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  Abstract- Oral Cancer is one of the most 

commonlyoccurringconditions due to excessive chewing of 

nicotine. Oral cancer is traditionally defined as squamous cell 

carcinoma of the lip, oral cavity and oropharynx. It is the eighth 

most common cancer worldwide, with approximately 274,000 

new cases reported annually. India has one of the highest rates of 

oral cancer in the world. More than 80,000 new cases are 

reported every year across the country1. Early oral carcinoma 

survival rate can reach to 90%, but the survival rate of terminal 

stage of the cancer is only 10%.It is evident that early detection 

of oral cancers is crucial for treatment. Generally the oral cancer 

is diagnosed by using Fluorescence spectroscopy and fluorescence 

imaging techniques. However, oral tumours are mostly 

superficial and can be difficult to visualize directly. Optical 

imaging is used to improve early detection of oral cancer by using 

reflectance and fluorescence based optical device. In this report 

we have discussed design details of a low-cost, portable and 

battery powered optical imaging system for early detection of 

oral cancer. It is non-invasive, real time imaging method which is 

ideal for screening and detection of oral cancer in high-risk. The 

prototype may be connected to a Windows PC and image of oral 

cavity is directly visualized with high resolution. 

Keywords- Oral Cancer, Spectroscopy, Fluorophores, Neoplastic 

 

I. INTRODUCTION 

Oral cancer is an important global health problem that 

disproportionately impacts patients in developing countries. 

According to the World Health Organization (WHO), the 

worldwide annual incidence for oral cancer exceeds 267,000 

new cases with an estimated 145,500 deaths, nearly two-thirds 

of which occur in developing countries. [2] 

The standard method for screening and detection of oral 

neoplastic is visual inspection of oral cavity under white light. 

“Low-Cost, Multi-Modal, Portable Screening System for 

Early Detection of Oral Cancer” cancers at an early stage can 

be difficult to differentiate from nonspecific inflammation and 

irritation under white light examination. Although previous 

fluorescence imaging devices have shown high sensitivity and 

specificity for detecting abnormalities in the oral cavity, their 

use has been mainly limited to medical facilities in developed 

countries. They are a less practical solution for mass screening 

of high-risk populations in low-resource settings as the cost of 

these devices is relatively high, their portability is limited, and 

they require a stable, high-voltage power supply. This 

inexpensive and portable device utilizes light-emitting diodes 

(LED) as its illumination source and can be powered by a 

compact lithium-ion battery. This approach not only makes the 

device low maintenance and affordable but also makes it 

usable in low resource settings where a stable source of 

electrical power may not be available. 

 

 

II. BACKGROUND 

This chapter contains a review of the material necessary 

to understand the pathophysiology of oral cancer and the 

rationale behind optical imaging for its early detection.  

 

 

III. EARLY DETECTION OF ORAL CANCER 

 

Oral cancer accounts for 2% to 3% of all malignancies 

and has one of the lowest five year survival-rates of all major 

cancers. In the India, the population-based five year survival 

rate for patients with oral cancer is approximately 54% [3]. If 

diagnosed early, while the disease is still localized, the 

survival rate increases to more than 80%.Thus, the five-year 

survival rate seldom exceeds 42% for those patients with 

regional disease and 19% for those who have disease with 

distant metastases. 

In developing countries, the five-year survival rate is 

strikingly lower compared to developed countries. For 

example, the average five-year survival rate for oral cancer is 

only 30% in selected developing countries compared to 54% 

in the developed countries. Figure 1 compares five year 

survival rate at different stages of oral cancer for the U.S. and 

India[3]. 

        The key to improving survival of oral cancer is to 

improve screening and early detection. Recently, one large 

trial conducted in southern India examined the impact of 

screening on detection of oral cancer in a high-risk population 

vs. the general population. The study concluded that screening 

for oral cancer in high-risk population could reduce 37,000 

deaths each year due to the disease[4]. 
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IV. OPTICAL IMAGING FOR EARLY DETECTION 

OF CANCER 

Optical imaging technologies have been demonstrated to 

aid in detection oral neoplastic lesions with high sensitivity 

and specificity. 

