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Potential use of optical coherence 
tomography in oral potentially malignant 
disorders: in‑vivo case series study
Alessio Gambino1*, Eugenio Martina1, Vera Panzarella2, Tiziana Ruggiero1, Giorgia El Haddad1, 
Roberto Broccoletti1 and Paolo G. Arduino1 

Abstract 

Background  Evidence confirms that the use of Optical Coherence Tomography (OCT) in oral medicine can be 
a reliable aid for the diagnosis and management of Oral Potentially Malignant Disorders (OPMDs). Several authors 
described the ability of this system to detect the structural changes of the epithelia involved by the OPMDs. The pur-
pose of this case series is to provide a suggestion for interpretation of OCT images from different OPMDs, compared 
to OCT images of healthy tissues.

Methods  A sample of 11 OPMDs patients was recruited and analyzed with OCT. The images obtained were then 
compared with an OCT repertoire image. In this work the reflectance degree was considered, together with the analy-
sis of the increased/decreased thicknesses of the various layers. Keratin Layer (KL), Epithelial Layer (EP), Lamina Propria 
(LP), Basal Membrane (BM) assessment, for each lesion, was performed.

Results  OCT measurements of KL, EP and LP layers, together with BM assessing, should aid the physicians to recog-
nize and describe different oral lesions, relating them to the corresponding oral pathology.

Conclusion  More studies like this, on larger samples, are needed to validate the results and provide, in the future, 
a kind of manual that could guide clinicians to correctly interpret the OCT images in relation to the causing 
pathologies.

Keywords  Optical coherence tomography, Oral soft tissue, Oral cancer, Oral potential malignant disorders

Background
To date, oral cancer represents the sixth most widespread 
oncological pathology in the world, with an incidence of 
approximately 300,000 new cases diagnosed every year 

[1]. Oral cavity tumors account for 30% of head/neck 
neoplasms; of these, over 90% are squamous cell carcino-
mas. The 5-years survival rate is around 50% and it has 
not undergone particular variations in recent decades 
[2]. Oral cancers result from a documentable preclini-
cal phase of potentially malignant lesions. Oral Poten-
tial Malignant Disorders (OPMDs) containing dysplasia 
show an increased risk of transformation and the risk 
increases as the degree of dysplasia increases [3].

Early diagnosis of oral cancer is critical to improve 
the survival rate of patients. The current strategies 
for screening of patients for oral premalignant and 
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malignant lesions unfortunately miss a significant num-
ber of involved patients [4].

To date, the gold standard in the diagnosis of OPMDs is 
performed by clinical examination and histopathological 
evaluation, carried out by optical microscope observation 
of samples taken from patients through surgical biopsy, 
after staining with hematoxylin–eosin [5]. To improve 
the accuracy of clinical performances, Optical Coher-
ence Tomography (OCT), can be used to acquire real 
time high resolution high-magnification images directly 
in vivo [6]. OCT is a label free and contact free diagnostic 
method of in vivo microscopy that makes use of non-ion-
izing radiation of white visible light, exploiting the optical 
properties of tissues [7]. The wavelengths produced by 
the light sources of OCT systems have a very wide range 
of lengths: it is visible white light tending towards infra-
red, therefore low frequencies, and wide wave lengths 
(center wave about 1000 nm). The use of a radiation with 
a fairly long wave length allows to penetrate deeper into 
the tissues [8]. Currently, the devices that can be used 
for in vivo investigations have a spatial resolution up to 
1–2  µm for about 2  mm of depth, with a lateral width 
that varies according to the devices used: ranging from 
2.5 mm to 10mmX10mm. These features allow to visual-
ize the entire thickness of the epithelium and a large part 
of the connective surface [9].

The importance of epithelial thickness as a possible 
predictor of architectural changes was highlighted. A few 
of study provide that OCT is able to produce measure-
ments that can compete with histopathological standards 
in a reproducible way, and also indicate how the epithe-
lial thickness, combined with architectural changes, may 
lead to early differentiation of areas involved or free from 
cancer/dysplasia [7]. Furthermore, it is reported that 
architectural changes are statistically significant between 
benign / hyperplastic and/or hyperkeratotic lesions, 
lesions with dysplasia and healthy mucosa [10].

An ex vivo study based on an SS-OCT system that used 
optical attenuation model to identify and classify three 
types of tissues (normal mucosa, precancerous tissues, 
and oral cancer), showed how an appropriate algorithm 
can help to improve screening and the diagnosis of oral 
cancers [11].

As a non-invasive and real-time in vivo imaging tech-
nique, OCT can express identical information sufficient 
for oral cancer screening, but it has not been explored 
effectively for automatic diagnosis of oral cancer. How-
ever, to date the literature shows sufficient evidence 
regarding the peculiarities and similarities with tradi-
tional histopathology: in this way it is possible not always 
to resort to direct comparison with histological prepara-
tions and to avoid, if possible, surgical intervention on 
the patient [12].

The main purpose of this case series study is to evalu-
ate in vivo discriminatory potential of OCT in a series of 
patients affected by OPMDs, before traditional biopsy, in 
order to support a preliminary evaluation by compara-
tion with the site-specific healthy tissue.

Materials and methods
Patients selection
Patients with clinical appearances of OPMDs were 
recruited at Oral Medicine Section – CIR Dental School 
University of Turin, Italy. For each patient, data related 
to the clinical description were collected, followed by 
the OCT scan before bioptic sampling. Patients with the 
following clinical aspects are recruited: white lesions, 
white-red lesions, and ulcers. Patients with vegetating 
neoformations and/or with infiltrating characteristics, 
clinical appearance of Oral Squamous Cell Carcinoma 
(OSCC), non-cooperative patients, and patients whose 
sample was not suitable for OCT analysis (presence of 
artifacts) were excluded from the present work. All the 
lesions analysed, in addition to the clinical examination, 
were submitted for confirmation to investigative biopsy 
with histopathological diagnosis performed by Pathologi-
cal Unit of Città della Salute e della Scienza di Torino. 
The present trial was conducted in line with the prin-
ciples of the Helsinki Declaration of 1975, as revised in 
2000 [13]; it was also accepted by the Research Board of 
the CIR-Dental School, University of Turin.

