materials (DVDs) 

and to SMS health messages and appointments 

reminders. Patients have mainly the role of 

information consumers while both fieldworkers and 

healthcare providers are information producers and 

consumers (e.g., access to information on the online 

portal). The coordinator is mainly a producer of 

information. 

- Has a purpose to provide equity in access to 
healthcare for populations with chronic diseases in 

rural areas and /or deprived areas, using eHealth 

tools. 

- Is endowed with strict policies to govern the way 

users (e.g., healthcare providers, fieldworkers, 

coordinator, and patients) interact with the system. 

Patients receive SMS messages, they cannot 

generate information; the fieldworkers feed the 

system with appointments. Healthcare providers 

enter clinical information into the community 

centers information system; and send questions and 
receive answers on the portal. The coordinator 

receives questions, organizes them and feeds 

answers into the forum. 

- Comprises a computer system that supports the 

users’ roles described. It is true that the computer 

system is not integrated in some aspects, for 

instance, the portal, community centers clinical 

system, and the field appointment scheduling; 

however, this does not diminish the fact that a 

computer system is in place and facilitates the users’ 

tasks in order to achieve the community purpose. 

If we look at Weissman’s ten characteristics of a 
community, we find that our model satisfies them: 

- Causal reciprocity: this aspect is about the usual 

“give and take” that drives people to stick together 

and it applies to our Health VC model where patient 

users are interested in consuming the information 

and clinicians and fieldworkers are interested in 

providing care.  

- Passion, needs, loyalty, and circumstances: are all 

embedded in our system. Our Health VC facilitates 

users’ task to live their passion to achieve an aim 

(equitable healthy living), and fulfill their needs (be 

healthy, provide care). The loyalty to the Health VC 

is driven by the benefit each user gets out of it. The 

circumstances that created the community are related 

to enhancing public healthcare delivery in rural 

areas. 

- Purpose and roles: are both described in our above 

discussion to Preece’s characteristics. 

- Design: the design of our Health VC facilitates the 

fulfillment of the purpose by coordinating the roles 

of the members. 

- Access: is given to all users to fulfill their roles, e.g., 

internet connection, laptops and information system. 

- Officer: is the system administrator that oversees the 

Health VC to make sure that all components are 

working well and that all users are abiding by the 

policies in place. 

We conclude that having parts of a model offline, or not 
in sync, or not web-based does not affect the fact that the 
model describes well a Virtual Community. 

VI. CONCLUSION 

This paper presents a Hybrid Health Virtual Community 
model and analyzes its components based on a research 
project in a developing country. Some of the model 
components present asynchronous and off-line aspects; 
however, the model aligns with the definition of a virtual 
community and the characteristics of communities in 
general. VC models suggest usually a continuous online 
presence and access to advanced ICT devices; we provided a 
more comprehensive and an inclusive model that 
encompasses the circumstances of the developed countries 
while taking into account the ICT situation in developing 
ones. 
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Abstract—Mycobacterium tuberculosis (Mtb) is the causative
agent of human tuberculosis (TB) with an estimated 8.8 million
new TB cases and 1.4 million deaths annually. According to
MDG (Millennium Development Goals), Indonesia should be
able to reduce half the number of patients with infectious
diseases including tuberculosis by 2015. Based on Health
Survey data in Indonesia, 2010, Lebak is a district in Banten
Province with the highest TB prevalence rate of 1,282 per
100,000 population. In 2013, Lebak District Health Office
stated that one of the main problems in treating tuberculosis
patient was the patient’s reluctance to go to a hospital or
health center. Therefore, encouragement for the patients is
very important to reduce this reluctance. On the other hand,
women in Lebak are socially active, including in their religious
group. This active social group in Lebak can be a good
medium to encourage patients with tuberculosis to go to the
hospital. Therefore, we develop an integrated system model for
finding out new cases and completeness of TB treatment
through women empowerment in the family and community.

Keywords- Action model; Tuberculosis; Case detection;
Completeness of treatment; Women empowerment

I. INTRODUCTION

Mycobacterium tuberculosis (Mtb) is the causative agent
of human tuberculosis (TB) [1] with an estimated 8.8
million new TB cases and 1.4 million deaths per annum [1].
According to MDG, by 2015, Indonesia will have to
decrease by half the number of the patients with contagious
diseases, including TB. Unfortunately, sustainable and
accurate information on TBC epidemic does not exist [2].
This situation leads to the deployment of costly surveys and
discontinuous information. TB case detection deserves to be
better treated. According to WHO reports in 2012 [1], the
increase of prevalence numbers obviously showed that TB
in Indonesia has become a global health problem. This was
measured from several indicators such as morbidity,
prevalence, and incidence. Prevalence in Indonesia was 281
per 100,000 people, which was higher than China, India and
Thailand (104, 249 and 161). On the other hand, the number
of incidences in Indonesia was 187, which was also higher
than China, India and Thailand (75, 181 and 124) [1].

Indonesia has implemented the DOTS strategy since 1995,
but unfortunately the tuberculosis treatment problem cannot
be handled only by concentrating on the medical treatment
aspect, but also through discovering new patients.
Therefore, estimated CDR (Case Detection Rate) of  TB
incidence is still low, and and the proportion of TB which
has not been handled is still fairly large [2][3].

Lebak is one of districts in Indonesia with a large
population of poor people with TB. The percentage of TB
patients in Lebak who took treatment for less than 6 months
was 19.3 % and TB patients who did not take any
medication was 4.5%. In 2013, The Lebak District Health
Office (DHO) stated that one of the main obstacles in
treating patients with tuberculosis was the patient’s
reluctance to go to a hospital or health center. Therefore,
encouragement for patients is important to reduce this
feeling of reluctance. On the other hand, the Lebak women
are socially active, and social groups can be a good medium
to encourage patients with tuberculosis to go to the hospital.
One active group in particular is the women’s religious
group Fatayat NU. Therefore, there is a necessity to develop
an integrated system model to identify new cases and
maintain the completeness of TB treatment through women
empowerment. This study offers a program to treat
communicable diseases, especially TB in Lebak district.
Through the implementation of this program, every
component involved in the application of TB prevention
program will benefit directly and indirectly [4].

This paper is structured as follows. In Section II, we
present the research method. In Section III, the results are
presented. Section IV presents a solution for increasing the
community knowledge regarding the TB disease and
developed system. In Section V, we discuss our findings.
Section VI concludes the paper.

II. RESEARCH METHOD

This study has been ongoing for 17 months (began March
2013) and will conclude on October 2014. A variety of
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methods were employed to develop the model in this study
[5][6][7]:

1. Literature study of baseline data on case detection
and number of drop-outs, and selected priority area
had been conducted.

