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Abstract 
Background: Telemedicine is becoming increasingly important 
in Ecuador, especially in areas such as rural primary healthcare 
and medical education. Rural telemedicine programs in the 
country need to be strengthened by means of a technological 
platform adapted to local surroundings and offering advantages 
such as access to specialized care, continuing education, and so 
on, combined with modest investment requirements. 
Introduction: This present article presents the design of a 
Telemedicine Platform (TMP) for rural healthcare services in 
Ecuador and a preliminary technical validation with medical 
students and teachers. 

Materials and Methods: An initial field study was designed 
to capture the requirements of the TMP. In a second phase, 
the TMP was validated in an academic environment along 
three consecutive academic courses. Assessment was by 
means of user polls and analyzing user interactions as reg
istered automatically by the platform. The TMP was devel
oped using Web-based technology and open code software. 
Results: One hundred twenty-four students and 6 specialized 
faculty members participated in the study, conducting a total 
of 262 teleconsultations of clinical cases and 226 responses, 
respectively. 

Conclusion: The validation results show that the TMP is a 
useful communication tool for the documentation and dis
cussion of clinical cases. Moreover, its usage may be re
commended as a teaching methodology, to strengthen the 
skills of medical undergraduates. The results indicate that 

implementing the system in rural healthcare services in 
Ecuador would be feasible. 

Keywords: telemedicine, teleconsultation service, web-based 
technology, open source, rural healthcare, medical internship 

Introduction 

T
elemedicine makes it possible to improve patient 
healthcare, using Information and Communication 
Technologies (ICT) and telecommunication equip
ment to transfer information and give remote access 

to medical services.1'2 A component of telemedicine is tele-
consultation between professionals, supported by the exchange 
of clinical information and videoconferencing, provided in 
rural areas where medical expertise is limited with access 
to specialized care.3'4 Moreover, the use of teleconsultation 
application as a learning resource is described in several 
experiences in the literature.5'6 This telemedicine application 
is a useful teaching methodology for developing practice-
based learning and clinical skills for the writing of case studies 
at all stages (students, graduates, and specialists).7 Training 
examples include telepathology,8 the teledermatology,9'10 and 
surgical training.11 

Telemedicine is becoming increasingly important in Ecua
dor, especially in rural primary healthcare and medical edu
cation. However, Mijares12 identified the main barriers to 
widespread implantation of telemedicine in the country as 
poor connectivity and limited access to ICT, duplication of 
efforts between local institutions, and a lack of understanding 
of the benefits of telemedicine. Considering these limitations, 
the government of Ecuador has implemented a National 
Telemedicine/Telehealth program, which will provide Internet 
access and equipment to support Telemedicine applications in 
health institutions.13 Examples of experiences in rural Ecua
dor include Macas (Morona Santiago) with a videoconfer
encing system14 and Loja with the Tutupaly project.15 

The Universidad Técnica Particular de Loja (UTPL) is a pi
oneer in the implementation of telemedicine services in rural 
areas, under the Tutupaly project,15 where the use and costs of 
exchanging clinical information between health professionals 
were evaluated. The project experience was conducted 
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between entre 2007 and 2012, and its findings were the 
starting point for this present study. The project demonstrated 
the need to develop a telemedicine platform (TMP) integrat
ing all communication tools and able to support the tele-
consultation workflow: documental management of clinical 
cases, notifications, and the monitoring of user interactions. 

This present article describes the design of a TMP to future 
support Tutupaly rural healthcare services and address a 
preliminary technical validation with medical students and 
teachers of UTPL. 

Materials and Methods 
THE TUTUPALY PROJECT 

The Tutupaly project was implemented in collaboration with 
the Public Health Ministry of Ecuador. The participants were 
General Practitioners (GPs) enrolled with the Amazon rural area 
Mandatory Rural Service (MRS) and UTPL faculty doctors (FDs) 
who responded to the consultations submitted by GPs. Access 
to specialized knowledge and continuing education of MRS 
GPs were the principal objectives of the project. 

Seven health posts (HPs) throughout the Yacuambi and El 
Pangui cantons (Fig. 1) in Zamora Chinchipe province par
ticipated in the project. 

