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ARTICLE INFO ABSTRACT

Oral squamous cell carcinoma (OSCC) has a remarkably high incidence worldwide, and a fairly
serious prognosis, encouraging further research into advanced technologies for noninvasive methods
of making early diagnosis, ideally in primary care settings. Clinical trials and other information
published till the recent years has been studied and a review  of noninvasive methods of diagnosing
OSCC, including oral brush biopsy, optical biopsy, saliva-based oral cancer diagnosis, and others
were included. It is clear that screening for and early detection of cancer and pre-cancerous lesions
have the potential to reduce the morbidity and mortality of this disease. Advances in technologies for
saliva-based oral diagnosis and optical biopsy are promising pathways for the future development of
more effective noninvasive methods for diagnosing OSCC that are easy to perform clinically in
primary care settings. Minimally invasive interventions are critical to improving healthcare efficiency,
enhancing the quality of care provided, and reducing cost. The trend is toward facilitating the making
of early diagnoses of OSCC by General Practitioners or dentists possible in primary care settings. This
review thus provide an insight into the current concepts and future of noninvasive procedures for
diagnosing oral squamous cell carcinoma.

Copyright © 2016, Aprajita Dua et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Cancers of the oral cavity, oropharynx, hypopharynx, pharynx,
and larynx, are included in head and neck squamous cell
carcinoma (HNSCC), which being the sixth most common
cancer worldwide. (Saman, 2012) constitutes about 5% of all
cancers globally, with about 0.7 million new cases being
diagnosed annually in India. (Reddy et al., 2014) The highest
incidence rates occur in three developing countries (Pakistan,
Brazil and India) and one developed country (France) (Ford
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and Farah, 2013). Accounting for 96% of all oral cancers,
squamous cell carcinoma (SCC) is usually preceded by
dysplasia presenting as white epithelial lesions on the oral
mucosa (leukoplakia). Leukoplakias develop in 1–4% of the
population (Regezi et al., 2007). Malignant transformation,
which is quite unpredictable, develops in 1–40% of
leukoplakias over 5 years (Regezi et al., 2007). Dysplastic
lesions in the form of erythroplakia (red lesions) carry a 90%
risk of malignant conversion (Regezi et al., 2007). Tumour
detection is further complicated by a tendency towards field
cancerisation, leading to multicentric lesions, all of which may
not be clinically visible (Acha et al., 2005). These benign
lesions are often biopsied surgically; in most cases multiple
follow-up biopsies are indicated. The following disadvantages
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of surgical biopsies can discourage patients from agreeing to
further diagnostic biopsies: (i) fear and stress; (ii) pain and
damage to healthy tissue; (iii) risk of infection; (iv) temporary
disability and discomfort; and (v) cosmetic concerns. This
warrants the need for noninvasive methods for diagnosing
OSCC are summarised in List 1. (Omar, 2015) Despite
significant advances in cancer treatment, early detection of
cancer and its curable precursors remains the best way of
optimising patient survival and quality of life. Advancements
in diagnosis and detection for oral cancer have been listed in
List 2. (Renuka Verma et al., 2015)

Light induced fluorescence spectroscopy

When cells interact with light they become excited and re-emit
light of varying colours (fluorescence) and this can be detected
by sensitive spectrometers. All tissues fluoresce due to the
presence of fluorescent chromophores (fluorophores) within
them. FS can detect these substances and provide characteristic
spectra that reflect biochemical changes occurring within the
tissue. The resultant spectra not only detect the fluorescence
but also are sensitive to the cellular components that absorb
light, eg. haemoglobin. (Sharwani et al., 2006) The commonly
detected fluorophores include NADH, collagen, elastin and co-
factors such as flavins (FAD, FMN) (Bigio and Bown, 2004).
The fluorescence can either occur as autofluorescence (induced
by UV light), or as a laser-induced phenomenon and may also
be enhanced by either topical or systemic application of 5-
aminolaevulinic acid (5-ALA) and can be used for single-point
or imaging measurements. 5-ALA is a precursor of the
fluorescent photosensitiser, protoporphyrin IX (PpIX), and can
be administered systemically or applied topically to the oral
mucosa and facial skin. (Sharwani et al., 2006) A schematic
diagram representing the light induced fluorescent
spectroscope is shown in Figure 1.

