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MORPHOLOGY OF THE LATERAL VENTRICLES OF THE BRAIN USING 

HIGH-RESOLUTION MRI 

KAYLA LAVERY 

ABSTRACT 

The lateral ventricles are crucial neuroanatomical structures with significant 

clinical relevance in various pathologies. Despite extensive work, there is still 

disagreement about the basic anatomical features of the lateral ventricle in terms of left-

right asymmetry, the influence of sex, and the presence of anatomical variations.  These 

disagreements are likely to be a result of studies performed using poorly characterized 

subject populations and using low-resolution data. To address this gap in knowledge, this 

study measured lateral ventricular morphology using 174 high-resolution MRI scans from 

the Human Connectome Project (HCP), focusing on a diverse population of well-

characterized healthy, young individuals. We found significant left-right differences in 

ventricular dimensions, with the left ventricle consistently larger than the right across all 

subdivisions, including the anterior horn, body, and atrium to the end of the posterior horn. 

Sex emerged as a crucial determinant, with males exhibiting larger ventricles overall, and 

significant differences were observed in various subdivisions between sexes. 

Unexpectedly, we found that the compression of the anterior horn and the disconnection 

and isolation of the posterior horn were frequently identified in a large and broadly 

represented proportion of healthy adult subjects, challenging traditional notions of 

ventricular anatomy. Moreover, our investigation into handedness and age yielded nuanced 

insights, highlighting the intricate interplay between demographic factors and ventricular 
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morphology. Our results provide valuable insights into normal lateral ventricular anatomy, 

facilitating the interpretation of radiological images and aiding in the recognition of 

pathological deviations. Addressing these considerations in future research has the 

potential to deepen our understanding of ventricular morphology and its clinical 

implications, thereby potentially advancing our knowledge of brain structure and function. 
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INTRODUCTION 

Overview 

The size of the lateral ventricles has significant clinical relevance as biomarkers for 

various pathologies. However, our understanding of these conditions is complicated by 

variations in normal anatomy that warrant deeper exploration. Conducting a 

comprehensive anatomical study of the lateral ventricular variations will not only broaden 

our understanding of normal anatomical diversity but also highlight the importance of 

lateral ventricle size and variations in the development of diseases. 

 

History 

The lateral ventricles of the brain were among the first brain regions of interest 

(Galen, Vesalius) to philosophers and physicians.  Initial diagrams and drawings of the 

brain illustrated the ventricular shape and periventricular brain structures in detail, whereas 

the overlying cerebral cortex was not a structure of concern (see Finger, 2004; Gross, 

1999). During the Renaissance, the conception of “cellulae” (or ventricles) underwent an 

evolution.  Initially, the ventricles were thought to comprise four “small stomachs” that 

were involved in the production of thoughts, feelings, and emotions. Later 

conceptualizations included 3-5 discrete parts depending on the illustration, but it was not 

until Leonardo da Vinci injected wax into ox’s ventricular system that an accurate depiction 

of the anatomy of the ventricles was produced (Mortazavi et al., 2014). 

The ventricular system was initially conceived to house humors, behavior and 

illness, animal spirit and/or air (Clarke and O’Malley, 1968; Mortazavi et al., 2014; Scelsi, 
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2020). In 1764, Domenico Felice Antonio Contugno discovered the clear, watery fluid 

known as cerebrospinal fluid (CSF) within the ventricles and discovered the connection 

between the ventricles and the subarachnoid space, a finding confirmed by Francois 

Magendie in 1825 in humans and mammals (Clarke and O’Malley, 1968; Mortazavi et al., 

2014; Scelsi, 2020). 

Since these early studies, the anatomy of the ventricular system in general, and the 

lateral ventricles (LV) in particular has been examined in cadaveric specimens, through the 

use of pneumoencephalography, roentgenological, and microscopy. More recently 

computerized tomography (CT) and magnetic resonance imaging (MRI) have been able to 

identify the anatomy of the ventricular structure in vivo and at higher resolution than 

previous techniques. Together, these reports have characterized the anatomical changes 

that occur in the lateral ventricles in health and disease. 

Even though the lateral ventricles have been studied for over 300 years, much of 

the information about structural variations have been derived from cadavers, older 

individuals, or in pathological conditions.  By contrast, limited results have been obtained 

about the variability and variations of the anatomy of the lateral ventricle structure in vivo 

and in the normal adult human. Moreover, the studies that have been performed typically 

study a small number of individuals and thereby may not have sufficient power to capture 

the range of variability and variation in the adult human lateral ventricles. In the current 

project, we investigated structural variations in the lateral ventricle of normal adult human 

brains. 
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Anatomy 

The ventricular system is centered in the middle of the brain and is defined as four 

CSF-filled cavities.  There are two lateral ventricles each associated with a cerebral 

hemisphere, a third ventricle between the left and right diencephalons, and a fourth 

ventricle between the brainstem and cerebellum. Each lateral ventricle is a confluent space 

comprising an anterior (frontal) horn, a body (central) portion, an atrium, a posterior 

(occipital) horn, and an inferior (descending or temporal) horn. These different 

subdivisions of the lateral ventricles are associated with a different lobe of the brain.  

 

 

Figure 1. Lateral view perspective of a segmented ventricle. Visualization of the lateral ventricle 

(purple)  subdivisions: Anterior Horn, Body, Atrium (not depicted), Posterior Horn, and Inferior Horn, alongside 

the third (3; yellow) and fourth (4; green) ventricles. 
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Figure 2. Superior view of a segmented lateral ventricle. Visualization of the left and right  lateral ventricles and 

their subdivisions: Anterior Horn, Body (not depicted), Atrium (not depicted), Posterior Horn, and Inferior Horn. 

The right-side displays a discontinuous posterior horn that appears disconnected from the rest of the ventricle 

(circled in black). 

 



 

 

5 

Borders and Subdivisions 

The divisions between the subdivisions of the lateral ventricle have been evaluated 

based on multiple sources (Mortazavi et al., 2014; Stratchko, 2016; Trimarchi, 2012; C. L. 

Scelsi, 2020; Chaddad-Neto, 2022; Morris JA et al., 2022). Specific anatomical structures, 

landmarks and conventions are used to delineate the borders between the lateral ventricle 

subdivisions.  Some borders are generally agreed on, but some differences persist, as 

discussed below.   

 

Anterior (Frontal) Horn (AH/FH) 

The anterior horn of the lateral ventricle is deep to the frontal lobe of the cerebral 

cortex. The blind anterior end is delimited by the genu of the corpus callosum, thereby 

forming the anterior wall of the AH. The roof of the AH is the body of the corpus callosum 

and the floor is the rostrum of the corpus callosum. The posterior border of the AH is the 

interventricular foramen of Monro. The medial wall of the AH is the septum pellucidum 

which separates the left and right AH/FHs. The inferomedial wall border is the columns of 

the fornix near the foramen of Monro. The forceps minor of the corpus callosum and the 

head of the caudate nucleus constitute the lateral wall.  
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Body (Central Part) 

The body of the lateral ventricle projects posteriorly from the foramen of Monro to 

the level of the splenium of the corpus callosum, where it expands as the atrium. The roof 

of the lateral ventricular body is the corpus callosum, and the floor is the thalamus and the 

fornix. The superomedial wall is formed by the septum pellucidum and the inferomedial 

wall is formed by the body of the fornix. The lateral wall is formed superiorly by the 

caudate nucleus and inferiorly by the thalamus.  