2. Knowledge and behavior of women in the
communities to detect and treat TB cases have been
assessed through quantitative and qualitative
approaches.

3. Training on how to detect and treat TB cases in
religious meetings for two months have been
conducted.

4. Communication media to increase their knowledge
of TB symptoms have been designed.

5. A short message application based on System
Development Life Cycle (SDLC) and web design.
Those methods were deployed to develop the
information systems had been developed.

6. The integrated patients’ database between the
Health Center and community have been developed

7. A standard operating procedure (SOP) and
knowledge suitable for other districts/counties to
enable replication had been developed.

Three Primary Health Centers (PHC) were involved in
this study, namely PHC Mandala, PHC Karanganyar and
PHC Cibadak.

III. RESULTS

A. Problem Identification on Communities

150 women from 3 villages (50 women from each
PHC) were interviewed, and results indicate that only 20%
knew about the symptoms of TB, 50% had heard of TB, and
only 1% knew about TB treatment. The result from problem
identification indicated that the community tends to have
poor knowledge and tends to be very passive toward TB
treatment. Therefore, we developed an implementation
strategy training to increase community awareness in
detecting TB cases with an understanding of symptoms of
TB diseases, such as:

1. Coughing for 2 weeks or longer
2. Sputum is mixed with blood
3. Cold sweats at night (while not conducting any

activities)
4. Chest pains and shortness of breath
5. Decreased appetite and body weight
6. Fever in the evening for a month or longer

Each training took 3 days per season within two months.
We held four trainings for the Lebak women. We also
suggested the women who have received training to teach
about TB symptoms to their social groups, such as their
Quran recitar (pengajian) group and local women
empowerment (PKK) (Fig. 1).

Figure 1. Training of women to detect and understand the symptoms of TB
diseases

B. Media Communications Development

A communication media by creating leaflet and pocket
book had been designed. This aims to provide information
of TB, its signs and symptoms, and preventive measures. In
this leaflet, there was also information of a Short Message
System (SMS) gateway number that can be reached by the
target group if TB symptoms are found in the family or
surrounding community. On the other hand, the pocket book
provides information on how to use the SMS application
information system for health officers in PHC and mothers.
Figure 2 illustrates the design process of leaflets, booklets
about TB symptoms should be known and understood by
mothers through several meetings.

Figure 2. Finished leaflet and process of designing leaflets

C. Problem Identification on System

Several problems were also identified in the assessment
system conducted. Problems were divided into three
components: input, process and output. From the input
component, problems that occurred were [8][9]:

1. Recording and reporting process were still
conducted manually and was potential to human
error;

2. The software that can improve community-based
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reporting and monitoring of TB patients’ treatment
completeness was not ready yet. The problem which
occurred during the process is that the
transformation process from data to information was
still manually performed and, in turn, was not
effective for creating routine reports. Because the
manual process took some time, this in turn
impacted on performing the output, such as the need
for extra time for feedback to respond to cases and
the difficulties for community to understand the sign
and symptom of TB.

The constraint of the information systems development
was that the system was not developed in an integrated
manner. It should be developed by seeing the behavior of
the unit of observation, ability of the operators,
infrastructure constraints, standard operating procedures and
decision makers’ needs. Good information systems should
be tiered, from the smallest unit to the decision-making
units. The integrated information model unit that can
perform well was the availability of trigger unit, which
could enforce the observation unit to be very effective [10].
The TB patients, as the smallest observation unit, and
women can be the trigger units which needs to be observed
periodically. Therefore, in this proposal, empowerment of
women in the family was chosen as the trigger unit in the
integrated information system development.

Considering the aims of this study, we made problem
solving breakthroughs, such as the use of SMS or text
messaging to register suspected TB Patients into certain
Primary Health Center [11]. Preliminary findings indicated
by SMS had many advantages, such as: lower unit cost (no
telephone calls or visits to PHC for reporting), no staff
needed to administer (we designed the system to connect
directly through SMS and PHC’s system), and cost effective
and efficient. In Lebak, most women have GSM mobile
phones. Unfortunately, there are still fees for sending SMS
or text messages.

IV. SOLUTIONS

There are a number of alternate solutions to overcome
these problems [12][13]:

1. Share information on signs and symptoms of TB with
the community;

2. Conduct trainings to increase health officers’
capabilities so they can function as facilitators to
increase community awareness;

3. Develop an information system to effectively assist
communities to report cases to health officers.

4. Improve the integrated system process. A
development that can reduce the delay in reporting
process is required. Besides, this can improve access
to the information, and information can be monitored
and evaluated.

The expected output from this solution is the real time
information which will improve case detection and reduce
drop-outs [8][10]. Prior to these alternate solutions,

empowering community, especially women, to be able to
perform active surveillance was a key element in the
implementation of the information system. In order to
reduce the difficulties experienced by that target user in
using information system, in the early stages of
implementation, health officers and community
organizations will provide continuous assistance (Fig. 3)
[14]. SMS or text messages are used to register suspect TB
patients which are sent by trained women. If problems
persist, health officers are to provide manual records to
grant data transmission. These two activities will be
conducted by considering the community’s ability to adapt
to the information system (technology acceptance).

Figure 3. Schematic of the SMS system report

A. The SMS for Life system

The system consists of two components [15][16]: an
SMS management tool and a web-based reporting tool. The
SMS management tool (Fig. 4) is an application stores with
single registered mobile telephone number for each health
care worker.

Figure 4. Scheme of the SMS system in the SMS for Life Pilot

B. Training and Socialization

Training and socialization participants include
representatives of the Lebak District health office, data

78Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-359-9

GLOBAL HEALTH 2014 : The Third International Conference on Global Health Challenges

                           89 / 103



management and information centers of Primary Health
Centers, and 25 Fatayat NU cadres. These activities were
held at the Fatayat NU Center over two days. The procedure
of sending messages and patients data with symptoms as
well as on leaflets and posters through sms is an important
stage, given that this information system is built based on
the patient data. Leaflets and posters were distributed over
two weeks ago during a meeting with study groups in the
organization Fatayat NU.

Participants were equipped with the knowledge to use
the SMS tools, as well as the procedures for sending SMS
module and assistance for patients to take medication. These
activities were performed in conjunction with training in
community health centers to receive cadre reports, as well
as to send an automatic reply delivery cases and information
on TB patients who had been positive TB diagnosed (Fig.
5). Health providers of Primary Health Centers has a
number of responsibilities for the systems developed, such
as monitoring TB patients to complete their treatments
along with a Fatayat NU cadre, and compiling entire reports
for Primary Health Center and Health District Office every
three months.

