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Abstract: Diagnosing diseases in our bodies requires the measurement of physiological biomarkers
non-invasively. Assessing biomarker levels is a key step in this process. Light allows for non-invasive
assessment of disease in tissue. Here, I give my perspective on the use of light for diagnosis with
examples of research conducted by our research team, focusing on two conditions: oral cancer and
fetal hypoxia diagnosis. In the case of oral cancer, we look at the spatially localized diagnosis of cancer
tissue in the oral cavity. In the case of fetal hypoxia, we look at temporal changes in physiological
conditions for diagnosis. In both cases, we see the potentially transformative impact of optical
spectroscopy on clinical diagnosis.
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1. Introduction

The human body is composed of different biomolecules. Broadly, they are classified
into four large groups, carbohydrates, fats, proteins, and nucleic acids, with minor con-
centrations of other signaling molecules such as hormones, etc. Each of the biomolecules
in turn comprise of four key elements—Oxygen, Carbon, Hydrogen, and Nitrogen. The
composition of biomolecules that make up different tissues varies both between the tissue
types spatially and varies within the same tissue temporally. This spatial and temporal
variation is essential for healthy functioning of the human body. For example, blood has a
different composition to muscles which is different from bones and is spatially segregated.
Even within a tissue, there are spatial variances at different scales. A good example of such
spatial variation in composition is a skeletal muscle that is attached to bones via tendons.
The muscle itself is made of sarcomeres and myofibrils which differ in their molecular
composition. Tissues develop variations in their biochemical composition over time like
the healing of an open wound where a clot develops by the development of fibrin. White
blood cells and macrophages clear the damaged tissue and foreign bodies. Over the healing
process, new capillaries grow with new fibrous tissue development and skin recovery. The
site of the biological process is not altered, but the composition changes temporally. During
a diseased state, the composition of some of the biomolecules departs from the levels seen
in healthy physiology. This shift from normal is the basis of clinical diagnoses such as blood
tests, imaging techniques, etc. Clinical diagnostics are frequently invasive, cumbersome,
and non-continuous. There is a need for repeated, reliable, non-invasive assessments of
diseases that detects changes spatially like cancers and tumors, or temporally such as
diabetes, sepsis, etc.

BioPhotonics diagnostic tools are capable of both spatial and temporal assessment of
tissue, thus delivering the unmet need of repeated, reliable, non-invasive assessment in
clinics. Light–tissue interaction is the basis of realizing diagnostic tools using BioPhotonics
that are clinically relevant. When the biomolecules interact with light, the light is – absorbed,
reflected, transmitted through, scattered—both linearly and non-linearly or transformed
into a different colour through fluorescence by the biomolecule. Further, there can be
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heating or vibration-producing acoustic effects in the biomolecules [1]. Each of these
light-tissue interactions is utilized in BioPhotonics to develop an effective diagnostic tool
tailored to the clinical problem at hand. In this paper, we will focus on optical spectroscopy,
where a unique optical spectrum of the biomolecule of interest is extracted using light. This
optical spectrum is then used to identify disease states. To understand the generation of the
optical spectrum, we note that different wavelengths of light interact with the biomolecules
differently, initiating either electronic transitions or exciting rotational or vibrational modes
of the chemical bonds. Since each of the biomolecules is chemically distinct, they generate
unique optical spectra. For obtaining the optical spectrum of the biomolecule of interest a
suitable optical source is required. To select the appropriate source one has to be mindful
of the safety limits in terms of the optical power. Also, one has to note that light of certain
wavelengths, such as X-rays and far UV are harmful to the tissue due to their ability to
ionize.

In this paper, we look at the role of optical spectroscopy in two scenarios as shown in
Figure 1. First in oral cancer-where spatial classification of tissue health is critical. Secondly
in fetal hypoxia assessment-where a temporal evolution of biomolecules is monitored. Both
these cases are based on the projects in the Author’s group (Biophotonics@Tyndall) where
the Author is involved.
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Figure 1. Biophotonics tools for diagnosis of diseases. (a) Spatial assessment of legions; (b) temporal 
monitoring of hypoxia in babies. Adapted with permission from Refs. [2–4] Copyright 2015 New 
England Journal of Medicine. 
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is suppressed. This site evolves into a high-grade dysplasia and then into invasive caner 
[5]. Metabolism in this site is different to the healthy tissue in other parts of the oral cavity. 
The detection of such sites by local swab sampling followed by histopathology is the cur-
rent diagnostic gold standard. However, swab samples only access the superficial cell lay-
ers. 

