
Encyclopedia of psychology encyclopedia.arabpsychology.com

PERIMETER

Authored by

Mohammed looti

November 21, 2025

RECOMMENDED CITATION

Mohammed looti (2025). PERIMETER. Encyclopedia of psychology. Retrieved from

https://encyclopedia.arabpsychology.com/?p=19084

ARABPSYCHOLOGY.C
OM

https://encyclopedia.arabpsychology.com/?p=19084
https://encyclopedia.arabpsychology.com/?p=19084
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com


PERIMETER 2

Encyclopedia of psychology encyclopedia.arabpsychology.com

Introduction to the Perimeter and Perimetry

The term perimeter, in the context of visual science and psychology, refers specifically to a

sophisticated clinical instrument designed to systematically map and quantify the boundaries and

sensitivities of the visual field. The visual field encompasses the entire area that can be perceived

by the eye when gaze is fixed in a stationary, forward direction. The process of measurement

utilizing this instrument is known as perimetry, a fundamental diagnostic technique employed

extensively in ophthalmology and neurology to detect and monitor a wide array of pathological

conditions affecting the visual pathways, ranging from the retina to the visual cortex. Essentially,

the perimeter acts as a standardized tool for plotting the functional limits of vision, thereby

translating subjective perception into measurable, objective data concerning visual function across

various spatial loci.

The design of the perimeter is rooted in the necessity of maintaining precise control over

environmental variables, particularly illumination and stimulus presentation, ensuring that testing

conditions are consistent and reproducible across multiple examinations. The instrument typically

features a large, bowl-shaped hemisphere, often referred to as the perimeter bowl, upon which the

visual stimuli are projected. The subject undergoing testing is carefully positioned with their head

stabilized, and they are instructed to maintain constant fixation upon a designated central target

light. This critical central fixation ensures that any detected light stimulus falls upon specific, known

points within the peripheral and paracentral retina, allowing for the accurate correlation of the

perceived location of the stimulus with the physical geography of the visual field being tested.

Perimetry is inherently a measure of visual sensitivity, often defined as the minimum luminance

required for a stimulus to be perceived at a specific point in the visual field. By varying the intensity

(brightness) and size of the light flashes presented across the hemisphere, the perimeter

generates a detailed topographical map of sensitivity. Areas requiring a very bright stimulus for

detection are deemed less sensitive, suggesting potential functional loss, while areas detecting dim

stimuli are considered highly sensitive. This systematic plotting of sensitivity thresholds across the

entire 180 degrees of potential vision provides crucial evidence regarding the integrity of the visual

pathways and is indispensable for the early detection and management of diseases that

characteristically erode peripheral or central vision, often before the patient is consciously aware of

significant visual impairment.

Historical Development of Visual Field Testing

Early attempts to map the visual field were often rudimentary, relying primarily on the

confrontation field test, a subjective method where the examiner compares their own peripheral

vision against the patient's. While effective for detecting gross defects, this method lacked the

precision and quantitative rigor necessary for monitoring subtle progression or early disease
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states. The need for a standardized, measurable approach led to the development of the first true

perimeters in the late 19th and early 20th centuries. These initial instruments were manually

operated and utilized tangent screens or small hemispheric arcs, requiring the examiner to

meticulously plot the perceived boundaries of vision by hand using physical markers.

A significant leap forward occurred with the introduction of the Goldmann perimeter, developed

by Hans Goldmann in the mid-20th century. This manual instrument standardized the testing

environment by utilizing a uniformly illuminated bowl and a sophisticated projection system that

allowed for precise control over stimulus size and intensity. The Goldmann perimeter became the

gold standard for many decades, particularly for performing kinetic perimetry, where a moving

stimulus is introduced from the non-seeing periphery towards the seeing center. The data

generated by the Goldmann method are represented by isopters--lines connecting points of equal

visual sensitivity--providing a clear outline of the functional visual boundaries under specific testing

conditions.

