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Abstract

Objectives To evaluate a tissue autofluorescence (AF) system as an aid for Dental Hygienist (DH) to screening oral mucosa
alterations during supportive periodontal care (SPC).

Materials and methods Two hundred patients in regular SPC with no previous oral mucosa lesions were enrolled. The oral
cavity of each patient was examined by a DH without and with the AF system. Afterward, the patient was examined by a
General Dentist (GD) by means of conventional visual inspection alone. The primary outcome was the sensitivity of AF
system used by a DH. Furthermore, the specificity, predictive values and likelihood ratios were also evaluated. Receiver
operating characteristic (ROC) curves were generated and area under ROC (AUROC) was estimated to overall evaluate the
ability of DH to detect oral mucosa lesions with and without an AF system.

Results After completion of intraoral screening, 111 and 66 oral mucosa alterations were detected by DH without and with
the AF system. A total of 83 lesions were instead recorded by GD with conventional inspection. The sensitivity and speci-
ficity of AF system used by a DH were 61.5% and 90.6% while the conventional visual inspection showed a sensitivity of
81.3% and specificity of 97.6%. AUROC values of 0.760 and 0.894 were found for AF system and for conventional visual
inspection respectively.

Conclusions Whitin the limitations of present study, the results showed for DH an increase of specificity and a loss of sen-
sitivity in detection of oral mucosa alterations using the AF system.

Clinical relevance: The use of AF system may be considered an aid for DH to improve screening of oral mucosal alterations
during SPC.
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Introduction

Oral cancer represents a common malignant neoplasm
worldwide with almost 355.000 new cases and 177.757
deaths per year, although non homogeneously distributed in
all countries [1, 2]. Oral Squamous Cell Carcinoma (OSCC)
Thg study protocol was registered in ClinicalTrial.gov is the predominant type representing approximately 90% of
(N*NCT05942794). all oral cancer cases [3, 4] and usually most OSCCs origi-
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. o The majority of these lesions may not progress into car-
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80131 Naples, Ttaly which cancer development is higher with respect to an area
. . with clinically normal mucosa. OPMDs are a heterogeneous
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the screening of oral mucosal alterations and early detection
of OPMDs should be considered essential for prevention of
oral cancer.

Identification at early phases of OPMDs may be difficult
because they are not always associated to pain or discomfort,
and they may sometimes manifest as minimal changes [9].
Furthermore, the diagnosis may be delayed for misinterpre-
tation of symptoms that may resemble odontogenic infection
especially when occurring in dental area [10, 11]. Although
data from a systematic critical appraisal of clinical guide-
lines on screening and diagnosis of oral cancer reported that
the majority of clinical recommendations were based on low
level of evidence [12], many authors recommend an accurate
screening of oral mucosa for all patients and especially for
high-risk patients such as smokers, drinkers and patients
with HIV [13, 14]. Thereby, the oral mucosa of each patient
should be carefully monitored during routine dental care.

Oral mucosa screening is usually performed by conven-
tional inspection followed by palpation, and the examiner
experience level plays a pivotal role [15, 16]. Recently,
diverse innovative methods such as oral brush biopsy [17],
salivary metabolomics [18], clinical photographs using
vision transformers [19], telemedicine systems [20] and arti-
ficial intelligence [21], were proposed as adjunctive devices
to facilitate the screening of oral mucosal lesions with prom-
ising results. Data of a recent systematic review [22] suggest
that toluidine blue and light-based detection systems reduce
the number of false positives without increasing the rate of
false negative.

Tissue autofluorescence (AF) system is a well-docu-
mented method used to screening oral mucosa alterations
[23], and it is based on the capacity to detect alterations
in the structure and metabolism of the tissues even before
mucosal changes are detectable at conventional inspection
[24-26]. Autofluorescence is the result of fluorescent emis-
sions produced by the endogenous cell fluorophores exposed
to a light of a specific wavelength [27]. When observed by
means of a special optical device, a normal green autofluo-
rescence is displayed by healthy oral mucosa whereas a dark
appearance due to loss of autofluorescence occurs in oral
mucosa with dysplastic or inflammatory cells [28].