 

Atrium 

The body, the posterior horn, and the temporal horn join in a dilated region of the 

ventricle posterior to the thalamus. The roof of the atrium consists of the body, splenium, 

and tapetum of the corpus callosum while the collateral trigone makes up the floor. The 

medial wall is formed by the calcar avis, an indentation produced by the calcarine sulcus 

and comprised by the intervening white matter. The lateral wall is made up of the curved 

posterior end of the caudate nucleus, and tapetum of the corpus callosum which continues 

down from the roof and continues laterally. The anterior limit is the pulvinar of the 

thalamus medially, the crura of the fornix laterally, and the choroidal fissure inferiorly. The 

posterior limit is the callosal bulb (the impression made by the splenium of the corpus 

callosum), the calcar avis, and fibers of the tapetum of the corpus callosum (Feres Chaddad 

Neto, 2022). 
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Posterior (Occipital) Horn (PH/OH) 

The posterior horn is located posteriorly to the atrium and comprises the portion of 

the ventricle that tapers from the dilated atrium to end blindly in the occipital lobe. 

Throughout, the posterior horn is bounded by cerebral white matter. Unlike other 

ventricular regions, the border between the atrium and the posterior horn is indistinct. 

 

Inferior (descending or temporal) horn (IH/DH/TH)  

The inferior horn extends anteroinferiorly from the atrium through the temporal 

lobe and terminates within the temporal pole adjacent to the amygdala. The roof of the 

temporal horn consists of the tail of the caudate nucleus, thalamus, and the tapetum of the 

corpus callosum. A small portion of the roof, specifically on the medial side, is formed by 

the stria terminalis. The medial floor is formed by the hippocampus. The lateral floor is 

formed by the collateral eminence which is formed by an impression of the cerebral white 

matter by the collateral sulcus of the cerebral cortex.  The medial wall is formed by a small 

cleft between the fornix fimbria and the thalamus. The choroidal fissure runs along the 

medial wall and is composed of the fimbria of the hippocampus where the choroid plexus 

overlays. The lateral wall is composed of the tapetum which runs inferiorly and separates 

the wall from the optic radiation. In some instances, the collateral fissure may form a 

protuberance on the lateral wall.  
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Contents 

Choroid Plexus   

The choroid plexus is a highly vascular structure that creates CSF and is present 

inside the body, atrium, and temporal horns of the lateral ventricle. At any given time, the 

lateral ventricle holds 150 mL of CSF in an average adult and the CSF production ranges 

anywhere between 400-600 mL per day (Stratchko et al., 2016). 

 

Lining / Ependymal cells   

The ventricles are lined with a glial cell known as an ependymal cell, of which there 

are three different types: E1, E2, and E3. These cells line the ventricular surface in a single 

layer of ciliated columnar cells. The multinucleated E1 ependymal cells are the 

predominant type that line the lateral ventricles. E1 cells are polarized and contain cilia on 

their apical surface. The cilia are motile and beat CSF in the direction of the interventricular 

foramen of Monro.  E2 ependymal cells are also ciliated, while the E3 cells are unciliated. 

Together, E2 and E3 play a role in both the recognition of CSF metabolites and regulation 

of progenitor cell activity (Mirzadeh, 2017), and contribute to the generation of newborn 

neurons in periventricular regions such as the median eminence (Deng, 2023). Coordinated 

cilia beating of the ependymal cells allows for CSF to move through the lateral ventricles. 

Ependymal cells mediate selective passage of substances between the brain tissue and CSF 

(Silverberg et al., 2001; Igarashi et al., 2014). 
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Embryology 

 Upon conception, the embryo begins folding and undergoing rapid changes induced 

by an array of genes and hormones that lead to the closure of the neural tube around the 

fourth week of gestation (Scelsi, 2020). During the fifth week of gestation, the forebrain, 

also known as the prosencephalon, gives rise to the telencephalon and the diencephalon. 

The telencephalon leads to the development of the two cerebral hemispheres. At the initial 

stages, the telencephalon produces two evaginations. Each is a fluid-filled chamber lined 

with epithelium. The epithelial lining will become of the cells, nuclei and cortex of the 

telencephalon, and each chamber will become the lateral ventricles. The corpus striatum is 

found in the medial basal portion of the cerebral hemispheres, and it undergoes rapid 

growth that leads to changes in the shape of the developing lateral ventricle. This dramatic 

change leads to the early development of foramen of Monro, the connection between the 

lateral ventricle and the midline third ventricle.  This foramen narrows within the sixth 

week of gestation as the choroidal fissure forms. During the eighth week, the continued 

growth of telencephalic neural structures causes the lateral ventricle to adopt a C-shaped 

appearance. The ependyma are derived from radial glial cells around embryonic day 

fourteen and sixteen (Deng, 2023). At around 32 days of development, the choroid plexus 

fills the majority of the lateral ventricle. By the end of the first trimester, a large proportion 

of the cerebral hemisphere is occupied by the fast-expanding lateral ventricles, while the 

parenchymal growth remains minimal. At the twenty-first week of gestation, during the 

second trimester, the parenchymal growth accelerates, allowing the distinct development 

of the frontal, temporal, and occipital horns. At the thirty-first week, or the beginning of 
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the third trimester, the anatomy of the lateral ventricle is similar to that of the adult 

(Mortazavi et al., 2014; Scelsi, 2020; Huff, 2023). 

During the sixth and seventh month of fetal life, the posterior horn of the lateral 

ventricle is larger than any other time during an individual's life. As development 

continues, the calcarine and parieto-occipital fissures grow, and the production of CSF 

begins to encroach on the posterior horn space. Postnatally, the cerebellum rapidly expands 

and pushes into the occipital lobe so much so that the pressure is reflected on the PH of the 

LVs (Curran, 1909).  

Several studies focusing on prenatal and infant subjects have evaluated the size of 

the lateral ventricles.  A study using ultrasound examined 66 infants without intracranial 

pathology and found that in 41 infants, the right and left lateral ventricle bodies were of 

equal size. In 21 subjects, however, the left lateral ventricle body was larger than the right 

(Horbar, 1983).  Another study used MRI in 84 participants between 14 and 35 weeks 

found that up to 24 gestational weeks, there were no significant difference between the 

right and left lateral ventricles. However, after 24 gestational weeks, there was a significant 

difference between the left and right LV with the left LV having a larger volume (Li Z et 

al., 2019).  
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Background and Summary of Anatomical Research of the Lateral Ventricles 

The anatomy of the lateral ventricles has been studied largely in cadaveric 

specimens, through the use of pneumoencephalography, and more recently using 

computerized tomography (CT) and magnetic resonance imaging (MRI).  

