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BODY TEMPERATURE

Primary Disciplinary Field(s): Physiology, Biology, Medicine, Psychology

1. Core Definition

Body temperature refers to the specific, regulated thermal condition maintained by an organism. In
the context of mammals and birds, this concept is central to the defining trait of being warm-
blooded or endothermic. Endotherms internally generate and regulate heat to maintain a stable
internal temperature, largely independent of the external environment. This stands in stark contrast
to ectotherms (cold-blooded organisms), whose internal temperatures fluctuate widely in response
to ambient thermal conditions.

The stability provided by thermoregulation is not merely a convenience but a fundamental
requirement for survival. All crucial biological and metabolic processes, particularly those catalyzed
by enzymes, are highly sensitive to temperature variations. If the body temperature deviates too far
from its optimal range, enzyme function is compromised, leading rapidly to systemic failure. Thus,
the maintenance of a constant body temperature is the most critical physiological aspect of
homeostasis, ensuring biochemical reactions proceed at their necessary rates.

2. Homeostasis and Thermoregulation

Thermoregulation is the complex mechanism by which the body continuously monitors and adjusts
its heat production and heat loss to sustain a constant core temperature set point. This intricate
feedback loop is centralized and coordinated primarily by the hypothalamus, a small but vital
structure in the brain that functions as the body's internal thermostat. The hypothalamus constantly
monitors the temperature of the blood flowing through it, while also receiving vast amounts of
thermal sensory data from receptors located in the skin and deep tissues.

When monitoring indicates that the core temperature is beginning to deviate--either rising too high
or falling too low--the hypothalamus initiates rapid, involuntary corrective actions. These responses
involve both the autonomic nervous system (controlling processes like sweating and
vasoconstriction) and the endocrine system (releasing hormones that affect metabolism). As
highlighted in the source material, the strict necessity of this regulation dictates: "Regardless of the
temperature in the external environment, the human body must maintain and regulate its own body
temperature in order to continue to perform all its metabolic functions.”

3. Normal Range and Measurement

Historically, the standard measure for normal human body temperature, established in the 19th
century by physician Carl Reinhold August Wunderlich, was precisely 98.6°F (37.0°C). While this
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figure remains widely recognized, modern clinical data and large-scale population studies suggest
that the true average is slightly lower, closer to 98.2°F (36.8°C), and that a range between 97.0°F
and 99.0°F (36.1°C to 37.2°C) is typically considered normal for most individuals.

It is important to distinguish between the skin temperature and the core body temperature, the
latter referring to the temperature of the vital internal organs. Core temperature is the most
physiologically critical value and is usually assessed through various clinical sites. Measurement
methods include oral (mouth), axillary (armpit), tympanic (ear), and rectal measurements, with
rectal readings generally providing the most accurate reflection of true core temperature.
Furthermore, body temperature is not static but follows a predictable circadian rhythm, generally
reaching its lowest point during sleep and peaking in the late afternoon due to natural fluctuations
in hormonal output and metabolic activity.

4. Key Mechanisms of Heat Generation and Loss

The maintenance of thermal balance requires continuous adjustments to both thermogenesis (heat
generation) and heat dissipation. The following are the primary processes controlled by the central
nervous system:

Heat Generation (Thermogenesis). Heat is primarily a byproduct of ongoing cellular
metabolism (Basal Metabolic Rate). In situations requiring increased heat, specialized
mechanisms are activated. Shivering, which involves rapid, involuntary contractions of skeletal
muscles, is highly effective for immediate heat production. Additionally, non-shivering
thermogenesis, often mediated by hormones such as norepinephrine and involving specialized
tissues like brown adipose tissue (particularly prominent in infants), increases the metabolic rate
without muscle movement.

Heat Loss: The body dissipates excess heat through four main physical processes coordinated
primarily via blood flow control. Vasodilation increases the diameter of peripheral blood vessels,
allowing warm blood to flow closer to the skin surface. From the skin, heat is lost via radiation
(infrared energy transfer), conduction (direct contact transfer), and convection (transfer via
moving air or fluid). The most potent cooling mechanism, however, is evaporation, achieved
through the secretion and subsequent vaporization of sweat from the skin surface, which draws
significant thermal energy away from the body.

5. Significance for Metabolic Functions

The tightly controlled temperature environment ensures the optimal functioning of the intricate
network of biochemical pathways that sustain life. Enzymes are highly temperature-sensitive
proteins, designed to achieve maximum efficiency within the narrow thermal window established by
the set point. A sustained elevation in core temperature, known as hyperthermia, causes crucial
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proteins to undergo denaturation--a structural change that renders them permanently inactive. This
loss of enzymatic function quickly leads to cellular damage, especially in sensitive tissues like the
brain.

Conversely, temperatures that fall too low, defining the state of hypothermia, drastically reduce
the kinetics of chemical reactions. While the body may benefit from reduced oxygen demands in
controlled hypothermia (used medically in certain surgical procedures), uncontrolled cooling leads
to an extreme slowdown of metabolic processes, impairing neurological signaling, cardiovascular
function, and energy production (ATP synthesis), eventually resulting in organ failure.

6. Deviations and Pathophysiology

Deviations from the homeostatic temperature range signal underlying physiological distress or a
deliberate regulatory shift. These variations are categorized into two major areas:

Fever (Pyrexia): Fever represents an intentional, controlled elevation of the hypothalamic set
point, usually triggered by the presence of pyrogens (released by pathogens or inflammatory
cells). The body actively works to heat itself up to the new, higher set point. Fever is typically an
adaptive immune response, inhibiting microbial growth and enhancing the efficiency of white blood
cells.

Hyperthermia: This is an uncontrolled temperature rise where the regulatory set point remains
normal, but the body's heat dissipation mechanisms are overwhelmed or fail (e.g., during heat
stroke or due to certain medications). Because the set point is unchanged, the body struggles
intensely to cool itself, and temperatures can spiral dangerously high, causing rapid, widespread
tissue damage.

Hypothermia: Defined as a core temperature below 95°F (35°C), hypothermia occurs when
environmental cold exposure leads to heat loss exceeding the body's maximum production
capacity. While the initial response involves intense shivering and peripheral vasoconstriction,
severe hypothermia depresses neurological function, leading to confusion, loss of motor control,
and potentially fatal cardiac arrhythmias.

7. Further Reading

Body Temperature (Wikipedia)
Thermoregulation (StatPearls - NCBI Bookshelf)
The 98.6-Degree Myth: The History of Temperature Standards
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