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Objectives: The assessment of loss of tissue autofluorescence (LAF) has been proposed as an adjunct to com-
prehensive oral examination to enhance the detection of mucosal lesions harbouring dysplasia or carcinoma. The
assessment of LAF is not based on completely objectified parameters therefore intraobserver and interobserver
variability cannot be neglected alongside the issue of correct interpretation of LAF. The present study evaluated
intraobserver and interobserver variability in the clinical assessment of LAF as performed by oral medicine
practitioners (OMPs) or general dental practitioners (GDPs).

Materials and Methods: Couples of clinical pictures, acquired under white incandescent dental operatory light
and during the assessment of LAF performed by VELscope were retrieved. Four OMPs and eight GDPs were asked
to assess the pictures and to score the LAF. Kappa statistics allowed the assessment of intra- and inter-observer
related variability.

Results: Pictures of 109 lesions representative of all oral mucosal sites and clinical appearances were selected.
OMPs had a better intraobserver agreement than GDPs (substantial versus moderate). The moderate (k = 0.506)
interobserver agreement observed among both OMPs and GDPs in a 2-score model (positive versus negative),
lowered down to poor values only among GDPs when a 3-score or 4-score model (including uncertain judge-
ments) was applied.

Conclusions: A good agreement (k > 0.8) was never observed and the present results are similar to previously
reported data about conventional oral examination. Irrespective of the diagnostic accuracy, the assessment of AF
seems not to be able to improve observer-related variability in the clinical assessment of oral mucosal lesions.

1. Introduction

To date, early detection of oral mucosal lesions is based on con-
ventional oral examination (COE) aiming to characterize a lesion
through the assessment of clinical aspects. The most recent re-
commendation by the American Dental Association Council on
Scientific Affairs and the Centre for Evidence-Based Dentistry states that
“for patients seeking care for suspicious lesions, immediate performance of a
biopsy or referral to a specialist remains the single most important re-
commendation for clinical practice” [1]. Aiming at improving oral mu-
cosal lesion detection, evaluation and the diagnostic accuracy of COE,
several adjunctive tests have been proposed among which is the as-
sessment of optical fluorescence imaging or tissue autofluorescence
(AF) [2].

In the presence of oral carcinoma or oral potentially premalignant
lesions a loss of tissue autofluorescence (LAF) can be observed due to
specific autofluorescent patterns of tissues with different epithelial and

stromal architectures [3]. Commercial devices able to highlight LAF
have been developed in order to assist the detection of oral mucosal
abnormalities [4].

Notwithstanding great variation in sensitivity and specificity re-
ported in various studies [5], an overall analysis of the literature shows
that AF based tests have a moderate to high sensitivity but low speci-
ficity. Regardless of diagnostic reliability, variations in LAF assessment
can be largely attributed to the inconsistent use of the devices, to the
lack of incorporation of diascopy as recommended by the manu-
facturers [6] and to clinical features of oral mucosal lesions [7].
Nevertheless, observer related issues namely personal skills, inter-
observer and intraobserver variability cannot be neglected as they also
are potentially able to affect the consistency of LAF assessments. Even if
devices available on the market have primarily been designed for use by
general dentists, most of data from the literature come from secondary
or tertiary settings, with only a few studies utilizing the device in
general dental practice for detection of oral mucosal lesions [8-10].
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The present study aims to evaluate observer-related issues able to
affect the clinical assessment of LAF using a hand-held device
(VELscope®;, LED Medical Diagnostics Inc., Barnaby, BC, Canada).
Particularly, interobserver and intraobserver variability will be assessed
among both general dental practitioners (GDPs) and oral medicine
practitioners (OMPs).

