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Abstract  

OpenLabyrinth is an accessible open-source VP authoring system. The development and use of 

virtual patient software is of interest for an increasing number of universities and training 

facilities.  Medical training at different levels can greatly benefit from this computer-based 

training due to a number of advantages. Dental schools have a particular opportunity to diversify 

the training methods for their students considering the specifics of the diagnosis and therapeutic 

processes and the multi-media capabilities offered by the virtual patient authoring systems. For 

the exemplification of authoring and usage of a virtual patient for dental training, we selected 

OpenLabyrinth. The necessary steps in authoring the VP are presented and discussed in detail. 

The benefits, the downsides and the limitations of this type of training and assessment are 

presented in the context of the dental VP. However, taking into account all sensible points of this 

training concept we conclude that the benefits greatly exceed the disadvantages.   
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INTRODUCTION  

Information technologies have a 

growing role in medical education, especially 

in the last decade, bringing a number of 

undeniable advantages. New concepts such as 

e-Learning, virtual patient and active learning 

are increasingly present in the projects of 

renowned universities, as well as in the 

university curriculum. Virtual patients allow 

the study of clinical scenarios regardless of 

the availability of a teacher, the place where 

the student is or, more importantly, the access 

to a real patient. The limited possibilities 

regarding access to the necessary materials, 

equipment and expertise existing in a certain 

area open a way of affirmation for training 

platforms based on virtual patients [1]. 

Studies show that these innovative methods 
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enjoy a high degree of acceptance among 

both students and teachers and that they can 

complement the traditional methods of 

training so that together they will lead to 

improved results of the teaching act [2]. 

The term virtual patient refers to cases 

where the patient is not "real" and includes 

[3]: 

1. Simulations of computerized patients 

from a computer or server - these are used 

for learning by students or by young 

doctors using an algorithmic approach 

that leads to diagnosis and to good patient 

management. 

2. Actors who simulate and act in 

accordance with the symptoms of a 

specific disease and provide accurate 

responses to the student. 

3. Three-dimensional graphical simulations 

that evaluate manual skills, for example 

in surgical gestures. 

G. Alinier gives us a scale of six 

levels of simulation depending on the 

complexity and the interaction possible with 

the learner and according to the 

characteristics of the simulators [4]: 

 Level 0: written simulations (clinical 

cases); 

 Level 1: three-dimensional anatomical 

models; 

 Level 2: computer simulation, CD-ROM, 

video clinical cases, virtual reality 

 Level 3: standardized patient played by 

actors  

 Level 4: intermediate fidelity patient 

simulators 

 Level 5: high-fidelity interactive patient 

simulators 

Although in education, virtual 

patients have been used for many years, there 

is a certain level of confusion when trying to 

define the term of virtual patient [5]. A 

definition by the American Association of 

Medical Colleges (AAMC) describes virtual 

patients as “a specific type of computer-based 

program that simulates real-life clinical 

scenarios; learners emulate the roles of health 

care providers to obtain a history, conduct a 

physical exam, and make diagnostic and 

therapeutic decisions” [6]. 

 

THE AIM OF STUDY 

In this paper, we will be exploring the 

virtual scenarios, a capability of one of the 

most accessible virtual patient simulation 

systems - OpenLabyrinth [7]. A virtual 

scenario is basically a web-based interactive 

case or problem that one can solve or explore. 

The paper focuses on a second virtual 

patient exemplification, describing limits, 

advantages and disadvantages of the software 

in authoring VP in the dental field. 

 

MATERIALS AND METHOD 

The different features and options of 

the software were used in authoring the two 

virtual patients described in the two parts of 

the present paper [8]. For all the patients the 

informed consent was obtained. 

 

RESULTS AND DISCUSSIONS 

For this virtual patient, the user has to 

determine the diagnostic and devise a 

treatment plan in the first part, and then 

various treatment solutions must be reviewed 

and a critic analysis of the chosen solution 

must be made. Finally, the user has to 

evaluate the possible complications. 

