ELECTROOLFACTOGRAM (EOG)

Authored by
Mohammed looti

October 15, 2025

RECOMMENDED CITATION

Mohammed looti (2025). ELECTROOLFACTOGRAM (EOG). Encyclopedia of psychology.
Retrieved from https://encyclopedia.arabpsychology.com/?p=13952

Encyclopedia of psychology encyclopedia.arabpsychology.com



https://encyclopedia.arabpsychology.com/?p=13952
https://encyclopedia.arabpsychology.com/?p=13952
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com

ELECTROOLFACTOGRAM (EOG)

ELECTROOLFACTOGRAM (EOG)

The Core Definition and Mechanism of the Electroolfactogram

The Electroolfactogram (EOG) is fundamentally defined as an electrical recording of the mass

potential generated by the olfactory epithelium in response to odorant stimulation. In its simplest

form, an EOG is a recording of the response of olfactory nerve endings that can diagnose olfactory
disorders, providing an objective physiological measure of the functionality of the peripheral
olfactory system. It represents the summated receptor potential of numerous sensory cells within
the nasal cavity, specifically the transient depolarization that occurs when an odor molecule binds
to its corresponding receptor site. Unlike subjective psychophysical tests, which rely on a patient's
ability to perceive and report a smell, the EOG offers a direct, quantifiable biological output
demonstrating whether the initial detection mechanism of smell is intact and responsive to
chemical stimuli. This technique is invaluable because it isolates the very first step in the complex
cascade of olfactory perception, allowing researchers and clinicians to distinguish between failures
in peripheral detection and central processing deficits.

The fundamental mechanism underlying the EOG signal involves a sophisticated cellular process
initiated upon the arrival of an odorant molecule. When a volatile chemical reaches the mucus
layer covering the olfactory epithelium, it dissolves and subsequently binds to specialized protein

receptors located on the cilia of the Olfactory Receptor Neurons (ORNSs). This binding event

triggers a signal transduction cascade, typically mediated by G-protein coupled receptors, which

results in the opening of ion channels. The influx of positive ions, primarily calcium and sodium,
causes a transient depolarization of the receptor cell membrane. The EOG electrode, strategically
placed on the surface of the epithelium, records the summed voltage change resulting from the
synchronous depolarization of thousands of nearby ORNSs. This recorded electrical wave is almost
always negative-going, reflecting the extracellular negativity generated by the inward current flow
during receptor activation, and its amplitude and kinetics are directly related to the concentration
and chemical properties of the stimulating odorant.

Neurophysiology of Olfactory Signal Transduction

To fully appreciate the information provided by the Electroolfactogram (EOG), one must

understand the intricate neurophysiology of the olfactory system. The peripheral olfactory system is
highly specialized, consisting of three main cell types within the epithelium: the supporting cells
(sustentacular cells), the basal cells (stem cells), and the olfactory receptor neurons (ORNS). It is
the ORNSs that are responsible for signal detection. These bipolar neurons project cilia into the
mucus layer where the odorant interaction occurs, and their axons bundle together to form the
olfactory nerve, which transmits signals directly to the olfactory bulb in the brain. The EOG
specifically captures the dendritic potential--the graded response that occurs at the receptor end of
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the ORN--before the signal is converted into an action potential for transmission to the central
nervous system.

The sensitivity of the EOG is directly proportional to the density and health of the underlying
Olfactory Receptor Neurons. Given that humans possess millions of these neurons, the EOG

recording represents a vast averaging of individual cellular responses. Crucially, the magnitude of
the EOG response does not necessarily correlate perfectly with the perceived intensity of the
smell, because perception involves subsequent processing stages in the olfactory bulb and cortex
that the EOG does not measure. However, a complete absence or significant reduction of the EOG
signal strongly suggests peripheral damage, such as destruction or degradation of the receptor
cells themselves, which often occurs following severe respiratory infections, toxic exposure, or
physical trauma to the head.