OCT evaluation
The latest variant of an OCT device, made for derma-
tological purposes (Swept Source OCT, by Vivosight® 
Michelson Diagnostics Ltd, version 2.0, Orpington, Kent, 
UK), was used (Fig. 1). The light source is provided by a 
Santec HSL-2000 laser with the following parameters: 
wavelength of 1305 +/- 15 nm, scanning field of 150 nm, 
axial and lateral resolution <10 μm, survey depth of 2 mm 
and 6 mm of image width. The same company has set up 
a prototype probe usable for intraoral examination (OCT 
endoscopic variant, version 2.1) of 124 mm in length, 15 
mm in diameter and field of view with a maximum width 

Fig. 1  Prototype of manual probe for intraoral use
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of 6 mm2. This probe was installed on the motherboard 
(Fig. 1). In order to make it easier to use, contact with the 
mucosa to be examined is foreseen.

The in  vivo OCT assessment of pathological tissue 
must compare with archive images of OCT scans of 
healthy tissue based on the anatomical site correspond-
ing to the lesion. This is possible considering parameters 
as Keratinized Layer (KL), Epithelial Layer (EP), Basal 
Membrane (BM) and Lamina Propria (LP) and related 
evaluations (Table 1).

This is a qualitative research study and adheres to the 
EQUATOR guidelines for research reporting using the 
Standards for Reporting Qualitative Research (SRQR) 
checklist for the collection and processing of instrumen-
tal and clinical data [14]. Given the exploratory nature 
of the study, no comparative assessment of the statisti-
cal difference between the categorical variables was per-
formed. Preliminary measurements of the simple scans, 
in this phase of the study, are intended to illustrate and 
interpret a method that should be useful for identifying 
patterns of OPMDs. As regards the standard deviation of 
the measurements assumed as 0.05 mm, it refers to what 
was reported in a previous study [15]. In which it is high-
lighted that this value corresponds to an approximation 
of 50 microns susceptible to individual variation of the 
compartments of oral mucosa.

Results
In the period between October 2021 and September 
2022 it was recruited data of 11 patients (8 females a nd 3 
males) (Table 2).

The anatomical sites examined were tongue (divided 
into dorsum, border and ventral), gum, buccal mucosa. 
These areas were subjected to an observational survey 
(Table 3).

The elementary lesions observed in the 11 patients 
were classified into: white lesions, white and red lesions, 
ulcers. (Table 4).

The pathologies included in our OPMDs series 
were: Leukoplakia (LK), Oral Lichen Planus (OLP), 

Proliferative Verrucous Leukoplakia (PVL), Graft Ver-
sus Host Disease (GVHD), Micro invasive carcinoma 
(K-MICRO) (Table 5).

Although K-MICRO is not considered OPMDs, we 
decided to include it in this case-series to demonstrate 
that, whether in early stage cancer processes, OCT 
is useful in distinguishing between the two different 
ultrastructural patterns.

Table 1  OCT parameters for assessments of epithelial and 
subepithelial components

Parameter Evaluation

Keratin layer (KL) Hyper-reflective 
area

Assessable/Not assessable

Epithelial layer (EP) Hypo-reflective 
area

 Increase/Decrease/Not assesable

Basal Membrane (BM) Assessable/Not Assessable

Lamina propria (LP) Hyper-reflective 
area

Increase/Decrease

Table 2  Demographic characteristics of the sample

TOTAL MALES FEMALES

PATIENTS (N) 11 3 8

AGE

  0–19 / /

  20–49 / /

  50–69 1 1

   >  = 70 2 7

Table 3  Distribution by site

SITE PATIENTS

Tongue Dorsum 1

Tongue Ventral Surface 2

Tongue Border Surface 3

Gingiva 2

Buccal Mucosa 3

Total 11

Table 4  Elementary lesions distribution

TOT MALES FEMALES

WHITE LESIONS 7 2 5

WHITE-RED LESIONS 1 1 /

ULCERS 3 / 3

TOTAL 11 3 8

Table 5  Pathology distribution

TOT MALES FEMALES

PVL 2 / 2

OLP 5 / 5

LEUKO 2 1 1

GVHD 1 1 /

K-MICRO 1 1 /

TOTAL 11 3 8
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Below is the detailed description for each site 
examinated.

Dorsum tongue
The dorsum of the tongue was investigated in a 50-year-
old male patient. The elementary lesion was a white 
lesion and the associated disease was Graft Versus Host 
Disease (GVHD) (Fig.  2c). OCT scan of healthy tissue 
shows that the characteristic digitations of the lamina 
propria towards the epithelial component are clear. It is 
not possible to distinguish the reflectance values related 
to the epithelial layer to the one related to the connec-
tive component. Therefore, it is possible to estimate the 
position of the BM, even if it is not clearly identifiable, 
due to the complex ultrastructural aspect of the site. 
(Fig. 2a). In Fig. 2b the epithelial layer is slightly increased 
(0.28 ± 0.05 mm) and shows a homogeneous surface, los-
ing its “papillary” characteristic appearance. The reflec-
tance tends to be increased in the epithelial structure. LP 
compart has increased its thickness (0.67 ± 0.05 mm).

The papillary introflexions of LP towards the epithe-
lial layer are difficult to identify. The basal membrane 
appears to be assessable.

Ventral tongue
The ventral area of the tongue was investigated in a sub-
group of 2 female patients with a mean age of 77 years.

The elementary lesions found in this subgroup are a 
withe lesion and an ulcer. The pathology associated to 
white lesion was PVL (Fig. 3c) and the pathology associ-
ated to ulcer is OLP (Fig. 4c).

In the Fig. 3a the epithelial and connective components 
are clear, separated by a perfectly recognizable basal 
membrane. Between epithelium and connective tissue 
there is a clear and distinguishable gradient of reflec-
tance. In the context of the lamina propria we can guess 
large horizontal “voids”, probably referable to the vascular 
structures.

