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Objective. The aim of this study is to share the experience of establishing a virtual microscope and telepathology
system for the oral and maxillofacial pathology laboratory course in a dental school.
Study design. A dot-slide system has been used to generate digitized microscopic slides, which are placed on an

image server that is available online.

Results. Using software that is available as a free download (OlyVIA), students are able to select a teaching slide
record, view at magnifications comparable with those of a conventional microscope, and navigate to any area on the
matching virtual slide image that is stored on the image server database. Before class, the students can review the
findings of the virtual teaching slides at any time or any place via broadband internet by using the instructions
available on DVD. During class, students report and discuss the histological findings of the virtual teaching slides with
tutors who evaluate, test, and make constructive comments on the presentations in a Web-based computer classroom.
After class, students can revise the histological findings of the microscopic virtual slides available on the server.
Conclusions. Virtual microscopy has many advantages over real microscopy in oral and maxillofacial pathology
education. Furthermore, telepathology could also be applied in other pathological services, such as intraoperative
frozen sections, routine surgical pathology, and subspecialty consultation. (Oral Surg Oral Med Oral Pathol Oral

Radiol Endod 2008;105:342-7)

Oral and maxillofacial pathology (lecture and labora-
tory) is one of the basic science courses in dental school
curricula worldwide. In our school, the oral and max-
illofacial pathology laboratory course is scheduled for
the first semester of the third year of undergraduate
students for 4 hours per week; the class size is 80
students. For almost 20 years, standard classroom
teaching of this subject in our school employed the
optical microscope to observe prepared tissue sections
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on glass slides. If demonstration and viewing of the
microscopic teaching slide was necessary, an optical
microscope with a projector operated by an instructor
was required, as well as the simultaneous presence of
the students. Then, 5 years ago, a DVD version of the
instructions for our pathology course was developed to
enable all students to access the pathology course even
if they did not have a conventional optical microscope.

With recent advances in the technology of virtual
microscopy and the development of broadband inter-
net connection, it is now feasible for microscope
slides to be digitized, placed on an image server, and
made available online by means of a Web site.! In
this article, we share our experience of establishing a
virtual microscopy and telepathology system for the
oral and maxillofacial pathology laboratory course in
our school.

MATERIAL AND METHODS

To produce digitized microscopic slides, a dot-slide
system developed by Soft Imaging System GmbH
(Olympus Deutschland GmbH, Hamburg, Germany)
was employed. The hardware used in this system is
shown in Fig. 1 and chiefly includes the following 5
components: (1) a light microscope (BX51, Olympus)
equipped with a motorized nosepiece (BX-REMCB,
Olympus). The revolver is fitted with several objectives
and can be remotely manipulated using the image anal-



OOOOE

Volume 105, Number 3

Chen et al. 343

Fig. 1. The hardware used in the dot-slide system is chiefly composed of /, a light microscope equipped with a motorized
nosepiece; 2, a high-resolution digital color camera (1376 X 1032 pixels); 3, a stage that is motorized in all 3 directions and can
be moved with both the joystick and the software; and 4, a PC installed with the image acquisition software, with a monitor of
standard resolution of 1600 X 1200 dpi. The server computer is not shown.

ysis system; (2) a high-resolution digital color camera
(1376 X 1032 pixels), pixel size of 6.45 wm; (3) a
stage, which is motorized in all 3 directions and can be
moved using both the joystick and the software; (4) a
PC, installed with the image acquisition software, with
a monitor of standard resolution of 1600 X 1200 dpi;
and (5) a server computer (IBM, Microsoft Window
server 2003R2; IBM, Armonk, NY) with a 200-giga-
byte hard disk. To protect against server drive failure, a
backup 200-gigabyte hard disk is also available.

The total cost of this system is approximately US
$100 000 with no recurring annual fee. Our 4 teaching
assistants helped to generate the electronic files for the
pathology course under the supervision of a faculty
member (Y.-K. C.), without additional personnel ex-
penditure.

