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ELECTROOCULOGRAM (EOG)

Primary Disciplinary Field(s): Neuroscience, Ophthalmology, Psychophysiology, Sleep Medicine

1. Core Definition and Mechanism

The Electrooculogram (EOG) is a psychophysiological technique used to measure the electrical

potential difference that exists between the cornea (front of the eye) and the retina (back of the

eye). This standing potential, known as the corneo-retinal potential (CRP), treats the eyeball as a

dipole, where the cornea is consistently positive relative to the retina. When the eye moves, the

orientation of this electrical dipole changes relative to stationary electrodes placed on the skin

surrounding the eye socket, specifically at the outer canthi. The resulting shift in potential is

recorded, providing a graphical representation of eye position and movement.

Unlike techniques such as electroretinography (ERG), which measures changes in retinal potential

due to light stimulation, the EOG measures the baseline potential generated by the continuous

metabolic activity of the retinal pigment epithelium. The recording electrodes capture the voltage

fluctuations that occur as the positive corneal pole moves closer to one electrode and further away

from the other. This differential recording allows researchers and clinicians to accurately track

various types of eye movements, including saccades, smooth pursuits, and fixations, without

requiring direct contact with the globe itself, making it a non-invasive and relatively comfortable

procedure.

The fundamental principle relies on the linearity between eye rotation and the measured voltage

change, particularly within a range of approximately ±30 degrees from the center gaze. While the

absolute amplitude of the CRP can vary significantly depending on external factors like ambient

light and internal biological rhythms, the EOG is primarily utilized for quantifying the speed,

frequency, and trajectory of eye movements over time. This makes the technique invaluable in

contexts ranging from the clinical assessment of ocular motility disorders to the detailed analysis of

rapid eye movement during sleep studies.

2. The Corneo-Retinal Potential (CRP)

The stability of the EOG signal relies heavily on the existence and maintenance of the Corneo-

Retinal Potential (CRP). This steady potential is a bioelectric phenomenon where the electrical

charge distribution across the eye creates a constant voltage gradient, typically ranging from 0.4 to

1.0 millivolts. The source of this potential is primarily attributed to the active transport of ions

(specifically chloride and potassium ions) across the membranes of the retinal pigment epithelium

(RPE) cells, which lie immediately adjacent to the photoreceptors. This continuous metabolic

activity ensures that the front surface of the eye (cornea) maintains a positive charge relative to the
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back surface (retina).

The magnitude of the CRP is not entirely static; it is subject to physiological modulation, most

notably by light exposure. The classic clinical EOG test involves measuring the CRP's response to

dark and light adaptation. In darkness, the CRP typically decreases (the "trough"), while exposure

to light causes the potential to significantly increase (the "peak") over a period of several minutes.

The ratio between the maximum light potential and the minimum dark potential (the Arden ratio)

serves as a critical diagnostic measure of RPE health. A diminished Arden ratio indicates

dysfunction within the RPE, often pointing toward inherited retinal degenerative diseases.

Understanding the CRP is essential because it dictates the limitations and capabilities of the EOG

measurement. Since the EOG measures the movement of this fixed dipole, any change in the

overall magnitude of the CRP (due to fatigue, light adaptation, or pathology) will alter the voltage

recorded for a given angle of eye rotation, impacting the calibration of movement amplitude.

Consequently, accurate interpretation of EOG data requires careful control of ambient lighting

conditions and frequent calibration procedures to ensure that the measured voltage fluctuations

accurately reflect physical angular displacement rather than changes in the underlying standing

potential.

3. Electrode Placement and Recording Technique

The methodology for recording EOG signals is relatively straightforward, relying on surface

electrodes strategically placed around the orbits. The standard configuration typically involves

placing electrodes horizontally and vertically to capture movement in the primary planes. For

horizontal eye movements (left and right), two electrodes are placed on the skin near the outer

canthus of each eye. When the eye rotates right, the cornea moves toward the right electrode,

generating a positive signal, while simultaneously moving away from the left electrode, yielding a

negative signal. The differential recording between these two channels provides a robust signal

proportional to the angle of rotation.