The simulation to find cases done in these training was
aimed to train participants to understand field situations and
discuss potential scenarios. The training included question
and answer session and an agreement to send SMS to
primary health center if there is anyone suspected of having
TB disease based on the symptoms explained in this
training.

Figure 5. Training and socialization for Fatayat NU cadres and Primary
Health Care providers

The trial specific procedures to recruit, enroll and
follow-up participants were integrated within existing health
care services pathways which were also discussed as well.

TABLE I. PATIENTS WITH SUSPECTED TB, POSITIVE TB
DIAGNOSIS AND FOLLOWING TREATMENT

Note: TW = quarter

Table I shows a tendency of TB suspect patients on the
increase. This indicates that Fatayat NU cadres have
actively approached and monitored the community in their
area. Moreover, TB positive patients also increased in line
with increased TB suspected patients. The numbers are quite
similar to those of the Lebak District health office’s
estimates on TB positive patients.

However, there are still patients who dropped out (DO)
of their TB treatments. The main reasons of this are that the
patients are unable to pay the cost of treatment and they felt
healthier and, in turn, ended their treatments.

V. DISCUSSION

According to our findings, the women willing to enroll
in this study such as cadres, were worried of contagious
diseases and thought that the diseases will infect their
families and friends. Ideally, women should be able to
choose when and how frequently they would receive text
messages, since a majority of women use their own mobile
phones.

On the other hand, poor internet access via mobile
phones and computer was one of the biggest obstacles for
communicating with this community. However the strengths
of this study included the representative sample of the
general population. The unique personal identifiers made it
possible to extract information through multiple record
linkages on demographic and socioeconomic factors as well
as previous hospitalization for all of the selected individuals.

The major weakness was the uncertain generalizability
of our findings. However, there was still the benefit that can
be obtained from the data that were linked with the
registered based population, for instance the possibility to
access the socio-demographic data. Coordination with
partners (Department of Health and Fatayat NU) were
carried out in order to perform a more precise analysis of the
TB SMS trials system. In addition, this system showed that
the majority of users were educated and younger
individuals. The model was designed through media design
communication and effective information system
applications. The implementation of a system involving
commitment between partners (Fatayat NU and Department
of Health) as well as volunteers who were able to play an
active role in carrying out these activities was necessary.
Applications were developed by considering the efficiency
and user friendliness which helped the system to be used
optimally.
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The benefit of an integrated information system is to
increase the ability of community to recognize the signs and
symptoms of TB disease. The increase of public awareness
towards TB also affected the number of reports health
workers received on presence of TB symptoms among
communities [17]. The health workers will then proceed the
reports by reminding the patients’ families of the medical
schedule that have been prescribed through Fatayat NU
cadres.

As for the science development, this integrated
information can be used as the reference for the further in-
depth research on community empowerment through
appropriate information technology. Moreover, this research
can also be used to increase case detection and decrease
drop-out rate from the TB medical treatment. Furthermore,
this research can also be useful as reference in developing
more user friendly information system for health workers
and communities.

There are weaknesses in this system, such as dependency
on computers, electricity, internet networks, and
communication networks associated with mobile phone
signals, as well as fees for sending SMS.

VI. CONCLUSION

This study shows that mobile phones are an acceptable
approach for detecting new cases of TB and TB treatment
completion and as a desirable and acceptable means of
communication. However, we still need an effective
communication media such as a leaflet that can be provided
information of TB, its signs and symptoms, and preventive
measures. Defining program success is not only determined
by statistical significance, but also determined by the
perception of users. In addition, monitoring and evaluation
phase of designing a system is crucial to its success and
needs to be enforced on a regular basis to maintain the true
potential and continue to adapt with the needs of the
patients.
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Abstract—The World Health Organization Framework
Convention on Tobacco Control (WHO FCTC) has
effectively controlled tobacco use worldwide, and its
successful experience could be drawn to control obesity,
which poses increasing dangers to people’s health globally.
Although the policies and regulations included in the WHO
FCTC could not be adapted for controlling obesity
wholesale, the WHO FCTC can indeed constitute a model to
constrain the market availability of unhealthful foods and
beverages for obesity control. The key measures suggested
by the WHO FCTC, which are economic approach,
educational strategies, labeling measure, restrictions on
marketing as well as clinical intervention, can be applied to
restrain the market availability of unhealthful foods in
order to control obesity. However, the issue of obesity
control is more complicated than tobacco control, since not
all the foods are lethal, and the food companies are much
more powerful than tobacco companies. Governments and
organizations should cooperate globally and closely, and
apply those measures comprehensively to create synergy in
order to better control obesity. Though the potential model
for obesity control may face some challenges such as the
difficulty of implementation and obstruction of food
industry, it has already made some achievements at current
stage, for example, the WHO Global Strategy on Diet,
Physical Activity and Health has been endorsed, which
indicates that the future of the model for obesity control will
possibly be bright.

Keywords-global health policy; public health policy; obesity
control; tobacco control

I.INTRODUCTION

The World Health Organization Framework Convention
on Tobacco Control (WHO FCTC) has enjoyed
tremendous success in restraining the market availability
of tobacco product, which is a lethal commodity and is
responsible for millions of deaths every year. It is
suggested that the model, seminal ideas and key measures
of WHO FCTC can be used to inform the policy-making
to restrain the market availability of unhealthful foods
and beverage in order to effectively control obesity,
which poses increasing dangers to people's health
globally. To explore whether the model of the WHO
FCTC can be applied in obesity control, this paper firstly

examines the achievements of the WHO FCTC in
controlling tobacco use; secondly, it discusses the
differences and similarities between tobacco and obesity
control; thirdly, it introduces the key measures which are
included in WHO FCTC and could be used in obesity
control; fourthly, it discusses the challenges and
achievements of the potential model for obesity control;
and finally it will come to a conclusion that although
there are differences between tobacco and obesity control,
and the policies could not be adapted in the movement of
obesity control wholesale, the WHO FCTC could indeed
constitute a model to constrain the market availability of
unhealthful foods and beverages for obesity control.

II. THE ACHIVEMENT OF THE WHO FCTC

The WHO FCTC is believed to have successfully
restrained the market availability of tobacco products. As
the global health interdependence accelerates, the
governments and international organizations recognize
the necessity for cooperation to solve essential public
health problems, such as the non-communicable diseases,
among which tobacco is one of the most serious culprits.
Numerous scientific evidences have shown that tobacco
products are responsible for nearly six million people's
deaths every year, which accounting for about 10% of all
deaths worldwide (1). Both the WHO and its member
states have political will to fight against the harm caused
by tobacco products, and the WHO FCTC is the
achievement of their long-period negotiation. The WHO
FCTC, which entered into force in 2005, “has enjoyed
tremendous global success, with more than 170 Parties,
and is often called the most powerful tool in the fight
against tobacco related morbidity and mortality” (1,
p.847).
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The WHO FCTC raises the states’ and international
organizations’ awareness of the benefits of using legal
instruments to achieve public health goals (1). The
achievements of the WHO FCTC have led to calls to
translate its successes to other global public health issues,
particularly to the non-communicable diseases factors,
such as the issue of obesity, which poses increasing
dangers to people's health globally (1).

