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In this article, we studied individual features of the macroscopic structure of Broca’s area 
of the brains in 9 women (18 hemispheres) aged from 20 to 30 years, without any mental 
or neurological disorders. By using MRI, the structures of the sulci and gyri of the pars 
triangularis and pars opercularis of Broca’s area were studied: the anterior and ascending 
rami of the lateral sulcus, the radial, diagonal, precentral, inferior frontal, and lateral sulci. 
We also studied the relationship between the pars triangularis and pars opercularis as well 
as their relationships with neighboring cortical structures. We measured the volume of the 
pars triangularis and pars opercularis and the thickness of their cortex. Significant individual 
variability in the location and relationships between the anterior ramus of the lateral sulcus 
and the ascending ramus of the lateral sulcus, as well as structural features of the pars tri-
angularis and pars opercularis of Broca’s area were demonstrated.
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Analysis of individual human behavior is increasingly 
attracting the attention of scientists. The correlation 
between the shape and size of human skull and the 
individual characteristics of human behavior was wide-
ly discussed in the literature, but this theory was later 
proved to be erroneous [1]. The progress in science 
have made it possible to correlate certain features of 
human cognitive functions with the features of struc-
tural organization and functional characteristics of the 
brain. Brain visualization with MRI helps to determine 
the criteria for individual variability of the human 
brain and its individual structures [2] and to identify 
the relationship of individual features of its structure 
with behavior, thinking, and various disorders [3,4].

Morphological studies of the brain, especially as-
sociative cortical structures, made a great contribution 
to understanding of individual variability of human 
cognitive functions. Broca’s area (BA) plays an im-

portant role in the formation of speech functions. It is 
responsible for speech skills, movements of the speech 
apparatus muscles, movements of lips, larynx, tongue, 
and pharynx. BA is involved in the implementation of 
the syntactic and semantic aspects of speech, mem-
orizing grammar, control over the creation of speech 
programs, articulation, and intonation of speech.

Here we studied individual variability of BA struc-
ture in woman’s brain.

MATERIALS AND METHODS
We studied the macroscopic structure of BA in the 
brains of 9 women (18 hemispheres) aged from 20 to 
30 years without mental or neurological disorders. The 
study was approved at a meeting of the Ethics Com-
mittee of the Research Center of Neurology (Protocol 
No. 7-4/22, August 29, 2022).

The study was performed using an ultra-high-field 
magnetic resonance tomograph Siemens Magnetom 
Prisma in the T1 MP2RAGE mode in the sagittal plane 
(176  slices, slice thickness 1  mm; scanning parame-
ters: TR=5000  msec, TE=2.74  msec, TI1=700  msec, 

0007 -4888/22/1755-06 © 2023  Springer Science+Business Media, LLC

Bulletin of Experimental Biology and Medicine, Vol. 175, No. 6, October, 2023 PHYSIOLOGY
DOI 10.1007/s10517-023-05934-8



727

TI2=2500 msec, flipangle 1=4°, flipangle 2=5°; matrix 
size 256 mm). Reconstruction of the brain surface was 
performed by processing the obtained MR images in 
the CAT12 toolbox, an extension to SPM, which is 
a statistical program for processing MRI data, using 
the Segment module in accordance with the standard 
procedure described in the CAT12 application manual. 
The volume of gray matter and the thickness of the 
pars triangularis and pars opercularis were measured 
using the CAT12 toolbox in the ROI Tools module us-
ing the neuromorphometrics and aparc_a2009s_thick-
ness atlases. The coefficient of variability was calcu-
lated using Microsoft Excel 2007.

The reconstructed surfaces of the cerebral hemi-
spheres made it possible to analyze the main sulci and 
gyri of BA such as the anterior and ascending rami 
of the lateral sulcus, the radial sulcus, the diagonal 
sulcus, the precentral sulcus, the inferior frontal and 
lateral sulci. The relationship of the pars triangularis 
and pars opercularis with each other and with neigh-
boring cortical structures were studied.

RESULTS
We established the topographic features of the as-
cending ramus (ramus ascendens) and the anterior 
ramus (ramus anterior) of the lateral sulcus (sulcus 
lateralis) in the left and right hemispheres of the brain 
in women. The anterior ramus and the ascending ra-
mus extend from the lateral sulcus in different ways: 
sometimes they have a common V-shaped trunk, in 
other cases they extend from a common location hav-
ing a common Y-shaped trunk, or they can separate 
from the lateral sulcus at a certain distance [5]. The 

third variant is most typical in female brain. This type 
of sulcus localization occurred in 45% of cases (Fig. 1). 
The first and second variants of localization of the 
anterior ramus and the ascending ramus of the lateral 
sulcus, i.e. common branching from the lateral sulcus, 
were identified in 55% of cases.

Comparison of the length of the anterior ramus 
and the ascending ramus of the lateral sulcus of the 
female brain showed that the ascending ramus was 
longer in 33% of cases, the anterior ramus was longer 
in 39% of cases, and in 28% of cases, these rami had 
equal length.

The radial sulcus was revealed in the brains of 
all examined women; it extended from the inferior 
frontal sulcus (50% of cases) or was independent and 
had no connection with other sulci (50% of cases). In 
some cases, small additional sulci were found along 
with the radial sulcus.