Dental Hygienist (DH) is an active part of the clinical
dental team and may contribute to screening and identify-
ing oral mucosa alterations in a collaborative approach with
dentist [29]. However low knowledge of oral cancer among
DHs is strongly associated with low levels of early detec-
tion of mucosal lesions [30, 31]. DH plays a key role during
supportive periodontal care (SPC) since patients with history
of treated periodontitis frequently undergo to professional
oral hygiene visits. Indeed, after active periodontal therapy
(i-e. non-surgical and surgical treatment), the majority of the
patients remains at high risk for periodontitis recurrence,
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and they require a personalized step IV-SPC based on a
structured recall system with visits scheduled every 3 or 6
months [32, 33]. This step of periodontal therapy is based on
a combination of preventive interventions usually performed
by a DH including systemic and periodontal health monitor-
ing, risk factors control, reinforcement of oral hygiene moti-
vation and professional mechanical plaque removal. Thus,
a large number of patients are monitored by DH and the
screening of oral mucosal alterations should be considered
as a part of SPC [34, 35].

Hence, the aim of the present study was to evaluate
whether a tissue autofluorescence system may be an aid to
Dental Hygienists for screening oral mucosa during sup-
portive periodontal care.

Material and methods
Study design

The present investigation was designed as observational sin-
gle-arm study. A cohort of patients adhering to supportive
periodontal care (SPC) was examined by a DH and screened
for the presence of oral mucosal alterations by means of con-
ventional visual inspection and subsequently using a tissue
autofluorescence detection system.

Afterward, each patient was examined by a general dentist
(GD) by means of conventional visual inspection alone. GD
was masked respect to DH and was considered as control and
clinical reference. If necessary, patients with suspicious abnor-
malities were referred by the GD to the Department of Oral
Medicine for a definitive diagnosis. The study was conducted
at the Department of Periodontology, University of Naples Fed-
erico II from June 2023 to July 2024. The study was reported
according to STROBE Statement (Appendix 1) and it was con-
ducted in observance to the Principles of the Declaration of
Helsinki on experimentation involving human subjects.

The Research Protocol was approved by the Institutional
Review Board (IRB) of the University of Naples Federico
I1, Italy (Approval Number: 177/2023) and the study proto-
col was registered at ClinicalTrial.gov (N°NCT05942794).
Written consent was obtained from all patients before the
investigation.

Patient recruitment

Patient with history of treated periodontitis followed at the
Department of Periodontology, University of Naples Fed-
erico II, and adhering to a SPC program were asked to par-
ticipate in the study. Patients who met the eligibility criteria
were enrolled in the study.
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Inclusion criteria

Age > 18 years.

Males and females.

Non-smokers and smokers

Patients with history of treated periodontitis [36] adher-
ing to a SPC program.

e Healthy patients and patients with systemic diseases

Exclusion criteria

e Patients with mouth opening limitation.
e Patients with previous history of oral cancer or oral dys-
plasia
Presence of oral mucosa tattoo (i.e. labial mucosal tattoo)
e Presence of oral piercing

Outcome measures

On the basis of the previous study [20] all mucosal aeras with
normal variations (i.e. linea alba, Fordyce’s granules, leu-
koedema, geographic tongue, etc.), benign lesions, OPMDs
and oral cancer, were considered as mucosal alterations.

Fig. 1 a Palatal mucosa
alterations detected by means of
conventional visual. b. Palatal
mucosal alterations detected
using the autofluorescence sys-
tem. ¢. Dorsum of tongue with-
out mucosa alterations analyzed
by means ofconventional visual
inspection. d. Dorsum of tongue
without mucosal alterations
analyzed using autofluorescence
system.examination.

Number of oral mucosa alterations detected by DH using
conventional visual inspection were recorded. Dark mucosal
areas with lack of tissue autofluorescence were recorded as
mucosal alterations (Fig. 1a-b), while mucosal areas illumi-
nated light green were reported as no lesions (Fig. 1c-d). All
data were collected in the Department of Periodontology,
University of Naples Federico II.

The primary outcome was sensitivity. Age, gender, gen-
eral health condition, smoking habit, periodontal status [37]
and education of selected patients were also collected. In
addition, data of clinical diagnosis of general dentist and
diagnostic results from histopathological analysis of mucosal
lesions further evaluated by the Department of Oral Medi-
cine were recorded.