The project equipped all the HPs with a telecommunication 
network. Free ICT tools such as videoconference (Skype, 
Messenger), e-mail (Hotmail, institutional UTPL), and Internet 
Protocol (IP) telephony (Asterisk) were used to support inter

actions between users. Clinical cases and teleconsultation 
forms were exchanged using Microsoft Excel files. 

FUNCTIONAL AND TECHNICAL SPECIFICATIONS 
Martinez et al.16 evaluated a teleconsultation application in 

rural primary care in Peru and concluded that its usefulness 
may be extended to other countries throughout Latin America 
if teleconsultation services are tailored to local needs. The first 
step toward developing a telemedicine application is to de
fine its functional specifications, including the hardware and 
software architecture specifications, taking into account 
organizational aspects, user profiles, and expectations. An 
exhaustive study of requirements contributes to optimal 
application performance, information reliability, usability, 
and user satisfaction.4'17'18 

Identifying requirements. We visited three HPs which had 
participated in the Tutupaly project. A field study was addressed 
to identify the ICT tools and infrastructures in place at HPs; 
users' experience on ICT tools, Internet and telemedicine; and 
user expectations regarding the use of a TMP in the near future. 

REVIEW OF i d TOOLS. The three rural HPs analyzed were 
located in Yacuambi canton (28 de Mayo, La Esperanza, and 
Tutupali). The three HPs were connected to the Tutupaly tel
emedicine network, with a base station in the 28 de Mayo HP. 
UTPL sourced 128/64 Kbps connection from a local Internet 
provider. Each HP was supplied with a CPU, monitor, Webcam 
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Fig. i . Location of Tutupaly project health centers and posts. 
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and microphone with speakers, and telecommunication 
equipment (a network Router Board, an analog telephone 
adaptor (ATA) IP telephony device, an analog telephone, and a 
wireless grid antenna). The 28 de Mayo also had an additional 
asymmetric digital subscriber line (ADSL) connection with 
Internet access (5/4 Mbps) provided by the National Govern
ment. Four MRS GPs were assigned to the HPs (one in Tutu-
pali, two in 28 de Mayo, and one in La Esperanza). 

A questionnaire was designed to collect information from 
users concerning: (1) previous experiences with ICT tools, 
Internet services, and telemedicine and (2) user expectations 
about the use of TMPs. The survey was performed in February 
2013 with three user groups as follows: MRS GPs, the UTPL 
Medical Internship Coordinator, and FDs from UTPL. Table 1 
shows the questionnaire. Questions were answered according 
to the Likert scale19 with a value between 1 and 5 representing 
low and high satisfaction levels, respectively. Table 1 gives the 
responses of the three groups. 

Functional requirements and restrictions. The telemedicine 
application was required to support teleconsultations between 
faculty and MRS GP through asynchronous medical consulta
tions, with electronic management of the clinical information. 

Figure 2 shows the Unified Modeling Language (UML) use 
case diagram. MRS GPs fill in the clinical case form and send a 

consultation to the selected FD. The FD accesses the clinical case 
and creates a response. MRS GPs and FDs can review past tele-
consultations and request for technical support. A tele-education 
module provides MRS GPs with telemedicine (TM) teaching re
sources. Administrators can access the technical support module, 
the management module, and the report module. 

Technical Restrictions: 

— The system is required to run on existing computers at 
the rural HP and at UTPL university. All Internet Web 
browsers should be supported, although Mozilla-Firefox 
is preferred. 

— The platform must meet with data security requirements, 
and all clinical case documents and teleconsultation 
information must be stored in a local repository. 

— Users must be able to connect to the platform from 
anywhere in the world, especially from rural areas pro
vided with the UTPL network connection (128/64 Kbps) 
or the National Government connection (5/4 Mbps). 

— The platform must be developed using open source 
software. 

Technical specifications. A study of the minimum software and 
hardware requirements was made based on the results of sections 
(a) and (b). The results defined the: (1) infrastructure requirements 
(server and communications) and (2) software architecture. 