List 1: Summary of the most common non-invasive
methods for diagnosing oral squamous cell carcinoma

List 2: Advancements in diagnosis and detection for oral
cancer

 Dysplastic and malignant tissues, have a different
spectral characteristics, tend to have increased red
fluorescence and decreased green fluorescence.

 Significant increase in the red/green fluorescence ratio
is an accurate predictor of dysplasia and malignancy.
(Sharwani et al., 2006)

Figure 1. Schematic diagram showing the light induced
spectroscopic technique

Advantages:

Noninvasive method with a high level of specificity

Disadvantage:

Low sensitivity has been reported for fluorescence
spectroscopy (Sharwani et al., 2006)

Elastic Scattering Spectroscopy

Elastic Scattering Spectroscopy (ESS) is an emerging
technique that generates a wavelength dependant spectrum that
reflects structural and morphological change within tissues.
Elastic scattering implies that the light returns with the same
kinetic energy as the incident photons. The incident light can
undergo single, or more commonly, multiple scattering events
before being collected again at the same surface by an optical
probe and the resulting data is analysed. The acquired data
reflects both the scattering and absorptive properties of that
tissue. (Bigio and Mourant, 1997) This scattering process has
been shown to occur at gradients in the optical index of
refraction resulting from differences in densities that occur at a
cellular and sub-cellular level. The structures that induce the
scattering (collectively known as scattering centres) are the
nucleus, chromatin concentration, and sub-cellular organelles;
other scattering centres include structural proteins, lipids and
erythrocytes. ESS has been shown to be sensitive to nuclear
size, chromatin content and nuclear/cytoplasmic ratio which
are all criteria that the histopathologist looks for when
establishing malignancy within a tissue (Mourant et al., 1998;
Perelman et al., 1997; Wallace and Van Dam, 2000; Mourant
et al., 2000; Drezek, 2003). It has an advantage of being simple
non invasive method of tissue interrogation. ESS has been
shown to be sensitive to nuclear size, chromatin content and
nuclear/cytoplasmic ratio which are all criteria that the
histopathologist looks for when establishing malignancy within
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a tissue. (Sharwani et al., 2006) In one study, sensitivity of
72.7% and specificity of 75% were obtained after assessment
of clinically suspicious oral lesions in 25 patients, uaing ESS
and the spectra could be combined as a result of analysing
different anatomical sites. (Sharwani et al., 2006) Assessment
of nodal metastases using ESS had a sensitivity of 98% and
specificity of 68%, but false positives were found in 40.5%.
(Jerjes et al., 2004)

Orthogonal polarization spectral (OPS) imaging

Quantitative and qualitative analysis of tumor vasculature is of
paramount importance for the assessment of microvascular
function and for the development of novel anti-vascular
strategies. (Pahernik et al., 2002) In vivo and in vitro studies
have shown that tumor growth is dependent upon
neovascularization. (Folkman, 1990; Folkman, 1995;
Srivastava et al., 1986; Weidner, 1993) In order for this
process to take place, tumors produce growth factors which
stimulate the proliferation, migration and differentiation of
endothelial cells. (Petruzzelli, 1996) In several tumor systems,
the degree of angiogenesis can be correlated with tumor
aggressiveness and clinical outcome. Moreover, targeting the
angiogenic pathway of tumors could be an important
development for more effective treatment strategies.( O’Reilly
et al., 1996) Recently a new in vivo microscopic technique,
called orthogonal polarization spectral (OPS) imaging, has
been introduced to the clinical observation of the human
microcirculation allowing first time observations of a large
number of microcirculatory properties in human health and
disease. (De Backer et al., 2002; Groner et al., 1999;
Lindeboom et al., 2005; Mathura et al., 2001; Pennings et al.,
2004; Spronk et al., 2002) Polarized light (550 ± 70 nm)
traveling through a light guide and passing through a series of
lenses is absorbed by hemoglobin (Hb) in erythrocytes and thus
projecting an image of circulating dark bodies flowing through
tissue vasculature. The light wavelength of 550 ± 70 nm is the
isobestic point for Hb. Through the use of this spectroscopic
method, OPS imaging technology produces high contrast
images of the microcirculation.