Historical Context and Early Development

The concept of recording electrical activity from sensory organs has roots in the early 20th century,
but the development of the EOG as a specific measure of olfactory function is primarily attributed
to the pioneering work of Swedish physiologist Jan Ottoson in the mid-1950s. Ottoson's seminal
paper, published around 1956, detailed the first reliable recordings of the electrical potential
generated by the frog olfactory mucosa upon chemical stimulation. His initial experiments were
critical because they demonstrated that the peripheral olfactory tissue generated a graded,
reproducible electrical potential that varied systematically with the concentration of the odorant
applied. This discovery shifted the focus of olfactory research, providing an objective, physiological
tool to study the mechanics of odor detection, moving beyond purely behavioral or psychophysical
methods that had dominated the field previously.

Prior to Ottoson's work, research into olfaction was often hampered by the subjective nature of
smell perception and the difficulty of isolating the peripheral sensory structures. Ottoson's
technique, which involved placing fine electrodes directly onto the exposed olfactory epithelium of

animal models, provided the first quantitative electrophysiological signature of the initial sensory
event. Subsequent researchers refined these methods, adapting them for use in other species,
including mammals, and gradually moving toward clinical applications. The historical significance
of the EOG lies in its establishment as the first measurable biopotential specific to the sense of
smell, paving the way for further molecular and genetic studies of olfactory transduction pathways
that followed in the latter half of the 20th century.

Methodology and Recording Techniques

The methodology for obtaining an Electroolfactogram is highly specialized, requiring precise

control over odorant delivery and meticulous electrode placement. The general setup involves
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three main components: a stimulus delivery system, a recording electrode assembly, and signal
processing equipment. The stimulus delivery system, often called an olfactometer, must be
capable of presenting precisely controlled bursts of odorants--diluted in a clean air stream--with
rapid rise and fall times, ensuring that the timing and concentration of the chemical stimulus are
uniform and repeatable. This control is essential because the EOG signal is transient and highly
dependent on the stimulus concentration.

The recording process typically uses a glass microelectrode, often filled with saline solution, which
is carefully positioned directly onto the surface of the olfactory epithelium. A reference electrode is

usually placed on nearby indifferent tissue, such as the nasal septum or elsewhere on the head, to
establish a stable baseline. When the odorant is delivered, the resulting electrical activity is
amplified, filtered to remove background noise (like muscle movement or breathing artifacts), and
digitized. Due to the small amplitude of the EOG signal (often in the microvolt range), multiple
responses must typically be averaged to achieve a clean, measurable waveform. The resulting
trace plots voltage change over time, yielding the characteristic negative-going wave that defines
the EOG.

Interpretation of EOG Signals

Interpreting the EOG signal involves analyzing several key parameters of the recorded waveform,
including amplitude, duration, and latency. The amplitude, measured from the baseline to the
peak of the negative deflection, is the most crucial parameter. It serves as a direct, albeit relative,
measure of the number of Olfactory Receptor Neurons activated and the degree of their

depolarization. Generally, a higher concentration of a specific odorant will yield a greater
amplitude, reflecting a stronger receptor response. Dose-response curves, plotting EOG amplitude
against logarithmic odorant concentration, are often generated to quantify the sensitivity of the
olfactory system to various chemicals.

The duration and latency of the EOG wave also provide valuable information regarding the
kinetics of the odorant-receptor interaction and the efficiency of the transduction machinery.
Latency, the time from stimulus onset to the beginning of the electrical response, is typically very
short, reflecting the speed of chemical interaction. Duration, the total time the epithelium remains
depolarized, is influenced by the rate at which the odorant is removed from the receptor site and
metabolized by enzymes in the mucus layer. Clinically, a reduced amplitude or a complete
absence of the EOG signal in response to strong odorants is a critical finding, indicating functional
impairment or physical damage to the receptor sheet, whereas a normal EOG amplitude suggests
that any reported smell dysfunction may stem from a central nervous system issue, such as
damage to the olfactory bulb or cortex.
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Clinical Significance and Diagnostic Utility

The primary significance of the Electroolfactogram (EOG) in clinical settings lies in its ability to

objectively diagnose the location and severity of olfactory disorders. Smell loss, or anosmia, is a
common condition that can result from various etiologies, including viral infections, trauma,
neurodegenerative diseases, or congenital defects. The EOG provides a crucial tool for
differentiating between conductive losses (where the odorant cannot reach the epithelium, such as
in severe nasal polyps) and sensorineural losses (where the receptor cells themselves are
damaged or non-functional). If a patient reports total smell loss but exhibits a normal EOG
response, the clinician can confidently localize the dysfunction to the central olfactory pathways,
suggesting a neurological rather than a peripheral problem.