Despite the long history of anatomical investigation of the lateral ventricles, little 

systematic information has been obtained on several normal anatomical variations of the 

lateral ventricles. Studies on age, size, shape, sex difference, handedness, and asymmetry 

have been completed with mixed results. 

The most common measurements of the lateral ventricle are related to morphology 

and include length and volume. In addition, several morphometric indices (Cella media 

index, Evan’s index, Huckman’s index, bicaudate index, bifrontal index, cella media index, 

third ventricular index, and ventricular index) have been developed as secondary measures. 

The Evan’s index is defined as the largest bifrontal diameter, determined by a line that 

connects the two front corners of the AH divided by the largest inner skull diameter. 

Huckman’s index combines the smallest LV width and the largest bifrontal diameter. The 

bicaudate index is the smallest width of the LV divided by the second horizontal plane 

minus the smallest width of the LV. The bifrontal index is the largest bifrontal diameter 

divided by the diameter of the bifrontal distance. The Cella media index is defined as the 

combined width of the cella media divided by the smallest inner skull diameter. The third 

ventricle ratio (or index) is the largest distance between the third ventricle’s lateral margins 

divided by the distance between the cortical surfaces (left to right). The ventricular index 

is the smallest width of the LV divided by the largest bifrontal diameter. 
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Morphometric Measurements of the Lateral Ventricles 

The ventricles constitute 2% of the total brain volume (TBV) and the LV contribute 

to 82% of the total ventricular system (Patnaik et al., 2016), and have an average 

measurement of 20.1 cubic centimeters (or 20,100 mm^3; Apostolova LG et al., 2012). 

Recent studies using automated and manual (FreeSurfer or 3D Slicer) approaches to 

determining volume of the left and right consistently show that on average the left lateral 

ventricle is larger than the right lateral ventricle (van Erp TGM et al., 2016; Guadalupe T 

et al., 2017; Rushmore et al., 2022), with the left LV measuring 7.62 ± 3.94 cm^3 and the 

right LV measuring 6.88 ± 3.17 cm^3 (Rushmore et al., 2022). The variation between 

subjects is considerable (46-51%) and makes it difficult to conclude that the ventricles are 

reliably larger on one side than the other in a specific individual. Thus, multiple studies 

have concluded that the left ventricle is larger (Harvey RW, 1911; LeMay, 1984; Ichihashi 

K et al., 2002; Kiroglu Y et al., 2008; Annongu et al., 2017; Li Z et al., 2019), while other 

studies have found larger right ventricle volume (Trimarchi et al., 2013; Honnegowda TM, 

2017).  The differences in these studies may be a result of the large variation in the 

ventricular size but may also be due to differences in subject populations, methods (e.g., 

cadaveric measurement vs. in vivo imaging method), or the presence of comorbidities.   In 

fact, asymmetry between lateral ventricles may be influenced by factors such as sex (male 

vs. female), handedness, and age, or the interaction thereof. Tied to the above, estimates of 

the incidence of asymmetry of the lateral ventricles has been postulated to be seen in 5.3% 

of cases in 1900 (Grosman, 1900), in 6.1% of cases in 2008 (Kiroglu Y et al., 2008), and 

in 5-12% of cases in 2013 (Mortazavi et al., 2014). 
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Sex Differences and Ventricular Asymmetry 

While men typically have larger brain volumes than women (Ruigrok et al., 2014), 

the question of whether ventricular volume differs on the basis of sex is still an open 

question.  Some studies have identified that the male lateral ventricles are larger than 

females in general (Gyldensted, 1977; Allen, Damasio, Grabowski, 2002; Vinoo Jacob, 

2013; Singh et al., 2014; M. Gameraddin, 2015; Honnegowda TM, 2017; Kolsur et al. 

2018; Li Z et al., 2019; Agarwal S et al., 2023), whereas others have found that the 

encephalic ventricle volume is larger in females than in males (Cramer et al., 1990).  Still 

other studies have identified no sex difference (Brassow F, Baumann F, 1978; Antar et al., 

1984; Erdogan, 2004; Jacob and Kumar, 2013; A Hori et al., 2019; Polat et al., 

2019).  When comparing the ventricles within males and females, asymmetry is noted in 

females, but not in males (Gyldensted, 1977).  Thus, it is an open question whether 

ventricular volume or asymmetry differs in males and females. 

 

Handedness and Ventricular Asymmetry 

In most right handers, the left cerebral hemisphere is larger than the left LV and 

such asymmetry might be expected to relate to the morphology of the lateral ventricles. 

Some studies have shown that ventricular asymmetry did not differ significantly between 

right-handed males and right-handed females (Cramer et al., 1990; Erdogan, 2004), while 

in other studies, the left LV was found to be larger in both right- and left-handed subjects 

when compared to the right LV (Zipursky, Lim, Pfefferbaum, 1990). 
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Ventricular Size and Asymmetry in Aging 

 Age is a consistent factor associated with lateral ventricle size. Many studies have 

shown that the size (both length and width) of the ventricles increase as individuals age 

(Cramer et al., 2013; Singh et al., 2014; Agarwal S et al., 2023) and that ventriculomegaly 

is positively associated with age (Vinoo Jacob, 2013).  

The ventricle gradually increases in size between the first and seventh decades, with 

no significant increase observed between the second and third or fourth and fifth decade of 

life. However, there are statistically significant increases when comparing all other decades 

(third and fourth, fifth and sixth, sixth and seventh, etc.), and at the eighth and ninth decade 

there is a dramatic increase in size (Barron and Jacob et al., 1976). Calculations based on 

ventricular indices also show increases in ventricular size specifically during the sixth and 

seventh decade (Vinoo Jacob, 2013), with the maximum ventricular length observed in 

participants greater than 70 years of age (Agarwal S et al., 2023). 

Some studies have suggested that there are no differences between the right and left 

ventricle size with relation to aging (Trimarchi et al., 2013), but there does appear to be a 

positive correlation between ventricular indices (Evan’s index, Huckman’s index, 

bicaudate index, bifrontal index, cella media index, third ventricular index, and ventricular 

index) and increasing age (Kolsur et al., 2018).  
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Morphometric Studies of Lateral Ventricle Subdivisions 

Anterior (Frontal) Horn (AH/FH) 

Asymmetry is present of the the AH/FH (Trimarchi, 2013) in approximately 10.3% 

of cases (Shapiro et al., 1986), with some studies showing a larger left AH, and others a 

larger right AH (Harvey RW, 1911; Shapiro et al., 1986; Annongu et al., 2017). Other 

studies have identified no difference in the width of the left and right AH/FH (Gyldensted, 

1976; Vidal et al., 2008; Annongu et al., 2017).  