The epithelial layer showed in Fig.  3b is increased 
(0.22 ± 0.05  mm), compared to the healthy counterpart 
(Fig. 3a) and appears more hyperreflective. The layer cor-
responding to the lamina propria has generally increased 
its thickness (0.73 ± 0.05  mm). It is still possible to esti-
mate the position of the basal membrane. The large vas-
cular structures present in the lamina propria are not so 
easily identifiable. The total thickness of epithelial layer 
and lamina propria is increased.

In the Fig. 4b it possible notice that LP is increased in 
thickness (0.71 ± 0.05 mm), whit a lower reflectance value 
than the healthy one (Fig. 4a). The EP and BM cannot be 
identified.

Border tongue
The tongue border surface was investigated in a sub-
group of 3 patients (1 M and 2 F) with an average age 

Fig. 2  a Healthy OCT scan of dorsum of the tongue. b White lesion OCT scan of dorsum of the tongue. c Clinical image of withe lesion of dorsum 
of the tongue
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of about 73 years. The elementary lesions found in this 
subgroup are 2 withe lesions (Fig. 5c and Fig. 6c) and 1 
ulcer (Fig. 7c). The associated pathologies for the withe 
lesions are 1 OLP and 1 LK. The associated pathology 
for the ulcer is OLP.

Compared to healthy tissue (Fig.  5a), in the Fig.  5b 
we can assess a thin keratin layer (0.05 ± 0.05  mm). EP 
appears slightly increased in thickness (0.32 ± 0.05  mm) 
as well as its reflectance. The least difference in reflec-
tance between epithelial layer and the lamina propria 

Fig. 3  a Healthy OCT scan of ventral tongue surface. b Withe lesion OCT scan of ventral tongue surface. c Clinical image of withe lesion of ventral 
tongue surface

Fig. 4  a Healthy OCT scan of ventral tongue surface. b Ulcer OCT scan of ventral tongue surface. c Clinical image of ulcer of ventral tongue surface
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makes it hard to assess the BM, even if its presence can 
be estimated in some points. Total thickness is increased 
referred to the healthy tissue.

The Fig.  6b shows evident hyper-reflectance of the 
EP layer concomitant with an increase in thickness 
(0.28 ± 0.05 mm) compared to healthy tissue (Fig. 6a). LP 

Fig. 5  a Healthy OCT scan of tongue border surface. b White lesion OCT scan of border surface of tongue. c Clinical image of with lesion 
compatible with OLP of ventral surface of tongue

Fig. 6  a Healthy OCT scan of tongue border surface. b White lesion OCT scan of of tongue border surface. c Clinical image of with lesion 
compatible with leukoplakia of tongue border surface
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is increased (0.59 ± 0.05 mm). The position of the BM can 
still be clearly identifiable.

In Fig.  7b it is only assessable the LP layer, which is 
increased in thickness (0.95 ± 0.05  mm). Possible pres-
ence of a thin layer of fibrin could give rise to a super-
ficial hyper-reflectance, while the underlying compart is 
hyporeflective. It is not possible to assess the BM. The 
total thickness increases, compared to the healthy one 
(Fig. 7a).

Buccal mucosa
The buccal mucosa was investigated in a subgroup of 3 
patients, all females, with an average e age of 70 years.

The elementary lesions found in this subgroup are 2 
white lesions (Fig. 8c and Fig. 9c) and 1 ulcer (Fig. 10c). 
The pathologies associated with withe lesions are 1 OLP 
and 1 LK. The pathology associated with the ulcer is 1 
OLP.

In the Fig. 8b is possible to assess the presence of a thin 
KL (0.1 ± 0.05 mm), the EP appears increased in thickness 
(0.34 ± 0.05 mm) compared to healthy tissue (Fig. 8a). The 
LP layer appears decreased in thickness (0.52 ± 0.05 mm) 
as well as in reflectance. The BM can still be assessable. 
Total tissue thickness is increased.

In the Fig. 9b an irregular EP surface and increased KL 
(0.15 ± 0.05 mm) compared to the healthy one (Fig. 9a) is 
appreciated. The LP layer is decreased (0.56 ± 0.05  mm) 
and it has a lower reflectance value than the healthy one. 

The basal membrane is determinable and appears intact. 
Total tissue thickness is increased.

The Fig.  10b shows an LP layer detectable, increased 
in thickness (0.71 ± 0.05  mm) and with low reflectance 
value, respect the healthy one (Fig. 10a). It is not possible 
to assess the BM. Total tissues thickness is decreased.

Gingiva.
The adherent gingiva was investigated in a subgroup of 

2 patients, a male and a female, with a n average age of 
76 years.

The elementary lesions found in this subgroup are a 
white lesion (Fig.  11c)and a white-red lesion (Fig.  12c). 
The pathology associated with withe lesion is PVL and 
the pathology associated with the red and withe lesion is 
Microinvasive Carcinoma (K MICRO).

The keratin layer in the Fig.  11b is increased 
(0.17 ± 0.05  mm) compared to the healthy counterpart 
(Fig. 11a). The EP layer is decreased (0.16 ± 0.05 mm). LP 
is increased in thickness (0.62 ± 0.05 mm). It is still possi-
ble to estimate the position of the BM. Total tissue thick-
ness is increased.

In Fig.  12b KL is increased (0.14 ± 0.05  mm) com-
pared to the healthy counterpart (Fig.  12a). EP layer is 
increased (0.3 ± 0.05 mm). LP appears decreased in thick-
ness (0.44 ± 0.05  mm). The arrow shows vertical “digita-
tions” in the thickness of LP (which does not occur in the 
healthy tissue): a sign of tissue disruption. Consequently 
BM is no longer identifiable. Total tissue thickness is 
increased.