2. Materials and methods
2.1. Data collection

Digital clinical pictures were retrieved from the digital archives of
the oral medicine section of the San Luigi Gonzaga University Hospital.
The study was conducted according to Human Ethics Guidelines and
was approved by the local Ethics Board (project number 6/2015). An
investigator (S.G.) who did not participate as one of the reviewing ex-
aminers selected clinical pictures aiming to obtain a pool of lesions
representative of all oral mucosal sites and all the clinical appearances.
Each pair of pictures was formed by one clinical picture acquired during
examination under white incandescent dental operatory light (WL
picture) and one picture acquired during the assessment of LAF per-
formed by VELscope (AF picture) according to the manufacturer's in-
structions (Fig. 1). Pairs of pictures of 109 oral mucosal lesions were
selected from clinical pictures acquired in a 12-month period. Digital
photographs were obtained using a Nikon D80 equipped with a Nikkor
105 mm Macro lens (Nikon Corporation, Japan). A Macro Ring Lite
(Sigma EM-140 DG; Sigma Corporation of America, USA) was used for
photographs under white light. The PhotoMed VELscope Photography
Kit was used to obtain photographs through the VELscope, according to
the manufacturer's instructions.

2.2. Study participants and protocol

A call for volunteers was sent out among dentists from the Turin
area seeking for GDPs. At the same time, OMPs were recruited from the
oral medicine section of the San Luigi Gonzaga university hospital. A
total of eight GDPs and four OMPs participated, with each practitioner
signing informed consent. Participants attended a 4 -h workshop run by
the authors (M.P. and S.G.) aiming to illustrate the study protocols and
to inform participants about the assessment of LAF. In order to obtain a
setting as similar as possible to a routine practice, participants were
asked to apply the criteria reported by the manufacturer of the em-
ployed hand-held device and they had no calibration exercises.

Participants were asked to assess all together the same pairs of
pictures during two assessment sessions 2 months apart (T1 and T2). In
order to have the same setting, all participants were gathered in a
darkened room where each pair of pictures was displayed on a LED
panel, WL and AF pictures side by side. Looking at each pair of pictures,
participants were asked to assess the presence of LAF; in the case of
uncertain interpretation, participants still had to discriminate between
a positive or negative judgment. Therefore, they had to choose among
the following scores: “positive” (in the presence of LAF), “uncertain/
positive”, “uncertain/negative” and “negative” (in the absence of LAF).
2.3. Statistical analyses

Data collection and management were conducted using Microsoft
Office Excel 2013 (Microsoft, Washington, USA) in association with the
SPSS 18.0 software package (Apache Software Foundation, Chicago, IL,
USA) for the statistical analyses. Interobserver and intraobserver
variability were tested using data from the two assessment sessions (T1
and T2). Variability parameters were assessed considering all the 4
scores “positive”, “uncertain/positive”, “uncertain/negative” and “ne-
gative” (4-score model), considering 3 scores obtained grouping the two
“uncertain” scores (3-score model) and considering 2 scores obtained
grouping the overall positive and negative scores (2-score model). The
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intraobserver variability has been assessed by calculation of kappa
statistic, a chance-corrected measure of agreement between two raters
[11]. Being the score categories ordered we calculated the weighted
kappa, which accounts for how far apart the two scores are. The in-
terobserver agreement has been assessed by calculation of the Fleiss’
extension of kappa, which allows a chance-corrected measure of
agreement among three or more raters. The following grading of k
values was used [11]: k < 0.4 corresponding to poor agreement, k= 0.4
and < 0.6 corresponding to moderate agreement, k=0.6 and < 0.8
corresponding to substantial agreement, k= 0.8 corresponding to good
agreement.

3. Results

The selected lesions were representative of all oral mucosal sites and
all clinical appearance, as reported in Table 1. More than half of the
lesions (62 out of 109; corresponding to 56.9%) had a non-homo-
geneous texture and about half of them (58 out of 109; corresponding to
53.2%) had some erosive/ulcerated or red aspect.

The intraobserver agreement is shown in Table 2. Most of raters had
a moderate intraobserver agreement (weighted k value ranging from
0.4 to 0.6). When assessing GDPs or OMPs, the latter had slightly higher
k values, reaching a mean substantial agreement irrespective of the
adopted score model (2-score, 3-score or 4-score).

The interobserver agreement was assessed for both the two assess-
ment sessions (T1 and T2) without significant variations (not shown
data). A moderate agreement was always observed among OMPs irre-
spective of the score model, while among GDPs the moderate agree-
ment observed in the 2-score model, lowered down to a poor one in the
3-score and 4-score models (Table 3).

