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Abstract: The paper describes the implementation of a telemedicine platform that is developed in collaboration by a 

multidisciplinary team of researchers (engineers and doctors). The complex telemedicine information system aims to offer 

distance medical assistance to patients with amputated limbs mainly for those using prosthetic limbs. Although not intended to 

replace the classical relationship doctor-patient and the direct human interaction, the telemedicine system is an important tool in 

special cases when the patients live in remote areas or do not have the possibility to go to the hospital. During the training 

procedure often necessary for the performant use of a prosthesis, the distance consultations can also be a convenient solution. The 

implementation of the telemedicine information systems is done via internet using open-source software; it is accessible both on 

PC and mobile devices and requires a broadband connection.  
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1. Introduction 

Telemedicine implies the use of information technology in 

order to exchange medical information from one site to 

another via electronic communications and its goal is to 

improve a patient’s clinical health status. Telemedicine 

includes a growing variety of applications and services using 

two-way video, email, smart phones, wireless tools and other 

forms of telecommunications technology. Such applications 

of information technology in healthcare services can 

eliminate barriers regarding physical distances between 

patients and healthcare providers and can extend medical 

services in effective time to areas otherwise poorly or 

occasionally covered, like remote rural locations, isolated 

communities or countries with deficient medical 

infrastructure. As both telecommunications and medical 

investigation tools are domains of major scientific and 

technical research and development, telemedicine is rapidly 

progressing nowadays all over the globe and is expected to 

become in the next period a standard procedure both in 

developed and underdeveloped countries. The main services 

provided by telemedicine systems are emergencies support, 

medical consultations, remote patient monitoring, health 

information and medical education.  

The health status of the population largely depends on the 

quality of medical services, on the effectiveness of 

interventions and on the extent to which a large number of 

patients can simultaneously be examined and treated. In EU 

countries, important efforts focus on increasing the care 

levels for disabled people, while maintaining the 

expenditures at tolerable levels for society. Public health is an 

issue that requires a constant attention because it directly 

influences all workforce categories, who, in their turn, 

generate progress in society. 
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This paper describes a telemedicine system developed in 

order to support and improve effective healthcare for patients 

with amputated limbs and is a continuation of previous work 

(the design of myoelectric prosthesis with bio-feedback). The 

interest in this field is justified by the high number of cases 

of amputations. At international level, the number of people 

who had undergone forearm amputations is not precisely 

known, but statistics in recent years show that the number of 

patients with amputated arms worldwide is alarmingly high 

and it is constantly increasing: 450,000 in 2010 in the U.S. 

[1], 45,000 persons in the UK, 55,000 in Romania [2]. The 

2010 statistics by disabled patients’ organizations in the U.S. 

estimate that each year there are over 185,000 amputation 

procedures performed in the United States [3], [4]. The actual 

situation of such numerous people is difficult and constitutes 

a real concern. Such patients are confronted with great 

difficulties both in finding a job, for getting themselves 

reintegrated into society, and in performing daily personal 

hygiene activities, nutrition, etc., being often dependent on 

the financial support of their family and the government. 

All over the world, in recent years, intelligent prostheses 

have enjoyed intense focus of attention, which is visible in 

the ever increasing number of international research projects, 

articles in scientific journals worldwide, and, last but not 

least, in commercial achievements such as the artificial hands 

with neuronal or myoelectric command [5], [6]. Systematic 

efforts made by many inter-disciplinary specialist research 

teams lead to significant annual progress that enriches the 

market with better performing artificial hands.  

From practical perspectives, an artificial hand is expected 

to act similarly to the limb it replaces, inasmuch as possible, 

not only in movement possibilities and control, but also in 

point of sensory experience [9]. However, the best 

performing artificial hands manufactured nowadays are far 

from reaching the abilities of a biologically healthy hand. 

Still unsurpassed technological obstacles (bottlenecks) in 

achieving artificial hands fall into the next categories: 

1. Limitation in the degrees of movement freedom and 

complexity. The best performing artificial hands on the 

current market have reached up to 15 degrees of 

freedom out of the 30 possessed by a healthy hand [12]. 