Fig. 7  a Healthy OCT scan of tongue border surface. b Ulcer OCT scan of border surface of tongue. c Clinical image of ulcer of tongue border 
surface
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Table 6 shows the relationship between healthy tissue, 
elementary lesion related to the different pathologies 
and difference in the thickness values of the epithelial 
layer (EP) connective layer (LP) presence of basement 

membrane (BM) and keratin layer (KL) in different oral 
mucosa sites.

In white lesions total thickness could decrease: 
lesions could appear white because there is an increase 

Fig. 8  a Healthy OCT scan of buccal mucosa. b White lesion OCT scan of buccal mucosa. c Clinical image of withe lesion of buccal mucosa

Fig. 9  a Healthy OCT scan of buccal mucosa. b White lesion OCT scan of buccal mucosa. c Clinical image of withe lesion of buccal mucosa
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of the keratin component even if matched with a 
decreasing of the total epithelial – connective thick-
ness. In this case series, the pathology that most often 
creates a decrease in thickness is OLP.

OLP can also manifest with atrophic-erosive lesions 
but at the same time, it can also give white lesions 
with a decrease of the total thickness in the face of an 
increase in the keratin component.

Fig. 10  a Healthy OCT scan of buccal mucosa. b Ulcer OCT scan of buccal mucosa. c Clinical image of ulcer of buccal mucosa

Fig. 11  a Healthy OCT scan of adherent gingiva. b White lesion OCT scan of adherent gingiva. c Clinical image of withe lesion of adherent gingiva
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Discussion
The ability of OCT to distinguish between precancer-
ous lesions and oral cancer is still unclear. A recent study 

calculated a sensitivity (93–96%) and specificity (74–
49%) in ex-vivo OSCC, leukoplakia with hyperplasia and 
healthy simple tissue by creating computational models 

Fig. 12  a Healthy OCT scan of adherent gingiva. b White and red lesion OCT scan of adherent gingiva. c Clinical image of withe and red lesion 
of adherent gingiva

Table 6  Values of the thicknesses of the epithelial and connective layer of the different lesions related to singular pathologies and 
comparing with healthy tissues

Site Healthy Tissues Clinical Lesion Pathology Keratin Layer 
(KL)

Epithelial Layer 
(EP)

Basal Membrane 
(BM)

Lamina Propria 
(LP)

Dorsum Tongue EP: 0.24 ± 0.05 mm
LP: 0.46 ± 0.05 mm

White Lesion GVHD Not Assessable Increased 
0.28 ± 0.05 mm

Assessable Increased 
0.67 ± 0.05 mm

Ventral Tongue EP: 0.14 ± 0.05 mm
LP: 0.69 ± 0.05 mm

White lesions PVL Not Assessable Increased 
0.22 ± 0.05 mm

Assessable Increased 
0.73 ± 0.05 mm

Ulcer OLP Not Assessable Not Assessable Not Assessable Increased 
0.71 ± 0.05 mm

Border Tongue EP: 0.16 ± 0.05 mm
LP: 0.55 ± 0.05 mm

White Lesion OLP Assessable 
0.05 ± 0.05 mm

Increased 
0.32 ± 0.05 mm

Assessable Decreased 
0.48 ± 0.05 mm

White Lesion LK Not Assessable Increased 
0.28 ± 0.05 mm

Assessable Increased 
0.59 ± 0.05 mm

Ulcer OLP Not Assessable Not Assessable Not Assessable Increased 
0.95 ± 0.05 mm

Buccal Mucosa EP: 0.2 ± 0.05 mm
LP: 0.61 ± 0.05 mm

White Lesion OLP Assessable 
0.1 ± 0.05 mm

Increased 
0.34 ± 0.05 mm

Assessable Decreased 
0.52 ± 0.05 mm

White Lesion LK Assessable 
0.15 ± 0.05 mm

Increased 
0.5 ± 0.05 mm

Assessable Decreased 
0,56 ± 0.05 mm

Ulcer OLP Not Assessable Not Assessable Not Assessable Increased 
0.71 ± 0.05 mm

Gingiva KL:0.06 ± 0.05 mm
EP: 0.27 ± 0.05 mm
LP: 0.51 ± 0.05 mm

White Lesions PVL Increased 
0.17 ± 0.05 mm

Decreased 
0.16 ± 0.05 mm

Assessable Increased 
0.62 ± 0.05 mm

White-Red 
Lesion

K-MICRO Increased 
0.14 ± 0.05 mm

Increased 
0.3 ± 0.05

Not Assessable Decreased 
0.44 ± 0.05 mm
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of these tissues and employing an artificial neural net-
work analysis algorithm [16].

Another recent meta-analysis reported the trend of 
OCT in OPMDs to be less sensitive (0.8960) and specific 
(0.8962) than OSCC (0.9316) [17].

The possible explanation for this result lies in the 
absence of systematic reviews that analyzed only the 
OCT patterns only for OPMDs, in the lack of standardi-
zation of instrument settings and image measurement 
methods for the universal use of data. However, the gen-
erally high sensitivity and specificity indicate the poten-
tial utility of OCT for OPMD follow-up.

The use of artificial intelligence will be the real upgrade 
of use of OCT in Oral Medicine [16]. Hence, there is the 
need for further research to establish unambiguous cri-
teria for the classification of in vivo patterns of OMPDs.

Currently, the main limitations of this procedure 
depend on both the device and the operator. The first 
concerns the device itself, i.e. the limited diffusion of 
OCT in the dental field with high-performance intraoral 
OCT handheld probes and the limited imaging depth 
[18]. The second is a bias that concerns the single opera-
tor: the reading of the images and their interpretation 
involve a simple learning curve, but it is always the direct 
observation of one or a few specialists [19]. It is desirable 
to compare the measurements and images with an expert 
team across a larger case series and more accurately 
determine the different site-specific pathological patterns 
to reduce this bias.

Knowledge of OCT healthy tissue is essential for 
understanding ultrastructural alterations [20].

In the healthy tissue, the EP layer is always hypo-reflec-
tive (with the exception of the superficial KL, if it is pre-
sent), the LP is always hyper-reflective with an internal 
non-reflective areas; the difference between these two 
degrees of reflectance leads to estimate the position of 
the BM.

