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1 | INTRODUCTION

Oral cancer (OC) is one of the most common cancers in
humans. The annual global incidence is estimated to be
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Abstract

Background: Early detection of oral cancer (OC) or its precursors is the most
effective measure to improve outcome. The reasons for missing them on con-
ventional oral examination (COE) or possible countermeasures are still unclear.
Methods: In this randomized controlled trial, we investigated the effects of
standardized oral examination (SOE) compared to COE. 49 dentists, special-
ists, and dental students wearing an eye tracker had to detect 10 simulated oral
lesions drawn into a volunteer's oral cavity.

Results: SOE had a higher detection rate at 85.4% sensitivity compared to
78.8% in the control (p = 0.017) due to higher completeness (p < 0.001). Detec-
tion rate correlated with examination duration (p = 0.002).

Conclusions: A standardized approach can improve systematics and thereby
detection rates in oral examinations. It should take at least 5 min. Perceptual and
cognitive errors and improper technique cause oral lesions to be missed. Its wide

implementation could be an additional strategy to enhance early detection of OC.
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377 713 cases, resulting in 177 757 deaths in 2020.1 OC
can develop spontaneously or from oral potentially
malignant disorders (OPMDs), such as leukoplakia, ery-
throplakia, oral submucous fibrosis, or actinic cheilitis.

Abbreviations: COE, conventional oral examination; LMM, linear mixed-effects model; NNS, number needed to screen; OC, oral cancer; OPMD,
oral potentially malignant disorders; RCT, randomized controlled trial; SOE, standardized oral examination.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Head & Neck published by Wiley Periodicals LLC.

Head & Neck. 2024;1-13.

wileyonlinelibrary.com/journal/hed 1


https://orcid.org/0000-0001-5909-6105
https://orcid.org/0000-0001-9564-9467
https://orcid.org/0000-0003-4945-4604
https://orcid.org/0009-0007-5999-7094
https://orcid.org/0009-0009-9263-7394
https://orcid.org/0000-0003-3743-8658
https://orcid.org/0000-0002-2298-3517
https://orcid.org/0000-0002-0032-5118
https://orcid.org/0000-0001-9371-0551
mailto:bpuladi@ukaachen.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/hed
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhed.27687&domain=pdf&date_stamp=2024-03-07

: | WILEY

PULADI ET AL.

With an estimated global prevalence of 4.47%, OPMDs
represent some of the most common lesions in the
human oral cavity,” and regardless of OPMD subtype, it
has a potential for malignancy with a reported overall
transformation rate of 7.9%.

Both OC and OPMD can be detected by conventional
oral examination (COE), with early detection of OC con-
sidered the most important measure for successful treat-
ment, reduction of mortality, and improvement of overall
prognosis, while at the same time being cost-effective.*”’
For example, the odds ratio (OR) for the occurrence of
advanced-stage OC (T3, T4, or N > 0) with a delay of
>1 month in diagnosis is 1.69,° resulting in a serious out-
come decline.” Consequently, one of the primary objec-
tives of the World Health Organization regarding OC is
the improvement of early detection rate.'®

Although, guidelines clearly recommend a COE in
which all relevant areas of the oral mucosa, including the
lips, labial mucosa, buccal mucosa, gingiva, floor of
the mouth, tongue, palate, retromolar, and throat, are
systematically viewed and critically evaluated,'"'* the
sensitivity of COE conducted by general dentists com-
pared to specialists ranges from 60% to 81%, and the spec-
ificity from 94% to 99%. In the world's only randomized
controlled trial (RCT) conducted in India between 1994
and 2009, despite 4 cycles of COE to detect OPMD and
OC, the achieved sensitivity was only 67.4%.">'* As a
result, 2-4 out of 10 OCs could be missed during the
COE, even if repeated 4 times. It is reported, that approxi-
mately 3 out of 10 OPMDs are missed by general den-
tists."” This is further complicated by the existence of
more than 20 types of OPMD.'® About 85% of dentists
report difficulty diagnosing oral mucosal lesions.'” At the
same time, large deficiencies in dental students’ knowl-
edge of OC and how to perform a COE have been exten-
sively reported worldwide.'®** To make matters worse,
the reported sensitivity of oral self-examination by
patients is only at 24.6%.>> All this has implications not
only for the early detection of OC/OPMD, but also for the
follow-up of OC survivors, who suffer a recurrence rate
of up to 37% within 10 years,?® and may lead to a delayed
diagnosis of recurrence.?’

