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Gas Sensors in Oncology

Gas sensors are analytical devices used to detect, identify, and quantify specific
gases or volatile organic compounds (VOCs). In oncology, gas sensors play an important
role in early cancer detection, diagnosis, monitoring of treatment response, and
screening, by analyzing gases released from cancerous cells through breath, tissue, or

bodily fluids.

Cancer cells exhibit altered metabolism, which leads to the production of specific
VOC biomarkers. Gas sensor technology enables non-invasive, rapid, and cost-effective

cancer diagnosis.

Principle of Gas Sensors

Gas sensors work on the principle that interaction between gas molecules and the

sensing material causes a measurable change in physical properties such as:
e Electrical resistance
e Conductivity
e Voltage
e Frequency

When cancer-related VOCs come into contact with the sensor surface, they react
or adsorb onto the sensing layer, producing a detectable electrical signal proportional to

gas concentration.

Types of Gas Sensors Used in Oncology

There are several types of gas sensors used in oncology, each with its unique

principles and capabilities:
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o Metal Oxide Semiconductors (MOS) Sensors: These sensors operate by detecting
changes in electrical conductivity when VOCs interact with a metal oxide surface.
They are widely used in gas sensor arrays because of their low cost, simplicity, and
the ability to detect a wide range of gases. However, their sensitivity and selectivity
can be limited.

e Electrochemical Sensors: These sensors detect VOCs by measuring the current
produced when a gas interacts with an electrode, undergoing an oxidation or
reduction reaction. They offer high sensitivity and can be used for detecting gases
like ammonia and nitrogen dioxide, which have been associated with certain
cancers.

« Photoionization Detectors (PID): These sensors use ultraviolet light to ionize VOC
molecules, generating charged particles that can be measured to determine gas
concentration. PIDs are highly sensitive to low concentrations of gases and can be
used in precise measurements of breath analysis.

e Gas Chromatography (GC) and Mass Spectrometry (MS): While not typically used
as portable gas sensors, GC-MS is a powerful analytical technique that separates
and identifies complex VOC mixtures. It is often used in research and clinical
studies to identify cancer-related VOCs before translating them into portable

sensor technologies.

Application of Gas Sensors in Oncology

1. Early Cancer Detection

o Detection of VOC biomarkers associated with lung, breast, colorectal,

and prostate cancers
o Enables diagnosis at an early stage

2. Breath Analysis
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o Analysis of exhaled breath for cancer-specific gases
o Completely non-invasive and painless
3. Tumor Metabolism Monitoring
o Cancer cells release gases due to abnormal metabolic activity
o Gas sensors help in understanding tumor progression
4. Treatment Monitoring
o Evaluate effectiveness of chemotherapy or radiotherapy
o Changesin VOC levels indicate response to treatment
5. Cancer Screening Programs
o Useful for mass screening due to low cost and quick results

Advantages of Gas Sensors in Oncology

e Non-invasive diagnostic method

Rapid and real-time detection

High sensitivity and specificity

Cost-effective compared to imaging techniques

Portable and easy to use
Limitations

e Cross-sensitivity to environmental gases
e Requires calibration

e External factors like humidity and temperature may affect accuracy
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e Still under clinical validation for large-scale use

Dental Metals and Alloys

Dental metals and alloys are extensively used in dentistry for the restoration
and replacement of missing or damaged teeth. They are preferred because of their
high strength, durability, corrosion resistance, and biocompatibility. Since the oral
cavity is a hostile environment with saliva, fluctuating pH, and mechanical stresses,

dental materials must maintain their properties for long periods.

Requirements of an Ideal Dental Metal or Alloy

An ideal dental metal or alloy should possess the following properties:
» High mechanical strength and toughness
» Excellent corrosion and tarnish resistance
» Biocompatibility with oral tissues
» Adequate hardness and wear resistance
» Good castability and ease of fabrication
» Dimensional stability
» Acceptable aesthetic appearance

Classification of Dental Metals and Alloys
Dental metals and alloys are broadly classified into:

1. Noble Metal Alloys
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Noble metal alloys contain metals that are highly resistant to

corrosion.
Examples: Gold (Au), Platinum (Pt), Palladium (Pd)
Properties: Excellent corrosion resistance, High ductility and
Malleability, Superior biocompatibility
Applications: Dental crowns, Bridges, Inlays and onlays
2. Base Metal Alloys

Base metal alloys are strong and economical compared to

noble alloys.
Examples: Nickel-Chromium (Ni—Cr), Cobalt—Chromium (Co—Cr),
Stainless steel
Properties: High strength and hardness, Good wear resistance
Lower cost
Applications: Partial denture frameworks, Orthodontic wires, Dental
Prosthesis
3. Titanium and Titanium Alloys
Examples:
Commercially pure titanium, Ti-6Al-4V alloy
Properties: Excellent biocompatibility, High corrosion resistance,
Low density and high strength

Applications: Dental implants, Implant-supported prostheses
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4. Dental Amalgams
Dental amalgam is an alloy formed by mixing mercury with other
metals.
Composition: Mercury, Silver, Tin, Copper
Properties: High compressive strength, Good durability, Easy
manipulation
Applications: Posterior tooth restorations

Properties of Dental Metals and Alloys

» Mechanical strength: Withstand mastication forces

» Corrosion resistance: Resist degradation in saliva

» Biocompatibility: Safe and non-toxic

» Thermal conductivity: Important for patient comfort

» Wear resistance: Ensures long service life
Applications of Dental Metals and Alloys

e Crowns and bridges

e Dental implants

e Orthodontic appliances

e Restorative fillings

e Denture frameworks
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Advantages

e High durability and long service life

e Excellent mechanical strength

e Good corrosion resistance

e Suitable for load-bearing dental restorations
Limitations

e Poor aesthetics compared to ceramics

e Possible allergic reactions (especially Ni-based alloys)

e High thermal conductivity may cause sensitivity

e Mercury toxicity concerns in amalgams
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