Studies examining sex differences of the frontal horn have produced contradictory 

findings, with some studies showing larger frontal horns in males (Karakas P., 2011; 

Gameraddin et al., 2015; Polat, 2019), while others find no differences based on sex 

(Gameraddin et al., 2015; Patnaik et al., 2016; Agarwal S et al., 2023). Other studies have 

found that females possessed a larger Evans’ index, while the males had the higher Evans’ 

ratio (FH/TIDS) (Polat et al., 2019). The data on asymmetry of the frontal horn is similarly 

contradictory with some studies showing asymmetry only in females, other studies have 

shown asymmetry in males, and still other studies have shown asymmetry in both males 

and females (Karakas P., 2011; Singh et al., 2014; Gameraddin, 2015; Honnegowda TM, 

2017).  

Specific lengths (see Table 1) of the AH have been specified in multiple studies 

and classified based overall (unspecified), right and left side based on demographics: age 

(Singh et al., 2014; Shahin S et al., 2020), on cadaveric specimen and MRIs (Shahin S et 

al., 2020), males and females (Last RJ, Tompsett DH, 1953; Singh et al, 2014; Gameraddin 

et al., 2015; Honnegowda TM, 2017; Shahin S et al., 2020), and unspecified demographics 
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(Last RJ, Tompsett DH, 1953; Gameraddin et al., 2015; Honnegowda TM, 2017; Annongu 

et al., 2017; Shahin S et al., 2020). 

 

Table 1: Length of Anterior (Frontal) Horn (AH/FH)  

 

 

Body (Central Part) 

Minimal research has been conducted on the asymmetry surrounding the body or 

central portion of the lateral ventricle, but similar to previously cited studies, the research 

completed has yet to reach a consensus.  Results of studies evaluating asymmetry 

according to sex have found no difference, larger in the left in the male, larger in the right 

in the male, and larger in the right in the female (Gameraddin et al., 2015; Honnegowda 

TM, 2017; Agarwal S et al., 2023).  

Only one study investigated the length of the body, but it was combined with the 

AH length in CT scans of males and females on both the right and left side (Singh et al., 

2014; see Table 2). Other studies of the body length alone (see Table 3) have been 
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completed looking at: overall (unspecified), right and left side based on demographics: age 

(Agarawal S et al., 2023), MRIs (Agarawal S et al., 2023), males and females (Last RJ, 

Tompsett DH, 1953; Gameraddin et al., 2015; Honnegowda TM, 2017; Agarawal S et al., 

2023), and unspecified demographics (Last RJ, Tompsett DH, 1953; Gameraddin et al., 

2015; Honnegowda TM, 2017; Agarawal S et al., 2023). 

 

Table 2: Length of Anterior (Frontal) Horn (AH/FH) + Body (Central Part) 

 

 

Table 3. Length of Body (Central Part) of the Lateral Ventricle 

 

 

Posterior (Occipital) Horn (PH/OH) 

Posterior asymmetry is dubbed the rule in the lateral ventricles (Last RJ, Tompsett 

DH, 1953). In the late 60’s, a study was conducted that proved that in 30% of cases, there 

was no difference between the right and the left PH/OH of the LV (McRae, 1968), meaning 

that 70% of the PH/OH is asymmetrical. Two separate studies have concluded that the left 
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PH/OH was larger (McRae, 1968; Strauss and Fitz, 1980), while a more recent study 

concluded that the right PH/OH was larger (Srijit D, Sherpa P, 2007). When taking into 

account handedness, left-handed subjects possessed a longer right PH/OH, while the right-

handed subjects had a longer left PH/OH (McRae, 1968). The influence of sex on PH/OH 

asymmetry has not been well characterized. One study in 2020 proved that although the 

male PH/OH appeared larger, the difference between male and female was not statistically 

significant (Agarwal S et al., 2023).  

Previous studies have assessed the volume or ratios of the lateral ventricle (LV) and 

its posterior horn (PH) subdivision, but limited research has focused on LV length and the 

effect of demographic data. The study by Agarwal et al. (2023) stands out as one of the 

few to provide specific PH lengths across various age groups and sexes, analyzing both 

cadaveric specimens and MRI data (refer to Table 4). Similarly, Karakas P. (2019) 

examined the longitudinal dimensions from the frontal to occipital pole in both males and 

females using MRI (see Table 5), whereas Annongu et al. (2017) determined the right and 

left LV length using CT imaging (see Table 6). While these studies offer insight into the 

lengths of the LV and its subdivisions, they suffer from limited demographic variability 

and a scarcity of comparable data. 

 

Table 4: Length of Posterior (Occipital) Horn (PH/OH) 
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Table 5: Length of Frontal to Occipital Pole (Longitudinal Dimension) 

 

 

Table 6: Length of Lateral Ventricle 

 

 

Summary of Existing Studies 

Overall, in spite of the fact that the lateral ventricles have been carefully studied for 

over a century, there is surprisingly little consensus on fundamental morphological features 

of the lateral ventricles, and how these features are affected by factors such as asymmetry 

and sex differences.  This is true for the lateral ventricle in general, but also for the specific 

subdivisions that comprise the lateral ventricle.  The reasons for the discrepancies are 

manifold, but likely are a result of comparing populations that differ based on age, 

handedness, sex, and comorbidity status.  Each of these variables has the potential to have 

an independent effect on ventricular size and must be carefully controlled for.  In addition, 

it is highly likely that the morphology of the lateral ventricle in vivo differs greatly from 

that observed in post-mortem specimens. 

 

Variations 

The lateral ventricles are conceived as confluent structures, but close evaluation 

indicates that in many brains, the spaces are not confluent, compressed, or otherwise 
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obstructed. These alterations in morphology exist in specific locations within the lateral 

ventricle, and do not appear in association with clinical studies. To date, few studies have 

investigated the degree of this type of anatomical variation in the normal population, 

particularly in normal healthy adults. This gap in knowledge is compounded by a lack of 

clarity in the definitions of these morphological alterations.   

 

Coarctation And Coaptation 

Coarctation and coaptation are two terms that have been used synonymously to 

describe a narrowing, fusion, closure, or obstruction of the lateral ventricles. 

Coarctation was first defined in pneumoencephalography, microscopy, and 

roentgenological studies of cadaveric specimens as the compression, narrowing or 

constriction of the lateral angles of the cerebral lateral ventricles (Davidoff, 1946). Less 

than a decade later, a five-year-long study was done on cadaveric specimens that further 

defined coarctation or coaptation as, “the apposition or fusion of 2 ventricular walls, 

resulting in partial or complete obliteration of the lumen.” (Bates and Netsky, 1955). Since 

this 1955 publication, there have been few research studies (Sener, 1997; Dogan, 2015; 

Scelsi, 2020; Morris JA et al., 2022) done to determine the frequency and degree of 

coaptation of the lateral ventricles among individuals. 

Coarctation has been characterized as the microscopic appearance of “elongation 

of ependymal cells between the corpus callosum and the head of the caudate nucleus" 

(Davidoff, 1946). Sener defined coarctation in the frontal horn in which the horn walls 

appeared to be fused and was compared to the irregular loss of ependyma in the FH with 
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astrocytic gliosis (proliferation of astrocytes that produce a glial scar due to a permanent 

injury (Mckeever, 2021), better known as ependymitis granularis (Sener, 1997). 