Sample size calculation

Sample size calculation was based on data reported in pre-
vious study [22]. To detect a statistically significant differ-
ence of 10% with a power of 0.80 for the primary outcome
(i.e. sensitivity) a sample of 71 oral mucosa alterations was
required. The sample size calculation was made by means
of computer software (IBM-SPSS, IBM Inc).
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Clinical procedure

Patients scheduled for a SPC visit including risk factors and
periodontal status control, oral hygiene motivation, instruc-
tion reinforcement and supragingival mechanical plaque
removal were assigned to DH involved (B.L.) in the study.
Prior to start with periodontal procedures, a careful inspec-
tion of oral mucosa was performed by means of conventional
visual inspection screening 9 oral areas: buccal mucosa,
dorsum and ventral surface of the tongue, buccal vestibule,
palate, upper and lower labial mucosa, floor of the mouth.
After completion of conventional oral inspection, a second
oral mucosa examination was performed using a tissue AF
detection system based on a standard photopolymerizing
lamp and an eyewear equipped with three optical glasses
in series (GOCCLES®, Pierrel S.p.A., Capua, CE, Italy)
(Fig. 2). A visible blue-violet light (400-450 nm) emitted by
the photopolymerizing lamp stimulates the mucosal flavin-
adenine-dinucleotide (FAD). These fluorophores absorb the
energy and re-emit it in the form of light with wavelength
of 515 nm detected by eyewear as green colour light. The
presence of dysplastic or inflammatory components in the
examined area determines a loss of autofluorescence and the
oral mucosa appears dark.

The light of photopolymerizing lamp was directed per-
pendicularly to the oral mucosa and the eyewear was located
at 20—40 cm to the inspected area. After inspection per-
formed by DH, the oral mucosa of the same patient was
blindly examined again by GD (C.A.) using conventional
visual inspection within 1 week. All oral mucosa alterations
were recorded, and diagnosis was performed by the general

Fig.2 Standard photopolymerizing lamp and an eyewear equipped
with three optical glasses in series
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dentist. If necessary, patients with suspicious abnormalities
were referred by the GD to the Department of Oral Medi-
cine, within two weeks, for a definitive diagnosis.

After oral mucosa screenings the SPC visit was com-
pleted by DH.

Statistical analysis

The statistical analysis was made using a software pack-
age (IBM-SPSS V.29.0.1.0). The oral mucosa alteration
was considered as statistical unit and patients who declined
participation to the study were excluded from the analysis.
Mean and standard deviation (SD) were calculated for the
age while gender, smoking habit, general health conditions,
diagnosis of periodontitis and education were reported as
number and percentage. The sensitivity (i.e. primary out-
come) was reported as the proportion of true positives test
out of all patients with oral lesions (i.e. loss of fluorescence
or dark areas in the oral mucosa), while the specificity rep-
resented the percentage of true negatives out of all subjects
who do not have oral lesions (i.e. oral tissue illuminating
light green fluorescence) Furthermore, positive predictive
value (PPV) and negative predictive value (NPV) were also
calculated. The PPV and NPV were the proportion of posi-
tive and negative results. [38]. Positive Likelihood Ratio
(LR+) was assessed to evaluate the ratio between the prob-
ability that the area with oral mucosa tested positive and
the probability that the area without the oral mucosa tested
positive. Negative Likelihood Ratio (LR-) was performed to
analyse the ratio between the probability that the area with
oral mucosa tested negative and the area without the oral
mucosa tested negative [39]. Finally, providing an overall
estimation of the ability of DH to detect oral mucosa lesions
with and without AF system, receiver operating character-
istic (ROC) curves were generated and areas under ROC
curves (AUROC) were estimated. The range of AUROC
score varied from 0.5 (no discrimination between altered
and not altered oral mucosa) to 1 (perfect discrimination)
meaning high diagnostic accuracy [40].

Results
Population

A total of 250 patients adhering to a supportive periodontal
care (SPC) program were recruited. Twenty-two patients not
meeting inclusion criteria were excluded, while 28 patients
declined to participate to the study. Hence a sample of 200
patients (111 females and 89 males) with a mean age of
57+16 years old were available for the final investigation.
The majority of the patients were never smokers (66%)
while 21% and 13% were current smokers and ex-smokers
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respectively. Forty patients presented a stable periodontal
condition while a stable periodontitis with gingivitis and
instable periodontitis were found in 130 and 30 patients
respectively. Ninety-nine subjects were systemic healthy
patients while 101 presented systemic diseases. A total of
1800 oral mucosa area were inspected. The characteristics
of selected patient sample are reported in Table 1 (TAB.1).

