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THERMOGRAPHY

Primary Disciplinary Field(s): Medicine, Diagnostic Imaging, Applied Physics, Veterinary Science

1. Core Definition

Thermography is a highly sensitive, non-invasive imaging technique that measures and maps the

spontaneous emission of infrared radiation from the surface of an object, most commonly the

human body. This radiation is directly proportional to the object's surface temperature. The

procedure utilizes specialized infrared cameras, often referred to as thermal imagers, which

capture these emissions and convert them into visible images, called thermograms, displaying the

spatial distribution of temperatures across the observed surface. Unlike conventional diagnostic

methods such as X-rays or magnetic resonance imaging (MRI) that focus on anatomical structure,

thermography provides a physiological assessment by measuring metabolic heat output.

The core principle underlying the medical application of thermography is the detection of

temperature asymmetry or hyperthermia indicative of underlying pathology. Disease processes

that involve inflammation, neovascularization (new blood vessel growth), or heightened metabolic

activity, such as infectious processes, autoimmune disorders, or rapidly proliferating malignant

tumors, often result in localized temperature elevations. Conversely, conditions like vascular

insufficiency or nerve damage (neuropathy) might present as localized hypothermia. By

establishing normative thermal baselines and identifying deviations, clinicians can use

thermograms to pinpoint areas of physiological distress. The system is entirely passive, meaning it

does not introduce energy or radiation into the patient, making it a safe method for repeated

monitoring.

Modern thermal imaging systems are capable of detecting temperature variations as small as 0.01

to 0.05 degrees Celsius, providing exceptional resolution for diagnosing subtle thermal differences.

The resulting thermogram is typically displayed using a palette of colors, where the spectrum maps

temperature ranges--for example, white or red often denotes the hottest areas, while blue or black

indicates the coolest. Interpretation requires rigorous training, as the thermal patterns observed

must be analyzed against established databases of normal physiological thermal patterns,

considering factors such as body size, environmental temperature, and autonomic nervous system

regulation.

2. Etymology and Historical Development

The term thermography is derived from the Greek words "thermos" (heat) and "graphein" (to write

or record). While infrared radiation was first discovered by Sir William Herschel in 1800, the

practical application of capturing and recording thermal images developed significantly in the

mid-20th century. Early methods of sensing heat involved crude devices such as bolometers, but
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the true breakthrough came with the development of military-grade infrared detectors during the

1950s, primarily for night vision and surveillance. These technological advancements quickly

migrated to the medical and industrial sectors.

The initial medical excitement surrounding thermography peaked in the 1960s and 1970s,

particularly regarding its potential as a screening tool for breast cancer. Pioneers like Ray Lawson

demonstrated that tumors, due to their increased metabolic rate and associated blood flow, often

presented as palpable hot spots on the skin surface. Early medical thermography relied on

cumbersome equipment and required long, cooling periods to stabilize the patient's skin

temperature, often leading to inconsistent results. Despite early enthusiasm, the technology

struggled with issues of specificity and standardization, contributing to its eventual decline in

prominence in competitive diagnostic fields like mammography.

The resurgence of interest in thermography in recent decades is directly attributable to the advent

of digital technology. Digital Infrared Thermal Imaging (DITI) introduced highly sensitive, high-

resolution focal plane arrays, replacing older, slower mechanical scanning systems. Digital data

acquisition allowed for sophisticated computer processing, thermal pattern analysis, and

quantitative reporting. This digital evolution minimized human error, improved accuracy, and

broadened the scope of applications beyond oncology to include inflammatory conditions, pain

assessment, and athletic injury monitoring, cementing its position as a specialized technique within

complimentary diagnostics.

3. Physical Principles of Infrared Imaging

Thermography operates based on the fundamental laws of physics governing electromagnetic

radiation. Specifically, all objects above absolute zero (0 Kelvin) emit electromagnetic energy in the

infrared spectrum. The amount and wavelength of this emitted radiation are determined by the

object's temperature, as described by the Stefan-Boltzmann law and Wien's displacement law. For

the human body, peak infrared emission occurs in the long-wave infrared region (approximately 8

to 14 micrometers).

Thermal imagers contain detectors that are highly sensitive to these infrared wavelengths. These

detectors absorb the radiation emitted by the body surface and convert the thermal energy into

electrical signals. These signals are then processed by a computer system to generate a visual

representation of the thermal map. A crucial concept in thermal imaging is emissivity, which is the

measure of an object's ability to emit infrared energy relative to a perfect blackbody. Human skin

has an emissivity close to 1 (around 0.98), meaning it is an excellent emitter of infrared radiation,

facilitating accurate temperature measurement of the surface.

In medical contexts, the observed surface temperature is not merely a reflection of external heat

but an indicator of underlying physiological processes regulated by the autonomic nervous system
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and local hemodynamics. Vasoconstriction (blood vessel narrowing) decreases surface

temperature, while vasodilation (blood vessel widening), often induced by inflammation or

heightened metabolic demand, increases it. Therefore, thermography effectively visualizes the

body's thermal regulation mechanisms. The high sensitivity of modern cameras allows for the

reliable detection of these subtle shifts, translating minute physiological changes into recognizable

thermal patterns that aid in diagnosis.