2. Limitation of the patient’s voluntary control on the 

performed movement. In order to enable higher 

effectiveness in the patient’s command of the prosthesis, 

certain researchers focus on conjugated collection and 

processing of numerous categories of bio-signals: 

neuron signals from the motor cortex, neuron signals 

from the peripheral nervous fibers, myoelectric 

intramuscular and surface signals [13]. Obtaining 

neuron commands (cortical or peripheral) requires 

surgical implantation of sensory matrices. This method 

has the advantage that it can offer multiple bio-signals 

with reduced noise, but it has the disadvantage of being 

invasive and its risks have not been assessed yet. 

Obtaining surface myoelectric signals (sEMG) is simple 

and non-invasive, but limited with respect to the 

number and quality of distinct signals to be gathered at 

stump level. Specialized scientific literature has 

reported several results in recognizing signal patterns 

and using them for achieving complex movements 

which would normally require a more substantial 

number of command signals [14].  

3. Absence of complex sensorial feedback from the 

artificial hand to the patient. Implementing technical 

solutions in prostheses that will enable sensing 

temperature differences, touch and amounts of pressure 

felt during contact with various objects still remains one 

of the most important goals to be attained in the near 

future. At present, such functions are virtually absent in 

the products on the market [12]. Hence, one of the main 

limitations of artificial hands/arms is the lack of 

feedback that would be useful both for control and 

adjustment of the dynamic force exerted and also for the 

development of new reflexes in patients. 

In recent years, the field of rehabilitation systems that use 

virtual reality has undergone continuous development in EU 

countries, the U.S. and Japan. Numerous interdisciplinary 

teams formed by experts perform research in the area of 

virtual reality technologies and thus generate progress in this 

area annually. The widely known institutes specialized in 

achieving rehabilitation systems based on virtual reality are 

located in Taiwan, Japan, the USA, Germany and the UK. 

Best achievements are currently in the research stage. Touch 

Bionics is the only company that now delivers a specialized 

software package “virtual-limb” with its “i-limb ultra” and 

“i-limb digits” prostheses. However, their product 

“virtual-limb” has reduced performance because it only 

offers palm and fingers modelling in virtual reality, 

completely lacking forearm, elbow and arm modelling. 

The best prostheses and rehabilitation systems on the 

market are very expensive and most of amputees cannot afford 

such a product. New artificial hand models with good 

performances at lower costs will always be of great interest in 

this field. A multidisciplinary team of researchers, engineers 

and doctors form Romania proposed a new model of artificial 

hand [8], [18], [19]. Based on myoelectric signals and 

including different mechanisms of feed-back, this prosthesis 

need a systematic training effort for the patient, that implies in 

different stages both technical and medical assistance. The 

objective of the work reported in this paper is to provide an 

efficient training and communication tool for both patients 

and doctors to assist the patient rehabilitation effort. The 

rehabilitation training process is based on virtual reality and 

bio-feedback models. The telemedicine information system is 

a basic tool in the process of recovery and training of the 

patients, and can be extended for more general purposes. 

2. General Presentation of the 

Telemedicine System 

The telemedicine system is depicted by the overview 

image in figure 1. 
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Figure 1. Overview of the telemedicine system. 

The role of the telemedicine system implies the 

patient-medic direct communication either from home or 

from another hospital or healthcare center than the main 

hospital (where the doctor is located). The proposed 

information system uses the internet as telecommunication 

structure and requires access to a broadband internet 

connection for both the doctor and the patient. Basic 

knowledge regarding the usage of the home computer or 

mobile computing devices is necessary.  

A telemedicine information system is easy to implement 

and presents benefits for the medical system, for the patient 

and for the doctor. The advantage for the medical system 

would be the ease of use for the electronic health file, the 

efficient management of hospital appointments. The doctor 

can schedule his patients according also to their possibilities 

and needs and will always have an extensive immediate 

overview over the patients’ medical history.  

The patient will have the possibility to “meet” the 

specialized doctor in his own house, which will increase the 

efficiency of consultations avoiding each time a stressful 

(especially for amputees) displacement. The patient has the 

possibility to schedule an online meeting with the doctor, 

according to a predefined timetable. The consultation will 

begin and end according to the schedule and momentary 

needs. The patient may attend an assisted training session at a 

medical center in his proximity and the session can be 

supervised by his doctor. 

The necessity of an internet connection is not considered 

to be a limitation of the system. For instance, according to 

official a study of the National Statistics Institute from 2013, 

55.8% of the households in Romania have a computer, from 

which 70.9% are in urban environment. Half of the 

households (52.9%) have internet connection and the 

majority (73.2%) are in urban areas [2]. Due to the fact that 

more than half of the population already possesses various 

knowledge regarding the usage of internet technology, the 

proposed system only adds a new utility to the suite of 

applications already being used on personal computers. 

