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Abstract 

The course of Anatomy and Histology is studied in the first year of Dentistry 

at the University Cardenal Herrera CEU (Alfara del Patriarca, Spain). Its 

practices consist on choose freely six different tissue samples and draw their 

most representative features. These practices were made by optical 

microscopy until 2014, and in 2015 was introduced the virtual microscope 

exclusively. The aim of the study is to test whether this new teaching method 

has improved the quality of exercise and the understanding shown by 

students. First, the best exercises of both years were chosen, and from them 

some drawings from the same tissue were compared. Some tissues which 

samples for optical microscope were hard to obtain, were drawn for the very 

first time thanks to the virtual microscope. Also, with the virtual microscopy 

the drawings contained more details and definition. The understanding of the 

structures improved, shown by a more functional, detailed and defined vision 

of the tissues. The labels of the virtual microscope helped to the self-study 

and avoided the loss of unnoticed structures. In conclusion, replacement of 

optical microscope by the virtual microscope is a teaching improvement and 

facilitates student learning. 
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DOI: http://dx.doi.org/10.4995/HEAd16.2016.2626

This work is licensed under a Creative Commons License CC BY-NC-ND 4.0
Editorial Universitat Politècnica de València

169



Results of the implementation of a virtual microscope in a course of histology 

  

  

1. Introduction 

Virtual slides are digital reproductions of optical microscope slides that can be viewed by a 

software that can emulate a traditional microscope (Dee, Lehman, Consoer, Leaven, & 

Cohen, 2003). These slides can be explored in a web browser that closely simulates 

examination of real glass slides with an optical microscope (Kumar et al., 2004). The 

technology for production of virtual slides was developed in 1985; but was in the late 1990s 

when desktop computers had enough processing speed to expand virtual microscopy and 

use this technology for education. As a result, by 2000, the use of the optical microscopy in 

medical education had decreased for allow the entry of virtual microscope in the faculties 

(Dee, 2009). In 2001 Bacus patented a system for fast scan of microscope samples and turn 

them into virtual slides (Bacus & Bacus, 2001). In 2009, about 50% of pathology courses in 

United States already have or expect to implement virtual microscopy (Dee, 2009). The 

virtual microscope has advantages and disadvantages respect to the optical microscope. 

However, the student preferences for one or other microscope change widely (Scoville & 

Buskirk, 2007). 

One of the main advantages is the saving cost: the optical microscopes and glass slides are 

expensive and require maintenance and reparations (Dee, 2009). The virtual microscope 

only needs a computer or tablet with a web browser (Rehatschek & Hye, 2011). Also, the 

single-use microscope laboratory can be converted into a multiuse computer laboratory 

(Dee, 2009). Other advantages cited are that the virtual microscope is easy to learn, and 

students and professors adapt very quickly to the use of the virtual microscope (Kumar et 

al., 2004). Respect to the higher resolution, the slides provides excellent image quality 

(Kumar et al., 2004) in part thanks to the improvement of the streaming (Afework et al., 

1998) Virtual slides are always focused and with an adequate level of light adjustment 

(Harris et al., 2001). Also the exploration of the sample is much better in the virtual 

microscope: virtual slides enhance the ability of the students to grasp and explore 

morphological features better than optical microscope (Dee et al., 2003). They are able to 

magnify, scroll and take pictures of images of their samples for use them for their notes or 

presentations (Goldberg & Dintzis, 2007). 

The use of labels in the virtual microscope allows students to find tumours o growths 

(Afework et al., 1998). The students can write their own notes in the slide, which helps 

them to understand deeper the sample (Goldberg & Dintzis, 2007). Other advantage is the 

standardization of the content, because all students are exposed to the same samples. The 

virtual microscope avoids the problem of maintaining a satisfactory assortment of glass 

slides, which are easy to break (Goldberg & Dintzis, 2007). In addition, the virtual 

microscope allows the group study being able to point with a finger to features on virtual 

slides, allowing interaction tutor-student or between students (Randell et al., 2012) and 

allowing to focus on the links between histology, physiology, and pathology (Goldberg & 
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Dintzis, 2007). It has been studied that the use of virtual microscope reduce the learning 

time: students learn more quickly (Harris et al., 2001) and the time required for a concrete 

lesson can be reduced to a half (Heidger et al., 2002). The average marks of the practical 

exams also increase (Goldberg & Dintzis, 2007). Other of the advantages is that the virtual 

microscope is always available: students can review the samples at any time, not only when 

the microscopy laboratory is open(Goldberg & Dintzis, 2007) This is useful especially 

preceding practical examinations (Harris et al., 2001). Also, the students can use additional 

features of the new media, such to share the findings of the slide to the community or in 

social networks (Rehatschek & Hye, 2011). Also professors can take advantage of the 

accessibility, efficiency, and pedagogic versatility of the computer and the Internet (Dee, 

2009). In the future is expected the introduction of the virtual microscope using a 

Powerwall, a high-resolution array of 28 computer screens (Treanor et al., 2009). 