The study of the precentral and lateral sulci of 
the female brain revealed their fusion in 50% of cases. 
In the other 50%, these sulci did not connect, which 
occurred due to merging of the orbital part of BA 
with the precentral area of the brain. In 89% of cases, 
the lower frontal sulcus connected with the precentral 
sulcus.

The diagonal sulcus is located in the pars opercu-
laris dividing it into two parts. This sulcus was found 
in only 39% of cases.

We thoroughly studied the macroscopic structure 
of the pars opercularis and pars triangularis of BA 
in the female brain. Previously, we identified three 
types of structure of the sulci surrounding the pars 
opercularis and pars triangularis [5]. The closed type 
of structure is characterized by connection of very 

Fig. 1. Localization of the sulci in BA. Left hemisphere.
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close location of the sulci with the formation of clear 
boundaries of the pars opercularis and pars triangu-
laris of BA. In the second type of structure, the sulci 
are located at a certain distance from each other (dis-
continuous type). In the third type, the sulci are locat-
ed at a great distance from each other (mixed type). 
In the discontinuous and mixed types, interstitial or 
limitrophic cortical areas connect the pars opercularis 
and pars triangularis of BA with neighboring cortical 
structures of the precentral gyrus, middle frontal gy-
rus, and orbital part of the inferior frontal gyrus.

In the pars opercularis, the closed type of sulcus 
structure was rare (only 11% of cases), whereas the 
discontinuous type predominated (89% of cases). For 
the pars triangularis, the discontinuous type of sulcus 
structure was also the most common (89% of cases), 
whereas the closed type was revealed in only 11% of 
cases.

Comparative analysis of the structure of the pars 
triangularis and pars opercularis of BA of the female 
brain showed that in 55% of cases the pars trian-
gularis was connected by limitrophic areas with the 
pars opercularis. Of great interest are various types of 
connection of the pars triangularis with other cortical 
structures: it was connected with the middle frontal 
gyrus in 28% of cases, with the orbital part of the in-
ferior frontal gyrus in 83% of cases; in 17% of cases, 
the pars opercularis connects with the middle frontal 
gyrus.

Significant individual variability of BA was re-
vealed when measuring the volume of gray matter 
in the pars triangularis and pars opercularis (Fig. 2). 
The coefficient of variation of gray matter volume in 
the pars opercularis was 7% in the left hemisphere, 
11.9% in the right hemisphere, whereas in the pars 
triangularis — 11.4 and 10.7%, respectively. Individual 
variability in the width of the cortex of the pars tri-
angularis and pars opercularis was less pronounced. 
The coefficient of variation in the width of the cortex 
of the pars triangularis was 3.7% in the left hemi-
sphere, 7% in the right hemisphere; for the pars oper-
cularis — 3 and 7.1%, respectively. Thus, the study of 
the structure of BA of the female brain demonstrated 
significant individual variability in the localization and 
relationships of the main sulci, as well as structural 
features of the pars opercularis and pars triangularis.

Individual differences in the structural organiza-
tion of BA are associated with the characteristics of 
speech and higher cognitive processes. In some peo-
ple, the speech is bright, emotional, embellished with 
comparative phrases, while in others, the speech is 
monotonous and monosyllabic [6]. The discontinuous 
and mixed types of structure of the pars triangularis 
and pars opercularis of BA in the female brain re-
vealed by us indicate an increase in their limitrophic 

areas, which can be activated during speech. As is 
commonly known, women are more fluent and use 
more words than men [7].

An important role in the individual variability of 
BA is played by the diagonal sulcus and the radial 
sulcus located in the pars orbitalis and pars triangu-
laris. Due to these sulci, apparently, the area of the 
cortex of BA increases, which is a sign of individual 
variability of human cognitive functions.

It should be noted that the main sulci of the 
human brain begin to form and develop in prenatal 
ontogeny under the influence of genetic factors, de-
termining to a greater extent the intensity and overall 
nature of individual variability of the macroscopic 
picture of human brain [8]. Considerable role is played 
by genetic factors underlying the formation of hu-
man intellectual activity [9,10]. Moreover, a person’s 
environment, family, upbringing, and school play an 
important role in the formation of their individual 
activity, thinking, and behavior [11].

There are reports on neuroplasticity of the human 
brain and changes in the structure of the cerebral cor-
tex during the development of various skills. An MRI 
study of the brains of London’s taxi drivers revealed 
that drivers with a long record of service have a larger 
volume of the hippocampus involved in the formation 
of spatial memory (remembering city streets) [12]. 
Changes in the brain structure were also noted to 
occur during physical exercise, music lessons, and 
foreign language learning [13].

The main types of structure of the pars trian-
gularis and pars opercularis of BA that we identified 
made it possible to put forward a hypothesis that 
these structural peculiarities of the sulci in BA de-
termine individual speech abilities of a person. The 
interstitial or limitrophic structures located between 
the sulci can lead to structural and functional re-

Fig. 2. Individual variability in the gray matter volume in the 
pars triangularis of BA in the left hemisphere of female brain.
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structuring of the brain. Further study of the brain 
structure by using MRI is one of the priority areas 
of research in the field of morphology, physiology, 
and psychology for deeper insight and discovery of 
the basic laws of personalization of human behavior 
and thinking.
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