The proposed system offers an audio-video solution for 

consultation sessions. Therefore it requires a video camera, a 

microphone and speakers (headsets), usually embedded in 

laptop or mobile systems. 

The interface providing interaction with the user is as 

simple as possible and makes use of well-known browser 

capabilities (Opera, Chrome, Firefox, etc.). Each user has an 

account, based on the email address and personal 

identification data. 

Broadband connection is preferable for the proper use of 

the audio and video capabilities, this type of connection 

being more and more accessible lately in Romania as in most 

countries around the globe. 

3. Architecture and Design 

Considerations for the Telemedicine 

System Implementation 

The telemedicine system uses the classical approach of a 

client-server system comprising modern web-programming 

techniques for the server and for the client applications. The 

block diagram of the client-server system is presented in 

figure 2. The system is secured in order to provide 

confidentiality of the information and of the communication. 

The design of the architecture and its implementation is based 

on a modular concept, in order to give opportunities of further 

development.  

 

Figure 2. Block diagram of the telemedicine system. 

From the perspective of the system designer, the doctor and 

the patient are both clients, although the interfaces and some 

functions may differ. All clients must be registered in the 

system in order to use it. The system will keep track of all 

connections for further reference. 

The server application comprises three parts: the 

authentication module, the settings and data processing 

module and the session module. 

The authentication module verifies, based on email and 

password, if the user is already registered in the system. If yes, 

based on the personal identification number, the electronic 

medical dossier is inquired. 
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This module functions as a client for the National 

Assurance Agency and has the important task to interrogate 

the electronic file of the patient, but also to allow access to 

certain items of this file for the doctor. Also the adding of new 

data to the medical file is possible, if required. The settings 

and data processing module is the control module of the server. 

Local and personal data are sent to the doctor interface and 

also the scheduling and preparation of a consultation is taken 

care of. The local data refers to reservations and other system 

specific settings: registration dates, system access history or 

previous sessions. The session module links the doctor to the 

patient during a session. A data and an audio-video stream 

opens between the two users. 

The patient can access the system from home as well as 

from a hospital or a recovery center, where a specialized 

assistant can also attend the consultation. The assistant can 

supervise and implement specific movements and exercises as 

well as measurements taken with specialized equipment. In 

order to be consulted, the patient must first schedule an online 

meeting according to the doctor’s calendar. The doctor will 

have to confirm first the online consultation. 

The doctor can access the consultation session practically 

from anywhere and can also set his availability to consult 

patients. He also can cancel requests if by some reason he 

cannot participate. 

The system is meant to be used by a relative reduced 

number of clients, compared to search engines, social sites, 

online news, etc. and does not require extensive hardware and 

software resources.  

The complexity of the system is given by the number of 

doctors and patients registered. Even if a large number of 

patients would like to schedule a consultation, the number of 

the doctors is limited and their timetables are fixed.  

The most resource demanding component is the 

audio-video streaming. From the software point of view, this 

application was realized using only open-source software, 

covering all the functionality.  

For the server part, the CentOS is an excellent solution as 

web server. The operating system hosts a LAMP (Linux 

Apache Mysql Php) platform that offers all necessary 

resources for a functional web hosting.  

The client and interface modules use modern frameworks 

for a better user experience and also portability. Bootstrap is a 

front-end framework, modern and versatile, that offers the 

possibility to create with ease responsive web pages. 

The audio-video module is covered by WebRTC protocol, 

that is supported by Google and will most likely soon become 

a wide spread protocol. It does not need a special plug-in (like 

Flash) to run. 

4. User Interface for the Patient and for 

the Doctor 

The user interface is as simple as possible, with a clear 

design and little distracting elements. The patient will perform 

three simple steps in order to attend a consultation: login into 

the system, scheduling and finally “attend” the consultation. 

The registration into the system is done only once, by 

means of email address, password (used consequently for 

logging in) and personal ID number. The email address will 

also be used for further notifications. The next accessed page 

will be the homepage, which comprises only two menus: 

Reservation (consultation scheduling) and Consultation. 

Figure 3 reproduces the window for the Reservation 

(consultation scheduling) interface. 

 

Figure 3. Reservation interface for the patient. 