However, the virtual microscope also has some disadvantages. To digitalize a collection of 

slides for the first time is expensive and requires investment (Goldberg & Dintzis, 2007). It 

is a problem to store and process the extremely large quantity of data required for a 

collection of virtual slides (Çatalyürek et al., 2003). A single slide consists of 5 to 30 focal 

planes, with about 7GB each one, which means a total of 35-210GB per slide (Ferreira et 

al., 1997). The speed can also be an obstacle: depending on the speed of the Internet 

connection, there can be a large latency in processing these data when changing zoom or 

browsing the sample (Ferreira et al., 1997), especially in periods of high peak demand 

(Kumar et al., 2004). Other problems are related to the public use: Nowadays, only few 

virtual microscopes for public use can be found on the web, perhaps due to a lack of 

solutions at reasonable cost (Glatz-Krieger, Glatz, & Mihatsch, 2003). In the future it is 

need to work in the development of a public domain set of virtual slides (Harris et al., 

2001). For ending, there is the problem of the oblivion of the optical microscope. Students 

must have the chance to learn techniques of traditional microscopy, maintaining some of 

them in the laboratories (Goldberg & Dintzis, 2007). 

 

2. Objectives 

The course of Anatomy and Histology is studied in the first year of Dentistry at the 

University Cardenal Herrera CEU (Alfara del Patriarca, Spain). The practices were made 

by optical microscopy until 2014. In them, following an explanation by the teacher, 

students must choose freely six samples and draw their most representative features. In 

2015, for the first time, the practice was made using only the virtual microscope 

histologyguide.org created by professors Robert L. Sorenson PhD y T. Clark Brelje PhD. 

The aim of the study is to test whether this new teaching method has improved the quality 

of exercise and the understanding shown by students. 
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3. Material and methods 

The first step is to choose the best exercises performed by students of the Anatomy and 

Histology course in 2014 and 2015. The second step is to choose from these exercises, 

some drawings for compare them and observe the main changes between both microscopes 

and obtain conclusions. 

 

4. Results 

First, it is very notorious that in 2015 the students chose tissues that were not drawn up 

until now, because normally they are very difficult to obtain or the samples are fragile. 

Thus, as shown in Figure 1, students chose brand new samples such compact bone or eye 

thanks to their availability in virtual microscope. It is also very evident that the student 

drew both tissues with a high level of detail. 

 

Figure 1. Compact bone on the left, and eye on the right, both with virtual microscope 2015. 

 

In Figure 2 it is compared the renal cortex drawn using an optical microscope and a virtual 

one. It shows how the student using an optical microscope drew the characteristic rounded 

contour, a classic detail that is lost in the virtual microscope. Because the optical 

microscope used in the practice cannot achieve more than 50x magnification, the Bowman's 

capsule is not appreciated in detail, so the student interpreted it as a glomerulus with 

random nuclei inside. The level of detail that shows the virtual microscope is much higher, 

appreciating all the contours of the cells and their nuclei. In this way, students could see 

more clearly the structure of the renal cortex. 
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Figure 2. Comparison of two drawings of the renal cortex. 

 

In Figure 3 a sample of skeletal muscle is shown. Watching through the optical 

microscope, the muscle fibers intersect and the student has the impression that they form a 

tangle, putting the focus in the striations and rounded nuclei. Using the virtual microscope, 

the student drew every fibre separately and also realized that the nuclei are elongated and 

not round. 

 

Figure 3. Comparison of two drawings of skeletal muscle. 
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In Figure 4, a sample of intestinal microvilli are observed. This sample is hard to prepare 

because it is very difficult to make a longitudinal section of the villi. In fact, in the picture 

of the left the villi are cut axially, making it difficult for the student to understand the villi 

as fingerings from the mucosa. In the professional virtual slide, the cut is perfectly 

longitudinal, and the student can draw the structure of the villi with great precision and 

understanding its whole structure. 

 

Figure 4. Comparison of two drawings of the small intestine. 

 

The Figure 5 is a sample of tongue. Due to the absence of labels, the student who used the 

optical microscope focused on the oral mucosa, drawing the stratified squamous non-

keratinized epithelium that was the most striking thing of the sample due to its intense red 

colour. However, the student who used the virtual microscope, aided by labels, noticed the 

huge number of structures that are in the tongue, drawing many papillae and numerous 

serous glands. Despite this self-study, the teacher should continuously check the 

development of the exercise and resolve doubts. 

 

Figure 5. Comparison of two drawings of the tongue. 
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5. Conclusions 

The replacement of the optical microscope by the virtual microscope in the courses of 

histology not only implies an improvement in costs, also results in a better understanding of 

the samples by the students, helps them to have a more functional, detailed and defined 

vision of the tissues. Thanks to the labels they can learn by themselves the main landmarks 

of the sample and not to miss unnoticed structures. It also allows the learning of organs and 

tissues which samples are difficult to prepare for the optical microscopy. 
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