In recent years, auxiliary methods have been intro-
duced to improve the detection of high-risk oral lesions,
such as direct and imaging fluorescence-based methods**
or real-time dynamic optical microscopy.” However,
these devices increase the cost of the oral examination
and require more complex training and experience. In
fact, despite population-based screening programmes,'**
improvements in the early detection of OC have not yet
been achieved in individual patient encounters.'* At the
same time, early detection of other cancer entities, such
as breast and cervical cancer has led to improvements in

their survival rates in recent decades.’! Paradoxically, the
survival rates for OC and colorectal cancer are compara-
ble, even though the former could be easily diagnosed
with a COE, and the latter is inside the body and requires
a colonoscopy for diagnosis."*'?

In 1914, the surgeon Walter G. Spence stated that
early diagnosis of OC is the most effective measurement
for outcome improvement.>* More than 100 years later
with regard to COE, we can only speculate whether a
lack of systematics (i.e., incompleteness of the examina-
tion), visual perception, or cognitive errors lead to the
missing of oral lesions. We do not know what the true
sensitivity of COE is because the reported values have no
true reference due to the study design and could there-
fore be biased.'**° However, this is very important for
two reasons. First, patients expect us to identify oral
lesions with a high degree of certainty on an individual
level. The impact of late or missed diagnoses is dramatic
at all levels and for maintaining public trust in the profes-
sion.*> Second, we need to understand the underlying
reasons for missing oral lesions in order to take appropri-
ate countermeasures.

To address these issues, we conducted an RCT to
compare COE with a standardized approach to oral
examination (SOE) in an experimental setting among
dental students, dentists, and specialists at an individual
level.

2 | MATERIALS AND METHODS

2.1 | Study design

In this parallel RCT, dentists (including specialists) and
dental students had to perform oral examinations on a
simulated patient. The study was conducted in the
Department of Oral and Maxillofacial Surgery at the Uni-
versity Hospital RWTH Aachen from May to June 2022
and followed the CONSORT statement (Figure 1).°® The
study was approved by the Ethics Committee of RWTH
Aachen University (approval number EK 076/22 from
28.04.2022) and registered in the German Clinical Trials
Register (DRKS00027450). No changes were made to the
trial design after approval.

The inclusion criteria were dentists from different
specialties and dental students in the clinical part of their
studies. The acquisition of participants was conducted by
B.P. and J.B. The randomization sequence was generated
by B.C. After obtaining informed consent, randomization
was performed according to an allocation rule by K.G.
The participants were unaware of the true objective of
the experiment and of their assigned group until their
participation in the experiment was over.
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Application (n=49)
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\ 4 [ Allocation ] ) 4

Allocated to intervention (n=24)
¢ Received allocated intervention (n=24)
¢ Did not receive allocated intervention (n=0)

Allocated to intervention (n=25)
¢ Received allocated intervention (n=25)
¢ Did not receive allocated intervention (n=0)

—

]

Follow up
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
A [ Analyse ] A

Analysed (n=24)
¢ Excluded from the additional video analysis:
Recording not complete or missing (n=0)

FIGURE 1

For the intervention group (SOE), a video (2 min;
https://www.youtube.com/watch?v=hDG1mRFFusc)
explaining the function of the eye tracker and training to
standardize the COE (5 min) with a systematic and step-
wise examination (13 steps) of all relevant regions of the
oral mucosa was provided (Video S1, Supporting Infor-
mation). The training program for standardization was
designed according to the recommendations of Reichert
and Philipsen®” and the National Institute of Dental and
Craniofacial Research (Figure 2A).>® For the control
group with individual approaches (COE), a video

Analysed (n=25)
¢ Excluded from the additional video analysis:
Recording not complete (n=2) or missing (n=1)

CONSORT flow diagram. [Color figure can be viewed at wileyonlinelibrary.com]

explaining only the function of the eye tracker was
shown (2 min; Eye tracker part in Video S1).
Subsequently, both the intervention and -control
groups had to perform oral screenings for simulated oral
lesions on a volunteer (J.B.). For this purpose, 10 water-
proof, standardized, and evident black dots were placed
at different locations in the oral cavity of the simulated
patient (Figure 2B). The participants were asked to exam-
ine the oral cavity for the aforementioned dots and report
verbally their location without knowing the number of
dots or their positions. During the oral screening, videos
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(A) Systematic Examination:

Tongue
(Dorsal & Border)

Vestibule

Gingiva

Floor of Mouth & Pate
Ventral Tongue (Hard & Soft)

(B) Simulation Patient:

DOTS:

