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Introduction

Objective: In the present study, detection of oral mucosal lesions 
using an in-house developed fluorescence imaging portable device on 
three groups of patients is reported. Threshold-based segmentation 
and image processing of fluorescence images have been executed for 
the identification of cancerous lesions in the affected area of oral mu-
cosa in real time.

Methods: Fluorescence imaging measurements are performed on 
11 Oral Squamous Cell Carcinoma (OSCC) patients, 19 dysplastic pa-
tients, and 22 normal volunteers. Patients having the abnormality in 
the buccal mucosa of oral cavity are incorporated in the presented 
work. A 405 nm laser diode is utilized to excite the two fluorophores 
i.e., Flavin Adenine Dinucleotide (FAD) and porphyrin present in the 
tissue. Image processing is done onto the ratio values of red (porphy-
rin) to green (FAD) bands by using a MATLAB based Graphical User 
Interface (GUI). Receiver Operating Characteristic (ROC) analysis is 
employed to find the sensitivity and specificity.

Results: Fluorescence images showed higher intensities of red 
bands than the green bands in OSCC and dysplastic patients. Segmen-
tation carried out on the fluorescence images is seen to separate the 
cancerous lesion from the normal lesion in the oral mucosa. Classifi-
cation tool box, based on the ratio of red to green bands was able to 
discriminate among the three groups with sensitivities of 95%, 84%, 
95% and specificities of 97%, 86% and 84% respectively.

Conclusion: This clinical study can be utilised for the identification 
of margin of abnormal areas of oral mucosal lesions and thus will as-
sist the clinician during the surgical procedure. 

Keywords: Oral cancer; Fluorescence imaging; Segmentation; Im-
age processing; Graphical user interface.
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Introduction

Early detection of oral mucosal lesions is required to reduce 
morbidity and mortality rates. In Asian countries, especially in 
India, oral cancer is a concern because it is one of the topmost 
cancer in men (Rank 1) and in women (Rank 3) [1-3]. Among the 
conventional techniques, tissue biopsy with the histopathol-
ogy is a reliable and accurate method. Five-year survival rate 
is around 45%, indicating the need to detect and diagnose the 
oral mucosal lesions at an early stage [4,5]. The problem with 
most of the cancers including oral cancer is the lack of early 
visible symptoms. It is therefore necessary to work on develop-
ment of sensitive portable and user-friendly devices, having the 
potential to detect early oral carcinoma. 

Optical devices have been designed for the detection of can-
cer by many research groups [6 -11]. Among them, fluorescence 
spectroscopy and imaging devices have emerged as a reliable 
detection tool for in vivo study of oral carcinoma [12-19]. In the 
fluorescence-based imaging devices, UV-visible light is generally 
used as an excitation source and fluorescence signal is captured 
by Charge Coupled Device (CCD). Diagnostic information of the 
fluorophores such as porphyrin, Flavin Adenine Dinucleotide 
(FAD), Nicotinamide Adenine Dinucleotide (NADH) is observed 
with 405 nm excitation wavelength with the decreasing order 
of intensities (Iporphyrin > IFAD > INADH). Enhancement of porphyrin 
and reduction in FAD are found with progress of cancer. Several 
researchers and scientist groups have utilized fluorescence im-
aging systems for oral cancer detection.

Pierre M. Lane et al. group have developed a simple device 
for direct visualisation of oral cavity tissue fluorescence. The 
group utilised blue light (400 to 460 nm) for the excitation of 
tissue fluorophores and fluorescence signal are recorded at 470 
nm [20]. A chemiluminescence based probe is developed for 
oral cancer detection. It involves the use of oral rinse (1% acetic 
acid) which helps to view the acetowhite area. This method is 
highly subjective and has a low sensitivity [21]. Kulapaditharom 
et al. utilized fluorescence endoscope for head and neck can-
cer detection and achieved sensitivity of 100% and specificity 
of 73% [22]. In a study, Betz et al. showed a clear difference be-
tween normal and malignant lesions for flat epithelial tumours 
than the exophytic tumours [23]. Paczona et al. noted the re-
duction in fluorescence intensities of green bands and shift to 
reddish-blue band for malignant tissues [24]. Rahman et al. ob-
tained sensitivity of 90% and a specificity of 87% between the 
normal and malignant tissues by taking the ratio of red to green 
fluorescence [25]. In a study by Roblyer et al., the quantitative 
fluorescence imaging was able to differentiate the cancerous 
samples to normal samples with 100% sensitivity and 91.4% 
specificity [26].

Here, we have reported real time early diagnosis of oral mu-
cosal lesions using an inhouse built fluorescence-based imaging 
device with the help of segmented images and image process-
ing tools. Using the device, 1.0 cm2 area of oral cavity lesions is 
captured in a single scan. Signatures of FAD and porphyrin are 
observed with excitation of 405 nm laser light. The intensity of 
red band in the fluorescence image is attributed to porphyrin 

and found to increase in most of the OSCC and dysplastic pa-
tients than the normal volunteers. For classification among the 
groups, ROC has been employed onto the ratio (IPorphyrin/IFAD). For 
a real-time analysis, these results are validated with a Graphical 
User Interface (GUI) tool.