III. DIFFERENCES AND SIMILARITIES BETWEEN
TOBACCO AND OBESITY CONTROL

Although the history of the epidemic of obesity and
obesity-related diseases is comparatively short, obesity
can exert negative impact on people’s health to a large
degree. It is one of the most blatantly global public health
problems at the current stage. Obesity is not only a
medical disorder, but also a harbinger of other diseases,
such as cardiovascular disease, type 2 diabetes,
obstructive sleep apnea, osteoarthritis, and several types
of cancer (2). It is one of the most important risk factors
contributing to the overall burden of disease and one of
the most serious public health problems of the 21st

century (3). More than one –third of American children
born in 2000 are expected to suffer from diabetes
sometimes in their lives, largely due to expected
overweight or obesity (4). Besides, the mortality and
health care costs of obesity-related diseases in the United
States may possibly surpass those of tobacco-related
diseases in recent years (4). Therefore, a series of
measures and policies should be implemented to fight
against obesity. Figure 1 makes a sketch of “globesity”—
the escalating global epidemic of obesity problems.

Figure 1. The obesity rate of the chosen countries in 2000 and 2010.

Adapted from the OECD Fact Book 2013 (5).

It is argued that the approaches for obesity control must
be different from tobacco control. Tobacco product is not

necessaries for most people, and is a lethal commodity for
a much higher proportion of its users (6). While the
obesity issue, which is related to food and physical
activity, is much more complicated than tobacco issue.
Specifically and in direct contrast with tobacco, both
appropriate food and physical activity are essential to life
and must available to all people, and only the improperly
intake of food and the physical activity levels that do not
match energy intake could result in obesity, if regardless
of the genetic factor (1). Therefore, due to the inherent
challenges, it is suggested that the WHO FCTC cannot
constitutes a model in controlling obesity.
However, the obesity issue has numerous similarities with
tobacco issue. Firstly, some overweight or obese
individuals struggle with similar compulsive tendencies
as smokers by eating food for gratification beyond their
nutritional requirement; besides, and overweight
individuals as well as smokers are affected by social
influences and advertising pressures to consume much
more (8). Moreover, the profit-pursuing multinational
companies in both tobacco and food area play an
important role, which is obstructive and negative in most
times, in the tobacco control as well as obesity control (4).
Those similarities suggest that there may possibly be
overlap between the points involved in the control of
obesity as well as tobacco, and the successful experience
of the WHO FCTC can be drawn for obesity control.
Therefore, both differences and similarities exist between
the issue of tobacco and obesity. The WHO FCTC can be
used for reference in constituting the model to control
obesity. At the same time, when drawing lessons from the
success of the WHO FCTC for the efforts to control
obesity, governments and international organizations
should consider more about the nuanced difference.

IV. A MODEL FOR OBESITY CONTROL

The key issues to control obesity are to regulate the
policy in the food area as well as to encourage people to
do more physical activities, in which the former issue is
comparatively more important and complicated. “The
template of the WHO FCTC can be used to consider the
components potentially useful to the development of
national diet and nutrition policies” (6, p.276). This part
generally introduces the key measures and provisions
included in the WHO FCTC and discuss their potential
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application to obesity control, in particular to the area of
food. The keys measures include: price and tax measures;
educational strategies; labelling requirements; restrictions
on advertising, sponsorship and promotion; clinical
interventions.

A. Price and tax measures

The FCTC uses the price and tax measure, which is a key
approach, to reduce tobacco consumption. Economic
theory suggests that the demand for a product will decline
as its price increases, and adolescents as well as
individuals in low-and-middle-income countries are
particularly sensitive to the increasing prices (7). That
theory can be applied in the tobacco control. The Article
6 of the WHO FCTC (8, p.7) points out that the “price
and tax measures are an effective and important means of
reducing tobacco consumption by various segments of the
population, in particular young persons”. In other words,
raising the tax of tobacco product is a very effective way
to decrease the affordability of cigarettes and to reduce
people’s demand and the behaviour to purchase cigarettes,
especially for those youngsters and adolescents that are
comparatively sensible to the price change (7). It is
estimated that a 10% increase in the price of tobacco
products will lead to a 3-5% and 6-10% decline in overall
consumption in high-income countries and
low-and-middle-income countries respectively (9).
The price and tax measures can be used in the food area
for obesity control. The governments could raise the taxes
on the processed food, snack and beverage while do not
raise taxes on or even subsidize fruit and vegetable, so
that the fruit and vegetable are more affordable (10).
Besides, it has been suggested that taxes on low-nutrient
foods could be used to reduce the consumption of them as
well as fund health promotion programmes (11).
Therefore, economic forces can clearly affect food
choices and consumption patterns, and deserved to be
used by the governments in the food area for obesity
control.
Numerous studies have already supported the positive
effect of the price and tax measures on obesity control
with solid data or evidence to a considerable degree. For
instance, to exercise or increase 10% tax for all of the
cheese and butter products, sugar and fat products, as
well as ready-made meals could decrease the body weight

by 1.3kg per year in France (12); to exercise or increase
20% tax on the solely salty snack food could decrease the
body weight by up to 0.17kg per year in the United States
(13); to exercise or increased 10% tax on solely sugared
soft drink could result in a drop in body weight by up to
1.4 kg per year in the United States (14); to increase the
price of meat, butter and fact by 5% and the tax on fat,
saturated fat and sugar by 15% could result in 8%
decrease of saturated fat consumption fat and 16%
decrease of sugar consumption in Denmark (15); to
increase the price of the fats and oils by 24% could
decrease 17.5% of energy consumption as well as 20% of
the fat consumption in Scotland (16).

Figure 2a

Figure 2b

Figure 2. The general trend in the relationship between the the increase

in price or tax on food and drinks causing obesity per year (the bottom

lines) and the decrease in the consumption (2a) as well as the decrease

in body weight per year (2b). Adapted from the studies of Cash et al

(12), Kuchler (13,14), Smed et al (15), Santarossa and Mainland (16).