1. Upper lip (inner right)

2. Vestibule (upper jaw right)
3. Palate (anterior left)

4. Palate (posterior right)

5. Retromolar (upper jaw left)
6. Retromolar (lower jaw right)
7. Tongue side (right)

8. Back of tongue (left)

9. Floor of mouth (anterior left)
10. Vestibule (lower jaw left)

Placing 10 dots
with a marker

FIGURE 2 (A) The different regions of the oral cavity highlighted in yellow (lips, vestibule, gingiva, tongue, floor of mouth, palate,
retromolar region, and throat). A modified recommended systematic examination scheme for the oral cavity with 13 steps is marked in
red.”” (B) The simulated patient was prepared by drawing dots using a surgical marker in the oral cavity at 10 different anatomical sites:
upper lip (inner right), vestibule (upper jaw right), palate (anterior left), palate (posterior right), retromolar (upper jaw left), retromolar
(lower jaw right), tongue side (right), back of tongue (left), floor of mouth (anterior left), and vestibule (lower jaw left). [Color figure can be
viewed at wileyonlinelibrary.com] [Color figure can be viewed at wileyonlinelibrary.com]

Eye Tracking

FIGURE 3 (A) During the oral examination, an eye tracker (Tobii 2) was worn, which recorded a video that included the visual gaze.
(B) Representation of the view from the eye tracker. The black dot (yellow arrow) and the gaze position (white arrow) were both visible
during the examination of the oral cavity of the simulated patient. In the upper right corner, the drawn points are surrounded by yellow

circles. [Color figure can be viewed at wileyonlinelibrary.com]

were recorded from both a first-person perspective, which
involved eye tracking using Tobii Pro Glasses 2 (Tobii
AB, Danderyd, Stockholm, Sweden), and an external per-
spective (Figure 3). Finally, a questionnaire (including 4-
point Likert scale questions; Table 5) was completed by

the participants, who were informed of the true objective
of the study.

The primary endpoint of the study was the number of
simulated oral lesions detected. Secondary endpoints
were the frequency of detection of each dot, the
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systematics of the examination, the examination dura-
tion, the use of aids, and the self-assessment of the qual-
ity of the examination.

2.2 | Data acquisition

The video recordings with eye tracking were analyzed
using the iMotions software (iMotions A/S, Copenhagen,
Denmark) by two investigators (K.G. and J.B.). The
results, including the other collected data, were stored in
REDCap (Vanderbilt University, Nashville, TN). Dis-
agreements were resolved by two additional investigators
(B.P. and B.C.).

The videos were used to determine the detection rate,
which was also documented in writing (as a backup in
case of technical problems). The examination duration
was determined and the presence of the 13 steps (Table 3)
of the SOE according to the training (intervention group)
or a comparable approach (control group) was assessed
(Figure 2A).°”*® To account for interrater variability, the
examination duration was calculated as the average deter-
mined by two investigators (K.G. and J.B.). Disagreements
and discrepancies in the examination duration of more
than 15s were resolved by two additional investigators.
Furthermore, the videos were used to determine whether
participants used mouth mirrors, adjusted the light, used
additional aids (e.g., suction or compresses), sat or stood,
and whether the simulated patient was examined in a sit-
ting, semi-recumbent, or recumbent position.

2.3 | Sample size calculation

Sample size was determined according to the recommen-
dations of a statistician using G*Power (Version 3.1;
Heinrich Heine University Diisseldorf, North Rhine-
Westphalia, Germany) based on the detection rate from
one pretest (7.5 + 1.12 [mean + SD]; n = 4). With a sig-
nificance level of @ = 0.05, 80% power and a mean differ-
ence of 1 oral lesion detected between two independent
groups, this resulted in a sample size of 24 participants
(including 3 dropouts) for each arm, resulting in a total
of 48 participants.

2.4 | Statistical analysis

Statistical analysis was performed using R (version 4.2.2).
p < 0.05 was considered significant. The difference in the
primary endpoints between the intervention and control
groups was analyzed using a linear mixed-effects model
(LMM) with the lme4 package to take into account the

influence of experience and different professional groups.
The dependent variable was the number of drawn dots
detected, and the independent variables were interven-
tion (yes/no), work experience/study progress (mixed
effect), and specialty (mixed effect). However, specialty
showed zero variance, so this parameter was changed to
a fixed effect in the final model without having impact on
the significance. Furthermore, differences in detection
rates between professional groups (specialists, dentists,
dental students) were examined using the Kruskal-Wallis
test. The degree to which the examination was conducted
in a systematic fashion and the duration of the examina-
tion were compared as secondary endpoints using a ¢ test
or a Mann-Whitney U test, depending on the presence of
a normal distribution determined by the Shapiro-
Wilk test.