Material and methods

Fluorescence-based imaging probe with the required acces-
sories, while taking the measurement on a patient (carcinoma in 
oral buccal mucosa) are displayed in Figure 1 a & b respectively. 
Laser light of wavelength 405 nm (1 milliwatts incident power) 
is illuminated onto the oral mucosal lesion and the fluorescence 
signal is recorded using a charge-coupled device (CCD). At the 
tip of the probe, a disposable cap of teflon material is used 
while taking the measurements on patients and volunteers. 
Device fabrication and working of the probe are discussed in 
detail in our recently published paper [27]. Imaging measure-
ments were performed on total 30 patients (OSCC=11, dysplas-
tic=19) and 22 normal volunteers. Average age of the patients 
and volunteers with the standard deviation were 48 ± 11, 37 ± 
9 and 27 ± 7 respectively. Image segmentation and processing 
are done on randomly chosen an OSCC patient (45 years), a dys-
plastic patient (38 years) and a normal volunteer (26 years). All 
the relevant details, such as age, lifestyle, habits of consuming 
tobacco-related products etc., were noted in a questionnaire 
form. Ethical clearance was taken from hospital and institute 
(IEC communication number IITK/IEC/2015–16/2/10) for per-
forming this clinical work.

Figure 1: (a) Photographs of the fluorescence imaging device with 
all the accessories (laser, fluorescence device and laptop) (b) Pho-
tograph of patient taken during the fluorescence measurements.
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For this clinical study, the inclusion and exclusion criteria of 
patient selections are shown in the flow chart (Figure 2). In the 
given flow chart, the overall procedure of executing the fluores-
cence measurements and oral biopsy are also discussed. 

Figure 2: Inclusion and exclusion protocols for in-vivo study of oral 
carcinoma detection.

Results and discussion

Figure 3a displays an image of an oral mucosal patient re-
corded using a mobile based camera. Figure 3b is magnified im-
age of the malignant region. The fluorescence image (real im-
age) recorded using the imaging device is shown in figure 3c. In 
the image 3c, a clear contrast of red colour can be seen which 
is due to porphyrin.

 

Figure 3: (a) An image of oral mucosal patient taken by a mobile 
camera (b) a zoomed area of malignant region (c) fluorescence im-
age of the cancerous part of the oral mucosa.

Fluorescence image consists of red, green and blue bands. 
The red and green bands correspond to porphyrin and FAD re-
spectively. Extracted images from the original image consisting 
of RGB bands of an OSCC patient are displayed in figure 4a-c. 
Figures 4a-c are red, green and blue bands of fluorescence raw 
image. In figure 4d & e, the ratio image of porphyrin to FAD and 
threshold-based segmentation of cancerous region have been 
shown. However, in figure 4f, abnormal segmented region is 
marked on the color fluorescence raw image.

Figure 4: Extracted images from the real image (a) extracted red 
band (b) extracted green band (c) extracted green band (d) ratio 
image of red to green bands (e) threshold-based segmentation of 
cancerous region (f) boundary formation on the fluorescence im-
age.

Figure 5: (a) scatter data plot of peak values of intensities of red to 
green bands for OSCC, dysplastic and normal groups (b) ROC curve.
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A threshold-based segmentation has been performed on the 
ratio image to separate the malignant and normal regions. The 
threshold ratio values for control group are found below 0.82, 
for dysplastic patients, in the range from 0.82 to 1.49 and for 
OSCC above 1.50 using the ROC analysis. Scatter data plot along 
with the ROC curve are shown in figure 5. In the image shown 
in figure 4f, inner boundary and outer boundary formation are 
based on the mean errors of the threshold. This segmented im-
age is able to accurately identify the cancerous parts of the oral 
mucosa.

To make the imaging technique user-friendly with real-time 
analysis, we developed a Graphical User Interface (GUI) panel in 
Matlab and its working is depicted in the figure 6. GUI has three 
push buttons corresponding to three images. The first pushbut-
ton, ‘select image’ corresponds to the image to be analysed in 
the panel. The pathname and filename on GUI display the loca-
tion of the oral cavity images. The raw image of the oral section 
taken by the probe. The second image is the R/G ratio, which 
displays the red to the green image ratio of the selected image. 
According to the ratio value, analysed results will be displayed. 
The third push button i.e., Segmented image shows the bound-
aries around the cancerous region. Analysis performed on 
OSCC, dysplastic (precancer) and normal groups are displayed 
in figure 6 a-c.

 
Figure 6: Image segmentation, processing and classification tool-
box for (a) an OSCC patient (b) a dysplastic patient (c) a volunteer.

Conclusion

In the clinical study, detection of oral mucosal lesions using 
the fluorescence-based imaging technique, segmentation and 
image processing tools were carried out. With 405 nm laser 
light, fluorescence due to FAD and porphyrin were observed. 
Porphyrin contribution was found to be higher in OSCC and dys-
plastic patients than in the normal volunteers. Segmentation 
carried out on the fluorescence images demarcate the most af-
fected region of the oral mucosal lesion. GUI was able to clas-
sify among the groups based on ratio values and segmentation. 
In conclusion, the minimally invasive optical technique coupled 
with an objective analysis method (toolbox) can be an effica-
cious method for early detection of oral mucosal lesions of dif-
ferent grades.
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