Clinical outcomes

Table 2 summarizes the number of oral mucosa areas dis-
playing a mucosal alteration detected by the DH using con-
ventional visual inspection or AF detection system and by
the GD using conventional visual inspection.

DH by means of conventional visual inspection observed
111 oral mucosa alterations while detected a total of 66 areas
with a loss of autofluorescence using AF system. On the
contrary 83 oral mucosa alterations were detected by the
GD with conventional visual inspection and seventy-two

Table 1 Patients population

POPULATION (n=200 patients)

GENDER n (%)
Male 89 (44.5)
Female 111 (55.5)
AGE (years)

Mean + Standard Deviation 57+16
SMOKING HABIT n (%)
Never smokers 132 (66)
Current smokers 42 (21)
Ex-smokers 26 (13)
SYSTEMIC HEALTH STATUS n (%)
Healthy 99 (49.5)
Cardiovascular diseases 36 (18)
Diabetes 21(10.5)
Genito-urinary diseases 15(7.5)
Neurological diseases 9(5.4)
Endocrine diseases 7(3.5)
Gastrointestinal diseases 5(2.5)
Pulmonary diseases 4(2)
Immune diseases 4(2)
PERIODONTAL STATUS n (%)
Stable periodontitis 40 (20)
Stable periodontitis with gingivitis 130 (65)
Unstable periodontitis 30 (15)
EDUCATION n (%)
Primary school 37 (18.5)
Middle school 98 (49)
High school 54 (27)
University 11 (5.5)
nnumber

Table 2 Number of oral mucosal alterations detected by DH and GD

EXAMINED MUCOSAL AREAS (1800)

Oral mucosal

alterations
(n)

DH (Conventional Visual Inspection) 111

DH (Autofluorescence System) 66

GD (Conventional Visual Inspection) 83

DH Dental Hygienist, GD General Dentist, » number

received a diagnosis while 11 mucosal lesions in 11 patients
were referred by the GD to the Department of Oral Medicine
for a definitive diagnosis. Following biopsy and histopatho-
logical analysis these mucosal lesions were diagnosed as 2
candidiasis, 3 lichenoid lesions, 2 lichen planus, 1 pemphi-
gus vulgaris, and 3 leucoplakia. Sensitivity, specificity, pre-
dictive values (PV) and likelihood ratio (LR) of DH conven-
tional and AF inspection are reported in Table 3. Sensitivity
and specificity of visual conventional inspection are 97.6%
and 81.3% respectively while autofluorescence inspection
shows a sensitivity of 61.5% and a specificity of 90.6%.
A positive predictive value (PPV) of 73% and 77.3% is
found for the conventional and autofluorescence inspection,
respectively. The negative predictive value (NPV) is 98.5%
for conventional inspection and 81.9% for AF system. The
positive LRs are 5.2 and 6.6 for the conventional inspection
and the AF inspection respectively, while reported negative
LR were 0.03 and 0.43. The outcomes of receiver operating
characteristic (ROC) curves are illustrated in Fig. 3. The
area under ROC (AUROC) values for the conventional and
AF inspection are 0.894 and 0.760 respectively (Fig. 3a-b).

Discussion

The present study evaluated whether a tissue autofluores-
cence (AF) detection system may be an aid for Dental
Hygienist (DH) to screening oral mucosa alterations in
a cohort of patients adhering to a SPC program. Among
1800 sites evaluated, oral mucosa alterations were identi-
fied in 111 (6.1%) and 66 (3.7%) sites by DH with con-
ventional examination and with AF, respectively, while
83 (4.6%) alterations were detected by GD. Since patients
were enrolled in a SPC program, these likely represent
alterations that became detectable during between the
recall appointments. DH showed a lower sensitivity in
detection oral mucosa alterations using an AF system
with respect to conventional visual inspection. Hence,
a reduced probability to detect a mucosal alteration was
found using the AF inspection. On the contrary, the prob-
ability to identify true negatives is increased since a higher

@ Springer
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Table 3 Sensitivity, specificity, predictive values and likelihood ratios

Conventional intraoral

inspection Positive DH 81 30
Negative DH 2 130
Autofluorescence intraoral
inspection Positive DH 51 15
Negative DH 32 145

Positive GD Negative GD  Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR (+) LR (-)
97.59

81.25 72.97 98.48 52 0.03

Positive GD Negative GD Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR (+) LR (-)
61.45

