BRODMANN'S
CYTOARCHITECTONIC AREA

Authored by
mohammad looti

November 11, 2025

RECOMMENDED CITATION

mohammad looti (2025). BRODMANN'S CYTOARCHITECTONIC AREA.
PSYCHOLOGICAL SCALES. Retrieved from https://scales.arabpsychology.com/?p=68695

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=68695
https://scales.arabpsychology.com/?p=68695
https://scales.arabpsychology.com/?p=68695
https://scales.arabpsychology.com
https://scales.arabpsychology.com

BRODMANN'S CYTOARCHITECTONIC AREA

BRODMANN'S CYTOARCHITECTONIC AREA

Primary Disciplinary Field(s): Neuroscience, Neuroanatomy, Histology

1. Core Definition: The Cytoarchitectural Principle

The concept of the Brodmann's Cytoarchitectonic Area refers to a systematic, numerical map of
the cerebral cortex derived from the study of its cellular structure and organization.
Cytoarchitecture, literally meaning "cell architecture,” is the fundamental organizing principle used
by German anatomist and neurologist Korbinian Brodmann (1868-1918) to delineate distinct

regions of the brain. The premise underlying this classification is that areas of the cortex that differ
structurally in terms of neuronal type, density, size, and laminar arrangement are likely to serve
different functional roles. Thus, the map is not based on gross anatomical landmarks (like sulci or
gyri), but rather on microscopic, histological boundaries where the cellular pattern exhibits an
abrupt transition.

This monumental mapping effort resulted in the identification of 52 distinct areas across the entire
human and primate neocortex, though some areas defined by Brodmann in non-human primates
were subsequently consolidated or omitted in the standard human atlas, leaving approximately 43
widely recognized areas. Each area, designated by a specific number (e.g., Area 17, Area 4),
represents a specific organizational pattern of the six layers characteristic of the neocortex,
collectively known as cortical lamination. The variations observed include differences in the relative
thickness of individual layers (particularly the granular layers, Il and 1V, and the pyramidal layers, IlI
and V), the density of neurons within those layers, and the morphology of the predominant
neuronal cell bodies, such as the large pyramidal cells found in the motor cortex.

The persistence and universal acceptance of Brodmann's scheme decades after its initial
publication underscore its powerful utility as a common reference framework. When neuroscientists
discuss specific cortical regions--from areas dedicated to sensation (somatosensory cortex, Areas
1, 2, 3) to those governing complex planning (prefrontal cortex, Areas 9, 10)--they rely on the
numerical nomenclature established by Brodmann. This structural foundation allows researchers to
correlate precise anatomical locations with functional findings derived from electrophysiology,
lesion studies, and modern functional imaging techniques, solidifying the map as an indispensable
tool in modern neuroanatomy and clinical neurology.

2. Etymology and Historical Context: Korbinian Brodmann's Work

The development of the cytoarchitectonic map occurred during a crucial period in the history of
neuroscience--the late 19th and early 20th centuries--when the debate between localizationism
(the idea that specific functions are tied to specific brain areas) and holism (the idea that the brain
operates as an integrated whole) was intense. Brodmann, working primarily at the University of

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Korbinian_Brodmann
https://scales.arabpsychology.com/?p=68695
https://scales.arabpsychology.com
https://scales.arabpsychology.com

BRODMANN'S CYTOARCHITECTONIC AREA

Berlin and later at the Brain Research Institute, was deeply influenced by the advances in
histological techniques, particularly the refinement of staining methods that allowed for clearer
visualization of individual cells and their arrangement. His work provided compelling structural
evidence supporting the localizationist viewpoint, demonstrating that the observable physical
structure of the cortex itself varied systematically enough to justify functional segregation.

Brodmann's methodology was meticulously documented, relying on the Nissl staining technique,

which stains the rough endoplasmic reticulum and ribosomes (Nissl substance) of neuronal cell
bodies blue. This technique allowed him and his contemporary cartographers--such as Oskar Vogt,
Cécile Vogt, and Constantin von Economo--to analyze the layered structure of the cortex with
unprecedented detail. Brodmann conducted comparative studies across numerous mammalian
species, realizing that while the total number of areas varied between species, the fundamental
patterns of cytoarchitecture often correlated with evolutionary relationships and functional
specialization. His major findings were consolidated in his 1909 monograph, "Vergleichende
Lokalisationslehre der GroB3hirnrinde in ihren Prinzipien dargestellt auf Grund des Zellenbaues™
(Comparative Localization Studies on the Cortex, Represented in its Principles based on Cellular
Structure).