3 | RESULTS

A total of 49 participants were recruited, including
24 dental students and 25 dentists, of which 24 were
assigned to the intervention group and 25 to the control
group. One subject was additionally included after reach-
ing the planned sample size. Due to technical reasons,
the video/eye tracking recording was incomplete (n = 2)
or failed (n = 1) for three participants. However, this did
not negatively affect the analysis of the detection rate, as
it was recorded both in written and video formats, result-
ing in 49 participants included in the detection rate anal-
ysis and 46 participants included in the eye tracking
analysis. No losses or exclusions occurred after randomi-
zation (Figure 1).

The gender distribution was almost balanced
(25 women vs. 24 men). Regarding age, 22 subjects were
between 18 and 25 years old, 22 were between 26 and
35, and only 5 were 36 years or older. Most students
(79.2%) were in the second half of their 4th year (3rd clin-
ical semester) or the first half of their 5th year (4th clini-
cal semester) of a total of 5 years of dental training, while
most of the dentists had four or more years of profes-
sional experience (68%) (Table 1). Sixty percent of the
dentists were specialists with >3 years of training in oral
surgery or oral and maxillofacial surgery with an addi-
tional degree in medicine and are routinely involved in
the detection, treatment, and follow-up of OC and OPMD
in our department.

The detection rate was significantly higher in the
SOE/intervention group (8.54 + 1.25 out of 10) than in
the COE/control group (7.88 + 1.39; LMM; p = 0.88,
p = 0.017) adjusted for professional group and experi-
ence; Figure 4A). Regardless of the oral examination
approach (SOE/COE), the detection rate was 8.13 + 1.36
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TABLE 1 Cohort.

Parameters SOE: Intervention (n = 24) COE: Control (n = 25) Total (n = 49)

Gender Female 10 (41.7%) 15 (60.0%) 25 (51.0%)
Male 14 (58.3%) 10 (40.0%) 24 (49.0%)

Age 18-25 12 (50.0%) 10 (40.0%) 22 (44.9%)
26-35 9 (37.5%) 13 (52.0%) 22 (44.9%)
36-45 3 (12.5%) 1 (4.0%) 4(8.2%)
>46 0(0.0%) 1 (4.0%) 1 (2.0%)

Profession Dental student 12 (50.0%) 12 (48.0%) 24 (49.0%)
Dentist 12 (50.0%) 13 (52.0%) 25 (51.0%)
[Specialists] [6 (25.0%)] [9 (36.0%)] [15 (30.6%)]

Study progress (clinical semester) 1st (3rd year) 0 (0.0%) 1 (8.3%) 1(4.2%)
2nd (4th year) 1(8.3%) 0 (0.0%) 1(4.2%)
3rd (4th year) 4 (33.3%) 3 (25.0%) 7 (29.2%)
4th (5th year) 4(33.3%) 8 (66.7%) 12 (50.0%)
5th (5th year) 3 (25.0%) 0 (0.0%) 3 (12.5%)

Work experience (years) <1 2 (16.7%) 0 (0.0%) 2 (8.0%)
1-3 4(33.3%) 2 (15.4%) 6 (24.0%)
4-5 2(16.7%) 7 (53.8%) 9 (36.0%)
6-9 3 (25.0%) 2 (15.4%) 5(20.0%)
>10 1(8.3%) 2 (15.4%) 3 (12.0%)

among all specialists, 8.00 + 1.26 among dentists (includ-
ing specialists), and 8.42 + 1.44 among dental students
(Kruskal-Wallis test, p = 0.25). Stratified for oral exami-
nation approach (SOE/COE), the detection rate was 8.50
+ 1.05 (SOE) and 7.89 + 1.54 (COE) among specialists,
among dentists (including specialists) 8.33 + 1.07 (SOE)
and 7.69 + 1.38 (COE), and 8.75 + 1.42 (SOE) and 8.08
+ 1.44 (COE) among dental students.

Interestingly, these differences did not show up in the
qualitative self-assessment (n = 49). Participants in the
COE group rated themselves slightly higher (4-point
Likert scale; 1 = disagree, 4 = agree; 3.4 + 0.5) than the
SOE group (3.2 + 0.8) (Figure 4D).

Despite this, the rate of detection of the drawn dots
varied depending on their anatomic site. The highest
detection rate (93.9%) was found for the vestibular region
of the maxilla and mandible and for the retromolar
region of the mandible, while the lowest detection rate
was found for the right inner side of the upper lip
(57.1%), the floor of the mouth (63.3%), and the anterior
palate (71.4%) (Table 2).

