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Abstract. Background: A prototype system for computerassisted colposcopic diagnosis (CAD) currently achieves a
high level of accuracy of 80% (sensitivity 85%, specificity
75%) for the automatic assessment of colposcopic images.
This pilot study investigated whether this type of CAD system
is, in principle, capable of influencing the quality of the
examiner’s assessment. Materials and Methods: In this
observer study, 24 digitized colposcopic images from patients
attending a dysplasia clinic were assessed by 90
participants. All participants had attended a colposcopy
training workshop so that they acquired the same basic
information and skills. Results: Wide variation was seen
among the non-experts, in contrast to the experts. An overall
improvement in diagnostic accuracy was noted when the
CAD system was used (non-experts: sensitivity 78%,
specificity 70%; experts: sensitivity 74%, specificity 70%).
Conclusion: The CAD system may serve as an aid in the
further diagnosis of cervical intraepithelial neoplasia, and
has the potential to improve the diagnostic process.
Worldwide cervical cancer is the third most common type of
cancer in women, and the seventh overall, with an estimated
530,000 new cases in 2008; Northern America (US, Canada)
and Europe contribute 75,000 of these cases. Medical followup is recommended for approximately 7 million women with
abnormal Pap smears (1). The international gold-standard for
the diagnostic assessment is histological analysis (2). The
markedly improved visual conditions provided by colposcopy,
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along with the use of various contrast-enhancing stains (such
as acetic acid) may lead to more precise diagnostic
clarification, on the basis of a targeted-biopsy (3, 4).
Nevertheless, colposcopy had a sensitivity of 86% and a
specificity of 30% in distinguishing a healthy cervix from that
with cervical intraepithelial neoplasia or carcinoma; in
distinguishing healthy cervix with low-grade lesions (CIN 1)
from that with high-grade lesions (CIN 2/3) or carcinoma,
colposcopy had a sensitivity of 61% and a specificity of 94%
(5). Particular attention needs to be given to the implications
of this type of differential colposcopy for subsequent
procedures, as positive findings lead to a punch biopsy being
taken – so that the colposcopy examination determines to
some extent whether a histological diagnosis will be carried
out and, thus, also influences the type of treatment that will
be offered (6, 7). Against this background, the question arises
of whether differential diagnosis of cervical neoplasias can
be improved with the aid of semi-automatic evaluation of
colposcopic images by a computer-assisted diagnosis (CAD)
system. Pre-clinical studies have shown that this type of CAD
system can be quite helpful to the physician as a diagnostic
aide in assessing and establishing the diagnosis (12-17). The
present pilot study investigated, to on knowledge, for the first
time whether the use of this type of CAD system can improve
or provide support for the diagnosis of cervical neoplasia.

Materials and Methods
CAD system. A prototype evidence-based system for CAD was
developed to allow for interactive differentiation between abnormal
and unremarkable intraepithelial neoplasias in the uterine cervix based
on colposcopic images (13, 14). In a previously unknown colposcopic
image, which can be captured from the colposcopy camera using a
frame-grabber or loaded from a storage device and displayed on the
monitor, for example, a questionable lesion is interactively marked by
the user with a computer mouse. In the image areas marked in this
way (regions of interest, ROIs), specially developed procedures for
color texture analysis are used to calculate numerical features
characterizing the corresponding surface structures on the basis of
intensities, structures, textures, and color (15, 16). The unknown
lesion is classified by comparing the similarity of the numerical
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Table I. Overview of the mean classification results (means and variance) for non-experts and experts, with/without the aid of the computer-assisted
diagnosis (CAD).
Participants

n

CAD

Mean overall classification (%)

Mean sensitivity (%)

Mean specificity (%)