To monitor vertical eye movements (up and down), pairs of electrodes are placed above and below

one eye (or sometimes above and below both eyes). When the eye looks up, the superior

electrode registers a positive shift. While this vertical arrangement is effective, it is often more

susceptible to contamination from non-ocular muscle artifacts, particularly blinks, which produce

large, distinctive voltage spikes that must be filtered or accounted for during analysis. Furthermore,

due to the close anatomical relationship between the eyes, movement of one eye is generally

mirrored by the other, simplifying the need to instrument both eyes extensively for basic gaze

tracking.

The raw EOG signal typically ranges in amplitude from 50 to 350 microvolts per 10 degrees of

rotation, depending on the CRP magnitude and electrode placement. The signal requires
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appropriate amplification and filtering to remove unwanted noise, such as high-frequency

electromyographic (EMG) signals from facial muscles and low-frequency baseline drift caused by

electrode movement or sweat. Modern EOG systems utilize high input impedance amplifiers and

bandpass filtering, typically allowing frequencies between 0.1 Hz (to prevent drift) and 35 Hz (to

remove muscle noise) to pass. Calibration is achieved by asking the subject to fixate on targets

separated by known angular distances (e.g., 10 or 20 degrees) before the main recording session

begins, establishing the precise voltage-to-angle conversion factor.

4. Applications in Clinical Ophthalmology

In clinical ophthalmology, the EOG is a vital diagnostic tool, primarily utilized not for tracking eye

movement kinematics, but for assessing the health and integrity of the retinal pigment epithelium

(RPE). The most common application is the determination of the Arden Ratio, which is crucial for

identifying hereditary retinal disorders. The procedure involves recording the standing potential of

the eye over a prolonged period, typically 30 minutes in complete darkness followed by 30 minutes

in bright light. The resulting fluctuations--the dark trough and the light peak--provide key indices of

RPE function.

A classic example of its utility is the diagnosis of Best's vitelliform macular dystrophy (also

known as Best's disease). This inherited condition causes progressive damage to the RPE, leading

to a severely reduced or absent light peak, resulting in a significantly low Arden ratio (often below

1.5). Crucially, the EOG can often detect RPE dysfunction in individuals who are carriers of the

disease or who are still in the pre-symptomatic stages, providing valuable information long before

visible changes appear on the fundus examination or before significant vision loss occurs. While

electroretinography (ERG) evaluates photoreceptor and neuronal activity, the EOG specifically

isolates the function of the RPE layer.

Furthermore, the EOG provides supplementary data in the differential diagnosis of various ocular

diseases, complementing ERG and visual evoked potential (VEP) tests. For instance, in

generalized retinal degenerations like retinitis pigmentosa, the EOG is often abnormal, correlating

with the degree of RPE damage, although the primary visual loss may be detected through ERG.

The ability of the EOG to quantify changes in the RPE's metabolic state makes it indispensable for

monitoring disease progression and evaluating the potential efficacy of experimental treatments

targeting the outer retinal structures.

5. Applications in Sleep and Psychological Research

Beyond clinical diagnostics, the EOG is foundational in sleep research, serving as one of the three

core physiological measures (alongside EEG and EMG) that constitute polysomnography (PSG).

The EOG is critical for identifying the distinct stages of sleep, particularly the differentiation
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between Non-Rapid Eye Movement (NREM) sleep and Rapid Eye Movement (REM) sleep. During

NREM stages, eye movements are generally slow or absent; however, the onset of REM sleep is

definitively characterized by bursts of rapid, conjugate eye movements that are clearly and reliably

detected by the EOG electrodes.

In psychophysiological and cognitive research, the EOG is used extensively to study visual

attention, reading, and cognitive processing. By tracking saccades (rapid shifts in gaze) and

fixations (periods when the eye is relatively stable), researchers can infer where a subject is

directing their attention, how they are scanning visual stimuli, and the timing of their information

intake. Although modern infrared oculography systems offer higher resolution for precise gaze

tracking, the EOG remains highly valued in research environments where simplicity, durability, and

simultaneous integration with other biological signals (like EEG) are paramount, particularly in

environments susceptible to interference.