Optical spectroscopy can be designed to penetrate the tissue to a depth, non-inva-
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Figure 1. Biophotonics tools for diagnosis of diseases. (a) Spatial assessment of legions; (b) temporal
monitoring of hypoxia in babies. Adapted with permission from Refs. [2–4] Copyright 2015 New
England Journal of Medicine.

2. Spatial Assessment—Oral Cancer

Oral squamous cell carcinomas (OSCC) manifest in the early stages as painless white
or red plaques in the mouth. Dysplastic cells under the oral skin accumulate many genetic
alterations and mutations. This site now attracts macrophages while the immune response
is suppressed. This site evolves into a high-grade dysplasia and then into invasive caner [5].
Metabolism in this site is different to the healthy tissue in other parts of the oral cavity. The
detection of such sites by local swab sampling followed by histopathology is the current
diagnostic gold standard. However, swab samples only access the superficial cell layers.

Optical spectroscopy can be designed to penetrate the tissue to a depth, non-invasively,
where dysplasia might exist. Further, a multimodal approach that involves diffused
reflectance spectroscopy (DRS), Raman spectroscopy, and fluorescence spectroscopy is used
to target biomolecules accurately that are effective in the recognition of cancerous sites
spatially [6].
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3. Temporal Assessment—Fetal Hypoxia Assessment

Lack of oxygen, or hypoxia, in the baby during labour could result in death. The
babies that survive this ordeal could be faced with developmental problems in their brain
like cerebral palsy. Assessment of a hypoxic state is a critical clinical diagnostic event
that allows the obstetrician to decide in favour of a Cesarean section (C-section). This
time-critical diagnosis is currently done by monitoring fetal heart rate (FHR), which is
an overall fetal well-being parameter, through fetal scalp electrodes or cardiotocographs
(CTG). Oxygen content in the blood, SpO2, is a better correlate of hypoxia in the fetus and it
is measured through fetal pulse oximetry. The current gold standard of hypoxia diagnosis
is fetal blood sampling (FBS) where lactate and pH are measured in the fetal blood obtained
from the fetal scalp using a scalpel. However, this method is invasive and can only be
performed sporadically [7]. Thus, there is an unmet need for a non-invasive, continuous
diagnosis of hypoxia where the changes in hypoxia related biomolecules, namely lactate
concentration and pH, concentrations are monitored in real-time during labour. This will
aid in the assessment of onset of hypoxia in babies.

For spectroscopic assessment of hypoxia, lactate and pH levels need to be determined.
Light in the long wavelength near-infrared (LW-NIR) spectrum, i.e., 1350–2500 nm, is
a well-suited spectrum for the detection of these biomolecules. LWNIR region consists
of combination and secondary absorption bands of small molecules like lactate, water,
glucose and lipids. Water forms 70–90% of all our tissues. Lactate spectral features are
superimposed on large water absorption regions, so the detection of lactate demands
high sensitivity in detection in this region. The spectral features are broad and have
many interferences for other molecules like glucose etc. Thus, a good spectroscopic tool is
required to assess hypoxia in this region [8,9].

4. Conclusions and Future Outlook

In this paper, a perspective of BioPhotonics is based on clinically relevant, non-invasive
diagnostic tools. Specifically, diagnostic tools with the ability to find malignant lesions
in Oral cancer diagnosis earlier and with a higher accuracy was discussed that focused
on spatial detection. Next, a tool to diagnose fetal distress during labour was discussed,
including the challenges of building such a BioPhotonics tool. When implanted, this would
result in a safer delivery both for the mother and the infant. Both these cases have a
transformative impact on clinical diagnostic practice.

Looking ahead, BioPhotonics-based diagnostic tools provide a non-invasive, sustain-
able, reliable way to assess diseases as they evolve over both space and time. They will
provide non-destructive, real-time tissue diagnosis for both daily life as wearables and as
tools during surgeries.
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