The data of this study are broadly in agreement with 
the study of Albrecht et al. [21] which claims the thick-
ness of the EP 0.12 ± 0.015  mm, within the range of the 
average measurements obtained in our scans measured 
of 0.14 mm.

Furthermore, the authors affirm that it is possible to 
identify large vascular structures in the structure of the 
lamina propria: also, this data is in agreement with our 
evidence. The same author argues that it is difficult to 
highlight the basal membrane in the region of the ven-
tral tongue, while we were able to clearly identify it. This 
could be due to the different position of the intraoral 
probe: in our study the probe was brought into contact 
with the mucosa.

According to some authors, the hyper-reflectance 
of the epithelial layer can be understood as a good 

parameter to differentiate diseased tissues from healthy 
ones [22, 23]. It must be borne in mind that even some 
benign lesions could have hyperkeratosis aspects: this 
can lead to increased reflectance. Therefore, the epi-
thelial hyper-reflectance must always be correlated to 
other structural characteristics, in order to take it into 
consideration as a diagnostic parameter. Considering 
the aforementioned, it becomes important trying to 
identify the BM, bearing in mind the overexposed dif-
ficulties in finding it (especially for the buccal mucosa 
and adherent gingiva).

The site-specificity in which the lesions appear is the 
first step in being able to identify the pathological tissue 
from the healthy one.

Panzarella et  al. [24] coded the different sites of the 
oral cavity where OSCC lesions occurred. On the basis 
of this study to intercept architectural changes indicative 
of a given disease is evident in the analysis of the contigu-
ous t issues from healthy to pathological sites turns out 
to be the starting point for placing the peculiarities of the 
KL,EP, BM and LP layers, their presence or absence and 
their thickness. This last feature seems to be the one that 
can most easily relate the lesion to a pathology.

The same authors highlight how in dorsum tongue 
there is no real difference in reflectance that allows us to 
distinguish KL from EP, therefore the anatomy is not the 
same as other structures that appear flat.

Although the investigated sites are dissimilar, the 
common aspects of all the OPMDs analyzed were two: 
increase in epithelial reflectance and decrease in reflec-
tance of the lamina propria [25]. The increase in the 
reflectance of the EP layer can be a direct consequence of 
cellular hyper-proliferation: high cellularity lead to have a 
different patterns of the pathological EP layer compared 
to the healthy tissue [26].

For this reason, ulcers patterns could highlight a 
superficial hyper-reflectance because epithelial cells 
increase proliferation starting from the edges of the 
lesion to try to re-epithelialize the area. In extensive 
ulcers also the central fibrin panniculus could result 
in greater reflectance, but this data should be further 
investigated. The presence of hyper-reflectance area 
in the residual epithelium of an OLP ulcer is due to a 
mild hyper-keratosis or hyper-parakeratosis but the 
loss of the clear difference between the two reflectance 
degrees (between epithelial and connective tissue) 
makes it difficult to identify the basal membrane [15]. 
To date is difficult to establish whether the inability to 
distinguish the BM is due to the anatomical charac-
teristics of sites or to diseases. However, the evolution 
of the carcinogenesis process makes more difficult to 
identify the epithelial and connective layers and conse-
quently the BM [7, 24]. The limit of the study remains 
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the subjective interpretation of the operator who can 
request help from objective measurements thanks to 
the information provided by the device.

It is almost established that the more the lesions evolve 
towards malignity, the less the layers and the basal mem-
brane are identifiable [7, 27]. The determinability of an 
epithelial thickness cannot be assumed, alone, as a pre-
dictor of malignancy, but must always be correlated with 
the other structural aspects, (increased thicknesses of the 
epithelial layer can also be found in benign lesions) [28]. 
The lamina propria, it is assumed, loses in reflectance 
because there is an overlap of the inflammatory compo-
nent (granulocytic exocytosis, edema, etc.). Even when 
this is increased in thickness in OCT, it is not the con-
nective component that has grown, but the quantity of 
the inflammatory infiltrate: there is a decrease in the den-
sity of the lamina propria and, therefore, a decrease in its 
degree of reflectance. This is a typical finding of immune-
mediated diseases [29–31].

The loss of the clear difference between the two reflec-
tance degrees (between epithelial and connective tis-
sue) makes it difficult to identify the basal membrane: 
the lesions for which it was more difficult to identify the 
basal membrane were those affecting the buccal mucosa, 
the adherent gingiva, the border and the ventral tongue.

Specifically, it is difficult to identify the basal mem-
brane in: OLP ulcers on the edge of the tongue, ventral 
tongue and buccal mucosa, spot on the buccal mucosa 
due to OLP, inhomogeneous white/red lesion on adher-
ent gingiva (K-MICRO) and PVL on adherent gingiva. 
From the analysis of our images it was possible to notice 
a characteristic aspect of OLP ulcers: the almost total 
loss of the epithelial component and a uniform LP hypo-
reflectivity of the connective component. This makes it 
very difficult to estimate the position of the basal mem-
brane. In trauma ulcers, this specific pattern appears not 
to occur so frequently [32] probably because there is an 
attempt to repair the lesion by the epithelial cells, com-
ing from the surrounding edges, which undergo an active 
proliferation. It has been shown that high cellularity and 
cells with very active mitochondria lead to a different 
image of the epithelial layer compared to the healthy one 
[26]. A preliminary work [33] highlights how there may 
be a component of hyper-reflectance in the residual epi-
thelium of an OLP ulcer due to a mild hyper-keratosis or 
hyper-parakeratosis.

A white lesion does not always clinically correspond 
to an increased epithelial tissue thickness. Even if we are 
considering keratinized lesions, it is not always possi-
ble to assess a KL, because often the keratinization pro-
cess involves the entire thickness of EP and not only the 
superficial layer. For this reason, withe lesions on the tis-
sue surface can lead to a decrease in the depth of light 

penetration, effectively limiting the potential of the OCT 
system.