Coarctation of the lateral ventricles was observed in the superolateral (external) angles of 

the lateral ventricles. Within the LV, coarctation was most common in the frontal horns or 

within the body, and/or within the anterior portion of the foramen of Monro. These 

researchers determined coarctation, connatal cysts, and frontal horn cysts are synonymous, 

and are considered normal morphological variations of the LV (Epelman, 2006; Dogan, 

2015). The American Journal of Neuroradiology did a detailed review of the lateral 

ventricles and defined coarctation as an anatomic variant that refers to the “apposition or 

fusion of 2 ventricular walls” that leads to complete or partial obstruction of the 

communication through a lumen. The terms “close apposition” and “fusion” of two 

ventricular walls were also used by the Neuroimaging Clinics of North America who 

published, “Anatomy of the Ventricles, Subarachnoid Spaces, and Meninges” (Morris JA 

et al., 2022). Similar to Dogan, a discussion of small rosettes, ependymal lined cysts, or 

connatal cysts was described (C.L. Scelsi, 2020). Lastly, coaptation, which has been 

defined as the fusion of ependymal-lined surfaces, shares the same definition as coarctation 

(Bates, 1955). 

In a 1909 correspondence to the Boston Medical and Surgical Journal, E. J. Curran, 

MD discussed the underrepresented posterior horn variations seen among the autopsied 

brains he encountered while working at Harvard University Medical School. It was 

discovered that 22 out of 64 subjects had varying degrees of constriction among the PH of 

the LV, that were classified into 3 categories (A: ordinary, normal, dilated, or easily 
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pushed/drawn in manipulated by internal or external pressure; B: constricted with 

adhesion; C: complete closure). Between class B and C, 42 out of 64 cases fell under these 

two categories. It is within this correspondence that the author argues that the calcarine 

fissure and cerebellum play a role regarding the shape of the LV PH/OH. This article adds 

to the definition of coarctation with specific information regarding the PH. It was found 

that a large percentage of brains display a cut off of communication with the rest of the 

ventricle due to this adhesion or constriction. (Curran, 1909). 

Coaptation has also been described as an “accessory cerebral ventricle” that can be 

found in the occipital lobe of the brain. This accessory cerebral ventricle was found in 

21.3% (86) of 404 subjects who underwent a CT scan. Of these 86 cases, 34 were seen on 

the left, 25 on the right, and 27 on both sides. This anomaly was also found in 29.5% of 

200 autopsied brains (Hori, 1984).   

Despite this knowledge, very little information has been assembled on the incidence 

of these anatomical variations in healthy adult human brains of both sexes. 

 

Clinical Variations 

A number of pathologies lead to changes in the anatomy of the lateral 

ventricle.  Most disorders lead to substantial volumetric increases and reflect global or 

specific reductions in gray or white matter volumes. These changes are observed in 

disorders such as Alzheimer's Disease (AD), Autism Spectrum Disorder (ASD), Bipolar 

Disease (BD), Chronic Traumatic Encephalopathy (CTE), Huntington’s Disease (HD), 

Hydrocephalus, Multiple Sclerosis (MS), Parkinson’s Disease (PD), and Schizophrenia 
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(SCZ). In addition, volumetric changes to specific ventricular subdivisions have been 

observed in AD, Autism, CTE, and Schizophrenia. 

 

Alzheimer’s Disease (AD) 

Alzheimer’s Disease (AD) is a progressive neurodegenerative disease that has an 

onset in both middle- and late-age adults. As the most common type of dementia 

worldwide, leading to an accrual of approximately 156 billion dollars annually in 

healthcare costs (Apostolova, 2012). AD studies have shown decreases in myelin and 

axons, leading to an overall volume decrease in the gray and white matter and an increase 

in cerebrospinal fluid (CSF) filled spaces. Many structures are affected by AD such as the 

corpus callosum, amygdala, hippocampus, thalamus, caudate nucleus, and deep white 

matter.  AD is associated with increases in the size of the lateral ventricles.  These increases 

are especially pronounced in the temporal/inferior horn (Shape differences of the brain 

ventricles in AD, 2006).  

 

Autism Spectrum Disorder (ASD) 

Autism spectrum disorder (ASD) is a complex developmental disability that causes 

differences in the brain believed to be caused by a combination of genetics, epigenetics, 

environmental and biological factors (Basics About Autism Spectrum Disorder (ASD) - 

CDC, 2022). There have been few studies investigating the anatomy of the lateral ventricles 

in autism. One CT study of 13 participants between the ages of 3 and 8 found a tendency 

of individuals with autism to have a smaller right to left ventricular ratio (Rosenbloom S 
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et al., 1984). More recently, a study with 42 participants spanning 6 to 17 years of age 

showed localized reductions in regional ventricular volumes in both the right and left 

AH/FH and PH/OH of the ventricles. These diminished ventricular volumes were also seen 

in the mid portion of the left lateral ventricle (Vidal et al., 2008). Given the difficulty in 

predicting the incidence of autism, these results suggest that ventricular anatomy may be a 

potential biomarker of autism. 

 

Chronic Traumatic Encephalopathy (CTE) 

Chronic traumatic encephalopathy (CTE) is a neuropathological condition 

associated with repeated head injury and/or traumatic brain injuries (TBIs) caused by blows 

to the head and concussions. CTE is common among individuals who participate in contact 

sports (football, soccer, baseball, boxing, etc.) or veterans that have been exposed to 

explosions during war (McKee et al., 2015; NHS, 2017; ALZ.org, 2024). Major symptoms 

of those affected by CTE include memory issues, attention deficit, balance and motor skills, 

confusion, personality changes, depression, aggressive behaviors, and many more. There 

has been little consensus among scientists about what symptoms can be seen in the early 

stages of CTE, as it can take decades after injury to experience symptoms (NHS, 2017; 

ALZ.org, 2024). CTE has gross changes within the lateral ventricles that can be identified 

when looking at gross anatomy. In early or mild CTE, the lateral ventricles show specific 

enlargements in the AH/FH and TH (McKee et al., 2015).  Thus, given the difficulty in 

diagnosis, ventricular anatomy may aid in predicting whether an individual has CTE. 
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Schizophrenia (SCZ) 

Schizophrenia (SCZ) is a chronic and complex mental health disorder characterized 

by delusions, and hallucinations (McCutcheon, 2020). In an MRI study that contained 30 

controls and 39 age- and sex-matched Schizophrenia subjects between the age range of 14 

and 45 years old, male individuals with schizophrenia exhibited a greater amount of shape 

asymmetries, but there were no significant differences among the female subgroups. In the 

SCZ group, the greatest amount of asymmetry was seen in the main ventricle body and the 

AH/FH, but in the control group, the largest amount of asymmetry was found in the tip of 

the TH and AH/FH (Graham J. et al., 2006). In a case study that followed only 1 male who 

was 57 years old, CT, MRI, and gross anatomy were used to propose that the PH/OH is 

adjacent to vital functional areas, and any abnormalities in the PH/OH could lend to 

diagnosing visual disturbances (such as with schizophrenia or other psychiatric disorders) 

(Srijit and Shipra, 2007). 