The conventional glass teaching slide is placed on
the microscope stage, and the digital camera captures
high-quality field of view single images (usually at X40
objective) as the motorized stage moves the glass slide
from left to right and up and down. Eventually, a
collection of field of view images is obtained, repre-
senting the entire glass slide. These images are subse-
quently stored to the PC connected to the digital cam-
era, and the image acquisition software installed on the
PC will “stitch” together these field of view images to
create an entire virtual slide image of between 300 and
600 megabytes in file size). This virtual slide image can
then be transmitted to the image file server and the
server file address can be stored in a database record.
Consequently, a database of virtual slides encompass-
ing various fields of oral and maxillofacial pathology is
established. A client viewer software (Olympia Oly-
VIA; Olympus; free download available) is installed on
the Web server so that when students log on to the Web

site, they can download this software to their PC. Our
Web site has been placed on the main server of our
institution. Prior to implementing the course via the
internet, trials were performed to ensure that all stu-
dents can link to our Web site by using a broadband
connection and experience no bandwidth problems. Us-
ing the free software, the student can select a teaching
slide record (either during the class or at home) and
view the slide at magnifications comparable to those of
a conventional microscope, navigating to any area on
the matching virtual slide image that is stored on our
image server database (Fig. 2, A-D).

Before class, the students can study by themselves
and review the findings of the virtual teaching slides at
any time or any place—via broadband internet—by
using the instructions available on DVD. Then, during
class, the students, divided into 6 groups, report and
discuss with the tutors (1 professor, 1 assistant profes-
sor, and 4 teaching assistants) the histological findings
of the virtual teaching slides. In a Web-based computer
classroom, the tutors evaluate, test, and make construc-
tive comments on the students’ presentations. After
class, the students can easily revise the histological
findings of the microscopic virtual slides available on
the server.

RESULTS

The effectiveness of the virtual microscope system and
DVD-based instruction of the oral and maxillofacial pa-
thology laboratory course has been evaluated using a
questionnaire, which was administered after the students
had completed the laboratory sessions. The assessment
contained 2 categories of questions. The first category
acquired students’ opinions on the usefulness of the
virtual laboratory course, rated on a scale of 1 to 5 (1,
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Fig. 2. Using OlyVIA software, a teaching slide record can be selected and viewed at different magnifications and is comparable
with that of a conventional microscope. Any areas on the matching virtual slide image that is stored on the server database can
be navigated to. A, Naked eye. B, Low. C, Medium. D, High.
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Table 1. Ratings of attributes of virtual microscopy

(N = 80)*
Attributes of virtual microscopy Mean SD
Quality of the digital microscopic images 44 0.69
Ease of navigation of the system 4.1 0.87
Image histological description by DVD 4.1 0.88
Overall satisfaction with the course 4.0 0.81

*Based on a scale of 1 to 5: 1, not at all useful; 5, very useful.

Table Il. Ratings of student perceptions of virtual
microscopy (N = 80)*

Criteria for student perceptions Mean SD

I enjoyed learning via the online virtual 34 0.79
microscope system

This system was effective in teaching 33 0.77
the given content

I prefer the virtual microscope to a real 3.1 0.68
microscope

*Based on a scale of 1 to 4: 1, strongly disagree; 4, strongly agree.

not useful at all; 5, very useful); the results are shown
in Table I. The second category contained questions
related to students’ perceptions of the overall cognitive
effectiveness of the virtual laboratory course, by using
a scale of 1 to 4 (1, strongly disagree; 4, strongly
agree); the results are given in Table II. Table I shows
that students rated all aspects of Web-based study to be
highly useful; Table II indicates that student satisfac-
tion with the virtual laboratory was also high, showing
the students favored virtual microscopy more than tra-
ditional optical microscopy. Therefore, it was found
that students appeared to enjoy Web-based study, and
virtual microscopy has significant advantages over real
microscopy in oral and maxillofacial pathological edu-
cation; it enables learning and has been favorably re-
ceived by the students.

DISCUSSION

Telepathology is the use of a telecommunications
technique to transmit pathological images between re-
mote sites for various purposes, such as diagnosis and
teaching.”> There are 3 types of telepathology systems:
static image systems, real-time systems, and virtual
microscopy systems. The static image system has the
obvious drawback of only being able to provide se-
lected microscopic pictures at selected magnification,
whereas the latter 2 systems can evaluate the entire
microscopic slide and navigate to any field of view at
magnifications comparable to those of a conventional
microscope. With a real-time system, the user can ac-
tively maneuver a robotic microscope located at a dis-
tant site, whereas the virtual microscope system em-
ploys an automated scanner to take virtual images of
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the entire tissue sections, which can then be transferred
to another location such as a Web site, as described in
the aforementioned Material and Methods section.* As
we are more familiar with virtual microscopy systems,
we chose to develop a digital oral and maxillofacial
pathology laboratory by using a virtual microscopy
system and telepathology.