Table 1. Previous Experience of and Expectations for Telemedicine (Average!Standard Deviation) 

1RSGP( /v=4) M IC ( /v=1 ) FACULTY (/v=G) 

3 Previous experience 

PI. E-mail systems 

P2. Web and Internet applications 

P3. Computer applications for recording clinical data 

P4. Experience with Internet access in the workplace 

P5. Any application for direct teleconsultation between faculty and MRS GP? 

P6. Any application for direct teleconsultation between faculty and senior undergraduates? 

5.0 ±0.0 

5.0 ±0.0 

5.0 ±0.0 

3.0±2.3 

1.0±0.0 

1.0±0.0 

5 

5 

5 

5 

2 

1 

5.0 ±0.0 

5.0 ±0.0 

5.0 ±0.0 

5.0 ±0.0 

3.0±2.2 

1.0 ±0.0 

Usage expectations of telemedicine 

P7. Do you consider that telemedicine would help to increase interactions 
between specialized faculty and MRS GP? 

P8. Do you consider that telemedicine would help to increase interaction 
between specialized faculty and senior undergraduates? 

P9. Do you consider that the system will be easy to use? 

P10. Do you consider that using the system will provide you with greater security? 

5.0 ±0.0 

4.5±0.6 

5.0 ±0.0 

5.0 ±0.0 

5 

5 

5 

5 

5.0 ±0.0 

5.0 ±0.0 

5.0 ±0.0 

5.0 ±0.0 

MIC, medical internship coordinator; MRS GP, mandatory rural service general practitioner. 

Score: 1 =strongly disagree to 5 = strongly agree. 
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Fig. 2. Unified Modeling Language (UML) case diagram of the platform. 

SELECTED INFRASTRUCTURE. Server provided network do
main services and web hosting (CPU P4 3 GHz, 1 GB RAM, 256 
GB DDR); Internet-access bandwidth at least 20/13 Mbps 
server side and 128/64 Kbps user side. 

SELECTED SOFTWARE ARCHITECTURE. Centralized client/server 
Web architecture with multiplatform access and low cost. The 

final decision was to install, configure, 
and customize the LAMP open source 
framework. LAMP is based on a Linux 
operating system (Ubuntu Server), 
Apache Web server with PHP code 
interpreter, and MySQL Database 
server. The telemedicine service was 
developed as a web application using 
Joomla framework, a license-free and 
open-source content management soft
ware framework. Joomla offers privacy, 
security, user-friendliness, and scal
ability.20 Moodle was the framework 
selected for the tele-education module. 

Figure 3 shows the architecture of 
the TMP and the minimum require
ments for the equipment and the com
munication connections. 

EVALUATION METHODOLOGY 

Description of the experience. The plat
form was validated by medicine faculty 
teachers and students. The TMP was used 
as a teaching resource in an elective 
course on telemedicine, offered as part of 

the Loja-Ecuador University undergraduate program.21 Students 
participating in the experiment were senior undergraduates, 
performing their internships in Teaching Assisting Units from 
hospitals or primary care centers of Loja. FDs had experience in 
clinical practice and teaching in a range of specialties, including 
internal medicine, family medicine, surgery, gynecology and 
obstetrics, general medicine, radiology, and pediatrics. 

Users 
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Undergraduate 

Faculty Doctor 

Client 

Software 

0 

Server 

i Ubuntu Server 

LAMP Server 

Telemedicine 
Service 

Joomla 
Moodle 

Hardwan 

APACHE 
MySQL j Server 

CPU P4 3Ghz 
1 GB RAM 

256 GB DDR 

Fig. 3. TMP architecture and requirements for equipment and communication connections. TMP, telemedicine platform. 
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Table 2. Usage Details 

ACADEMIC NUMBER 
PERIODS OF STUDENTS 

Period 1 

Period 2 

Period 3 

Total 

50 

40 

34 

124 

NUMBER 
OF TELECONSULTATIONS 

53 

123 

86 

262 

NUMBER 
OF ANSWERS 

45 

111 

70 

226 

TC WRITING 
TIME (MIN) 

24.8±15.4 

28.0±13.6 

32.0±15.8 

28.3 ±15.0 

RT WRITING 
TIME (MIN) 

14.1 ±6.1 

12.0 ±5.7 

8.8±4.4 

11.6 + 5.4 

RT WAITING 
TIME (DAYS) 

6.2 ±5.8 

8.4+ 11.2 

3.8± 1.5 

6.1 ±6.2 

RT, response to teleeonsultation; SD, standard deviation; TC, teleeonsultation. 