We conducted our in  vivo investigation on different 
types of lesions without preliminarily knowing the result 
of the initial histopathological analysis. In our series, 
an inhomogeneous white-red lesion turned out to be a 
microinvasive carcinoma and the OCT pattern already 
describes the typical peculiarities of invasive oral can-
cer such as the non-determinability of the basement 
membrane [32]. Despite we are still able to distinguish 
thicknesses similar to the typical patterns of the OPMDs 
described above.

Although this study did not investigate the possibility 
of recognizing the presence of dysplasia using the OCT 
system, it is suggested that dysplasia is also present in 
perilesional clinically healthy tissue [4, 34]. It is good to 
keep this aspect in mind when investigating oral lesions 
in OCT, in order to correctly interpret suspect images in 
perilesional mucosa.

Conclusions
To the best of our knowledge this is one of the few stud-
ies investigating the in vivo use of OCT in OPMDs.

In vivo use of this device by the generalist physician, 
with adequate training, will improve its diagnostic per-
formances during the long-term follow-up of the patient 
with potential malignant disorder reserving the biopsy 
with histopathological traditionally examination if a 
worsening or malignant evolution pattern is observed.

The Oral Medicine specialist should use in  vivo-OCT 
not only for short-medium follow-up for patients most at 
risk of malignant evolution but also to monitor outcomes 
of medical or surgical therapy and any recurrences of 
OPMDs at a non-invasive and ultrastructural level.

Further studies with large sample series will be needed 
to validate the precise values of the thicknesses of dif-
ferent epithelial layers during OCT evaluation to obtain 
more significant results with reference to the specific 
sites of the various districts of the oral mucosa.

Abbreviations
OCT	� Opical coherence Tomografy
OPMD	� Oral Potential Malignant Disorder
KL	� Keratin Layer
EP	� Epithelial Layer
LP	� Lamina Propria
BM	� Basal Membrane
OSCC	� Oral Squamosu Cell Carcinoma
LK	� Leuplakia
OLP	� Oral Lichen Planus
PVL	� Proloferative Verrucuse Leucoplakia
Kmicro	� Mircoinvasive Carcinoma

Acknowledgements
The Authors are grateful to Mr Jon Holmes – CEO for Vivosight®—Michelson 
Diagnostics Ltd, UK, and UCL Eastman Dental Institute (Director Prof Stephen 



Page 13 of 14Gambino et al. BMC Oral Health          (2023) 23:540 	

Porter), Department of Maxillofacial Medicine & Surgery London, UK—for the 
loan of the OCT device. This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit sectors.

Authors’ contributions
Conceptualization, writing—original draft preparation, A.G.; methodology 
and investigation E.M.; software, R.B.; formal analysis and supervision, PG.A.; 
data curation and prepared figures G.E.H.; writing—review and validation, V.P.; 
visualization, T.R.;All authors have read and agreed to the published version of 
the manuscript.

Funding
This research received no external funding.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in this study involving human participants were in 
accordance with the ethical standards. The present trial has been registered 
with ISRCTN (#17893224) and informed consent was obtained from all 
participants and/or their legal guardians. Ethical approval was obtained from 
Institutional Review Board of CIR Dental School, University of Turin.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 April 2023   Accepted: 28 July 2023

References
	1.	 Thomson PJ. Perspectives on oral squamous cell carcinoma prevention-

proliferation, position, progression and prediction. J Oral Pathol Med. 
2018;47(9):803–7. https://​doi.​org/​10.​1111/​jop.​12733.

	2.	 Taghavi N, Yazdi I. Prognostic factors of survival rate in oral squamous cell 
carcinoma: clinical, histologic, genetic and molecular concepts. Arch Iran 
Med. 2015;18(5):314–9.

	3.	 Warnakulasuriya S, Kujan O, Aguirre-Urizar JM, Bagan JV, González-Moles 
MÁ, Kerr AR, Lodi G, Mello FW, Monteiro L, Ogden GR, Sloan P, Johnson 
NW. Oral potentially malignant disorders: a consensus report from an 
international seminar on nomenclature and classification, convened by 
the WHO Collaborating Centre for Oral Cancer. Oral Dis. 2021;27(8):1862–
80. https://​doi.​org/​10.​1111/​odi.​13704.

	4.	 Chakraborty D, Natarajan C, Mukherjee A. Advances in oral cancer detec-
tion. Adv Clin Chem. 2019;91:181–200. https://​doi.​org/​10.​1016/​bs.​acc.​
2019.​03.​006.

	5.	 Kerr AR, Lodi G. Management of oral potentially malignant disorders. Oral 
Dis. 2021;27(8):2008–25. https://​doi.​org/​10.​1111/​odi.​13980.

	6.	 Chen Ph, Wu Ch, Yf C, et al. Combination of structural and vascular optical 
coherence tomography for differentiating oral lesions of mice in different 
carcinogenesis stages. Biomed Opt Express. 2018;9(4):1461–76. https://​
doi.​org/​10.​1364/​BOE.9.​001461.

	7.	 Wang J, Xu Y, Boppart SA. Review of optical coherence tomography in 
oncology. J Biomed Opt. 2017;22(12):1–23. https://​doi.​org/​10.​1117/1.​JBO.​
22.​12.​121711.

	8.	 Reddy RS, Sai Praveen KN. Optical coherence tomography in oral cancer: 
a transpiring domain. J Cancer Res Ther. 2017;13(6):883–8. https://​doi.​
org/​10.​4103/​0973-​1482.​180684.

	9.	 Wei W, Choi WJ, Wang RK. Microvascular imaging and monitoring 
of human oral cavity lesions in vivo by swept-source OCT-based 

angiography. Lasers Med Sci. 2018;33(1):123–34. https://​doi.​org/​10.​1007/​
s10103-​017-​2350-3.

	10.	 Yang Z, Shang J, Liu C, Zhang J, Liang Y. Identification of oral precancer-
ous and cancerous tissue by swept source optical coherence tomog-
raphy. Lasers Surg Med. 2022;54(2):320–8. https://​doi.​org/​10.​1002/​lsm.​
23461.