The number of steps (total of 13) performed (i.e.,
degree of systematic) according to the recommended
steps was significantly higher among the SOE group
(12.50 + 0.78 steps) compared to the COE group (10.64
+1.89 steps) (Mann-Whitney U test, p < 0.001;
Figure 4B and Table 3). During the intraoral

examination, 37% of the participants stood, 60.9% sat,
and 2.2% did both. In 63% of the cases, the simulated
patient was examined in a recumbent position, 21.7%
were in a semi-recumbent position, and 15.2% were in a
sitting position. The oral cavity was illuminated in 91.3%
of cases and only half of the time in 8.7% of cases. The
majority of investigators wore gloves (95.7%), only two
investigators did not wear gloves (4.3%). Compresses
were used in 50% of the cases, and dental suction were
used in 8.7%. Of the examiners, 95.7% used two mirrors,
and 4.3% used only one mirror and their own fingers dur-
ing the examination (Table 4).

The duration of the examination was 4:14 + 1:13
(min:s) for the intervention group and 3:36 + 1:22 for the
control group, which was not significantly different
(t test, p = 0.108). However, there was a significant corre-
lation between detection rate and examination duration
(f = 0.467, p = 0.002) with an increase starting at 3:00
and reaching a plateau at 4:30 (Figure 4C). Consistent
with this, participants with a detection rate of >9 (4:25
+ 1:14) were linked to a significantly longer examination
compared to those with a detection rate <8 (3:33 + 1:17;
t test, p = 0.025).

Both groups reported following one strategy during
the examination (SOE: 3.2 + 0.8 vs. COE: 3.4 + 0.8). Sim-
ilarly, both groups reported that the approach was suit-
able for the detection of oral mucosal changes (SOE: 3.0
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FIGURE 4 (A) The intervention group (SOE) that underwent training detected significantly more points (mixed linear effects model,

p = 0.017) than the control group (COE). (B) The intervention group (SOE) completed more steps (i.e., degree of systematic) than the control
group (COE) (Mann-Whitney U test, p < 0.001). (C) A temporal relationship visualized with the locally estimated scatterplot smoothing.
There was a significant increase in the number of points detected when the examination duration exceeded 4 min. The intervention group is

shown in blue, and the control group is shown in yellow. (D) Intrinsic evaluation of the detection rate between the intervention (SOE) and

control group (COE). [Color figure can be viewed at wileyonlinelibrary.com] [Color figure can be viewed at wileyonlinelibrary.com]

+ 0.8 vs. COE: 3.2 + 0.6) and for malignant oral mucosal
lesions (SOE: 3.2 + 0.8 vs. COE: 3.3 &+ 0.6). The optimal
use of aids was confirmed by both groups (SOE: 3.2 + 0.8
vs. COE: 3.4 + 0.6). In the intraoral examination, the eye
tracker was not perceived as disturbing (SOE: 1.5 + 0.7
vs. COE: 1.6 + 0.7), while participants were able to ima-
gine wearing the eye tracker in a real-world setting (SOE:
2.7 + 0.8 vs. COE: 2.9 + 0.7) (Table 5; non-translated ver-
sion as Table S1).

4 | DISCUSSION

Although tremendous efforts have been made to improve
the diagnosis of evident lesions by vital staining, oral
cytology, light-based detection, or oral spectroscopy’ and

the recommendation that any obvious oral lesion that per-
sists for more than 2 weeks should be biopsied,* all these
measures are in vain if the patient, dentist, oral specialist,
head and neck surgeon, or any other healthcare provider
is unaware of the oral lesion. Therefore, COE is still the
most important step for detection of OPMD or OC.

To our knowledge, this study is the first RCT to exam-
ine the effectiveness of COE in an experimental setting
using eye tracking. We originally assumed that almost all
10 simulated oral lesions would be detected due to their
obvious appearance compared to normal mucosa. Sur-
prisingly, the sensitivity of the COE group was 78.8% and
within the upper range of COE sensitivity reported in the
literature (60%-81%) when dentists were compared to
specialists.”” Interestingly, the sensitivity of the SOE
group was actually higher at 85.4%.
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Both the sensitivity of COE and the increase due to
SOE are remarkable and should not be overlooked. First,
we do not know what the true sensitivity of COE is
because either specialists are used as the reference”'® or
it is estimated from follow-up data,'**° both of which are
subject to error and are only an approximation.®® In the
experimental setting of our study, we do not have this
issue because the number of the oral lesions (black dots)
is given. In light of this, reported high sensitivity rates
(>90%) where non-specialists are used as reference*® are

TABLE 2 Detection rate.
Detected, Not detected,

Location (n = 49) n (%) n (%)
Upper lip (inner right) 28 (57.1) 21 (42.9)
Floor of mouth (anterior 31 (63.3) 18 (36.7)

left)
Palate (anterior left) 35(71.4) 14 (28.6)
Retromolar (upper jaw 41 (83.7) 8 (16.3)

left)
Palate (posterior right) 42 (85.7) 7(14.3)
Back of tongue (left) 43 (87.8) 6(12.2)
Tongue side (right) 44 (89.8) 5(10.2)
Upper jaw vestibule 46 (93.9) 3(6.1)