Students were required to create a clinical case, sending a 
teleeonsultation to a specialist of their choice. Using their ac
cess credentials, students logged in to the platform, from any 
Web browser, creating the clinical case and completing the 
teleeonsultation form. The teleeonsultation documentation 
contains information established for the electronic medical 
record (Tutupaly project teleeonsultation form): reason for the 
consultation, current illness, medical history, physical exami
nation, tests performed, and probable diagnoses.22 Users also 
had the option of adding comments or questions and attaching 
additional files, such as images. Courses had a duration of 
4 months, with students being asked to send 1 monthly tele
eonsultation, giving a total of four per student. Teaching spe
cialists were asked to send their responses within 24 h after 
being notified by the platform through e-mail. The response 
form includes comments on the symptoms, proposed diagnostic 
tests, presumptive or definitive diagnoses, proposed treatment, 
and the proposed education plan. 

Evaluation method. Previous experiences have identified 
standard benchmarks and suggestions for evaluating tele-
medicine systems, although no evaluation model has been 
widely implemented.23'24 

In our study, we evaluate the effectiveness, reliability, us
ability, and usage of the TMP by means of auto-generated 
records of user interactions with the platform and question
naires filled in by users (doctors and students), designed fol
lowing the criteria developed in previous experiences.16'25"28 

AUTO-GENERATED USAGE RECORDS. The parameters for ana
lyzing the use of the TMP included total number of telecon-
sultations and responses; time spent writing teleconsultations 
(min); time spent writing response (min); and teleeonsultation 
waiting time (days). The parameters were automatically regis
tered by the platform, with total user transparency. The mean 
values of each parameter and its standard deviation were cal
culated for each global period and for each month of the study. 

FEASIBILITY AND ACCEPTANCE EVALUATION. FDs r e s p o n d e d to 

one initial questionnaire (Table 1) and one final questionnaire 
at the end of the evaluation experiment (Table 2). The final 
questionnaire consists of 10 questions: 2 related to task ef
fectiveness; 3 concerning reliability; 2 on usability; and 3 on 
acceptability and usage satisfaction. Questions were answered 
using the Likert scale.19 

At the end of each course, students answered a final ques
tionnaire of four questions,29 three being open questions on 
utility (Ql), advantages (Q2), and disadvantages (Q3) of the 
platform and the fourth (Q4) on whether they would use the 
platform during their MRS after graduation. For further 
quantitative analysis, the answers to the first three questions 
were coded as short answers, similar to the work of Popping.30 

Results 
The study was conducted along three consecutive academic 

courses, each with a duration of 4 months. It covered six 
teachers, each with more than 5 years of experience in clinical 
practice and teaching, and 124 students. 

AUTO-GENERATED USAGE RECORDS 
Table 2 shows TMP usage along the three test periods. 

Students spent an average of 28.3 min writing cases; FDs spent 
an average of 11.6 min writing responses. 

On average, FDs response time (6.1 days) was much longer 
than recommended (24 h) and also varied widely (min 0.1 days 
to max 12.3 days). 

Figure 4 shows the distribution of teleeonsultation sub
missions over the months. Certain peaks are observed mainly 
coinciding with the end of academic periods. These peaks had 
an impact on the number of unanswered teleconsultations 
(8, 12, and 16, respectively, over the periods). 

FEASIBILITY AND ACCEPTANCE 
A majority, 83% (5/6) of the FDs participating in this study, 

completed the final questionnaire. Figure 5 shows the average 
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Fig. 4. Monthly distribution of teleconsultations and answers. 

value of responses to the questionnaire, with regard to task 
effectiveness, reliability, usability, and acceptation. All FDs 
strongly agreed on the effectiveness of the platform, expressed 
a high degree of acceptance and satisfaction, and considered 
the platform useful for undergraduate medical training and 
for mandatory Rural Medical Service. The platform was rated 
as being reliable, as well as being user-friendly and easy to 
learn. All respondents strongly recommend the use of the TMP 
to support teleconsultations. 

