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BLIX'S TEMPERATURE EXPERIMENT

Date(s): 1881-1882

Location(s): Uppsala University, Sweden (Conducting location of primary researcher)

1. Summary of the Experiment

The Blix's Temperature Experiment, first published by the Swedish physiologist Magnus Blix

between 1881 and 1882, constitutes a critical milestone in the study of somatosensation,

specifically concerning the perception of thermal stimuli. This pioneering investigation was

designed to determine whether the sensitivity to heat and cold was a generalized function of the

skin or if it was localized to discrete, specialized sensory receptors. Blix's meticulous mapping

techniques provided conclusive evidence supporting the latter, establishing the foundational

principle that thermal perception occurs at dedicated, punctate locations known as 'warm spots'

and 'cold spots'.

Prior to Blix's work, the prevailing physiological understanding often treated the skin as a relatively

homogenous sensory organ, capable of registering various stimuli--including pressure, pain, and

temperature--through a non-differentiated network. Blix's findings refuted this unitary perspective

by introducing the concept of a mosaic of sensory receptors. By systematically testing small,

gridded areas of the skin with precise thermal probes, he demonstrated that a temperature change

only elicited a thermal sensation when it specifically contacted one of these localized spots. If the

probe landed mere millimeters away, the sensation was often pressure, or nothing at all, despite

the temperature being held constant.

The core empirical finding was that increasing the temperature of a probe would stimulate a

dedicated 'warm spot,' while decreasing the temperature would activate a 'cold spot.' This

localization strongly implied that the peripheral nervous system utilized specialized end-organs--or

nerve terminals--dedicated solely to transducing thermal energy. This discovery was

transformative, moving the field of sensory physiology toward a specialized, differentiated model of

cutaneous perception and providing crucial objective data for the burgeoning discipline of

experimental psychology.

2. Historical Context: Sensory Mapping

The late 19th century was characterized by an intense scientific effort to localize physiological

functions across the body, challenging older holistic theories. In sensory physiology, researchers

were moving past simple psychophysics, which measured thresholds of perception, toward

identifying the anatomical correlates of sensation. The work of Ernst Heinrich Weber on touch

thresholds had established quantitative measurement, but the qualitative separation of sensory

modalities remained a major unsolved question in physiology.
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Blix's experiment emerged alongside parallel efforts to understand the specialized function of other

cutaneous receptors, such as those responsible for light touch or vibration. Researchers were

increasingly finding evidence for functional specialization (e.g., specific nerve endings for specific

types of mechanical stimulus). However, thermal sensation presented a particular challenge due to

the pervasive nature of heat transfer; achieving isolated stimulation without affecting neighboring

areas was technically demanding. Blix's success rested upon the careful design and

miniaturization of his stimuli, allowing him to isolate minute areas of the skin for testing.

The intellectual momentum behind the experiment was fueled by the desire to ground subjective

sensory experience in objective physiological fact. If the perception of warmth or cold was

traceable to specific anatomical spots, it lent powerful support to the localization principle and the

concept of 'specific nerve energies,' championed by figures like Johannes Peter Müller. This

principle suggested that the quality of sensation (e.g., feeling cold) is determined by the specific

nerve pathway activated, rather than the external nature of the stimulus itself. Blix's demonstration

of fixed, separate spots provided the necessary empirical foundation for applying this concept to

thermal perception.

3. Methodology and Design

The methodological rigor employed by Blix was instrumental to the success and acceptance of his

findings. The experiment relied on precise spatial control and quantified thermal stimulation. The

first step involved marking the test area, typically a section of the forearm or hand, with a detailed

grid using ink or a similar marker. These grids often consisted of squares as small as 1 to 2

millimeters, ensuring extremely fine resolution for the mapping process.

The critical apparatus in the Blix experiment was the use of fine, pointed probes--often metallic

needles or rods--that could be rapidly heated or cooled to known, constant temperatures, usually

just a few degrees above or below the ambient skin temperature. This meticulous control ensured

that the participant's reported sensation was a response to the thermal change, minimizing

confounding factors such as mechanical pressure, tissue damage, or generalized heating of the

area. The experimenter would systematically apply the probe tip to each intersection point within

the grid, recording the participant's verbal response.

A key indicator of a successful methodology was the reliability of the mapping. If a specific point

elicited a sensation of cold, repeated testing of that exact coordinate consistently yielded the same

result. The data gathered allowed Blix to create accurate spatial maps, demonstrating the non-

random, fixed nature of these sensory spots. This systematic mapping, replicable across subjects

and time, moved the study of cutaneous sensation from qualitative observation to quantifiable,

topographical physiology.
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4. Key Findings and Results

The central and defining conclusion of the Blix's Temperature Experiment was the definitive

physiological proof that thermal sensitivity is not continuous but is localized to distinct, non-

overlapping sensory points on the skin surface. This discovery immediately necessitated a

reconsideration of how the nervous system processed temperature information.