Conversely, a severely attenuated or flat EOG trace in response to multiple odorants, while the
nasal airways are clear, points definitively to a peripheral sensorineural defect, meaning the
Olfactory Receptor Neurons are either damaged or genetically absent. This distinction is vital for

determining prognosis and treatment strategies. For instance, smell loss due to trauma that shears
the olfactory nerve (a central problem) has a different recovery outlook than loss due to epithelial
damage (a peripheral problem, which may recover due to the regenerative capacity of the basal
cells). Furthermore, the EOG has been instrumental in research on specific anosmias, where
individuals lack the ability to smell only a particular class of chemical compounds, helping to map
these specific deficits to underlying receptor variations.

Practical Example: Assessing Post-Viral Anosmia

To illustrate the practical application of the EOG, consider a patient presenting with sudden and
persistent loss of smell following a severe respiratory infection, a condition known as post-viral
anosmia. The clinician needs to determine if the virus destroyed the olfactory receptor neurons or if
the subsequent inflammation merely blocked the passage of odorants (a temporary conductive
loss).

The diagnostic procedure would follow these steps:

Initial Assessment: Standard psychophysical tests (e.g., smell identification or threshold tests)
confirm the patient's subjective complaint of severe or total anosmia.

EOG Preparation: A topical anesthetic is applied, and an EOG recording electrode is carefully
placed onto a specific, easily accessible region of the patient's olfactory epithelium.

Odorant Presentation: A series of standardized, high-concentration odorants (e.g., phenylethyl
alcohol and amyl acetate) are delivered through the olfactometer, ensuring the chemical stimulus
reaches the electrode site.
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Signal Analysis: The resulting electrical traces are analyzed. If the EOG trace is entirely flat,
indicating no measurable depolarization from the receptor cells, the conclusion is drawn that the
virus caused severe, likely irreversible, damage to the peripheral ORNSs.

Differential Diagnosis: If, however, the patient reports no smell (psychophysical anosmia) but the
EOG yields a normal amplitude response, the diagnosis shifts. This scenario suggests that the
receptor cells are functioning properly, but the subsequent transmission pathway (the olfactory
nerve or central processing centers) is impaired, guiding further neurological investigation.

This step-by-step application demonstrates how the EOG acts as a powerful objective filter,
immediately localizing the site of the dysfunction to either the receptor sheet or the subsequent
neural pathways.

Connections and Relations to Other Fields

The Electroolfactogram belongs to the broader category of Sensory Electrophysiology and is a

cornerstone of the subfield of Sensory Psychology and Neuroscience. It shares methodological
and theoretical connections with other field potential recordings derived from sensory organs.

Electroretinogram (ERG): The ERG measures the mass electrical response of the retina to light
stimulation. Both the EOG and ERG record the summated potential generated by peripheral
sensory cells (photoreceptors and olfactory receptor neurons, respectively) before the signal is
transmitted to the brain. They both provide objective measures of the integrity of the peripheral
sensory apparatus.

Evoked Potentials (EPs): While the EOG measures the peripheral receptor potential, EPs (such
as auditory brainstem responses or visual evoked potentials) measure the electrical activity
generated by the central nervous system in response to sensory stimulation. Researchers often
combine EOG recordings with olfactory evoked potentials (OEPS) to achieve a complete profile of
the olfactory pathway, tracking the signal from the receptor surface (EOG) all the way to the
cortical processing centers (OEPS).

Odorant Receptors and Molecular Genetics: The EOG has been critical in validating findings in
molecular biology, particularly concerning the function of specific odorant receptors. Changes in
the EOG response profile after genetic manipulation of specific receptor genes in animal models
help confirm the functional role of those receptors in odor detection, bridging the gap between
molecular structure and physiological response.

In summary, the EOG is an essential tool that provides a physiological window into the initial
stages of chemosensory processing, firmly placing it within the domain of fundamental
neurobiology and applied clinical diagnostics.
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