	11.	 Yuan W, Cheng L, Yang J, Yin B, Fan X, Yang J, Li S, Zhong J, Huang X. 
Noninvasive oral cancer screening based on local residual adaptation 
network using optical coherence tomography. Med Biol Eng Comput. 
2022;60(5):1363–75. https://​doi.​org/​10.​1007/​s11517-​022-​02535-x.

	12.	 Yang Z, Shang J, Liu C, Zhang J, Liang Y. Identification of oral cancer in 
OCT images based on an optical attenuation model. Lasers Med Sci. 
2020;35:1999–2007. https://​doi.​org/​10.​1007/​s10103-​020-​03025-y.

	13.	 WMA - The World Medical Association-Declaration Of Helsinki 2000 
(2020)[online] Available at:. (<https://​www.​wma.​net/​what-​we-​do/​medic​
al-​ethics/​decla​ration-​of-​helsi​nki/​doh-​oct20​00/

	14.	 O’Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for report-
ing qualitative research: a synthesis of recommendations. Acad Med. 
2014;89:1245–51. https://​doi.​org/​10.​1097/​ACM.​00000​00000​000388.

	15.	 Gambino A, Cabras M, Cafaro A, Broccoletti R, Carossa S, Hopper C, Chiusa 
L, ElHaddad G, Porter SR, Arduino PG. In-vivo usefulness of optical coher-
ence tomography in atrophic-erosive oral lichen planus: Comparison 
between histopathological and ultrastructural findings. J PhotochemP-
hotobiol B. 2020;211:112009. https://​doi.​org/​10.​1016/j.​jphot​obiol.​2020.​
112009.

	16.	 Ramezani K, Tofangchiha M. Oral cancer screening by artificial intelli-
gence-oriented interpretation of optical coherence tomography images. 
Radiol Res Pract. 2022;2022(23):1614838. https://​doi.​org/​10.​1155/​2022/​
16148​38.

	17.	 Kim DH, Kim SW, Hwang SH. Efficacy of optical coherence tomography 
in the diagnosing of oral cancerous lesion: systematic review and meta-
analysis. Head Neck. 2023;45(2):473–81. https://​doi.​org/​10.​1002/​hed.​
27232.

	18.	 Monroy GL, Won J, Spillman DR, Dsouza R, Boppart SA. Clinical translation 
of handheld optical coherence tomography: practical considerations and 
recent advancements. J Biomed Opt. 2017;22(12):1–30. https://​doi.​org/​
10.​1117/1.​JBO.​22.​12.​121715.

	19.	 Yang L, Chen Y, Ling S, Wang J, Wang G, Zhang B, Zhao H, Zhao Q, Mao J. 
Research progress on the application of optical coherence tomography 
in the field of oncology. Front Oncol. 2022;25(12):953934. https://​doi.​org/​
10.​3389/​fonc.​2022.​953934.

	20.	 Gentile E, Maio C, Romano A, Laino L, Lucchese A. The potential role of 
in vivo optical coherence tomography for evaluating oral soft tissue: a 
systematic review. J Oral Pathol Med. 2017;46:864–76. https://​doi.​org/​10.​
1111/​jop.​12589.

	21.	 Albrecht M, Schnabel C, Mueller J, Golde J, Koch E, Walther J. In vivo 
endoscopic optical coherence tomography of the healthy human 
oral mucosa: qualitative and quantitative image analysis. Diagnostics. 
2020;10(10):827. https://​doi.​org/​10.​3390/​diagn​ostic​s1010​0827.

	22.	 Walther J, Golde J, Albrecht M, Quirk BC, Scolaro L, Kirk RW, Gruda Y, Sch-
nabel C, Tetschke F, Joehrens K, Haim D, Buckova M, Li J, McLaughlin RA. 
A handheld fiber-optic probe to enable optical coherence tomography 
of oral soft tissue. IEEE Trans Biomed Eng. 2022;69(7):2276–82. https://​doi.​
org/​10.​1109/​TBME.​2022.​31412​41.

	23.	 Li K, Yang Z, Liang W, Shang J, Liang Y, Wan S. Low-cost, ultracompact 
handheld optical coherence tomography probe for in vivo oral maxil-
lofacial tissue imaging. J Biomed Opt. 2020;25(4):1–13. https://​doi.​org/​10.​
1117/1.​JBO.​25.4.​046003.

	24.	 Panzarella V, Buttacavoli F, Gambino A, Capocasale G, Di Fede O, Mauceri 
R, Rodolico V, Campisi G. Site-coded oral squamous cell carcinoma evalu-
ation by Optical Coherence Tomography (OCT): a descriptive pilot study. 
Cancers. 2022;14(23):5916. https://​doi.​org/​10.​3390/​cance​rs142​35916.

	25.	 Obade AY, Pandarathodiyil AK, Oo AL, Warnakulasuriya S, Ramanathan 
A. Application of optical coherence tomography to study the structural 
features of oral mucosa in biopsy tissues of oral dysplasia and carci-
nomas. Clin Oral Investig. 2021;25(9):5411–9. https://​doi.​org/​10.​1007/​
s00784-​021-​03849-0.