 

 

 
 

Figure 1Five-year Survival Rate of Oral Cancer in the U.S. and India4 

 

TABLE I.   MOST COMMON SITES OF CANCER IN THE ORAL CAVITY 

 

Most Common Sites of Cancer in the Oral Cavity 

 
Location Incidence (%) 

Tongue 30% 

Lip 17% 

Floor of Mouth 14% 

Gingivae & Others 26% 

 
 

The advantages of optical imaging over other imaging 

modalities include they are inexpensive, robust, and portable 

and can provide near real-time diagnostic information either 

non-invasively or minimally invasively. Optical imaging relies 

on the interaction between light and tissue to detect early 

changes associated with the dysplasia-to-carcinoma sequence. 

The morphological and biochemical changes that accompany 

neoplastic progression affect the light absorption, scattering 

and fluorescence properties of tissue. These changes can be 

detected with a number of reflectance and fluorescence optical 

imaging techniques including wide-field, confocal and 

structured-illumination system.  
 

V. FLUORESCENCEIMAGING 

 

Fluorescence is the process by which excitation light 

evokes emission of light of a different wavelength. The 

excitation light is There are many endogenous fluorophores in 

tissue with distinct optical properties. Figure 2 and Figure 3 

shows excitation and emission spectra of important 

fluorophores that are reported to be associated with neoplastic 

development including NADH, FAD, tryptophan, porphyria, 

collagen and elastin. 

 

 

 

 
 

Figure 2 Excitation and Emission Spectra 

 

 

 

 
 
 

Figure 3 Schematic of Contrast Agents bound to Epidermal Growth factor 

receptors, (EGFR) on the cell membrane. 
 

 

VI. MATIREALS AND METHODS 

A. Instrumentation 

Ideal imaging system requires light sources that have very 

uniform fields, excellent control of relative intensity and 

known spectral contents. Traditionally, halogen lamps have 

been used for white light and reflectance imaging due to their 

uniform spectral characteristics in the visible-near IR 

wavelengths. 

An alternative to traditional reflectance and fluorescence 

illumination sources is light emitting diodes (LEDs). Recent 

advances in high performance LED technology have offered a 

cheap, stable and easy-to-use solution for light source that can 

be used in a wide variety of imaging applications [5]. A 
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number of commercial vendors now produce high-

performance LED that provides sufficient intensity at specific 

wavelengths especially for fluorescence imaging applications.  

 

 

 

 
Figure 4 Schematic diagram and picture of the Portable Screening System for 

Oral Cancer. 
 

Trujillo et al have reported fluorescence quantum 

efficiency (QE) of cervical epithelial tissue varying from 

0.0006 for normal to 0.0003 for pre cancer at 460-nm 

excitation. Based on this quantum efficiency, Benavides et al. 

found that a CCD camera with detection sensitivity of 8e-15 

W per pixel can detect auto fluorescence with an irradiance of 

1.3 mW/ For our PS2 imaging system, a 750mW blue LED 

(Lux eon Royal Blue- K2) with 455-nm wavelength was 

considered for fluorescence illumination. This light source 

provided a peak irradiance of 15mW/cm
2
 at the centre of the 

measurement at a working distance of 25 cm. Figure 5 shows 

intensity profile of the illumination light sources across the 

field-of view of the PS2 system. 

 

B. Illumination 

One important parameter for fluorescence illumination 

source is the excitation wavelength(s) desired for optimum 

emission of fluorophores. Ideally, an illumination light source 

should only have the excitation wavelength(s) at which the 

quantum efficiency for the desired fluorophore(s) has 

maximum emission peak.  