(right)
Lower jaw vestibule (left) 46 (93.9) 3(6.1)
Retromolar of lower jaw 46 (93.9) 3(6.1)

(right)

TABLE 3 Performed steps.
Steps (n = 46)
#1 Lower lip (red lip and adjacent skin)
#2 Upper lip (labial red and adjacent skin)
#3 Mucosa of lower lip and sulcus
#4 Mucosa of upper lip and sulcus
#5 Commissures, buccal mucosa, and sulcus (upper
and lower jaw)
#6 Alveolar processes, buccal (2 mirrors)
#7 Alveolar processes, lingual (2 mirrors)
#8 Alveolar processes, frontal, and tongue in resting
position

#9 Tongue extended, held by examiner
#10 Tongue margins held by the examiner
#11 Tongue (ventral surface) and floor of mouth
#12 Floor of mouth with mouth wide open
#13 Hard and soft palate, mouth wide open, head

tilted back, including pharynx and retromolar

region

probably an interrater correlation between health care
workers and specialists, rather than a true sensitivity.
This is also supported by the fact that in the largest popu-
lation-based screening program to date, the sensitivity
was estimated to be 88.29% in one subpopulation, despite
multiple screening, and using a previous negative screen-
ing as a reference.’® We thus have for the first time the
possibility to verify the performance of a COE in an
experimental setting, which can be used to test sensitivity
baselines for investigators, as required in population-
based methods.'

Second, the increased sensitivity rate of the SOE
approach without consideration of mixed effects leads to
a number needed to screen (NNS) of 339 for OPMD
(NNS = ;zz77647) (assuming a prevalence for OPMD of
4.47% and sensitivity increase of 6.6%). This means that
one in 339 patients would have an additional OPMD
detected by SOE, given the OPMD is recognizable as
such. Including mixed effects, the NNS would be even
lower at 260. In risk groups with a higher prevalence, the
NNS may be much lower. It is estimated that population-
based oral screening programs could prevent at least
37000 deaths per year worldwide at current COE sensi-
tivities.* A nationwide screening in Taiwan involving
over 2 million individuals showed a 26% reduction in
mortality (Risk ratio 0.74; 95% CI: 0.72-0.77).>° There-
fore, an improvement in the sensitivity rate due to SOE
could have a sustainable impact in daily clinical practice
and could be applied outside of population-based pro-
grams to all patients being orally examined.

Performed, n (%) Missing, n (%)

40 (87.0) 6 (13.0)
40 (87.0) 6 (13.0)
46 (100.0) 0(0.0)
46 (100.0) 0(0.0)
45 (97.8) 1(22)
45 (97.8) 1(2.2)
34(73.9) 12 (26.1)
46 (100.0) 0(0.0)
39 (84.8) 7(15.2)
34 (73.9) 12 (26.1)
34(73.9) 12 (26.1)
38 (82.6) 8(17.4)
46 (100.0) 0(0.0)
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TABLE 4 Examination characteristics.