1. Characteristics of the VP 

There are 22 nodes, 40 links and 20 

questions. The structure is based on a pearl 

necklace model. The VP is structured into three 

sections: diagnosis and treatment plan, 

prosthetic treatment and complications (Fig. 1). 
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Fig. 1. Pearl necklace structure of labyrinth. 

1. diagnosis and treatment plan; 2. 

prosthodontic solution; 3. complications 

 

2. Case description 

a. Diagnosis and treatment plan 

As with all patients, virtual or not, we 

start with general data and history (Fig. 2). 

We note here the epilepsy that needs to be 

considered. 

 Diagnosis 

This card (Fig. 3) shows the classic 

diagnostic table. The panoramic X-ray is 

presented, and the clinical images are 

accessible with the "information" button (Fig. 

4). The answers are programmed so that they 

appear “good” or “bad” but this can be 

modified leaving the answers blank for the 

user to make his own diagnosis. In addition, 

this card can be adapted to other patients, 

unlike other cards where the questions are 

more specific. Only the images should be 

changed in that case. 

 Stages of the treatment plan 

The stage order must be kept, so a 

step can only be accessed if the previous one 

has been completed (Fig. 5): health education, 

pre-prosthetic treatment, pro-prosthetic 

treatment and finally prosthetic treatment. 

We created open-ended questions to 

provide more freedom and avoid influencing 

the user. However, this requires more control 

by the author because the software does not 

automatically recognize a good answer. When 

all the steps of the treatment plan have been 

completed, one can go to the second part. 

This first part can be used in the 

beginning of any virtual patient because we 

used general questions and not specific ones. 

Simply by editing the patient data and the 

images, this first part can be included in 

another virtual patient. 

 
Fig. 2. Presentation of the patient 
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Fig. 3. Diagnosis table 

 

Fig. 4. Clinical images 
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Fig. 5. Treatment plan cards 

 

b. Prosthetic solution 

 Therapeutical options 

Through these cards (Fig. 6, 7) the user 

is asked about the different types of possible 

restorations: fixed or removable partial denture, 

with different retainers. The questions are about 

the indications and contraindications, pros and 

cons. The user is gradually guided to the correct 

solution because each response is commented 

in parentheses and the result is immediately 

known with one , for the right answers, and 

one , for the wrong ones. 

 Therapeutical solution 

In what follows, we use images of 

different stages of restoration fabrication. 

(Fig. 8, 9). The questions relate to the reasons 

for the made choices and the employed 

materials. 

 Observations 

The progression in this part is rather 

linear and the user does not make a real 

therapeutic choice, but he must understand 

what motivated us for the different 

procedures. 

 

 
Fig. 6. Cards with prosthetic solutions 
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Fig. 7. Cards with prosthetic solutions 

  
Fig. 7. Question with commented answers Fig. 8. Metal frameworks of the 

bridges 

 

c. Complications 

This part contains few questions 

regarding the evolution and complications of 

the case, considering the general condition of 

the patient but also the local conditions and 

procedurals errors (Fig. 9). It is always useful 

for students to deal with complications in the 

controlled environment of the VP in order to 

get some prior experience that will help them 

later with the real cases. For the loose bridge 

scenario, the user is asked to give some 

possible reasons and to come with alternative 

solutions (Fig. 10). 

 

 
 

Fig. 9. Conclusions Fig. 10. Reevaluation 

 

 Observation 

This part is relatively poor in 

questions and pictures because it is more of a 

reflection on the monitoring and anticipation 

of the consequences of a prosthetic treatment. 

The bulk of the work was done earlier, in the 

first and second part. 

d. Conclusion 

The structure of this virtual patient, is 

designed to be adaptable and reproducible for 

other virtual patient with a framewok for 

diagnosis, treatment plan and complications. 

 

3. Variants 

The two presented virtual patients are 

not assessment tools but rather learning ones 
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because the answers are provided directly 

with a comment. However, it is possible to 

add a counter, to hide the correct answers and 

to assign them points (for example 1 point for 

the good ones and -1 for the bad ones), so that 

at the end of the session, the user will have an 

accumulated score. 