90.62 71.27 81.92 6.55 0.43

DH Dental Hygienist, GD General Dentist, PPV Positive predictive value, NPV Negative predictive value, LR(+)Positive Likelihood Ratio, LR(-)

Negative Likelihood Ratio
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Fig.3 a. ROC curves for conventional visual examination. b. ROC curves for autofluorescence system

specificity was recorded when both methods were com-
pared. For many years several authors investigated on
the use of AF systems in screening and diagnosis of oral
lesions. However heterogeneous outcomes were found
and the sensitivity and specificity varied from 96-33.3%
and from 97.4-15.3% respectively [41]. Despite a value
of sensitivity of 61.5% reported in the present study, this
outcome is not in agreement with data of previous studies
that showed values of autofluorescence sensitivity ranging
from 100% and 81.1%. Moreover, in the majority of these
studies [42-44] a lower specificity (18-30%) was noted
with respect to the value reported in our study (90.6%).
The potential explanation for these results may be due to
the study design and to the oral areas inspected. In previ-
ous trials authors evaluated the accuracy of AF systems in
diagnosing Oral Potentially Malignant Disorders (OPMDs)
comparing mucosal area with lack of fluorescence to histo-
pathological analysis. Hence, only area of oral cavity with
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mucosal lesions were evaluated and the histopathological
analysis from biopsy was considered as reference. On the
contrary, the present study was not designed to test the use
by a DH of an AF system to differentiate the nature of a
mucosa lesion, but the aim was to verify the effectiveness
in identifying any oral mucosa alteration in patient dur-
ing a SPC visit in order to refer a positive patient to the
GD. Furthermore, the majority of the previous study were
conducted in a population with high risk for OPMDs while
in this study a heterogeneous population adhering to a
standard STC program was recruited. The choice to set the
GD as reference for mucosal lesion diagnosis was based on
previous data evaluating the oral cancer screening knowl-
edge among dental professionals. In fact, Mavedatnia et al.
[45] reported that most dentists have a good knowledge on
oral cavity cancer, and they perform screening with every
patient. In addition, over 80% of the dentists are used to
refer the patient to a specialist when the clinical diagnosis
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is questionable. On the contrary, findings of several stud-
ies demonstrated that low knowledge of oral cancer among
dental hygienist is strongly associated with the low lev-
els of early detection [46, 47]. However, data from recent
literature suggested that the attitude to screening oral
mucosa alterations is improved when adjunctive devices
are used [48]. Therefore, the use of an AF system as an aid
for DHs for clinical inspection of oral cavity may increase
the attitude to screening oral mucosa and the probability
to detect mucosal lesions. As a matter of the fact from
a total of 1800 oral area examined and with 83 mucosal
alterations detected by the GD, 11 lesions were referred to
the Department of Oral Medicine for a definitive diagnosis
highlighting 2 candidiasis, 3 lichenoid lesions, 2 lichen
planus, 1 pemphigus vulgaris, and 3 leucoplakia. On the
other hand, with AF examination, 3 OPMDs were not cor-
rectly identified by DH (1 lichenoid lesion and 2 leukopla-
kia). These data suggest that AF should be complementary
of visual inspection but could not replace it.

To avoid bias related to examiner, DH involved in the
study did not attend a training and calibration with GD.
The reason for lack of training and calibration was due to
the fact that the study tested the real ability of DH to detect
oral mucosa alterations using an AF system. A calibration
between DH and GD would have led to a distorted result
since the calibration would have determined an agreement
between examiners. On the other hand, the lack of calibra-
tion between examiners represents a limitation of the study.
Finally, the high number of false positives may depend on
the periodontal condition of sample enrolled in the study,
since the majority of patients presented stable periodontitis
with gingivitis (65%) and instable periodontitis (30%). The
AF detects all mucosal areas with loss of autofluorescence
including oral tissue injuries due to aggressive brushing,
chewing lesions or gingivitis. Thus, gingival areas with
gingivitis could be detected as positive and this aspect is
a limitation of the study. Another limitation is the inter-
pretation of the dark area displaying a true loss of auto-
fluorescence with respect to other dark areas such as the
shades in districts with difficult access as posterior areas
of oral cavity.

Conclusion

Within the limitations of present study, DH showed an
increase of sensitivity and a loss of specificity in detection
of oral mucosal alterations using AF system. The findings
of present study suggest the use of an AF system as an aid
for DH to improve screening of oral mucosa during SPC.
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