Advantages

• This patented "virtual backlighting" technology makes
it possible to visualize and measure real time images of
the microcirculation, without the use of fluorescent
dyes or transillumination.

• In vivo visualization of human microcirculation makes
it possible to acquire high resolution images of the oral
mucosa.

Megacapillaries and bleeding can be visualized in oral
squamous cell image in Figure 2. The dark background in an
OPS image of oral squamous carcinoma. The dark background
in an OPS image of oral squamous carcinoma in Figure 3.
(Lindeboom et al., 2006)

Photo acoustic imaging

Biomedical photoacoustic (PA) imaging provides a means of
visualizing the internal structure and function of soft tissues.
The image contrast is provided by light-absorbing

chromophores within the tissue. These may be naturally
occuring, such as oxyhemoglobin and deoxyhemoglobin, or
externally administered, e.g., dyes, nanoparticles, or other
contrast agents. Figure 4 shows a schematic representation of
its operation. (Cox et al., 2006) The combined ultrasound and
photoacoustic imaging together with molecular specific gold
nanoparticles can be used to detect cancer at an asymptomatic
stage and can also be used to accurately plan and guide the
photothermal therapeutic procedures and monitor the outcome.
(Mallidi et al., 2009)

Figure 2. Megacapillaries and bleeding in oral squamous cell image

Figure 3. Notice the dark background in an OPS image of oral
squamous carcinoma

Figure 4. Operational function of photoacoustic imaging

Advantages

• Noninvasive diagnostic procedure
• Penetration depth achievable is more, in cms in contrast

to other optical imaging modalities with a penetration
of a few mms.
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Disadvantage

• Because the absorbed energy density is the product of
both the absorption coefficient and the fluence, this
image has the disadvantage that it provides a somewhat
indirect representation of the spatial variation of the
optical coefficients and therefore the structure and
physiology of the tissue. (Cox et al., 2006)

2ND harmonic generation

The content and structure of collagen is essential in governing
the delivery of therapeutic molecules in tumors. Thus, simple
histological staining of tumor tissue biopsies for collagen
could be used to assess the accessibility of molecular
therapeutics in tumors.  it is possible to optically image
fibrillar collagen in tumors growing using second-harmonic
generation (SHG).

Advantages

• Using this noninvasive technique, one can estimate
relative diffusive hindrance, quantify the dynamics of
collagen modification after pharmacologic intervention
and provide mechanistic insight into improved diffusive
transport

• This technology could offer basic scientists and
clinicians an enhanced ability to estimate the relative
penetrabilities of molecular therapeutics. (Scully et al.,
2008)

Terahertz imaging

Terahertz (THz) imaging, which utilizes the electromagnetic
radiation spectrum between 0.1 and 10 THz, has been
investigated to assess its potential to diagnose cancers by
measuring the water content change and cell deformation of
malignant tumors or by sensing the nanoparticle probes
targeted at cancerous tumors. (Pickwell et al., 2005)

Conclusion

Minimally invasive interventions are critical to improving
healthcare efficiency, enhancing the quality of care provided,
and reducing cost. The trend is toward facilitating the making
of early diagnosis of OSCC by General Practitioners or
dentists possible in primary care settings. These noninvasive
methods for diagnosing OSCC that are easy to perform
clinically in primary care settings can prove as a boon to future
oral cancer diagnosis. (Omar, 2015)
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