To our knowledge, the application of telepathology
has seldom been described in the teaching of oral and
maxillofacial pathology in dental schools (only in an
abstract published in this journal),” as we discovered
after reviewing existing English language medical lit-
erature. It has, though, already been applied in histo-
logical teaching in some medical schools.®® Evaluation
by questionnaire of all these studies®® indicated that
virtual slides enhanced student interest in learning mi-
croscopic histology/pathology over the traditional optic
microscope. Our results also showed that students rated
all aspects of Web-based study as highly useful. In
addition, student satisfaction with the virtual laboratory
was high, showing that the students liked virtual mi-
croscopy more than optical microscopy. Consequently,
we can conclude that the students appeared to enjoy
Web-based study, and virtual microscopy has signifi-
cant advantages over real microscopy in oral and max-
illofacial pathological education; it enables learning
and has been favorably received by the students. Fur-
thermore, in 2004 Kumar et al.® reported on the use of
virtual microscopy for learning and assessment in med-
ical pathology. They found that student examination
scores for questions on the case for which a virtual slide
was used were indistinguishable from those for the
comparable case for which a traditional glass slide was
used.® Surely, further studies will be required to eval-
uate whether the use of virtual microscopy will improve
student test scores and clinical performance in oral and
maxillofacial pathology.

A number of merits have been noticed after imple-
menting the concept of virtual microscopy in the teach-
ing of our oral and maxillofacial pathology laboratory
course 2 years ago. The students do not need to rent or
buy expensive optical microscopes because the virtual
pathology system, incorporating image processing soft-
ware tools, mimics the use of a conventional micro-
scope in both the stepwise increase in magnification
and in the lateral motion in the directions of the x- and
y-axes. The students can now view, manipulate, and
position the high-quality microscopic image on a mon-
itor as if they were using a regular microscope to
observe the original glass slide. Furthermore, we prefer
the students to view the microscopic images without
supplementary text or annotations marked on the slides
in order to assess the their histopathology skills—
although, with the use of the image processing software
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tools, the virtual slides can be supplemented with tex-
tual descriptions or other annotations if desired. Impor-
tantly, the glass slides are now available in digital
format on a Web site, overcoming time and physical
constraints and enabling viewing of the image at any
time and any place with broadband internet available.

Although there are a number of merits to using the
virtual microscopy system, some drawbacks have also
been noted. The scanning of virtual slides can be a time-
consuming procedure, ranging from approximately 30
minutes to 2 hours to accurately scan a single glass slide,
depending on the area of the tissue section to be scanned.
Moreover, the large data size of the virtual slides indicates
that a large data storage space is needed, as well as
adequate archival and backup systems. However, recent
developments in virtual slide systems have resulted in a
large decrease in the time needed for scanning a single
slide, and also an automated slide feeding facility has been
developed in conjunction with these systems to allow
batch slide scanning of a number of slides without the user
having to manually feed a single slide at a time onto the
stage (www.soft-imaging.net; www.dotslide.net). In the
future, it is expected that technological advances will
result in smaller file sizes, and thus, smaller data storage
space will be required.

As described in this article, virtual microscopy has
noteworthy advantages over real microscopy in pathol-
ogy education, and has been noted by other authors.’
Indeed, this telepathology system would also apply to
other areas of pathological service, for instance, intra-
operative frozen sections, routine surgical pathology,
and subspecialty consultation.'®'> As the production of
virtual microscopic slides remains a time-consuming
task and the cost of archiving the images digitally is
still considerably higher than archiving on glass slides,
the use of virtual microscopy for routine diagnostics is
not yet routinely implemented. With the next genera-
tion of more rapid and easy-use virtual slide systems, a
dramatic alteration in potential usage of telepathology
is promised. Consequently, one could imagine that, in
the future, glass slides will be archived directly follow-
ing digitization, and the work of diagnosis, teaching,
and research will be performed using the virtual mi-
croscopy system. Then, perhaps, microscopic virtual
images may one day be incorporated into digital data-
bases for clinical diagnosis, adding the histological
images as part of medical digital charts of patients, as is
currently the case for images of computerized tomog-

Chen et al. 347

raphy, magnetic resonance imaging, or sonography ac-
quired from other existing imaging modalities.'®
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