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BRODMANN'S AREA

Primary Disciplinary Field(s): Neuroscience, Neuroanatomy, Functional Neuroimaging, Cognitive

Psychology

1. Core Definition

Brodmann's Areas (BAs) constitute a standardized classification system for mapping the cerebral

cortex based on its cytoarchitectonic organization. Cytoarchitecture refers to the arrangement,

density, and structure of cells, particularly neurons, observed in the cortical gray matter. This

system posits that regions exhibiting distinct cellular characteristics generally correlate with

specialized functional roles, thereby providing a foundational anatomical framework for

understanding cortical localization of function.

The system divides the cortex into numerous numbered regions that allow neuroscientists,

neurologists, and psychologists worldwide to reference specific brain regions precisely. For

instance, in the classic human map, Area 4 is fundamentally distinct from Area 17 not just

geographically, but because the cell layers and types of neurons found in each region are

specialized for their respective tasks--motor control and visual processing. Although the original

mapping identified 47 distinct areas, continuous research utilizing advanced histological,

molecular, and imaging techniques has led to the identification of finer distinctions, expanding the

list to recognize well over 200 different sub-regions and specialized zones in modern

neuroanatomy.

2. Etymology and Historical Development

The concept of Brodmann's areas is named after the German neuroanatomist Korbinian

Brodmann, who developed and published his detailed map of the human and primate cerebral

cortex in 1909. Brodmann's methodology relied heavily on staining post-mortem brain tissue using

the Nissl method, which selectively highlights neuronal cell bodies. By meticulously analyzing the

varying structures of the six cortical layers across the entire surface of the brain, he was able to

delineate boundaries where the cytoarchitecture abruptly or gradually changed.

Prior to Brodmann's work, localization theories often relied on macroscopic surface features, such

as gyri and sulci, which vary significantly between individuals and species. Brodmann's histological

approach provided an objective, microscopic basis for differentiation, arguing that structural

differences were the keys to functional differences. His initial mapping identified 47 areas in the

human brain, but his work extended to comparative neuroanatomy, mapping the homologous

areas in various non-human primates, which proved crucial for experimental neuroscience.
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3. Key Characteristics and Functional Correlates

Brodmann's map is defined by the numerical designation given to each distinct cytoarchitectonic

region. The areas correlate highly with known functional boundaries established through clinical

lesion studies and modern functional imaging. The endurance of the system lies in the fact that

many of the most important functional centers of the brain map directly onto these numbered

regions, providing a valuable shorthand for communication among researchers.

Brodmann Area 4 (BA4): This area is recognized as the Primary Motor Cortex. Located in the

precentral gyrus, BA4 is critical for the initiation and execution of voluntary movements. It is

cytoarchitectonically characterized by the presence of giant pyramidal neurons, known as Betz

cells, which form the primary output pathway to the spinal cord.

Brodmann Area 17 (BA17): BA17 corresponds precisely to the Primary Visual Cortex (V1).

Situated in the most posterior aspect of the occipital lobe, it is the first cortical region to receive

visual input from the thalamus. Its structure is highly granular and distinctively laminated, reflecting

its role as the initial processing center for visual information.

Brodmann Areas 1, 2, and 3 (BA1-3): These areas are collectively designated as the Primary

Somatosensory Cortex. Located in the postcentral gyrus, they are responsible for processing

sensory input from the body, including touch, temperature, pain, and proprioception, maintaining a

precise somatotopic map known as the sensory homunculus.

Brodmann Areas 44 and 45 (BA44/45): These areas, located in the inferior frontal gyrus, are

typically associated with Broca's Area, a region crucial for speech production and articulatory

control. Their cytoarchitecture shows characteristics distinct from the surrounding prefrontal cortex,

supporting their specialized linguistic function.

4. Significance and Impact

The impact of Brodmann's classification is profound, establishing a universally accepted

neuroanatomical nomenclature that remains foundational to modern neuroscience. The system

transformed brain mapping from an anecdotal description of surface anatomy into a systematic,

histology-based science. By correlating structure with function, it provided a robust conceptual

foundation for understanding the specialization of cortical regions. This framework is crucial for

interpreting data derived from both animal models and human clinical cases, ensuring consistency

across research disciplines.

In contemporary neuroimaging, Brodmann's areas serve as a vital reference system. When

researchers use functional magnetic resonance imaging (fMRI) or positron emission tomography

(PET) to identify which brain regions are active during a specific cognitive task, the resulting

activation clusters are almost always reported in terms of their corresponding BAs (e.g., "activation

observed in BA6"). This ability to link dynamic functional data back to a static, accepted anatomical
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map ensures reproducibility and clarity in scientific communication, anchoring complex cognitive

processes to tangible anatomical landmarks.

5. Debates and Criticisms

While invaluable, the Brodmann system is not without limitations and has been the subject of

ongoing scientific debate. One primary criticism is that the boundaries between areas, as

delineated by Brodmann, are often less sharp and more transitional than implied by the discrete

numbering system. In reality, cytoarchitectonic changes often occur gradually across the cortical

surface, making precise boundary determination subjective and dependent on the observer's

interpretation of staining intensity and cell density.

Furthermore, the system's reliance on static histology fails to account for the dynamic nature of

brain function and connectivity. Modern functional studies sometimes reveal that functional

boundaries identified through task performance do not perfectly align with the cytoarchitectonic

borders defined by Brodmann. This suggests that connectivity patterns (the connectome) and

functional networks might be better descriptors of regional specialization than cellular architecture

alone. Modern extensions of Brodmann's work often involve probabilistic mapping, acknowledging

inter-individual variability and providing flexibility missing in the original deterministic map.

Further Reading

Brodmann area (Wikipedia)

Korbinian Brodmann (Wikipedia)

Primary Motor Cortex (Wikipedia)

Visual Cortex (Wikipedia)
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