However, the issues of price and taxation need to be
considered much more cautiously in the food area, which
is essential to life. Firstly, the price elasticity of processed
foods which is of low nutrient value is not clear (10).
Secondly, the low income groups are possible to be
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greatly impacted by the taxes on processed foods. Those
groups of people are likely to buy the food of
comparatively low price, which includes the so called
“junk food” or the food of low nutrient value, so if the
price of such kinds of food increases, then those people’s
life could possibly be impacted. Thirdly, it is argued that
the taxation of certain foods may not sufficiently viable to
tackle the problems of diet and nutrition, and it needs
more research to assess the impact of the price and tax
policies. Therefore, the price and tax policies for the
obesity control are rather complex and should be
considered prudently by the governments or the World
Health Organization.

B. Educational strategies

The FCTC uses education campaigns to raise people’s
awareness of health risks and to reduce the consumption
of tobacco products. The Article 12 of the WHO FCTC
stresses the importance of health education,
communication, training and public awareness. It
suggested that health education campaigns which contain
a range of public-determined messages can promote the
public awareness of health risks of tobacco use, and of
the benefit of tobacco-free lifestyle (10). Once people
receive the correct knowledge and alter their minds, they
would possibly change their behaviors too. Therefore, a
large number of people have been influenced by the
health education campaigns to different degrees, and
some of them decide to quit or not to start smoking.
Education campaigns can also be used in obesity control
and would probably exert great influence. Education
campaigns can be spread in schools, workplaces and
public sites, and then most students and adults could
understand the correct knowledge and information about
healthy food and physical activity in avoid being obese
(7). For the people who have already been obese,
education campaigns could inform them of how to eat
healthily and do physical exercise effectively to lose
weight. The education campaign can be taken in various
forms, such as posters, lectures, media programs and
public service advertisements.
However, education campaigns may not achieved desired
effect in the absence of external support. According to the
study of King (17), education campaigns have relatively
limited impact on the general public when being carried

out without other interventions. For example, if the price
of fruit and vegetable are comparatively higher than that
of the food of low nutrient value, people may still prefer
to purchase the latter one, even if they know the former
one is much healthier. Therefore, the government, food
industries along with the NGOs should cooperate jointly
to ensure that not only the health knowledge and
information are properly and effectively delivered to the
general public, but also the healthy choices become easy
choices (10).

C. Labeling requirements

The regulations on packaging and labeling of tobacco
products are also a method of the WHO FCTC to reduce
the consumption of cigarettes. Many tobacco companies
use deceptive descriptions such as “mild”, “light”, and
“low tar” on their products’ labels and packages to
mislead people, and use some lovely and charming
pictures which may create erroneous impression on the
cigarette cases to attract people to purchase. To deal with
the problem, the Article 11 of the WHO FCTC (8, p.9)
states that the packaging and labeling of tobacco product
should not “promote a tobacco product by any means that
are false, misleading, deceptive or likely to create an
erroneous impression about its characteristics, health
effects, hazards or emissions”. This measure is believed
to be rather effective and to achieve desired effect in
some countries.
The labels and packages of food can also be misleading
by using the confusing health claims, and need to be
strictly regulated and reformed. It is argued that the
nutrition labeling can always be difficult for the public to
understand, and it lacks unified nutrition labeling and
health claims both internationally or regionally (10). To
tackle with this problem, Codex Alimentarius, the Food
and Agriculture Organization and World Health
Organization international food code, has been
developing guidelines on health claims to supplement the
General Guidelines on Claims and Guidelines for Use of
Nutrition Claims; in which the former one establishes
general principles to ensure that no food and drink is
presented in a approach which is misleading and
deceptive, and the latter one defines the health, nutrient
content and nutrient comparative claims (18). People
would eat food comparatively rationally and properly if
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the packaging and labeling of foods comply with those
guidelines and the science- supported criteria for health
claims. In other words, the consumer purchase behaviors
would be affected significantly by nutrient labeling (7).
However, the labeling measures may exert little influence
on consumer’s choices of foods and drinks in some
conditions. Foods are not like tobacco products and have
different tastes; sometimes people like to eat some foods
for just for their taste rather than nutrients. Therefore, it is
argued that if substitution effect is large, the consumption
of less healthful foods may not be changed by nutrient
labeling (7).

D. Restriction on advertising, sponsorship and promotion

To enforce restriction on various forms of promotion is
another strong measure of the WHO FCTC. The Article
13 of the WHO FCTC (8, p.11) requires all the Parties
“undertake a comprehensive ban of all tobacco
advertising, promotion and sponsorship” to reduce the
consumption of tobacco products. Before the WHO
FCTC came into being, to raise the awareness and
visibility of products in order to gain as much profit as
possible, many tobacco companies invest a lot into
advertising and promotion, and sponsor some public
games and events (19). The FCTC’s restriction,
preferably a complete ban, on all forms of advertising and
promotion have been supported by governments in many
member states of the WHO, and have reduced the tobacco
companies’ influence on the general public to a certain
degree (20).
Similarly, the advertising, sponsorship and promotion of
some kinds of food should also be restricted in order to
control obesity. Some food advertising, which includes
the snacks, soft drink and fast food advertisements, can
directly exert impact on the general public, especially the
children and young students. Some food companies place
the soft drink and snack vending machines within school
campuses; some food advertisements always interrupt
children’s television or radio programmes; children and
young students are comparatively vulnerable to those
advertisements and promotions, and buy the energy-dense,
nutrient-poor foods, snacks and beverages which could
lead to weight gain and obesity (21). Therefore, the
restrictions of some foods are needed. In fact, some
countries, including Canada, European and Asian

countries, have already imposed restrictions on the food
marketing towards children in different degrees and
achieved success to a certain extent (7).

E. Clinical interventions

The FCTC also requires governments to use clinical
interventions to reduce the demand of cigarettes. The
Article 14 of the WHO FCTC (8, p.13) states that each
member state should take effective measures based on the
scientific guidance “to promote cessation of tobacco use
and adequate treatment for tobacco dependence”. To
achieve the goal, each Party should: design and
implement effective clinical programmes in schools,
workplaces and health care facilities; include diagnosis
and treatment in national health and education
programmes; and facilitate the accessibility and
affordability for treatment of tobacco dependence (8).
The clinical interventions can effectively increase the
level of cessation of tobacco use, and may rapidly decline
the morbidity and mortality from tobacco (7).
The clinical interventions addressed in the WHO FCTC
can also be applied for obesity control. The governments
could follow the methods introduced in the FCTC and
make another series of policies to provide more clinical
interventions and resources, such as physician
counselling and pharmacotherapy, to help people to
control their weight by eating healthily and doing more
physical activities (7). However, at current stage, the
nutritional and physical activity counselling for obesity
control comparatively remains underused and imperfectly
designed. Successful clinical interventions for dietary
change require collaborative goal-setting,
individually-tailored programmes, personalized feedback
and personalized follow-up (9). Therefore, when using
clinical interventions to control obesity, governments
should consider more comprehensively.
The above discussion suggests that the measures involved
in the WHO FCTC can be applied for obesity control,
while it still needs close cooperation between
governments, international organizations and civil
societies to create synergy. The obesity control still
cannot be dealt with by one country alone, many small
countries may not have enough authority and power to
implement the regulations and policies in the food
industries, for example, require the multinational food

85Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-359-9

GLOBAL HEALTH 2014 : The Third International Conference on Global Health Challenges

                           96 / 103



and beverage companies to include the specific health
warnings on their products' labels, as those companies
may simply refuse the governments requirements relying
on their high popularity and market share (4). "Only an
enforced international standard would change the balance
of power"(4, p.293). Relying on the international
resolution and the support from the international
organizations as well as civil societies, governments of
most countries can have more confidence and power to
restrain the market availability of unhealthful food and
beverage in order to successfully control obesity.
Therefore, an effective international model which is
similar to the WHO FCTC is highly necessary, especially
for those small or developing countries.

V. DISCUSSION: CHALLENGES AND
ACHIEVEMENTS OF THE POTENTIAL MODEL FOR

OBESITY CONTROL

The WHO FCTC and the potential model for obesity
control may have shared the challenges. This part will
firstly introduce the challenges of the WHO FCTC, and
then discuss the challenges of the potential model for
obesity control, and finally introduce the potential
model's achievements at current stage.
Similar to all the other ambitious political movements,
the WHO FCTC also has some challenges. Besides the
negotiating process is relatively slow and difficult, the
main challenges include the difficulty to enforce bans on
advertisements, and the obstruction of tobacco industry.
The first challenge is that the anti-tobacco campaigns are
difficult to be enforced. The Article 13 of the WHO
FCTC, which requires all the Parties enact comprehensive
bans on the advertising, sponsorship and promotion of
tobacco industry, is proved to be rather difficult to
implement. Firstly, the anti-tobacco advertising
campaigns cannot be effective unless they are run over
long periods (1). It is suggested that such strategies
should run for at least half a year to affect the public
awareness, and one to two years to have obvious impact
on people’s attitudes and behaviors (22). However, such
measures are expensive, and the tobacco control
programs may lack the sufficient resource, especially the
financial support, to run extensive and sustained
campaigns (23). Moreover, the tobacco industry always
tries to act against the tobacco control programs. Many

tobacco companies claim that those programs’
information on tobacco use are inaccurate and misleading,
and try every method to dodge and prevent the
anti-tobacco advertising programs (23). The outcome is
that at the current stage, there are only 19 countries
enforce comprehensive bans on all forms of advertising,
sponsorship and promotions of tobacco products (23).
The other challenge to the WHO FCTC implementation is
the tobacco industry. To fight for its existence and to
maximize their profit, the tobacco companies
continuously adapt tactics and create loopholes to
circumvent the new policies and regulations controlling
their activities (1). A recent study found that when
opposing the anti-tobacco legislation and programs, the
tobacco industry always argue that those policies lack of
jurisdiction and accuracy, and impose technical barriers
to trade (24). Besides, tobacco companies have been
researching how to make new and more appealing
products. Therefore, the tobacco industry is the believed
to be the single largest challenge to the WHO FCTC
implementation (1).
Similar to the WHO FCTC, the model for obesity control
may also face those challenges. The first one is the
difficulty to enforce restriction on the advertising and
promotion of unhealthful food and beverage. As foods
and drinks are essential to people, and are much more
complicated than tobacco products, it is hard for
governments to enforce bans on the advertisements of
some particular foods, and restrict people’s choices. The
second main challenge is the food industry. Food
companies, especially multi-national food companies,
which are believed to have more power and influence
than tobacco companies, will consistently act against rein
and regulations in order to maximize profit. The third one
is that such a model may adversely affect food
availability due to the expensive and heavy handed legal
restrictions (7). Therefore, the model to control obesity
faces even more challenges and needs to be considered
more carefully when draw the lessons from the WHO
FCTC.
Although facing many challenges and difficulties, some
achievements have been made at current stage. Firstly,
the WHO Global Strategy on Diet, Physical Activity and
Health (GSDPAH) was endorsed by the World Health
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Assembly in 2004. The Strategy has mirrored the
measures in the WHO FCTC, including the integrated
economic approach, more effective labeling and package
measure, tighter marketing and promotion control, and
intensive educational campaign (25). It encourages all the
Parties to make efforts and closely cooperate with other
countries and organizations to deal with the issue of
obesity. It is believed to be a big stride forward in
constituting a model to restrain the market availability of
unhealthful food for obesity control. Besides, under the
pressures from governments and organizations, some
multi-national food and beverage companies, including
Krafts and Pepsi, have made compromise to different
degrees. For example, Krafts announced that it would not
only eliminate the trans-fatty acids and improve the
nutritional content of its food and beverage products, but
also stop marketing towards children (4). These
achievements possibly indicate a good start and a bright
future for the model to restrain the market availably of
unhealthful food for obesity control.
However, a promising start does not indicate a smooth
process and a favorable outcome. Some difficult points
could still not be ignored. First, the GSDPAH has
comparatively weak restriction force on the governments
and public actors, and could only take measures in more
tender forms such encourages and suggestions instead, let
alone for the ambitious food and drink companies.
Second, implementing the price and tax measures could
possibly incur the public opposition and other technical
problems. Third, the unhealthy food is just one of, rather
than all of, the contributing factors for obesity; while
other factors, such as unhealthy lifestyle and the lack of
exercise, leave a very small space for governments to
control by mainly implementing economic approach and
advertisement-banning regulation. Last, unlike the desire
for tobacco, the desire for food, including the high-energy
and high-fat food, is probably the deep and instinctive
human nature, and thus make the obesity problems more
complicated. Therefore, governments could hardly walk
in the fine line when controlling obesity problems to a
considerable degree.