SOE: COE: Total p-
Parameters Intervention (n = 24) Control (n = 25) (n =49) value
Video/eye-tracking Missing/ 0 3 3
data incomplete
Investigator position Standing 15 (62.5%) 13 (59.1%) 28 (60.9%) 0.572
Sitting 9 (37.5%) 8 (36.4%) 17 (37.0%)
Both 0 (0.0%) 1(4.5%) 1(2.2%)
Patient position Sitting 4 (16.7%) 3(13.6%) 7 (15.2%) 0.782
Recumbent 14 (58.3%) 15 (68.2%) 29 (63.0%)
Semi-recumbent 6 (25.0%) 4 (18.2%) 10 (21.7%)
Light Yes 21 (87.5%) 21 (95.5%) 42 (91.3%) 0.350
No 3 (12.5%) 1(4.5%) 4 (8.7%)
Gloves Yes 24 (100.0%) 20 (90.9%) 44 (95.7%) 0.137
No 0 (0.0%) 2(9.1%) 2(4.3%)
Dental suction Yes 0 (0.0%) 4 (18.2%) 4 (8.7%) 0.029
No 24 (100.0%) 18 (81.8%) 42 (91.3%)
Compresses Yes 19 (79.2%) 4 (18.2%) 23 (50.0%) <0.001
No 5(20.8%) 18 (81.8%) 23 (50.0%)
Mirrors Yes 24 (100.0%) 20 (90.9%) 44 (95.7%) 0.131
No 0 (0.0%) 2(9.1%) 2 (4.3%)
TABLE 5 Likert Questionnaire. aware of this sensitivity during oral examinations or can-
. . . cer follow-up. Second, we need to understand why oral
Likert questions Intervention  Control . .
. lesions are overlooked in order to take countermeasures.
(1 = disagree, 4 = agree) (n =24) (n =25) . . s
_ Third, if countermeasures to improve oral examinations
[ follow a strategy during the 3.2+08 3408 are not sufficient, we need to think of other, auxiliary
investigation epe s 1 s . 42 .
- approaches, such as artificial intelligence™ or examiner-
Mﬁ appfoaChflsliulta}’le e thle SRS S2ieS(0 independent  screening approaches like salivary
cﬁzftzn ot att oral mucosa markers.'* In the following, we will take a closer look at
& o ; all three aspects.
My proc,edure 18 Sl?ltable or the 3.2+08 3.3+06 From theoretical considerations, the observed results
detection of malignant oral .
. of non-detection of the drawn dots could be caused by
mucosal lesions . o .
two factors. First, perception is based on brain processes,
I selected all the necessary 32+0.8 3.4+ 0.6 . .
. not just what crosses our visual field. Perceptual filters,
examination aids (mouth ) ] .
mirror, lighting conditions, gestalt, an.d inattentional 'bhnd'ness may aff'ect gle detec-
and patient position on chair) tion of skin changes during visual inspection.™ Percep-
optimally for the examination tual filters, including confirmation biases and search
I was disturbed by the eye- 1.5+ 0.7 1.6+ 0.7 satisfying biases, limit our perceptions.** Gestalt is a psy-
tracking glasses when chological theory that describes the cognitive processes
performing the intraoral involved in perception. This includes, for example, the
examination fact that we group objects that are closer to each other or
I can imagine wearing the eye 27+08 29407 that missing information is filled in by the brain.*’ In

tracker in a real-world setting

Three important considerations arise from the fact
that sensitivity is not yet at 100%. First, despite the best
intentions of healthcare providers, they must always be

addition, inattentional blindness and change blindness
cause an object to be visually present but not perceived.*
Second, the surface area of the oral cavity of an adult is
estimated to be about 214.7 cm® (of which 45.3 cm?
is occupied by the teeth).*’ Respectively, about 169.4 cm®
needs to be scanned by the examiner for any mucosal
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changes, such as the dots drawn in our simulated patient.
Although the skin has a much larger surface area (esti-
mated to be 1.16-2.17 m?),*® the oral cavity is not a “flat”
surface; instead, it corresponds to the inner surface of a
sphere that has “hills” and “valleys,” causing large parts
of the surfaces to touch each other. Therefore, a brief
look inside the oral cavity is not sufficient; instead, it is
necessary to look closely at all areas in a systematic
fashion.

The relevance of the aforementioned factors in oral
examinations is supported by the analysis of our eye-
tracking data. In some cases, we observed that the drawn
dots were not cognitively perceived despite their clear vis-
ibility and the participants gazing at them. This can be
explained by inattentional blindness. In addition, three
dots, specifically the ones on the upper lip, anterior pal-
ate, and floor of the mouth, showed a considerably
reduced detection rate (Table 2). Our eye-tracking evalua-
tion revealed that the dot on the inner right side of the
upper lip was often hidden by a dental mirror or fingers.
Another drawn dot was in close proximity (see
Figure 2B), which may have caused the search to stop
due to search satisfaction bias. The dot on the anterior
palate was hidden by a palatal plica. To detect this, it was
necessary to look into the mouth with a mirror or at least
tangentially, which was not done by every examiner. The
drawn dot on the floor of the mouth was visible only
when the floor of the mouth was pressed down slightly,
pulling the mucosa apart, which was also an issue for
some examiners.

Without the use of eye tracking technology, we would
not have been able to obtain these insights. Eye tracking
enables very precise determination of the gaze point and
eye movement. This can be done either remotely or with
a head-mounted eye tracker, which uses cameras or sen-
sors to monitor the eyes. In recent years, eye trackers
have been increasingly used in research,*® and for exam-
ple revealed that the duration of fixation are significantly
associated with the correct diagnosis of caries.>