4. Discussion

COE using incandescent light is the standard screening or case-
finding test to diagnose oral cancer or PMDs. It has several limitations
which can be summed up as follows: it does not identify all PMDs, nor
does it accurately detect the small proportion of biologically relevant
lesions that are likely to progress to cancer [12]. This is of interest not
only for OMPs but also for GDPs: in fact, a quite high rate of the general
population have oral mucosal abnormalities (up t020%) [13] but the
vast majority of them are clinically/biologically benign. Within such a
frame GPDs would largely benefit from a non-invasive test able to
identify lesions worth to be submitted to further specialist assessments.
In addition, COE is definitely an observer-dependent test potentially
affected by observer’s skills and observer-related variability. Therefore,
even irrespective of the diagnostic accuracy, the potential use of ad-
juncts as triage tools aiming to have more objective and consistent as-
sessments in the evaluation of oral mucosal lesions is of paramount
importance.

Alongside the issue of correct interpretation of clinical appearance,
the presence of inter/intra observer variability cannot be neglected
when a correct diagnosis relies on visual assessments of not completely
objectified parameters. This issue has been addressed in other clinical
settings implying subjective visual diagnosis as dermatology [14] and
oral radiology [15]. Coming to stomatology, previous studies ex-
tensively reported the pitfall of the low agreement between pathologists
in the assessment of epithelial dysplasia [16-18] and similarly a low
agreement has been described when dealing with the clinical assess-
ment of oral mucosal lesions [19,20].

At present commercially available systems designed to assess LAF
rely on subjective interpretation of autofluorescence as demonstrated in
the present study. When considering the intraobserver variability, the
substantial agreement found among OMPs in LAF assessment is con-
sistent with previously reported data for the clinical assessment of
mucosal lesions [20]. Moreover, the better intraobserver agreement
found in OMPs when compared to GDPs (substantial versus moderate as
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Fig. 1. Samples of the selected pairs of pictures showing on the left the clinical aspect of lesions as acquired during examination under white incandescent dental
operatory light (WL picture) and the corresponding AF pattern assessed by VELscope (AF picture) on the right. The selected lesions were characterized by different

clinical features including patch-like (E, I), plaque-like (A, C, 1), erosive (I), ulcerated (K) or verrucous surface (G) and showed maintenance of AF (B, D) or various
degree of LAF (F, H, J, L).
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Table 1
Clinical appearance of the selected lesions.

Photodiagnosis and Photodynamic Therapy 28 (2019) 338-342

Site Mucosal type Main clinical aspect
Buccal 30 27.5% Thin 63 57.8% Plaque 41 37.6%
Gingiva 4 3.7% Vestibular 32 29.4% Patch 54 49.5%
Tongue 44 40.4% Masticatory 14 12.8% Verrucous lesions 11 10.1%
Hard palate 9 8.3% Erosion/Ulcer 3 2.8%
Floor of the mouth 9 8.3%
Soft palate 11 10.1%
Lip 2 1.8%

Table 2 agreement OMPs showed better performance when compared to GDPs,

Intraobserver agreement as assessed by weighted kappa statistic.

Rater K-value in a 2-score  K-value in 3-score K-value in 4-score
model® model” model"
GDP #01 0.662 0.541 0.607
GDP #02 0.229 0.117 0.153
GDP #03 0.522 0.504 0.510
GDP #04 0.479 0.523 0.506
GDP #05 0.470 0.511 0.496
GDP #06 0.721 0.739 0.733
GDP #07 0.495 0.500 0.498
GDP #08 0.440 0.405 0.417
OMP #09 0.506 0.462 0.476
OMP #10 0.657 0.658 0.658
OMP #11 0.960 0.857 0.892
OMP #12 0.730 0.651 0.677
Mean for GDPs  0.502 0.485 0.490
Mean for OMPs  0.713 0.657 0.676
Overall mean 0.573 0.542 0.552

@ “positive” OR “uncertain/positive” versus “uncertain/negative” OR “ne-

gative”.

b «positive” versus “uncertain/positive” OR “uncertain/negative” versus
“negative”.