The revolutionary aspect of Brodmann's work was its systematic nature. Unlike previous attempts
at mapping, which were often based on coarse anatomical features or isolated functional
observations, Brodmann provided a comprehensive, histological rationale for every boundary he
drew. He sought to create an objective, universally applicable standard for neuroanatomical
description. Although his work was preceded by similar attempts by Alfred W. Campbell and
others, Brodmann's clarity, detailed methodology, and numerical assignment system ensured that
his map became the standard nomenclature, enduring where others faded. His areas serve as the
definitive baseline against which subsequent organizational principles, such as myeloarchitecture
(fiber mapping) and chemoarchitecture (chemical mapping), are compared.

3. Methodology: Staining, Analysis, and Mapping

The foundation of Brodmann's classification rests upon the ability to reliably distinguish between
the various layers of the neocortex. The neocortex is generally described as having six horizontal
layers, or laminae (I to VI), running parallel to the cortical surface. The Nissl stain, critical to
Brodmann's approach, allowed him to analyze these layers based on the morphology and density
of the neural cell bodies. Layer | (Molecular Layer) is cell-sparse; Layers Il (External Granular) and
IV (Internal Granular) are characterized by dense packing of small, granular neurons; and Layers
Il (External Pyramidal), V (Internal Pyramidal), and VI (Multiform Layer) are dominated by
pyramidal neurons, which are crucial for output and association functions.

Brodmann's analysis involved meticulously traversing the cortex, section by section, looking for
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regions where the histological appearance changed. A change might involve the sudden
appearance of giant pyramidal cells (Betz cells) in Layer V (as seen in Area 4, the primary motor
cortex), or the extreme development of Layer IV and the corresponding reduction of Layer V
(characteristic of Area 17, the primary visual cortex, which heavily processes sensory input). These
shifts in laminar profile--termed the cytoarchitectural profile--were interpreted as definitive
boundaries separating functionally distinct processing units. The transition points were often
distinct and reproducible, leading Brodmann to assigh sequential numbers to the resulting areas
based roughly on the order in which he encountered them during his systematic examination, often
starting in the frontal lobe and moving posteriorly.

The fidelity and reliability of the Nissl stain were paramount to this project. Unlike the Golgi stain,
which only stains a small fraction of neurons completely, the Nissl stain stains almost all neuronal
and glial cell bodies, providing a robust statistical view of cell packing density and size across large
regions. This allowed Brodmann to perform quantitative comparisons of cell density, ensuring that
the boundaries he defined were based on observable statistical variations rather than subjective
interpretations of individual cellular morphology. However, the reliance on two-dimensional
sections meant that extrapolating the three-dimensional boundaries across the convoluted cortical
folds (gyri and sulci) was often a complex interpretive task, leading to minor variations in boundary
placement among different cartographers.

4. The System of Numbered Areas (Key Characteristics)

The system derived by Brodmann is characterized by the assignment of a numerical tag to each
anatomically distinct region. These numbers have become the default vocabulary for describing
cortical localization. While the full map includes dozens of areas, several are critically famous due
to their established functional association with major cognitive and motor processes. For instance,
the primary motor cortex is designated as Area 4, while the premotor and supplementary motor
areas are grouped into Area 6. The primary somatosensory cortex is constituted by Areas 1, 2,
and 3, located immediately posterior to the central sulcus.

Sensory processing areas are particularly well-defined cytoarchitecturally. The primary visual
cortex (V1) is known as Area 17, characterized by its thick Layer IV and a structural hallmark often
referred to as the 'Stria of Gennari,' visible even to the naked eye in fresh tissue. The surrounding
visual association areas are Areas 18 and 19. Similarly, the primary auditory cortex is located in
Areas 41 and 42 within the temporal lobe. These sensory areas are typically described as having
a "koniocortical" structure, meaning they possess a highly developed internal granular layer (Layer
IV), optimized for receiving dense thalamic sensory input. Conversely, motor areas (like Area 4)
exhibit an "agranular” profile, where Layer IV is sparse, and the output layers (Layer V) are greatly
exaggerated.
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The frontal lobe, responsible for executive functions, planning, and personality, is covered by a
wide array of areas, including Areas 9, 10, 11, and 46 (parts of the prefrontal cortex). These areas
are characterized by a more balanced development of all six layers, known as homotypic cortex,
reflecting their role in complex association and integration rather than specialized input or output.
This systematic variation--from the agranular cortex specialized for motor output, through the
koniocortex specialized for sensory input, to the homotypic cortex specialized for association--is
the key structural component that makes the Brodmann map so functionally predictive and
essential for interpreting brain function.