VI. CONCLUSION

In conclusion, although the policies included in the WHO
FCTC could not be adapted for controlling obesity

wholesale, the WHO FCTC can indeed constitute a model
to constrain the market availability of unhealthful foods
and beverages for obesity control. The WHO FCTC has
successfully controlled tobacco use, and the key measures,
which are economic approach, educational strategies,
labeling measure, restrictions on marketing as well as
clinical invention, can be applied to restrain the market
availability of unhealthful foods in order to control
obesity. However, not all the foods are lethal, the issue of
obesity control may be more complicated than tobacco
control. Governments and organizations should cooperate
globally and closely, and apply those measures
comprehensively to create synergy in order to better
control obesity. Though the potential model for obesity
control may face some challenges such as the difficulty of
implementation and obstruction of food industry, it has
already made some achievements at current stage; for
example, the WHO Global Strategy on Diet, Physical
Activity and Health has been endorsed, which indicates
that the future of the model for obesity control will
possibly be bright.
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Abstract—Chlorpyriphos (CPF) is a pesticide widely 
used in agriculture, commercial, and domestic 
applications. CPF acts in part through inhibition of 
acetylcholinesterase and thus can produce lasting effects 
on muscular system. However, the impact of chronic, 
low-dose exposure of CPF on mammalian muscles is 
poorly understood. In the present study, we examined in 
developing rats the effects of in utero and postnatal 
exposure to CPF, on contractile properties of the 
diaphragm, a respiratory skeletal muscle, and the 
digestive smooth muscles of the ileum. Wistar pregnant 
rats were administered by daily gavage from gestational 
day 1 to postnatal day 21 (PND21) with vehicle (control) 
or CPF at different doses: a low dose (1 mg/kg/d) and a 
high dose (5 mg/kg/d). At PND 21 and 60 the rats were 
sacrificed and both muscles of the ileum and the 
diaphragm were sampled for measurement. At PND60, 
there was a decrease in body weight of rats exposed to 1 
mg/kg/d of CPF. Rats exposed to 5 mg/kg/d of CPF 
showed a lower body weight at all ages studied. In 
addition, CPF exposure increases the twitch tension of 
the diaphragm at PND 21 and 60. For the ileum, there 
was a significant increase in the twitch tension (g/ cm2) 
of the smooth muscle at PND21 in both groups. In 
conclusion, chronic prenatal and postnatal exposures to 
CPF affect the contractility of both the diaphragm and 
ileal smooth muscles. Further investigations are 
required to explain these increases in the contractility. 
 

Keywords-Pesticide; chlorpyriphos; perinatal life; muscle 
contractility.  

I. INTRODUCTION  
 

Pesticides are unique contaminants in that they are 
intentionally released into the environment to elicit toxicity 

in certain “pest” species. Unfortunately, a lack of selectivity 
often leads to problems of toxicity in humans and other non-
target species. Organophosphorous (OP) pesticides are the 
major class of insecticides in the world today [1]. Poisoning 
with organophosphorous compounds is a global health 
problem. Organophosphorous compounds inhibit 
acetylcholinesterase resulting in accumulation of 
acetylcholine (Ach) and overstimulation of cholinergic 
synapses. Acetylcholine is an important neurotransmitter in 
both central and peripheral nervous system; in Central 
Nervous System (CNS), it is implicated in memory process 
and learning, and especially in muscle activity and 
vegetative functions; in peripheral nervous system (PNS), it 
is also implicated in the regulation of synaptogenesis [2]. 
The accumulation of the neurotransmitter acetylcholine 
causes hyperactivity in CNS and in neuromuscular 
junctions. Patients exposed to OP pesticides die mostly from 
respiratory failure and lung injury [3].  

Chlorpyriphos (CPF), O,O-diethyl O-(3,5,6-trichloro-2-
pyridinyl)- phosphorothioate, was one of the most widely 
used OP insecticides in the U.S [1]. From 2000, all 
residential uses were banned. In the European Union, CPF 
is one of the widely used pesticides in agriculture with 
moderate toxicity with a rat oral lethal dose 50 (LD50) of 
135-163 mg/kg [4]. 

People are regularly exposed to a wide range of 
pesticides which are food contaminants. Studies on 
chlorpyriphos showed that prenatal CPF exposure was 
associated with intrauterine growth retardation and 
decreased birth weight [5][6][7][8], developmental 
neurotoxicity [9][10][11] after prenatal exposure and it is 
also associated with high risk of lung cancer and leukemia 
among agriculture workers [12]. 

Recent investigations have focused on the determination 
of the mechanisms behind the age-related toxicity 
differences, since juveniles are more susceptible [13], and 
on the alterations resulting from repeated exposure during 
development. Moreover, there are numerous studies in 
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animals following acute [14] or chronic exposure to CPF 
[15] showing a significant inhibition of acetylcholinesterase 
activity in brain, diaphragm, liver, retina and blood cells and 
a decrease in muscarinic receptor (QNB) binding in brain, 
heart and retina during critical periods of development 
[16][17][18] or in adulthood [17].  

Our objective was to investigate the effects of repeated 
gestational and postnatal exposure to CPF on the 
contractility of the respiratory muscle (diaphragm) and 
longitudinal smooth muscle of the ileum in Wistar rats and 
to determine the mechanism by which the contractility is 
affected. Such an investigation cannot be performed in 
humans. In this paper, we show the effects of chlorpyriphos 
exposure on body weight, survival rate, and the in vitro 
contractility properties of both diaphragm and longitudinal 
smooth muscle of ileum.  

II. MATERIALS AND METHODS 

The methods used in our experiments are summarized in 
the sections below. 

A.  Chemicals  
Chlorpyriphos (O,O-diethyl O-(3,5,6-trichloro-2-

pyridinyl)- phosphorothioate, purity 99.8%) was purchased 
from LGC standards SARL (6, Rue Alfred Kastler, 83076, 
MOLSHEIM, France). It was dissolved in commercially 
available rapeseed oil (the vehicle) at dose of 1 mg/ml (for 
the CPF1 group) and 5 mg/ml (for the CPF5 group) in order 
to expose animals to 1 or 5 mg/ml/kg body mass/day. Other 
biochemicals were obtained from Sigma-Aldrich Chemical C 
(L'Isle d'Abeau Chesnes, 38297 Saint-Quentin Fallavier, 
France).  

B.  Experimental Design  
Twelve female and 6 male Wistar rats (aged 8 weeks on 
arrival, body mass 250-300 g) were obtained from Janvier 
LABS (Le Genest Saint Isle Saint Berthevin, 53941 France). 
All animals were housed in cages in a controlled-temperature 
(23°C) room with a 12:12 h alternating light:dark cycle. 
They were maintained on a standard pelleted diet, with tap 
water ad libitum. After a 1-week acclimation period, females 
were mated with males and pregnancy was determined by 
the presence of spermatozoa in the vagina checked with a 
smear. After fertilization, female rats were individually 
housed in clean plastic cages and randomly assigned to a 
treatment group or control group. Pregnant rats were exposed 
by gavage from gestational day 1 (GD1) to the post natal day 
(PND21) at different doses: 1 mg/kg/d (CPF1) and 5 
mg/kg/d (CPF5) vs vehicle. After weaning at PND21, pups 
were administered with the same doses of CPF until day 60 
of age (PND60). Hence, pups were studied at two time 
points: weaning day (PND21) after gestational and 
lactational exposition and in adulthood (PND60) after further 
exposition to CPF in food.  