Non-experts

60

Experts

30

Without
With
Without
With

71.9±7.8
76.0±8.6
69.4±6.9
73.3±6.3

75,2±12,6
79.7±12.7
70.8±16.6
74.2±13.1

68.6±12.7
72.9±13.7
68.1±13.6
72.5±13.5

features calculated from it with the features of lesions in a
histologically-validated reference data collection of colposcopies (17).
On the basis of this similarity classification, the screen shows the user
whether the unknown lesion is abnormal or unremarkable, along with
a value for the degree of certainty with which the CAD system has
reached this decision. In addition to this suggestion, the CAD system
also displays the most similar images from the reference data
collection, so that the proposed classification is transparent to the user
(Figure 1). This principle of looking for similarities and presenting
the most similar cases, is known in the literature as content-based
image retrieval (CBIR) (18).
Reference data collection and accuracy of the CAD system. The
CAD system was trained and methodologically validated on the
basis of a reference from a collection of 198 colposcopic images
(with 376 representative image areas marked) of the Department of
Gynecology of the Erlangen University Hospital. On the basis of
the histological findings of dysplasia from results of the punch
biopsies, the images for the selected cases were classified into
groups, with one image for each patient (19). At the current stage
of the system’s development, the accuracy for identifying the correct
correlation between abnormal and normal findings in comparison
with conventional colposcopic diagnosis has a sensitivity of 85%
and a specificity of 75% (19).
Observer study. An observer study with 90 participants was
conducted during the annual Erlangen Colposcopy Courses from
2009-2011 (Figure 1). The study participants consisted of 30 experts,
defined as having more than 3 years’ experience in colposcopy; and
60 non-experts, defined as having fewer than 3 years’ experience. All
of the participants had acquired the same basic information and skills
during the two-day colposcopy training course. For the observer
study, 24 new digital colposcopic images from 24 patients attending
the dysplasia clinic at the University of Erlangen’s Department of
Gynecology were selected in relation to the premalignant or benign
nature of the cervix depicted. As the automatic analysis of the
colposcopic images is currently based exclusively on the visual
characteristics of the images, only images that had a magnification
step identical to that used in the reference data collection were
included in the study (19). The test images include six images from
patients with normal imaging findings, six images with low-grade
intraepithelial lesions corresponding to grade 1 cervical
intraepithelial neoplasia (CIN I) and 12 test images from patients
with higher-grade intraepithelial lesions (CIN II–III). The image was
captured one to two minutes after the application of acetic acid. The
cytological, colposcopic, and dysplastic histological findings were
all consistent. The 24 test images were randomly arranged, although
the sequence was identical for all participants. The task for the study
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participants was to assign the total of 24 test images with which they
were presented to one of the two groups, A: normal, CIN I; or B:
CIN II-III. In each case, the user was initially presented with a
colposcopic image (top left in Figure 1) with the relevant lesion
marked on it in color. In addition, users were also asked, in each
case, to give details of their own assessment of the diagnostic
certainty. Three options (uncertain, neutral, certain) were provided
for this. When the decision-making process was completed by the
user pressing on the Confirm button, the CAD system showed a
diagnostic suggestion, the degree of certainty associated with the
classification, and the five most similar reference images from the
database (Figure 2, right), with the reference lesions marked on
them. On the basis of the additional information shown, users were
then able to revise their diagnoses or to have their original opinion
supported by the system’s suggestion. The associated degree of
diagnostic certainty perceived by the user (“uncertain”, “neutral”,
“certain”) was then again requested. The diagnostic process for the
image was then started by pressing the Confirm button. In addition to
using the prototypic CAD system for the observer study, all
participants completed a questionnaire.

Results
Results of the observer study are shown in Table I. In
comparison with the initially studies mentioned, the mean
overall certainty in the group of experts, without use of the
CAD system was relatively high, at 70%. However, there
was more variation among the non-experts in comparison
with the experts. The mean overall certainty of the nonexperts, without the CAD system was 72% – also relatively
high, but hardly different in comparison with the experts.
When using the CAD system, both the expert and non-expert
groups showed an overall improved mean classification
performance (non-experts from 72% to 76%; experts from
69% to 73%). Improved mean rates for sensitivity and
specificity were also observed in both groups (non-experts:
sensitivity from 75% to 79%, specificity from 69% to 73%;
experts: sensitivity from 71% to 74%, with specificity from
68% to 72%). Analysis of the questionnaires showed that
more than 70% of the study participants were able to
envisage using the CAD system as an aid to diagnosis. More
than 81% of the participants felt greater certainty during the
diagnostic work-up when using the CAD system (Figure 3a).
More than 70% of the participants thought they were able to
complete the diagnostic procedure more quickly when using
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Figure 1. The observer study, with participants of the colposcopy course at the METEAN Medical Technology Test and Demonstration Center by the
Fraunhofer Institute (IIS).

Figure 2. The user interface in the observer study.

this type of system (Figure 3b). Most of the participants
(78%) stated that they could imagine using a CAD system as
an aid to diagnosis in the future (Figure 3c). More than 89%
of the participants said they could imagine using this type of
system particularly for training purposes (Figure 3d).