Despite these insights, sensitivity is not set in stone,
as shown by the comparison between a standardized
(SOE) and an individual approach to conventional oral
examination (COE). The reasons were, that on average,
the SOE group performed more steps (i.e., higher degree
of systematic) according to the recommended examina-
tion steps than the COE group with an individual
approach (12.50 +0.78 vs. 10.64 +1.89, p < 0.001)
(Figure 4B). This was associated with more drawn dots
detected. At the same time, the detection rate correlated
with the duration of the examination (Figure 4C).
Although this was not significantly different between the
two groups (4:14 +1:13 vs. 3:36 +£ 1:22 [min:s]),
the examination duration was significantly longer for

participants who recognized 90% or more drawn dots
(4:25 + 1:14 vs. 3:33+1:17). This substantiates the
phrase that 5 min of oral examination can already save a
patient’s life*® and highlights the importance of minimiz-
ing time pressure during oral examination. Interestingly,
only the SOE group self-assessed their detection rate neg-
atively (Figure 4D). The reason for this could be the Dun-
ning-Kruger effect, which describes that incompetent
people tend to overestimate their abilities.”® This effect
was also demonstrated in dental students who rated
themselves as less competent at midterm than at the
beginning of the semester.’” In this respect, although
COE is considered to be a systematic examination, our
results show that there is a gap between the assumed and
actual completeness of the examination. Interestingly,
dental students tended to have a higher mean detection
rate than dentists and specialists (p = 0.25), but without
significance. This is in line with other studies where den-
tal students tended to have a higher sensitivity in diag-
nosing caries on radiographs or oral pathology on
images.’*>* This may be because they see participation in
the study as an opportunity to demonstrate their skills, or
it may be because they are over-cautious.

Consequently, it is crucial to ensure that the entire
surface of the oral cavity is examined in a standardized
fashion. This helps to ensure that fewer examination
steps are omitted. Furthermore, oral changes should not
be missed due to cognitive errors, while cognitive debias-
ing strategies already exist to minimize such errors. These
include developing insight/awareness, considering alter-
natives, metacognition, reducing dependence on mem-
ory, targeted training, simulation, cognitive constraint
strategies, task facilitation, minimizing time pressure,
accountability, and feedback.**

But even with these measures, we are unlikely to cap-
ture all oral lesions in every clinical encounter. In fact, the
detection of an oral change is further complicated by the
fact that oral changes can be more subtle or can be misin-
terpreted.'®** Therefore, in addition to the detection rate,
the clinical evaluation has an impact, especially on early
diagnosis. As a result, we should consider complementary
approaches. One possibility would be to photograph the
entire intraoral surface.”> For example, sequential total
body photography can help detect new skin changes.”® A
combination of the deep learning methods developed in
recent years could be combined with an entire intraoral
scan. In fact, deep learning models trained on about
44 000 clinical images of OC showed an accuracy of 92.3%
(95% CI. 90.2-94.3%) on a clinical test dataset, which is
comparable to OC experts at 92.4% accuracy (95% CIL:
91.2-93.6%).** In addition to optical imaging technologies,
saliva markers could be used. However, to date, none of
these methods have been established in primary care.'*
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Another possibility is the use of fluorescence visualization,
which seems promising.””-*® However, this would require
additional training and incur costs.

Finally, our developed concept of a simulated patient
and the implemented training program to SOE could
address several of the issues raised in this paper. This set-
ting can be used for specific training sessions and simula-
tions. The drawn points only have to be found without
any further morphological interpretation by the exam-
iner, which simplifies the task and facilitates the learning
of a systematic examination. The proposed interventions
could also be used to provide feedback to each participant
regarding how well they performed. Furthermore, these
interventions could include eye tracking, feedback, and
metacognition support to further enhance their efficacy.
In this regard, eye tracking has already been successfully
used to facilitate the teaching of objective, structured
clinical examinations in medical school.*

However, our study has some limitations and weak-
nesses. First, we used only one simulated patient.
Although this had the advantage that we did not have
additional confounding variance to examine the effect
between SOE/COE, the disadvantage is that we cannot
estimate the effect of different simulated patients. In
addition, the simulated oral lesions of black dots were
highly evident, probably increasing the sensitivity rate.
They could be changed to a less obvious color such as
white or reddish, which would be closer to real oral
lesions, but might make the analysis with the eye-tracker
more difficult. Another aspect is that we had a fixed
number of 10 simulated oral lesions. This could be varied
to get a good estimate of specificity, positive and negative
predictive values. These aspects should be addressed in a
follow-up study, while this study can serve as a methodo-
logical basis.

5 | CONCLUSION

Training in a standardized approach to oral examination
led to a significant improvement in the level of systemat-
ics, resulting in an increased detection rate. Any oral
examination should take at least 5 min. The inner lip,
anterior palate, and floor of the mouth were identified as
areas with low detection rates. Therefore, special atten-
tion should be paid to proper examination techniques,
and examiners should be aware of the presence of various
perceptual and cognitive errors. The findings of this study
should be incorporated into the curricula for all health-
care providers, who examine the oral cavity on regular
basis. Its widespread implementation could be an addi-
tional strategy to increase the early detection rates of
OPMD and OC.
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