¢ “positive” versus “uncertain/positive” versus “uncertain/negative” versus
“negative”.

reported in Table 2) is also in keeping with previous data from the
literature showing that practitioners who regularly have to do with oral
lesions are more consistent when compared to general dentists [19]. It
has been seldom emphasized the importance of the experience of the
observer for an accurate diagnosis [19,21,22] and a diagnostic aid able
to reduce the gap between experienced and non-experienced observers
could represent an effective benefit in the clinical assessment of oral
mucosal lesions in a primary setting. Unfortunately, the present results
are not able to support the use of LAF-based tests, in the case the
VELscope device, in order to have similar intraobserver consistency in
OMPs and GDPs.

The interobserver variability was assessed for both the assessment
sessions (T1 and T2) with very similar even if not satisfactory results.
Conceivably a binary scoring model is able to improve observers’
agreement as reported for example for the pathological grading of oral
dysplasia [23], nevertheless even in a 2-score model a no more than
moderate agreement was found. Also when dealing with interobserver

but such differences should have a low clinical impact as they com-
pletely disappear in a 2-score model which better represents a potential
clinical setting (Table 3).

Finally, also the significantly higher intraobserver than inter-
observer agreement was already reported for both clinical [20] and
histopathological [24] assessments.

As previously said, variations in LAF assessment can be attributed to
the lack of incorporation of diascopy. Diascopy is a test for blanch-
ability performed by applying pressure and observing colour changes.
Particularly, in the presence of LAF, the return of AF on blanching
characterizes the so called diascopic fluorescence (DF). Vascular or
inflammatory conditions are most often responsible for DF, due to
higher content of light-absorbing haemoglobin. In such cases, blood
dissipating intravascularly under compression results in a blanching
effect. For this reason, diascopy has to be considered an essential part of
LAF assessment, aiming to diminish the high rate of false-positive LAF
findings to the point that it has been suggested to consider only LAF
with no blanching as true LAF [10]. Nevertheless, this is not without
potential pitfalls as DF has also been observed in the presence of oral
epithelial dysplasia or squamous cell carcinoma [25,26]. Leaving out
discussions about the improvement of the diagnostic accuracy of LAF
assessment, performing diascopy has been found to be often very sub-
jective (62% agreement on complete blanching after LAF) and difficult
to be achieved even by experienced clinicians [25,26]. The assessment
of DF requires skills to value LAF, to perform an adequate compression
and to value the resulting blanching. Therefore, even in the presence of
such specific skills, it would likely add other two observer-dependent
factors potentially able to negatively affect the consistency of ob-
servations. Yet, the present study, based on the retrospective assess-
ment of clinical pictures, is not able to investigate these issues in order
to confirm or not such hypotheses. Even the assessment of brief videos
could not be worth for that aim as diascopy should be performed by the
observer him/herself.

Even if devices designed to assess LAF have been created and
marketed to be used by GDPs, most of evidence still come from sec-
ondary or tertiary settings [1]. Aiming at achieving consistent results
from AF assessment in general dental practice, two studies gave parti-
cular emphasis to the use of clinical interpretation and an established
review protocol [8,9]. Nevertheless, the high level of interobserver
disagreement observed in the present study highlights the need for new

Table 3
Interobserver agreement among GDPs and OMPs as observed at the first assessment session (T1).
Rating model GDPs OMPs
K-value 95% CI Agreement K-value 95% CI Agreement
2-score” 0.506 0.470-0.541 moderate 0.506 0.429-0.582 moderate
3-score” 0.378 0.352-0.404 poor 0.427 0.370-0.483 moderate
4-score® 0.354 0.330-0.377 poor 0.401 0.348-0.454 moderate

a «

b «

positive” OR “uncertain/positive” versus “uncertain/negative” OR “negative”.
positive” versus “uncertain/positive” OR “uncertain/negative” versus “negative”.

¢ “positive” versus “uncertain/positive” versus “uncertain/negative” versus “negative”.
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devices possibly able to independently detect the LAF thanks to an
automated image analysis. Such devices would allow consistent eva-
luations and would overcome the need for specific clinical training to
perform the procedure and interpret the results [27]. Such devices
would not only fill the potential gap between OMPs and GPDs, but
could also be used by other health workers without specific clinical
skills or experience.
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