 

Purpose of This Study 

 The background information shows that many aspects of the morphology of the 

lateral ventricles are not yet definitively established. In the current study, we have 

evaluated the anatomy of the lateral ventricles of the human brain in both sexes using high-

resolution MRI scans from the Human Connectome Project (HCP; Glasser et al., 

2013).   The high-resolution MRI scans from the HCP allows for the study of a large 

number of well-characterized individuals of a similar age and without pathology.  The HCP 

subjects are also scored for handedness and are scanned at a high spatial resolution (0.7mm 

isotropic), thus ventricular analysis can be performed in the context of variables that 
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otherwise would impair strong conclusions to be made. In addition, the high resolution 

allows for evaluation of coaptation or coarctation events as well as precise subregional 

analysis. This study aims to advance our basic and clinical understanding of lateral 

ventricle morphology. 
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METHODS 

Experimental Subjects 

         As previously described by Glasser et al. (2013), three-hundred and two high-

resolution T1w MRI images were obtained from the HCP Young Adult dataset (n = 172 

female, n = 130 male) with the corresponding demographic characteristics: 55.30% Black 

or African American, 22.19% White, 20.53% Asian/Native Hawaiian/Other Pacific 

Islander, 0.66% American Indian/Alaskan Native, 0.99% More than one, and 0.33% 

Unknown or Not Reported. The mean age of the participants was 28.7 years (standard 

deviation = 3.9, min = 22, max = 36). Subjects were randomly selected such that only one 

individual per family was included in the study.  The resulting participant pool was unequal 

in terms of sex distribution, and as a result, randomly selected individuals were swapped 

within a family to create an even sex distribution within and across demographics.  The 

final population had a grand total of 174 participants (n = 87 female, n = 87 male). 

 

Data Collection 

3D Slicer 

3D Slicer (https://www.slicer.org/) is a free, open-source software used for multiple 

applications including visualization, processing, segmentation, and much more. Upon 

download, 3D Slicer was used to visualize the high-resolution MRI scans obtained by the 

HCP, and to calculate the length of the lateral ventricles and their subdivisions. 
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Figure 3. Visualization of MRI dataset in 3D Slicer. Three different views of the same volume are shown: axial 

(red window, upper left), sagittal (yellow window, lower right), coronal (green window, lower level), and a 3D 

visualization window of any segmentation. For this study, the green (Coronal) view was primarily utilized for 

visualization and measurement. 
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Magnetic Resonance Imaging (MRI) Analysis 

Anatomical Definitions 

The anterior aspect of the anterior horn was identified by a disruption in the white 

matter posterior to the start of the corpus callosum for the left and right ventricles (see 

Figure 4). The posterior aspect was set at the foramen of Monro (see Figure 6), and the 

distance of the anterior horn was determined. The presence of anatomical variations such 

as coarctation and compressions were noted, along with the severity of compressions. 

 

 

Figure 4. MRI Displaying Opening of Anterior Horn. Moving posteriorly, the anterior horn is marked by a break 

in the white matter (yellow box) just after the merging of the right and left hemisphere’s white matter, which is 

the corpus callosum.  
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Figure 5. The coronal section immediately prior to the border between the frontal horn and the body.  The fornix 

(blue box) can be identified on the midline, and the anterior commissure (orange box) is notable at this 

level.  Subsequent sections will display the foramen of Monro (Figure 6).  

 

 

 

Figure 6. MRI image of the foramen of Monro in two sequential sections. At this level, the anterior commissure 

has disappeared and the fornix is divided into superior and inferior segments. The space between the two fornical 

segments is known as the foramen of Monro (purple box) and serves as the border between the anterior horn and 

the body of the lateral ventricle. 
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Compression Incidence 

Compression of the AH was defined based on severity. Severity of the AH ranged 

from No Compression (NC), Mild Compression (MC), and Severe Compression (SC). 

Each side of the LV severity was noted and combined into two large umbrellas: (1) 

Symmetrical Compression of the AH and (2) Asymmetrical Compression of the AH. Under 

these two umbrellas are subcategories with combinations of (A) NC and NC, (B) MC and 

MC, (C) SC and SC, (D) NC and MC, (E) NC and SC, and (F) MC and SC (see Figure 7). 

Both the left and the right side are noted. 

 

Compression Severity 

  Compression severity was determined by evaluating the degree to which the walls 

of the lateral ventricle were close to each other at any point along the anterior-posterior 

extent.  No compression (NC) indicated that the walls of the AH were clearly separated. 

Mild compression (MC) was classified by a noticeable reduction in the distance between 

the lateral, inferior, or superior walls, including a pinching or partial occlusion of the lateral 

or inferior angles of the AH.  Severe compression (SC) was characterized by almost 

complete or complete occlusion of the AH cavity, with minimal or absent CSF.  
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Symmetrical Compression 

A NC + NC 

 

B MC + MC 

 

C SC + SC 

  
Asymmetrical Compression 

D NC + MC 

 

E NC + SC 

 

F SC + MC 

 

Figure 7. Example of Anterior Horn Compression Severity. The side-by-side images above depict a single case. 

Symmetrical Compression: (A) No Compression (NC) + No Compression (NC), (B) Mild Compression (MC) + 

Mild Compression (MC), (C) Severe Compression (SC) + Severe Compression (SC). Asymmetrical Compression: 

(D) No Compression (NC) + Mild Compression (MC), (E) No Compression (NC) + Severe Compression (SC), (F) 

Severe Compression (SC) + Mild Compression (MC).  
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For the body, the distance was calculated between the foramen of Monro and the 

atrial opening. The atrial opening is identified when the body first extends inferolaterally, 

with the fornix as its medial margin (Figure 8) continuity with an inferior small space (see 

Figure 8). Also noted was the onset of continuity on either the right or left side and the 

occurrence of narrowing on either the right or left side. 

 

Figure 8. MRI imaging showing the transition from the body (left) to the atrium (right). Notice that in the left 

image, the superior body of the lateral ventricle does not extend inferolaterally to reach the space in the dark 

green box, whereas in the subsequent section on the right this extension is observed (light green box). 

 

The atrium is a large cavity that reduces in size in the anterior to posterior direction. 

At a certain point, the atrium gives rise to the small posterior horn.  However, there is no 

reliable anatomical border between the atrium and posterior horn, a problem noted by 

several previous investigators (Bates and Netsky, 1995; Mortazavi et al., 2014; Chaddad-

Neto, 2022; Morris JA et al., 2022).  As a result, the atrium and posterior horn are combined 

in the present study for the purposes of length.  However, the posterior horn takes on a 

variety of different shapes and will be described as such.  In general, the posterior horn 
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diminishes in diameter before ending completely in the occipital lobe, surrounded by white 

matter (see Figure 9). 