	26.	 Wessels R, De Bruin DM, Faber DJ, Van Leeuwen TG, Van Beurden M, Ruers 
TJ. Optical biopsy of epithelial cancers by optical coherence tomography 
(OCT). Lasers Med Sci. 2014;29(3):1297–305. https://​doi.​org/​10.​1007/​
s10103-​013-​1291-8.

https://doi.org/10.1111/jop.12733
https://doi.org/10.1111/odi.13704
https://doi.org/10.1016/bs.acc.2019.03.006
https://doi.org/10.1016/bs.acc.2019.03.006
https://doi.org/10.1111/odi.13980
https://doi.org/10.1364/BOE.9.001461
https://doi.org/10.1364/BOE.9.001461
https://doi.org/10.1117/1.JBO.22.12.121711
https://doi.org/10.1117/1.JBO.22.12.121711
https://doi.org/10.4103/0973-1482.180684
https://doi.org/10.4103/0973-1482.180684
https://doi.org/10.1007/s10103-017-2350-3
https://doi.org/10.1007/s10103-017-2350-3
https://doi.org/10.1002/lsm.23461
https://doi.org/10.1002/lsm.23461
https://doi.org/10.1007/s11517-022-02535-x
https://doi.org/10.1007/s10103-020-03025-y
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/doh-oct2000/
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/doh-oct2000/
https://doi.org/10.1097/ACM.0000000000000388
https://doi.org/10.1016/j.jphotobiol.2020.112009
https://doi.org/10.1016/j.jphotobiol.2020.112009
https://doi.org/10.1155/2022/1614838
https://doi.org/10.1155/2022/1614838
https://doi.org/10.1002/hed.27232
https://doi.org/10.1002/hed.27232
https://doi.org/10.1117/1.JBO.22.12.121715
https://doi.org/10.1117/1.JBO.22.12.121715
https://doi.org/10.3389/fonc.2022.953934
https://doi.org/10.3389/fonc.2022.953934
https://doi.org/10.1111/jop.12589
https://doi.org/10.1111/jop.12589
https://doi.org/10.3390/diagnostics10100827
https://doi.org/10.1109/TBME.2022.3141241
https://doi.org/10.1109/TBME.2022.3141241
https://doi.org/10.1117/1.JBO.25.4.046003
https://doi.org/10.1117/1.JBO.25.4.046003
https://doi.org/10.3390/cancers14235916
https://doi.org/10.1007/s00784-021-03849-0
https://doi.org/10.1007/s00784-021-03849-0
https://doi.org/10.1007/s10103-013-1291-8
https://doi.org/10.1007/s10103-013-1291-8


Page 14 of 14Gambino et al. BMC Oral Health          (2023) 23:540 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	27.	 Pande P, Shrestha S, Park J, Serafino MJ, Gimenez-Conti I, Brandon J, 
Cheng YS, Applegate BE, Jo JA. Automated classification of optical coher-
ence tomography images for the diagnosis of oral malignancy in the 
hamster cheek pouch. J Biomed Opt. 2014;19(8):086022. https://​doi.​org/​
10.​1117/1.​JBO.​19.8.​086022.

	28.	 Ys H, Yc Ho, Sy L, et al. Dental optical coherence tomography. Sensors 
(Basel). 2013;13(7):8928–49. https://​doi.​org/​10.​3390/​s1307​08928.

	29.	 Panzarella V, Bartolone A, Rodolico V, Capocasale G, Maniscalco L, 
Matranga D, Di Fede O, Campisi G. Immune-mediated desquamative 
gingivitis and optical coherence tomography diagnostic patterns: clini-
cal implication from a systematic review. Diagnostics. 2021;11(8):1453. 
https://​doi.​org/​10.​3390/​diagn​ostic​s1108​1453.

	30.	 Di Stasio D, Lauritano D, Loffredo F, Gentile E, Della Vella F, Petru-
zzi M, Lucchese A. Optical coherence tomography imaging of oral 
mucosa bullous diseases: a preliminary study. Dentomaxillofac Radiol. 
2020;49(2):20190071. https://​doi.​org/​10.​1259/​dmfr.​20190​071.

	31.	 Di Stasio D, Lauritano D, Romano A, Salerno C, Minervini G, Minervini G, 
Gentile E, Serpico R, Lucchese A. In vivo characterization of oral pemphi-
gus vulgaris by optical coherence tomography. J Biol Regul Homeost 
Agents. 2015;29(3 Suppl 1):39–41 PMID: 26511179.

	32.	 Gambino A, Cafaro A, Broccoletti R, Turotti L, Karimi D, Haddad GE, Hop-
per C, Porter SR, Chiusa L, Arduino PG. In vivo evaluation of traumatic and 
malignant oral ulcers with optical coherence tomography: a comparison 
between histopathological and ultrastructural findings. Photodiagnosis 
Photodyn Ther. 2022;39:103019. https://​doi.​org/​10.​1016/j.​pdpdt.​2022.​
103019.

	33.	 Gambino A, Cabras M, Cafaro A, Broccoletti R, Carossa S, Hopper C, 
Conrotto D, Porter SR, Arduino PG. Preliminary evaluation of the utility of 
optical coherence tomography in detecting structural changes during 
photobiomodulation treatment in patients with atrophic-erosive oral 
lichen planus. Photodiagnosis Photodyn Ther. 2021;34:102255. https://​
doi.​org/​10.​1016/j.​pdpdt.​2021.​102255.

	34.	 Yang EC, Tan MT, Schwarz RA, Richards-Kortum RR, Gillenwater AM, Vigne-
swaran N. Noninvasive diagnostic adjuncts for the evaluation of poten-
tially premalignant oral epithelial lesions: current limitations and future 
directions. Oral Surgoral Medoral Patholoral Radiol. 2018;125(6):670–81. 
https://​doi.​org/​10.​1016/j.​oooo.​2018.​02.​020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1117/1.JBO.19.8.086022
https://doi.org/10.1117/1.JBO.19.8.086022
https://doi.org/10.3390/s130708928
https://doi.org/10.3390/diagnostics11081453
https://doi.org/10.1259/dmfr.20190071
https://doi.org/10.1016/j.pdpdt.2022.103019
https://doi.org/10.1016/j.pdpdt.2022.103019
https://doi.org/10.1016/j.pdpdt.2021.102255
https://doi.org/10.1016/j.pdpdt.2021.102255
https://doi.org/10.1016/j.oooo.2018.02.020

	Potential use of optical coherence tomography in oral potentially malignant disorders: in-vivo case series study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Patients selection
	OCT evaluation

	Results
	Dorsum tongue
	Ventral tongue
	Border tongue
	Buccal mucosa

	Discussion
	Conclusions
	Acknowledgements
	References