A majority, 51% (63/124) of the students who participated in 
this study, completed the questionnaire. All the survey respon
dents (63/63) considered the platform to be useful for the learning 

process. The main advantages indicated by students included 
increased access to specialists, enhanced practical knowledge, 
and assistance in the diagnosis and treatment processes. The main 
disadvantage they identified was the delay in answering the 
teleconsultation by faculty (Fig. 6). Only 11% of survey respon
dents experienced failures with platform connections or Web 
browser crashes when using the tool. All students surveyed re
sponded that they would use the platform in their rural service. 

Discussion 
The TMP architecture offers direct communication between 

FDs and students. The selection of an open-source software 

s « 
Q. V 

QUESTIONS 

Q l . Using the system offered you direct communication wi th senior 
undergraduates students 

Q l . Using the system allowed you to respond to pending teleconsultations 

Q3. The system offered enhanced security 

Q4. You required technical support at any stage 

OS. Any problems experienced were resolved in a t imely manner 

Q6. The system was comfortable and easy to use 

0 7 . You found it easy to learn the svstem 

¡ QS.You consider that the TMP offers increased interaction between senior 

) undergraduates and specialised faculty members, strengthening clinical skills 

j Q9. You consider the telemedicine platform useful for faculty 

members and rural GPs for second opinions and continuous education 

Q10. You would recommend the telemedicine platform for teleconsultation 

Ave range values and Standard desviation (AverangelSD) 

Score: 1=Strongly disagree; 6= Strongly agree 

I 5.0+0.0 

I 5.0+0.0 

i a i l l l l l W 4.0+0.7 

I 2,8±0.8 

^^m 3.6*0.1.1 

• 4.0+0.7 

I 3.6+0.5 

^^m 4.4±0.5 

I4.2+.0.8 

I 5.0+0.0 

Fig. 5. Faculty answers after validation of the TMP (0 = 5). 
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Response rate 

0% 20% 40% 60% B0% 100% 

Q l . Do you consider the TMP to be useful?: Yes 

H 
* A l 
c 
o 

8* Q2« What we re the advantages of the TMP?: A2 

1 
I Dl 
0 Q3. What were the disadvantages of the TMP?: D2 | 

03 H | 11% 

Q4. Would you utilize the TMP during your 

100% 

67% 

mandatory rural service? 
Yes 100% 

Fig. 6. Students' answers (0 = 63): Qi. Utility; Q2. Advantages, Ai: Increased access to specialists, A2: Enhanced practical knowledge, A3: 
Assistance in the diagnosis and treatment processes; Q3. Disadvantages, Di: No disadvantage, D2: The delay in answering the tele-
consultation, D3: Web browser crashes; and Q4. Usage in rural service. 

infrastructure guarantees permanent upgrades and support 
from the community,6 offering reduced maintenance costs 
compared to commercial software. Current usage figures, such as 
the clinical case writing time and response writing time, will serve 
as a reference for internship coordinators and FDs for organizing 
academic activities and planning faculty workloads.19 

The results of the evaluation indicate that the TMP is ac
ceptable and feasible for senior undergraduates. FDs indicated 
that TMP is a useful tool to support rural healthcare services, 
and all students declared their intention to use the platform 
during their MRS. 

One limitation on the study is the small teacher sample 
(5/6), which does not favor the generalization of results. 
However, there is a broad consensus among participants, 
particularly faculty, regarding the efficiency, reliability, us
ability, and utility of the platform in the acquisition of prac
tical knowledge, as evidenced by the low variability in 
responses; accordingly, an increase in sample size would 
likely not influence results. A second limitation of the study is 
the difference in student numbers in each period. However, the 
same methodology was followed in each period. 

In the future, we propose a series of studies involving even 
more rural HPs, specialists, and hospitals, with the aim of 
demonstrating the impact of telemedicine on rural healthcare 
and medical internship situations at national level, as required 
by the National Accreditation and Evaluation Body.31 

Conclusions 
The validation results show that TMP is a useful commu

nication tool for the documentation and discussion of clinical 

cases and that it can be recommended to strengthen under
graduate medical practice programs. They also show that 
implementing the system in rural healthcare services in 
Ecuador would be feasible. 
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