 

Figure 9. End of the Posterior Horn. Coronal MRI showing the disappearance of the PH (red boxes) leaving only 

white matter visible (pink box). 

 

While the canonical view of the posterior horn is as a tapered and blind ending 

subdivision, in many cases, the posterior horn ends in the occipital white matter only to 

reappear more posteriorly. The posterior horn was thus defined as continuous or 

discontinuous.  This was noted on both the right and the left side of the lateral ventricle. 

Once the end was determined, the distance of the combined atrium and PH was calculated 

between the atrial opening and the disappearance of the PH. The presence of anatomical 

variations such as PH shape and continuity were noted. 

Shapes were categorized into four categories defined as (1) 2-pronged, (2) C-

shaped, (3) pin, and (4) oblong (see Figure 10). The oblong umbrella contains any shapes 

that do not fall under the specified umbrella categories (1) 2-pronged, (2) C-shaped, or (3) 

pin. Notable shapes that fall under the (4) oblong umbrella consist of shapes such as the 

(4a) crescent moon, (4b) half-moon, (4c) flattened, (4d) oblong (irregular), (4e) teardrop, 

or (4f) triangle. The progression through multiple shapes on the right and left sides were 

noted. 
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Shape Groups 
Photo Example 

1. 2-pronged shaped 

 

2. C-shaped 

 

3. Pin shaped 

A. Small Pin 

 

 

B. Large Pin 

 

 

4. Oblong shaped 

A. Crescent Moon 

 

B. Half-Moon 

 

C. Flattened 

 

D. Oblong 

 

E. Teardrop 

 

F. Triangle 

 

Figure 10. Posterior Horn Shapes. Examples of the posterior horn shape classifications: (1) 2-pronged shaped, (2) 

C-shaped, (3) Pin shaped: (3A) Small Pin and (3B) Large Pin, (4) Oblong shaped: (4A) Crescent Moon, (4B) Half-

Moon, (4C) Flattened, (4D) Oblong, (4E) Teardrop, and (4E) Triangle. 
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The continuity of both the right and left side of the PH were noted. If the PH closed 

off and then reappeared more caudally, it was classified as discontinuous. If it disappeared 

and did not reappear, it was classified as continuous.  

 

 

 

Figure 11. MRI Visualization of Posterior Horn Continuity. Axial MRI exhibiting a case Continuous (C) (dark 

blue box) and Discontinuous (D) PH (green boxes). 

 

 

 The complete length of the lateral ventricle was determined by calculating the 

distance between the opening of the anterior horn and the disappearance of the PH.  
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Statistical Analysis 

Using RStudio, a comprehensive analysis was conducted on various anatomical 

measurements and regions to explore potential influencing factors. Paired t-tests were 

employed to compare the lengths of the lateral ventricles, as well as specific subdivisions 

such as the AH subdivision, the body subdivision, and atrium to the end of the posterior 

horn (PH), between the right and left sides. Analysis of variance (ANOVA) tests were 

utilized to evaluate the impact of compression and compression severity on these 

measurements, including the complete length of the lateral ventricles and subdivisions 

including the AH subdivision, body subdivision, and atrium to the end of PH. ANOVA 

analyses were conducted to examine the relationships between age, sex, handedness, and 

length measurements, encompassing the entire LV length, as well as the lengths of the AH 

subdivision, and body subdivision, and the atrium to the end of the PH of the lateral 

ventricles. Pearson correlation analyses and linear regression models were applied to 

investigate the associations between age and the entire LV length, as well as the lengths of 

the AH subdivision, and body subdivision, and the atrium to the end of the PH of the lateral 

ventricles. Additionally, chi-square tests were used to explore the relationships between 

handedness and compression and compression severity. Evaluation of bi or multi-peak 

characteristics of the distributions of each lateral ventricle was assessed with the bimodality 

coefficient. Charts were produced using Microsoft Excel and Statistics Kingdom. Overall, 

these analyses aimed to provide insights into the intricate interplay between lateral 

ventricle morphology, demographic factors, and anatomical variations. 
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RESULTS 

In the present study, 174 high-resolution T1W MRI scans were analyzed.  Unlike 

previous studies that derived metrics predominantly from White participants, the current 

study incorporated a more diverse and representative dataset. 

 
Table 7. Demographic Characteristics of Participants  

 

 

Ventricle: Overall / General 

Length 

The anteroposterior length of each LV was calculated for each brain.  The average 

length of the left LV was 101.39 mm, with a standard deviation of 11.18 mm and a median 

length of 103.6 mm (95% CI = [99.72 - 103.06]; Figure 12). In comparison, the average 

length of the right LV was 98.10 mm, with a standard deviation of 11.71 mm and a median 

length of 100.8 mm (95% CI = [96.35-99.86]; Figure 12). The left LV was significantly 

larger than the right (Student’s t-test, unpaired, p = 0.0078; Figure 13). Since left and right 

were measured in the same individual, we also conducted a paired t-test.  This showed that 

when a paired t-test was used to examine the subject-specific effects, a significant 

difference (p = 3.29e-06) between left and right ventricle lengths was identified that the 
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left LV was larger than the right, with the left side estimated to be approximately 3.29 mm 

longer on average. Additionally, the bi-modality coefficient was calculated to determine 

whether there were more than one embedded populations for left and right LVs. For both 

ventricles, the bimodality coefficients were both <0.55, indicating insufficient evidence for 

more than one peak. Moreover, a one-way analysis of the total intracranial volume (eTIV) 

was performed to confirm that the LV size difference between the left hemisphere (p < 

0.0001) and right hemisphere (p = 0.0002) persisted when the head size was normalized.  
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Figure 12. Length of the Right and Left Lateral Ventricles. Violin plots represent the distribution of 

anteroposterior length in millimeters (mm) for the right (light gray) and left (dark gray) lateral ventricles, with 

individual cases shown as black circles. The accompanying table provides the minimum, maximum, average, and 

standard deviation (SD) lengths for the right (light gray), left (dark gray), and combined total (black). 
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Figure 13. Comparison of Right and Left LV of Size by Case. Scatter plot illustrating the relationship between left 

and right lateral ventricle lengths (mm) of complete objects. The red line represents the line of equality (y = x), 

indicating perfect symmetry between left and right lengths. Points above the red line indicate a larger right 

ventricle in individual cases (depicted as open circles), while those below the line indicate a larger left ventricle. 
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Sex Differences 

In males, the average length of the right ventricle was 100.66 ± 12.20 mm with a 

median length of 103.3 mm. The left ventricle was 104.98 ± 10.86 mm with a median 

length of 106.4 mm. Females, on the other hand, have an average right ventricle length of 

95.55 ± 10.67 mm with a median length of 98.7 mm and a left ventricle length of 97.81 ± 

10.36 mm with a median length of 100.8 mm (Figure 14).  