 

 

 

 

Figure 5 Intensity Profile of the LED Light Sources in PS2 Imaging System7 

      Extensive studies have been conducted by various research 

groups in understanding both how bio fluorophore 

concentration changes with dysplastic progression and what 

optimal wavelengths are best for probing the changes Figure 6 

shows the wavelength profile of the royal blue and green LED 

used for fluorescence illumination in the PS2 system[4]. 

VII. DETECTION 

 

      Fluorophores with low quantum efficiency requires highly 

sensitive detector. For our imaging system, we selected a 
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colour CCD camera (Prosilica EC1380C) that can be used for 

both reflectance and fluorescence imaging. The 1.3 

megapixels CCD camera contains a 32progressive scan chip 

(Sony ICX285AL, Exview HAD) with 6.45um x 6.45um size 

pixels and a sensitivity of 0.02 lux at 100ms exposure time. At 

this sensitivity, the camera can detect 1.2e"15 W per pixel. 

 

 

Figure 6 Relative Intensity vs Wavelength of PS2 LED Fluorescence 

Illumination Source[6] 

This detection sensitivity is much higher than the required 

specification to detect the minimum fluorescence emitted from 

tissue with the excitation of our light source. The power 

consumption of the camera was less than 3W and could be 

supplied by fire wire interface via laptop computers for remote 

use. Graphical-user-interface (GUI) software was written in 

Lab View (National Instruments) to control the camera and 

acquire images. 

I. IMAGE ANALYSIS 

 

Images were analysed to yield possible features for use in 

classification algorithms. The following metrics were 

generated for ROIs corresponding to lesions and contra lateral 

normal measurements: the average intensity in the red, green 

and blue (RGB) channels, average values of the ratios of the 

R/G, R/B and B/G intensities, the average intensity following 

gray scale conversion, and the standard deviation of the RGB 

and gray scale intensity values. 

We explored which of these features provided the best 

separation between no neoplasticoral mucosa and neoplastic 

oral mucosa. For calculation of sensitivity and specificity, 

sites with a diagnosis of 'Cancer' or 'High Risk' were 

considered to beneoplastic, while sites with a clinical 

diagnosis of 'Normal' or 'Low Risk' were considered to be 

non-neoplastic. Histopathology evaluation was available for 

sites imaged. In these sites, the results of diagnosis based on 

consensus clinical impression were compared to 

histopathology. 

 

II. DISCUSSION 

This pilot study demonstrates that objective analysis of 

fluorescence images obtained with a low-cost imaging system 

can classify sites as neoplastic or non-neoplastic with high 

sensitivity and specificity relative to the gold standard of 

consensus clinical impression. The performance of this low-

cost, objective system compares favourably to results reported 

for pilot studies of other optical imaging systems. A recent 

review by De Veld summarizes several clinical studies of 

optical imaging with qualitative image analysis for detection 

of oral neoplasia and reports sensitivity ranging from 63% to 

100% and specificity from 79% to 96%[7].'' More recently, 

Lane et al. achieved a sensitivity of 98% and specificity of 

100% using qualitative assessment of fluorescence images. 

While the sensitivity and specificity reported here are 

encouraging, there are a number of limitations of this study. 

First, the same dataset was used both to develop classification 

algorithms and to assess their performance; in this situation, 

potential over training can inflate estimates of sensitivity and 

specificity. Finally, a large number of 'Low Risk'sites were 

misclassified as neoplastic by the optical algorithms presented 

here. It is interesting to note that 'Low Risk' sites with 

consensus among all three expert observers were more likely 

to be classified by the optical algorithms as non-neoplastic 

(6/10 =60%) than were 'Low Risk' sites where only two of the 

expert observers agreed (13/30 =43%)[8]. 

 

III. CONCLUSION 

       The clinical study presented here demonstrates the 

ability to identify neoplastic and non-neoplastic oral 

tissue in vivo objectively using the portable, low-cost 

imaging system. Although further work is needed to 

address the limitations in this study, results from this pilot 

study suggest that this simple imaging device can 

potentially improve oral screening efforts in low-resource 

settings where clinical expertise and resources are often 

limited. 
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