4. Methodological Types

While the umbrella term thermography is broadly used, the methodology can be categorized

based on specific techniques and applications.

One primary distinction is between Active Thermography and Passive Thermography. Passive

thermography, which is standard in medical diagnostics (DITI), simply records the infrared energy

naturally emitted by the body. Active thermography, conversely, involves introducing an external

thermal stress--either heating or cooling--to the object being examined and then monitoring the

subsequent thermal response as the object returns to its equilibrium state. This approach is highly

useful in materials testing and industrial quality control, where the rate of heat dissipation can

reveal subsurface flaws or structural irregularities that are not apparent under normal conditions.

Within the medical field, techniques are sometimes differentiated by the type of equipment used.

Early systems utilized contact thermography, relying on temperature-sensitive liquid crystals

applied directly to the skin. These crystals changed color based on the local temperature.

However, this method is largely superseded by modern Telethermography or DITI, which is

completely non-contact. DITI systems provide superior spatial resolution, faster image acquisition,

and computer-based quantification, allowing for objective comparison of thermal images taken over

time or comparison between symmetrical body parts (e.g., comparing the left knee to the right

knee).

5. Clinical Applications

Thermography has found diverse applications across numerous medical specialties, largely due to

its non-invasive nature and ability to detect physiological change before significant structural

damage occurs.

Pain Management and Neurology: Thermography is widely used to assess chronic regional pain

syndrome (CRPS), neuropathic pain, and nerve root pathology. Damage or irritation to the nerves

often disrupts the sympathetic nervous system's control over blood flow, leading to asymmetric

temperature patterns (hot or cold spots) along nerve distribution pathways. This visual evidence

can help localize the source of pain and monitor the effectiveness of treatment interventions.

Musculoskeletal and Sports Medicine: In athletic contexts, thermography is invaluable for
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detecting soft tissue injuries, such as muscle strains, ligament tears, and chronic inflammation,

often before the athlete experiences debilitating symptoms. The increased metabolism associated

with inflammation and tissue repair produces clear hyperthermic signals. Thermography allows

practitioners to monitor recovery progress and prevent premature return to activity based on

objective thermal data.

Vascular and Circulatory Assessment: Thermography can effectively screen for peripheral

vascular disease by visualizing blood flow patterns. Areas of poor circulation, such as those

associated with arterial occlusion or diabetic foot complications, appear significantly cooler than

surrounding healthy tissue. It is a critical tool for assessing viability and monitoring healing in

reconstructive surgery and flap survival evaluation.

6. Non-Clinical and Industrial Applications

The applications of thermal imaging extend far beyond the medical domain, serving essential roles

in industrial maintenance, engineering, and environmental monitoring.

In industrial settings, thermography is a cornerstone of predictive maintenance. Mechanical and

electrical components that are failing or operating inefficiently often generate excessive heat due to

friction, resistance, or overload. By regularly inspecting machinery, electrical panels, and high-

voltage transmission lines with thermal cameras, technicians can identify potential failures--such as

loose connections or overloaded circuits--before catastrophic breakdown occurs. This proactive

approach significantly reduces downtime and maintenance costs.

Furthermore, thermography plays a vital role in building science and energy auditing. Thermal

imaging can quickly and accurately detect areas of poor insulation, air leaks, moisture intrusion,

and thermal bridging in building envelopes. These thermal deficiencies represent significant energy

loss. By visualizing these defects, energy auditors can recommend precise and targeted

remediation efforts, improving overall energy efficiency and preventing structural damage caused

by condensation and mold growth.

7. Regulatory Status and Criticisms

Despite its utility in physiological monitoring, the regulatory and scientific consensus surrounding

medical thermography remains complex, particularly concerning its use as a primary diagnostic

tool.

The primary area of contention surrounds the use of thermography for breast cancer screening.

While the FDA acknowledges thermography as an adjunct diagnostic device, the agency has

issued warnings emphasizing that it should not be used as a standalone test or substitute for

established screening procedures like mammography. Critics argue that while tumors often

produce heat, not all tumors do, leading to false negatives, and conversely, many benign
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conditions (like infections or fibrocystic changes) can produce significant heat, leading to false

positives. Therefore, reliance solely on thermography for cancer detection is considered medically

unreliable by major public health organizations.

General criticisms against thermography often center on the sensitivity of skin temperature to

confounding variables. External factors such as medication, hormonal cycles, smoking, recent

physical activity, and environmental temperature can drastically influence thermal patterns,

requiring highly controlled clinical environments that are sometimes difficult to maintain.

Furthermore, the subjective nature of pattern interpretation and the lack of universal

standardization across different thermography protocols and training programs have historically

complicated the widespread adoption and acceptance of DITI in mainstream academic medicine.

Further Reading

Wikipedia: Thermography

FDA Warning on Mammography Substitute

FLIR: What is Thermography?
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