The subsequent evolution of the perimeter was driven by the advent of computer technology and

the need for improved reproducibility and reduced operator dependency. The shift toward

Standard Automated Perimetry (SAP) marked a paradigm change in the 1970s and 1980s.

Instruments like the Humphrey Field Analyzer and Octopus perimeter replaced manual operation

with computerized protocols, enabling rapid, standardized testing and sophisticated statistical

analysis of the results. This automation allowed for precise measurement of specific sensitivity

thresholds at numerous predetermined points (static perimetry), drastically improving the ability to

detect localized scotomas and monitor subtle changes over time, especially critical in chronic

conditions like glaucoma.

Instrument Design and Operational Mechanics

The core mechanical design of the perimeter centers on the principle of projecting controlled

stimuli onto the inner surface of a large, uniformly lit hemisphere. This bowl typically measures

between 30 and 33 centimeters in radius, ensuring that the stimuli are presented at a standard

distance relative to the nodal point of the eye. The interior of the bowl is coated with a non-

reflective, matte surface, usually white or light gray, which provides a consistent background

luminance. Maintaining a stable background luminance is crucial because the detectability of the

test flash (stimulus) is measured relative to this background, ensuring that the contrast threshold

calculation is accurate and not affected by external lighting fluctuations.

Central to the operation of the perimeter is the mechanism for stimulus presentation. Modern

automated perimeters utilize sophisticated light projection systems, often employing Light Emitting

Diodes (LEDs) or controlled projection bulbs, capable of generating light flashes with highly

precise, calibrated intensity levels. These intensities are typically quantified in apostilbs (asb) or,
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more commonly in clinical practice, converted into a decibel (dB) scale. The decibel scale is

inversely proportional to the stimulus intensity; a higher decibel value signifies a dimmer, less

intense stimulus that requires higher visual sensitivity to detect. The instrument systematically

varies both the location and the intensity of these flashes according to predetermined testing

algorithms, such as the Humphrey 'SITA' (Swedish Interactive Thresholding Algorithm) protocol,

which optimizes testing speed while maintaining accuracy.

The subject interface requires careful engineering to ensure reliability. The patient's head must be

fixed, typically via a chin rest and forehead band, to prevent movement that would corrupt the

spatial mapping. Furthermore, the perimeter must continuously monitor the patient's fixation.

Automated systems employ sophisticated gaze tracking mechanisms, sometimes using infrared

cameras to monitor the position of the pupil, or specific tests like the Heijl-Krakau blind spot check,

to verify that the patient is indeed maintaining focus on the central target. If fixation is lost, the

machine pauses the test or flags the resulting data as potentially unreliable, highlighting the

perimeter's reliance on the subject's strict adherence to the central fixation instruction throughout

the duration of the examination.

Key Methodologies: Static vs. Kinetic Perimetry

Perimetry is broadly categorized into two primary methodologies, kinetic perimetry and static

perimetry, each offering unique advantages in mapping different aspects of visual function. Kinetic

perimetry, historically exemplified by the Goldmann perimeter, involves the presentation of a

stimulus of fixed size and intensity that is slowly moved from an area where it cannot be seen

toward an area where it can be perceived. The moment the patient reports seeing the stimulus

marks the boundary of their visual field for that specific stimulus parameter (size and intensity). By

repeating this process along various radial meridians, the examiner plots the isopter, defining the

boundary of functional vision. This method is particularly useful for mapping the overall shape and

extent of the visual field and detecting large, contiguous defects.

In contrast, static perimetry, the dominant methodology in modern automated testing, focuses on

measuring the sensitivity threshold at specific, predefined locations across the visual field. In this

technique, the stimulus remains stationary, and its intensity is varied sequentially. The perimeter

starts with a very dim flash that is likely undetectable and gradually increases its luminance until

the patient reports seeing it--this luminance level is the threshold sensitivity for that specific point.