Further analysis allowed Blix to distinguish between the two types of thermal receptors based on

their distribution and sensitivity. He observed that cold spots were generally more numerous than

warm spots across most areas of the body tested. Moreover, cold spots demonstrated a lower

threshold for activation, meaning they were more easily stimulated by subtle decreases in

temperature. Warm spots, being less dense, often required a slightly larger increase in

temperature or a greater rate of heat transfer to elicit a response.

Perhaps the most compelling evidence for functional specialization came from the discovery of the

'paradoxical cold' phenomenon. Blix noted that when a probe intensely heated above 45°C (a

temperature normally associated with burning pain or intense heat) was applied directly to a

mapped cold spot, the participant would sometimes report an intense, sharp sensation of coldness,

rather than heat. This effect provided strong confirmation of the doctrine of specific nerve energies:

the signal generated by the receptor, regardless of the stimulus energy (heat in this case), is

inherently interpreted by the brain as 'cold' because the signal originates from the specialized cold

pathway.

5. The Role of Magnus Blix

Magnus Blix (1849-1904) was a highly respected Swedish physiologist who served as a professor

at Uppsala University. His expertise was primarily centered on muscle mechanics and sensory

physiology. The temperature experiment, conducted in the early 1880s, was a key component of

his broader commitment to applying rigorous, quantitative experimental methods to complex

biological processes.

Blix's rigorous approach to data collection and experimental control elevated the temperature

mapping study from a mere observation to an indisputable physiological fact. His initial

publications, written in German (e.g., articles in Zeitschrift für Biologie), quickly disseminated the

findings across the European scientific community. The clarity and replicability of his methodology

ensured rapid confirmation by other prominent researchers, including Alfred Goldscheider in

Germany, who was independently pursuing similar lines of inquiry regarding the specialization of

touch and temperature senses.

Blix's contribution was essential because it provided the necessary functional data to guide

anatomical research. While he did not definitively identify the specific nerve endings responsible for
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the spots, his work provided histologists with a target: localized structures must exist beneath

these mapped points. Blix is celebrated for introducing the standardized, quantitative mapping

technique that became foundational for decades of subsequent research into the anatomy and

physiology of peripheral thermal reception.

6. Contribution to Somatosensation Research

The Blix's Temperature Experiment fundamentally redirected somatosensory research by providing

the empirical bedrock for the principle of specialization. It provided overwhelming evidence that the

four primary cutaneous senses--pressure, pain, warmth, and cold--were not simply different

interpretations of signals from a single type of receptor but were mediated by distinct, dedicated

neural structures.

The immediate consequence was an intense, decades-long search for the histological correlates of

the mapped spots. Based on histological evidence of the time, researchers hypothesized that

encapsulated endings like the Krause end bulbs might serve as cold receptors and Ruffini endings

might serve as warm receptors. Although these anatomical correlations proved overly simplistic

and have been largely revised by modern science, Blix provided the functional proof that these

specialized structures, whatever their precise form, must exist and operate independently.

Furthermore, the localization of temperature sensitivity proved valuable in the clinical context.

Neurologists utilized the understanding that thermal sensation could be selectively impaired--often

without affecting pressure or pain--to refine diagnostic procedures for peripheral neuropathies and

spinal cord injuries. The ability to map differential sensory deficits based on Blix's principle became

a standardized method for localizing neurological lesions, underscoring the experiment's crucial

link between basic physiological research and medical practice.

7. Legacy and Modern Relevance

While 19th-century theories regarding the specific anatomical structures (e.g., encapsulated

corpuscles) underlying the warm and cold spots have been largely superseded, the functional

principle established by Blix remains a cornerstone of modern neurophysiology. The concept of

punctate, specialized sensory reception is now understood at the molecular level through the

discovery of Transient Receptor Potential (TRP) ion channels.

Modern research confirms that specific populations of sensory neurons possess peripheral

terminals that correspond precisely to the locations Blix mapped. These neurons express unique

TRP channels (such as TRPV1 for heat and TRPM8 for cold) that act as molecular transducers,

opening selectively at specific temperature ranges to initiate neural signals. The Blix experiment,

conducted without any knowledge of molecular biology, accurately identified the macro-level

functional consequence--the specialized spot--that results from the micro-level specialization of
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these ion channels.

The enduring legacy of Blix's Temperature Experiment lies in its validation of sensory

specialization and its demonstration of how rigorous, systematic psychophysical mapping can

reveal fundamental organizational principles of the nervous system. It serves as a classic,

illustrative example in sensory physiology curricula worldwide, emphasizing the power of objective,

quantified observation in defining the biological architecture of subjective experience.

Further Reading

Magnus Blix (Wikipedia entry on the key figure).

Somatosensory System (Overview of touch and temperature perception).

Thermal Sensation (Physiology of temperature perception).

Transient Receptor Potential Channel (Modern molecular basis for thermosensation).
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