Discussion
This study regarding the use of a prototype CAD system in
the diagnosis of colposcopy images showed that – both for
inexperienced, non-expert participants and also for more

experienced expert users – the system made it easier to
distinguish between unremarkable and slightly abnormal
cervical findings of little clinical relevance, on the one hand,
and higher-grade cervical findings on the other. The levels of
diagnostic certainty observed (Table I), were much higher
here in comparison with the findings reported by Hammes et
al. for diagnosis by two experts in extended colposcopy, who
were only able to achieve a maximum sensitivity of 61% with
a specificity of 94% (5). One possible explanation for this
observation might be the intensive two-day colposcopy course
given immediately before the study, in which new methods
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Figure 3. Responses showing the degree of agreement with the statements “I can imagine that working with the system in clinical practice would lead
to diagnoses being made more reliably” (a); “I can imagine that working with the system in clinical practice would lead to diagnoses being made
more efficiently, with less time needed” (b); “I can imagine using this type of system (as shown here) as an aid in diagnosis” (c); and “I can imagine
using this type of system (as shown here) for courses/regular training events” (d).

were presented and participants were able to improve their
existing knowledge and skills. Examining colposcopic images
using the prototype CAD system (GynCAD) for computerassisted diagnosis gave both non-experts and experts
increased diagnostic certainty, with a mean increase of three
to five percentage points. The majority of participants were
non-experts. The trend towards improved sensitivity when the
CAD system was used emphasizes the system’s ability to play
a supportive role. Although it is not yet possible to measure
statistical significance with the results of this pilot study, the
enhancement of conventional, purely visual colposcopy
demonstrated here is comparable with results reported in the
literature and can be regarded as showing a positive trend.
In the Authors’ view, a further increase in the overall
recognition rate, sensitivity, specificity, and capacity to
differentiate low-grade from severe changes in the cervix
would be possible both by standardizing the image capture
procedure and by further developing the specific imaging
features used to characterize the lesions (5). In particular, the
potential increase in sensitivity provided by supplementary
usage of a CAD system suggests decisive clinical relevance
with regard to biopsy clarification and subsequent surgical
treatment, as the numbers of unnecessary biopsies could
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thereby be reduced. Using digital colposcopy, Schädel et al.,
among others, investigated similar approaches to automated
means of improving diagnostic processes and thereby
increasing quality control (20).
No differences between the two groups (non-experts/experts)
were seen when they were directly compared with regard to the
maximum overall diagnostic certainty achieved when using the
CAD system. The quality of diagnosis improved in both
groups, but the overall results were similar (76% vs. 73.0%) in
assessing the colposcopy images (Table I). However, the
greater level of inter-observer variation among the non-experts
in comparison with the experts, clearly showed that the group
consisted of beginners. The difference in accuracy between the
participants of both groups is only marginal. One possible
cause is the number of colposcopic test images. Using a greater
number of images, a significant difference between diagnoses
with and without CAD would be expected.
To the best of our knowledge, this is the first observer
study to have been carried out in the field of differential
colposcopy using a prototype CAD system. It shows that the
supplementary use of the CAD system makes it possible to
achieve a clear improvement in overall diagnostic certainty
for clinically-relevant pre-cancerous lesions in the cervix.
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Standardization of the image capture procedure – producing
colposcopy images with a constant image quality, standard
lighting, and standardized sectional views – might help
improve the CAD approach, and the development and use of
new, dedicated features for characterizing tissue might also
reveal further differences between low-grade and high-grade
tissue changes in the cervix. This was confirmed by the study
participants in their completed questionnaires. Most of the
participants were able to use the support provided by the
system successfully and considered that they might use this
type of CAD system, with its greater reliability and shorter
assessment time, as a diagnostic support in the future.
Computer-assisted colposcopic diagnosis of the type used for
the first time by the participants at the Erlangen Colposcopy
Course is a new supplementary diagnostic method in which the
CAD system is used to provide a second opinion. The
opportunity to check one’s own conclusions on the basis of the
reference images displayed also means that it is possible for the
system described here to be used as a training and teaching
system (Figure 3). This type of CAD system cannot and should
not replace examiners, compete with them, nor substitute for
their extensive experience. The colposcopic image seen after the
acetic acid solution is applied, is still, and will continue to be,
merely a snapshot. A complete colposcopic examination using
acetic acid staining, however, is a dynamic process of a type that
is not currently capable of being analyzed and supported by a
CAD colposcopy system. However, CAD systems such as the
one used in the present study, have tremendous potential in a
supportive role in further diagnosis, as shown here in relation
to CIN. CAD systems will not be able to compete with the
diagnostic confirmation provided by histology, but they may be
able to reduce the need for histological examinations. In
principle, CAD can make it possible in cases of diagnostic
uncertainty to use an objective analysis of features in order to
systematically improve colposcopy-based diagnosis. The use of
standardized imaging techniques to acquire images,
reproducible cases, and the availability of immediate feedback
from the user to the system make the application of this type of
CAD system appear feasible both for direct diagnosis and also
indirectly for training purposes, and further intensive research
on such systems should be carried out.
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