This process is repeated hundreds of times across a grid of points, generating a precise numerical

map of sensitivity. Static perimetry is superior for detecting localized, subtle areas of reduced

sensitivity (scotomas) that might be missed by the broad sweeps of kinetic testing.

Modern automated perimeters primarily utilize static methodologies because they offer superior

standardization and repeatability, which are essential for monitoring progressive diseases like
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glaucoma. Specific testing patterns, such as the 24-2 or 30-2 grids commonly used in Humphrey

perimetry, test points strategically distributed across the central 24 or 30 degrees of the visual field,

where most clinically significant defects related to the optic nerve head first manifest. Furthermore,

advancements like suprathreshold testing and the aforementioned thresholding algorithms have

significantly reduced the time required for a full examination while maintaining the high level of

detail necessary for critical diagnostic decisions.

Clinical Significance and Diagnostic Applications

The primary clinical application of the perimeter is in the diagnosis and long-term management of

glaucoma. Glaucoma is characterized by progressive damage to the optic nerve, which typically

manifests first as subtle, often asymptomatic, loss of peripheral or paracentral vision. Perimetry

provides the objective evidence necessary to document this functional loss, often revealing

characteristic patterns of damage such as arcuate scotomas or nasal steps, long before the patient

notices a decline in their central visual acuity. Regular perimetric testing is vital for tracking the rate

of disease progression and determining the effectiveness of treatment interventions aimed at

lowering intraocular pressure.

Beyond glaucoma, the perimeter is an indispensable tool in neuro-ophthalmology for identifying

visual field defects resulting from damage to the visual pathway posterior to the optic chiasm.

Specific patterns of visual field loss are highly indicative of the location of a lesion in the brain. For

instance, lesions affecting the optic chiasm, such as those caused by pituitary adenomas,

frequently result in bitemporal hemianopsia (loss of the outer half of both visual fields). Damage

to the visual cortex or optic radiations can lead to homonymous hemianopsia or quadrantanopsia,

where corresponding halves or quadrants of the visual field are lost in both eyes, providing precise

localization information for neurologists and neurosurgeons.

Perimetry is also valuable in assessing various retinal diseases, toxic optic neuropathies, and other

systemic conditions that impact vision. By utilizing techniques that target specific visual functions,

such as Short-Wavelength Automated Perimetry (SWAP), which uses a blue stimulus on a

yellow background, clinicians can isolate and test different populations of retinal ganglion cells.

SWAP and other specialized perimetric techniques are often capable of detecting functional

deficits even earlier than standard automated perimetry, enhancing the clinician's ability to

intervene promptly in progressive conditions. The resulting visual field maps are crucial for

quantifying the extent of damage and establishing a baseline against which future deterioration or

stabilization can be measured.

Types of Perimeters: Manual and Automated Systems

The modern landscape of perimetry is dominated by two main categories of instrumentation:
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manual and automated systems, though automated systems now constitute the standard of care in

most developed clinical settings. Manual perimeters, such as the classic Goldmann type, require

a highly skilled and trained operator to physically move the stimulus and record the patient's

response. While manual perimetry is time-consuming and prone to inter-operator variability, it

retains value for testing patients who have significant cognitive limitations, severe vision loss, or

nystagmus, as the examiner can adapt the testing speed and method in real-time based on patient

responsiveness.

Automated Perimeters (SAP), represented by devices from manufacturers such as Carl Zeiss

Meditec (Humphrey) and Haag-Streit (Octopus), utilize sophisticated computer algorithms to

control every aspect of the test, including stimulus presentation, intensity modulation, and data

analysis. The primary advantage of SAP is the high degree of standardization and objectivity it

provides. The machine executes the test protocol identically every time, allowing for excellent

comparability of results over serial examinations. Furthermore, automated systems incorporate

advanced software packages that perform complex statistical analysis, comparing the patient's

results against age-matched normative databases to highlight areas of statistically significant visual

loss.