One could also use the structure 

presented in Fig. 3 on the diagnosis as a 

computer aid and check the information 

during the examination of a real patient. 

We can also imagine a tool for 

teaching prevention to young children [9] and 

adults [10, 11], with hygiene advices: how to 

brush the teeth, how many times per day, in 

order to prevent tooth decays and 

periodontitis etc. 

 

4. Advantages and disadvantages 

Health simulation has advantages and 

disadvantages [12] for both the student and 

the teacher. 

Benefits for the student: 

- interactive and attractive content; 

- resources are varied and adaptable to the 

level of the student; 

- reproducibility of the patient; 

- elimination of apprehension towards the 

patient to focus solely on the diagnosis; 

- absence of physical danger, errors are 

harmless and have no real consequences; 

- they help in developing global decision-

making and increase confidence and 

coherence; 

- they can simulate rare cases, difficult to 

find during real clinical training; 

- student advances at his own pace 

independently of others; 

- they allow a large scale dissemination; 

- possibility to develop statistics on the 

received responses. 

Benefits for the teacher: 

- formation of a potentially unlimited 

number of students; 

- reduced logistical constraints as teaching 

programs no longer depend on 

hospitalized cases and thus the cases can 

be prepared well in advance; 

- possibility to follow the evolution and 

learning strategies of the student using a 

history; 

- possibility to exchange in real time or 

postpone with the student; 

- training medium is sustainable and 

updatable. 

Disadvantages for the student: 

- computer literacy can be complicated; 

- the possibility of computer bugs and 

hardware failure; 

- the management of autonomy; 

- motivation management can be 

complicated. 

Disadvantages for the teacher: 

- hardware and software investment; 

- frequent software updates might be 

necessary; 

- no control over the motivation of the 

student; 

- content creation can sometimes be 

difficult with some topics. 

5. Limitations 

A virtual patient cannot currently 

substitute a real patient because the human 

side is absent in the software and also the 

random character of a pathology or treatment 

is absent. In addition, the development and 

operation of the software means costs, time, 

resources and qualified personnel in many 

areas (IT, logistics, medical). 

 

CONCLUSIONS 

1. Images 

Dentistry primarily uses observation 

in clinical examination. With the virtual 

patients, as we conceived them, that is to say, 

without mannequins or physical support, 

everything depends on the observation of 

images. It is therefore necessary to gather all 
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the photographs necessary for the elaboration 

of the patient, which constitutes a first 

challenge. Then the images must be relatively 

interesting; with an unusual procedure, an 

error or a remarkable element, something that 

makes it possible to ask a relevant question. 

 

2. The questions 

We mainly used multiple-choice 

questions because they offer useful options 

for learning and they are easy to set up. On 

the other hand, they pose different problems: 

one cannot argue or qualify an answer, in an 

evaluation system, one will necessarily avoid 

the wrong answers to the detriment of an 

explanation and conversely, in training mode, 

one will tend to check  everything to see all 

provided explanations. Moreover, we cannot 

use very long answers, as previously 

mentioned, and so we must find short 

meaningfull descriptions. 

Regarding the topics and the wording 

of the questions, we must point out that 

multidisciplinary collaboration is not only 

important but it is indispensable. To propose 

a question in a specific field, you need to 

have an overview and comprehensive 

knowledge about the subject so as not to 

make mistakes or omit some elements. 

 

3. The labyrinth 

The authoring of an ideal and 

complete virtual patient where the user could 

make all the decisions is extremely 

complicated. Indeed, the images taken from 

real patients represent a single procedure. For 

example, if a decay is treated with composite 

filling material we will not be able to have the 

same image with amalgam. This is a simple 

example but if we try to imagine this 

limitation with all possible prosthetic 

variants, we have to conclude that it is 

impossible to have images of all the 

prostheses for the same one patient. 

However, considering all the limitations and 

the downsides of the VP system it is our 

opinion that the advantages exceed by far the 

disadvantages and that the large scale 

introduction of VP training and assessment 

tools in universities and training facilities is a 

great complementary measure for improving 

performance in education. 
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