5. Clinical and Functional Significance

The immediate and lasting impact of the Brodmann map lies in its power to bridge the gap between
structure and function, which is critical in clinical neurology and cognitive neuroscience. By
providing a fixed anatomical coordinate system, researchers can reliably localize the source of
neural activity or the site of pathology. For example, in epilepsy surgery, precise localization of
seizure foci using Brodmann's areas helps guide resection while minimizing damage to adjacent
critical areas, such as the speech centers (Broca's Area, often approximated by Areas 44 and 45,
and Wernicke's Area, usually located in Area 22).

In the field of functional neuroimaging (fMRI, PET), results are routinely reported in terms of
activation within specific Brodmann areas. This allows for standardization and comparison across
different studies and populations. If a study finds activation in Area 44 during a language task,
researchers worldwide immediately know the precise anatomical substrate being discussed, even
without referencing complex coordinate systems like the Talairach or MNI space. This reliance
confirms the map's role as the gold standard for macro-anatomical functional mapping, allowing for
the precise correlation of cellular organization with behavioral outcomes, whether in normal
cognitive processes or in disease states like schizophrenia or Alzheimer's, where subtle
cytoarchitectural changes have been hypothesized.

Furthermore, the concept is fundamental to understanding neurological deficits resulting from
localized brain damage, such as stroke or trauma. A lesion affecting Area 4 is predictably
associated with contralateral hemiparesis (motor weakness), while damage strictly confined to
Area 17 results in cortical blindness in the corresponding visual field. This direct correlation
between structural location (defined by cytoarchitecture) and functional loss validates Brodmann's
initial hypothesis that boundaries defined histologically reflect underlying functional divisions. This
utility extends beyond human study, enabling comparative neuroscientists to trace the evolution of
cortical specialization by comparing cytoarchitectural layouts across different primate and
mammalian species.
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6. Limitations and Modern Revisions

Despite its foundational status, the Brodmann map is not without limitations, many of which stem
from the technological constraints and subjective nature of early 20th-century histology. One
primary criticism is the inherent variability of boundaries. While Brodmann identified clear
transitions, subsequent researchers and even Brodmann himself noted that the exact placement of
these lines can vary significantly among individuals, making the map an idealized representation
rather than a precise individual template. Furthermore, the transitions between some areas are
gradual, rather than abrupt, meaning the choice of boundary line often involved a degree of
interpretive subjectivity.

Modern neuroscience has introduced more sophisticated methods that challenge the strict
adherence to the original cytoarchitectonic definitions. Techniques such as myeloarchitecture
(mapping based on myelin fiber density), receptor autoradiography (mapping neurotransmitter
receptor distributions, known as chemoarchitecture), and advanced computational image analysis
(using statistical modeling of cell density) often reveal boundaries that do not perfectly align with
Brodmann's numerical divisions. For instance, functional magnetic resonance imaging (fMRI)
sometimes shows functional domains that span across two or more classical Brodmann areas or,
conversely, demonstrate functional sub-specialization within a single Brodmann area. This has led
to the development of probabilistic atlases, which acknowledge inter-individual variability and
define areas based on statistical likelihood rather than absolute lines.

In response to these limitations, contemporary neuroanatomy has embraced techniques that
integrate multiple architectural principles. The Julich Brain Atlas, for example, represents a modern

revision, utilizing high-resolution histology and statistical mapping to create highly detailed,
observer-independent definitions of cortical areas, which often subdivide or refine Brodmann's
original areas (e.g., dividing Area 44 into smaller, functionally distinct units). While these modern,
multimodal maps offer greater precision, they invariably use the original Brodmann's
Cytoarchitectonic Area designations as their essential historical and comparative benchmark,
confirming its enduring legacy as the structural foundation of cortical organization.

Further Reading
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