C. Sample collection 
At day 21, half of rats were euthanized with an 

intraperitoneal overdose of sodium pentobarbital (1 ml/kg; 
200mg/ml solution) and muscles of both diaphragm and 
ileum were sampled for measurement of contractile 
properties. The second half of rats was weaned and 
administered with the same doses of CPF until day 60 of age 
(PND60). They were sacrificed and the contractile properties 
of their muscles studied.  

D. Organ bath physiology 
After euthanasia, the diaphragm and pieces of ileum were 

removed. Muscle strips were mounted in organ bath 
containing oxygenated Krebs solution at 37°C and pH 7.4. 
After 30min equilibration period, the ileal segments were 
stimulated by electrical field stimulation (EFS) (100 v- 32 
Hz). For the diaphragm segments, fatigue was induced by 
application of a low frequency fatigue protocol consisting of 
supramaximal stimuli (2 Hz, 2 ms, 12 V) delivered directly 
to the muscle for 5 min for induction of fatigue.  

E. Statistical analysis 
Statistical analyses were performed with graphpad prism 

5 software (graphPad software, Inc, San Diego, California) . 
If groups were significantly different in in a one-way 
ANOVA test, an impaired t test was then performed. 
Statistical significance is reported for the p≤0.05. Values 
were expressed as the mean±SEM.  

III. RESULTS 

Our results obtained are exposed in the sections below. 

A. Effect of CPF exposure on body mass and mortality of 
pups 

Figure 1 shows that at birth and PND21 there was no 
difference in body mass of rats exposed to CPF1 compared 
to controls. However, at PND60, body mass of CPF1 rats 
was significantly decreased. Body mass of rats exposed to 5 
mg/kg/d of CPF was significantly lower than control at birth, 
PND21 and PND60. 

 

 
Figure 1. Change in body mass of rat pups during repeated oral 

exposure at PND01, PND21and PND60. 
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It should be noted that deaths occurred essentially 
between PND01 and PND21 in pups exposed during in utero 
and postnatal periods to CPF5 (Table I). 

 
TABLE I.   NUMBER OF DEATHS OCCURING DURING 

REPEATED ORAL EXPOSURE TO THREE 
DOSES OF CHLORPYRIPHOS  

                    FROM PND01 TO PND21. 

 

B. In vitro muscle contractility 

At PND 21 and PND 60, the diaphragm shows a 
significant increase in twitch tension after oral exposure to 
CPF at doses CPF1 and CPF5, as depicted in Figure 2.  

 
However, only at PND60, the fatigability index was 

higher in CPF5 group compared to controls, as shown in 
Figure 3. 
 

 

The EFS-stimulation of ileal segments of exposed rats 
showed a significant increase in the amplitude of contraction 
at PND21 and a significant decrease in the amplitude of 
contraction at PND60, as presented in Figure 4. 

 

IV. DISCUSSION 
The data from this study show that in utero and postnatal 

chlorpyriphos exposure alters the contractility of diaphragm 
and smooth muscle of ileum. Organophosphorus (OP) 
insecticides elicit toxicity through inhibition of 
acetylcholinesterase, leading to accumulation of 
acetylcholine in the nervous system and consequent signs of 
cholinergic toxicity [19]. Our results show that perinatal 
exposure of rat pups to low dose CPF has an impact on 
growth, with lower body weight in CPF1 group at adulthood 
and in CPF5 group at birth, PND21 and PND60 as described 
by Mansour and Moussa [20]. 

This study was designed to investigate, for the first time, 
the effects of chlorpyriphos exposure from the first day of 
gestation to the post natal day (PND21) and to adulthood 
(PND60) on the contractility of diaphragm and smooth 
muscle of ileum. As expected, the exposure to CPF alters the 
contractility of diaphragm and ileal smooth muscle. At 
PND21 and PND60 the twitch tension of diaphragm was 
significantly increased in both CPF1 and CPF5 group. This 
can be explained by the inhibition of the acetylcholinesterase 
in the neuromuscular junction and will be confirmed by the 
dosage of acetylcholinesterase activity. Previous studies 
reported decreased acetylcholinesterase activity in 
diaphragm following repeated oral postnatal exposure to 
CPF from PND1 to PND21 [16] and in adult rats [14]. 
Furthermore, the fatigability index was higher in adult rats 
exposed to CPF5. This can be related to the protein content, 
the calcium intake or the neuromuscular junction structure. 
Further experiments are required to explain this increase. 
The amplitude of contraction of the ileal longitudinal smooth 
muscle of the ileum was increased in the rats exposed to both 
CPF1 and CPF5 doses at PND21. However, at PND60, the 

DOSES Control CPF-1       CPF-5 

PND 01-21   0/25 (0%)                           0/25 (0%)   13/32 (40%) 

 
 

Figure 2. Twitch tension of diaphragm after oral exposure to CPF at 
PND 21 (2.a) and PND 60 (2.b). Values are expressed as mean ± SE 

(n=10/group) *significantly different from control (p<0.01). 

 
 

Figure 3. Effect of CPF exposure on fatigability of diaphragm at PND21 
(fig.3.a) and PND60 (fig.3.b). 

 
 

Figure 4. Contractility of ileal longitudinal smooth muscle at PND21 
(fig.4.a) and PND60 (fig.4.b) in controls, CPF1 and CPF5. 
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amplitude of contraction was decreased in exposed group.   
This can be explained by the difference of administration of 
CPF: at PND21, rats were exposed to CPF in utero and via 
lactation; the chlorpyriphos is mostly detoxified by the 
organism of the mother. After weaning up to day 60, 
intestinal tract is directly in contact with CPF. Those features 
may provide an explanation for the difference observed 
between the two age groups. 

 

V. CONCLUSION  
The chronic, low-dose oral exposure to CPF from day 

one of gestation to postnatal day 60 alters the contraction of 
skeletal respiratory muscle, and longitudinal ileal smooth 
muscle in juvenile and adult rats. These effects could alter 
the respiratory pattern and the intestinal transit which will be 
investigated in future. These findings suggest that the 
pesticides exposure should be avoided as much as possible. 
The mechanisms that lead to the increase in the contractility 
have to be investigated. This change in the contractility of 
the muscle can be related to modification of the muscle 
structure including muscle fibers distribution, myofibrillar 
protein and/or RNA content. Thus, further investigations are 
needed in order to explain these muscle alterations. 
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