Specific research applications include the study of reading disabilities, where abnormal saccadic

patterns can be identified, and the assessment of neurological conditions affecting eye motor

control, such as Parkinson's disease or certain cerebellar ataxias. In neurocognitive tasks, EOG is

crucial for controlling for movement artifacts in EEG recordings, as electrical signals generated by

eye movements often contaminate frontal EEG channels. Accurate EOG measurement allows

researchers to mathematically subtract or discard data epochs corrupted by these ocular artifacts,

ensuring the integrity of the underlying neural activity analysis.

6. Advantages and Limitations of EOG

The EOG offers several significant advantages over alternative methods of eye movement

tracking. Its greatest strengths lie in its simplicity and cost-effectiveness. The equipment required is

relatively inexpensive, robust, and easy to set up, requiring only standard surface electrodes and a

basic differential amplifier. Furthermore, because EOG measures voltage changes, it is unaffected

by factors that complicate optical tracking methods, such such as poor lighting conditions, pupil

obstruction (e.g., from makeup or ptosis), or the use of corrective lenses. This makes it particularly

robust for long-duration recordings, such as those conducted during overnight sleep studies where

motion and darkness are inherent features.

However, the EOG is subject to several critical limitations. Foremost among these is its relatively

low spatial resolution compared to techniques like infrared video oculography, particularly in the

central visual field. The EOG signal is linear only within about ±30 degrees; beyond this range, the

voltage difference plateaus, making it less reliable for measuring extreme gaze angles. Moreover,

the relationship between voltage and angular displacement is highly sensitive to the magnitude of

the underlying CRP, which can drift over time due to environmental changes (light, temperature) or

biological factors (adaptation, fatigue), necessitating frequent and demanding calibration
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procedures.

Another major drawback is the susceptibility of EOG recordings to various artifacts. Blinks

generate huge voltage spikes that often saturate the signal, making analysis during conscious

tasks challenging. Muscle activity from surrounding facial muscles (EMG) can also contaminate the

signal, particularly in vertical channels. Finally, the EOG cannot measure torsional movements

(rotation around the line of sight) and struggles to differentiate between small, high-frequency

movements, offering only a general representation of gaze direction rather than the fine-grained

detail required for micro-saccade research. For high-precision tracking, infrared oculography often

remains the superior choice.

7. Key Signal Components and Analysis

Analysis of EOG data involves identifying and quantifying specific signal components relevant to

the field of study. These components provide measurable parameters for both clinical diagnostics

and research applications.

Saccadic Movements: These appear as rapid, high-amplitude square waves or steep deflections,

representing the ballistic shifts in gaze used to move the fovea quickly from one point of interest to

another. Analysis focuses on measuring saccadic velocity (peak speed) and amplitude.

Smooth Pursuit: This component appears as a smooth, gradual change in potential as the eye

tracks a slowly moving target. Analysis involves assessing the gain (the ratio of eye velocity to

target velocity), indicating the precision of tracking.

Nystagmus: This involuntary, rhythmic oscillation of the eyes presents as a distinct pattern

characterized by a slow drift (slow phase) followed by a rapid corrective movement (fast phase).

EOG is highly effective at documenting the frequency and amplitude of nystagmus, aiding in

vestibular and neurological assessments.

Baseline Drift and Blinks: While generally considered artifacts in movement studies, blinks are

monitored as large, transient vertical deflections, and baseline drift is tracked as very low-

frequency fluctuations, which must be managed or subtracted during data processing to maintain

signal integrity.

Arden Ratio Components: Specifically in clinical EOG, the Dark Trough (minimum potential

recorded in darkness) and the Light Peak (maximum potential recorded under illumination) are the

essential components whose ratio defines the state of RPE function.

Further Reading
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The Electrooculogram (EOG): A Review of Technique and Clinical Applications

Clinical Electrooculography: Basic Principles and Testing Procedures
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