The doctor registration interface is slightly different, 

because the doctors need to be checked and validated. The 

doctor also logs in based on email and password and has 

access to his personalized page.  

The consultation page has three menus: Consultation 

timetable creation, Consultation listing and Consultation. 

The consultation is the final and most important step of the 

process. The interface is similar for doctor and patient. Figure 

4 and 5 show the interface of a doctor that consults a patient 

from a rehabilitation center. This images are taken from an 

actual training session for the reactivation of the amputee 

forearm of a patient. 

 

Figure 4. Consultation interface for the medic. 
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Figure 5. Consultation session. 

If the patient would be at home, the live monitoring data 

would be missing. The patients interface shows the doctor in 

the live image. 

The “Patient data” box presents general data regarding the 

patient. 

“Session” displays the elapsed time, and the doctor’s name.  

“Patient data” offers detailed information about the patient, 

extracted from the electronic medical file and data acquired in 

real time by medical equipment. 

5. Functionality and Functional 

Scenarios 

Considering the interface describe above, we present here 

different scenarios, relating them to the general functionality 

of the system. Once validated, the doctor can see all 

consultations scheduled by patients. He can also deny any 

scheduling. If necessary, the doctor can set different reminders 

for the consultation.  

When the patient log in, if he has made a previous 

reservation (consultation scheduling), a message will appear 

under the Consultation menu. The patient has the possibility to 

cancel the appointment, according to the policy of the 

hospital. 

The consultation scheduling comprises three steps, the first 

being choosing the date of the consultation. Here a list of 

available doctors pops up and one of them can be chosen. Also 

a time interval will be reserved, as available for each specific 

doctor.  

This is a dynamic list, depending on the doctors’ timetable 

and on previous reservations. Figure 3 from the previous 

section depicts one step of the scheduling process. 

The consultation will then occur at the scheduled time, 

when both the patient and the doctor will be online. 

Figures 6 and 7 reproduce the functional diagrams of the 

telemedicine system. The functionality of the system implies 

two phases: scheduling and consultation, as seen in these 

figures. The main phase of the process and the most resource 

demanding is the audio-video consultation. 

 

Figure 6. Functional diagram for doctor module  

 

Figure 7. Functional diagram for patient module 

The system presented here was developed for a special 

purpose but can be also used for general purposes. Currently 

the medical systems of numerous countries face critical 

shortage of public resources and significant lack of 

specialized personnel (nurses and specialist doctors). The 

health care system as well as the health care providers are 

compelled to provide the highest possible quality, for 

bringing profits to the clinic, under the difficult 

circumstances in which the National Health Insurance 

allocations are reduced by the government and the costs of 

health services per patient are rising. Under such 

circumstances, it becomes obvious that alternative modalities 

should be developed in patient care, by improving the 

standards for disabled people, while maintaining tolerable 

expenditure levels for the society. In order to solve these 

drastically conflicting demands, various equipment and 

techniques may be used, including informatics and 

telecommunications components that provide increased 

effectiveness in treating patients: the same supervising 

physician may care, in similarly proper conditions, for more 

patients, hence the cost is reduced (without lowering the care 

standards); the doctor is thus relieved from the duty of being 

permanently present at the patient’s side. The telemedicine 

systems are therefore important from many perspectives. 
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6. Conclusions 

The telemedicine information system presented in this 

paper is a remote rehabilitation system with specific 

advantages. The patient can benefit from a consultation from 

home or another site where a doctor is not present. He will not 

have to displace each time he wants to contact a doctor, which 

is particularly beneficial for amputees.  

The technical solution comprises open-source software and 

implements a simple interface that is easy to use and also 

effective for the aimed task. The steps needed to access an 

online consultation are few and similar to usual application 

procedures. The web solution is responsive and therefore 

portable, being accessible on home computers or tablets (or 

smartphones) with any operating system supporting a browser. 

The speed is limited only by the quality of the internet 

connection of the users. 

The main specific advantage of the telemedicine system 

presented in this paper is the high accessibility at a training 

program offered to the amputee patients. These patients, in 

most cases, have a difficult financial situation and the 

performant (intelligent) prostheses are too expensive for them. 

Myoelectric prostheses can offer an affordable solution, but 

they imply a long training process. The patients that will use 

this system will join a program of rehabilitation that will help 

them learn to control the muscles and to use a myoelectric 

prosthesis. 
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