A significant development within automated perimetry has been the creation of portable and

specialized instruments designed for specific purposes. For example, Frequency Doubling

Technology (FDT) perimeters utilize low-spatial frequency sinusoidal gratings that flicker rapidly

(frequency doubling) to selectively test a subset of specialized ganglion cells (the M-cells). FDT

perimetry is highly sensitive to early glaucomatous damage and is often used as a fast, screening

tool. Similarly, matrix perimeters offer portable, non-bowl-based options suitable for high-volume

screening or environments where space is limited, demonstrating the continuous evolution of the

perimeter instrument toward enhanced accessibility and efficiency.

Variables and Measurement Parameters

Accurate interpretation of perimetric results requires a thorough understanding of the numerous

variables that influence the measurement process. The primary measurement parameter is

threshold sensitivity, expressed in decibels (dB), which indicates the ability of the visual system

to detect a stimulus above the background luminance. A higher dB value signifies better sensitivity.

The size of the stimulus is another critical variable, categorized using Roman numerals (e.g., Size

III is the standard for SAP). As a general rule, larger stimuli are easier to detect, resulting in higher

sensitivity values, while smaller stimuli challenge the system more rigorously.

The reliability of the patient's performance during the test is assessed using specific reliability

indices generated by the automated perimeter. These indices include the rate of fixation losses,

which measures how often the patient fails to maintain central gaze; the rate of false positives,
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which tracks instances where the patient responds to a light flash when no stimulus was actually

presented (indicating trigger-happiness or anxiety); and the rate of false negatives, where the

patient fails to respond to a very bright stimulus that should have been easily detectable (often

indicating fatigue or inattention). High percentages in any of these indices necessitate caution in

interpreting the results or, potentially, retesting the patient entirely.

Finally, the interpretation of the visual field results relies heavily on the use of probability plots

and statistical maps. These maps compare the measured threshold values against the expected

thresholds for healthy individuals of the same age. The resulting plots, such as the Total Deviation

plot and the Pattern Deviation plot, visually highlight areas of localized field loss, differentiating

between generalized depression of sensitivity (e.g., due to media opacities like cataracts) and

specific, localized defects caused by damage to the optic nerve or brain. This rigorous statistical

framework ensures that the functional loss documented by the perimeter is quantified accurately

and interpreted within a robust clinical context.

Limitations and Future Directions

Despite its critical role in diagnostics, perimetry is not without limitations. A significant challenge is

the inherent subjectivity involved, as the test relies entirely on the patient's attention, cooperation,

and reaction time. Factors such as patient fatigue, the learning effect (patients often perform better

on subsequent tests), cognitive status, and media opacities (like cataracts, which cause

generalized field depression) can all affect the reliability and accuracy of the results generated by

the perimeter. Testing elderly or visually impaired patients often requires modified protocols and

significant chair time, highlighting the time-intensive nature of achieving reliable threshold

measurements.

Future directions in perimeter technology are focused on addressing these limitations through

increased automation, reduced test duration, and enhanced specificity. Research is heavily

invested in developing faster, more efficient testing algorithms, such as those that utilize artificial

intelligence and machine learning to predict thresholds based on earlier responses, potentially

cutting test time dramatically while maintaining accuracy. Furthermore, the development of

functional perimetry, which aims to test specific aspects of visual perception rather than just light

detection (e.g., motion detection or color perception), holds promise for detecting disease

processes at even earlier stages.

The ultimate goal of advancements in perimetry is the creation of instruments that are less

dependent on patient cooperation, potentially through objective measurements of visual function,

such as those derived from electrophysiology or neuroimaging. However, until such objective

methods become universally accessible and clinically validated, the perimeter--the hemispherical

tool utilized to plot the limits of the visual region--will remain the critical, quantifiable standard for
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assessing the functional integrity of the human visual field. Its ability to provide detailed,

longitudinal data on sensitivity loss ensures its continued status as a cornerstone diagnostic

instrument in both ophthalmology and neurology.
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