The length of the LV was larger on the left than right for both male and female 

participants. In addition, the male left LV was observed to be larger than the female. An 

analysis of variance (ANOVA) was conducted to assess whether there was a statistically 

significant difference in the left and right LV length in males and in females. The results 

revealed a significant main effect of sex on LV length on the right side (F(172) = 8.671, p 

< 0.01) and the left side (F(1, 172) = 19.89, p < 0.01), indicating that the left LV length 

was larger than the right in both males and females. Tukey's Honest Significant Difference 

(HSD) test revealed that males have a significantly longer mean length of the right LV 

(5.12 mm larger, 95% CI: [1.69 - 8.55]) compared to females (p = 0.0037), and that males 

have a significantly longer mean length of the left LV (7.17 mm larger, 95% CI: [3.99 - 

10.35]) compared to females (p = 1.48e-05).  
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Figure 14. Length of the Right and Left Lateral Ventricle by Sex. Violin plots represent the distribution of 

anteroposterior length in millimeters (mm) for the female right (dark orange), male right (dark blue), female left 

(light orange), and male left (light blue) lateral ventricles, with individual cases shown as black circles. The 

accompanying table provides the minimum, maximum, average, and standard deviation (SD) lengths for each 

ventricle category. 
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Age 

In the 22 to 26 age group, the average length of the right LV was 98.5 ± 12.3 mm, 

and for the left LV, it was 100.8 ± 11.4 mm. In the 27 to 31 age group, the average length 

of the right LV is 97.2 ± 12.0 mm, and the left LV was 101.4 ± 11.4 mm. In the 32 to 36 

age group, the average length of the right LV is 98.9 ± 10.7 mm, and for the left LV, it's 

102.0 ± 10.8 mm (Figure 15). 

A Pearson correlation analysis was conducted to examine the relationship between 

right and left LV length and age. The results revealed that age was not correlated with the 

right and left LV length (right: r = 0.022, p = 0.769; left: r = 0.050, p = 0.515). 

 

 
Figure 15. Length of the Right and Left Lateral Ventricles by Age.  A bar chart depicting the relationship between 

the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles across age groups. The 

accompanying table presents the minimum, maximum, average, and standard deviation (SD) lengths for both 

ventricles among three age groups (22 - 26, 27 - 31, 32 - 36). 
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A. Right LV 

 

 

B. Left LV 

 

  
Figure 16. Length of the Right and Left Lateral Ventricles by Age per Case. (A.) Scatter plot depicting the 

relationship between age (years) and the length (mm) of the right lateral ventricles among individual cases (open 

circles). The solid line represents the linear regression model fitted to the data. (B.) Similarly, another scatter plot 

illustrates the relationship between age (years) and the length (mm) of the left lateral ventricles among individual 

cases (open circles), with the solid line representing the linear regression model fitted to the data. 



 

 

46 

Handedness 

The average length of the left LV was 102.4 ± 10.3 mm for right-handed 

individuals, 97.41 ± 12.2 mm for ambidextrous individuals, and 98.15 ± 14.9 mm for left-

handed individuals. In comparison, the average length of the right LV was 99.22 ± 10.7 

mm for right-handed individuals, 92.16 ± 12.8 mm for ambidextrous individuals, and 96.29 

± 15.6 mm for left-handed individuals. Measurements from the anterior horn (AH) to the 

end of the posterior horn (PH) revealed a consistent trend of longer LV length on the left 

side for right-handed, ambidextrous, and left-handed individuals (Figure 17). 

An analysis of variance (ANOVA) was conducted to assess the LV length 

differences by handedness and side. The findings indicated unequal ventricle length among 

right-handed, ambidextrous, and left-handed individuals. A significant main effect of 

handedness on the right side (F(2, 171) = 3.512, p < 0.05) was observed, but not on the left 

side (F(2, 171) = 2.644, p = 0.074). 

 

 

 

 

 

 

 

 

 

 



 

 

47 

 

 

 

 

 

 

 
Figure 17. Length of the Right and Left Lateral Ventricles by Handedness. A bar chart depicting the relationship 

between the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles categorized by 

handedness. The accompanying table presents the minimum, maximum, average, and standard deviation (SD) 

lengths for both ventricles among right-handed, left-handed, and ambidextrous individuals. 
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Anterior (Frontal) Horn 

Length 

The average length of the right LV AH subdivision was 28.51 mm, with a standard 

deviation of 2.9 mm and a median length of 28.7 mm (95% CI = [28.07 – 28.94]). In 

comparison, the average length of the left LV AH subdivision was 28.99 mm, with a 

standard deviation of 2.6 mm and a median length of 28.7 mm (95% CI = [28.60 – 29.38]) 

(Figure 18).  

The right LV AH subdivision was not significantly larger than the left LV AH 

subdivision (Student’s t-test, unpaired, p = 0.107). Since left and right were measured in 

the same individual, we also conducted a paired t-test. This showed that when a paired t-

test was used to examine the subject-specific effects, a significant difference (p = 0.0001) 

between left and right ventricle AH subdivision lengths was identified showing that the left 

LV AH subdivision was larger than the right, with the left side estimated to be 

approximately 0.479 mm longer on average.  
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Figure 18.  Length of the Right and Left Anterior Horn. Violin plots represent the distribution of anteroposterior 

length in millimeters (mm) for the right (light gray) and left (dark gray) AH subdivision of the lateral ventricles, 

with individual cases shown as black circles. The accompanying table provides the minimum, maximum, average, 

and standard deviation (SD) lengths for the right (light gray), left (dark gray), and combined total (black). 
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Sex Differences 

Among males, the left-side AH length averages 34.45 ± 2.10 mm compared to the 

right side, which averages 33.49 ± 2.04 mm. Similarly, among females, the left-side AH 

length averages 32.89 ± 1.76 mm, in contrast to the right side, which averages 32.12 ± 1.87 

mm (Figure 19).  

The male and female AH are longer on the left side than on the right side. The male 

AH appears to have a longer AH length, with greater variability, than females. The analysis 

of variance (ANOVA) confirms these findings, showing significant differences in AH 

length between sexes for both the right (F(1, 172) = 19.36, p < 0.001) and left sides (F(1, 

172) = 21.42, p < 0.001). Tukey's Honest Significant Difference (HSD) test revealed that 

males have a significantly longer mean length of the right body subdivision (1.85 mm 

larger, 95% CI: [1.02 - 2.68]) compared to females (p = 1.89e-05), and that males have a 

significantly longer mean length of the left body subdivision (1.44 mm larger, 95% CI: 

[0.69 - 2.19]) compared to females (p = 0.0002).  
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Figure 19. Length of the Right and Left Anterior Horn by Sex. Violin plots represent the distribution of 

anteroposterior length in millimeters (mm) for the female right (dark orange), male right (dark blue), female left 

(light orange), and male left (light blue) in the AH subdivision of the lateral ventricles, with individual cases shown 

as black circles. The accompanying table provides the minimum, maximum, average, and standard deviation (SD) 

lengths for each ventricle category. 
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Age 

In the 22 to 26 age group, the average length of the right LV was 28.2 ± 2.5 mm, 

and for the left LV, was 28.5 ± 2.3 mm. In the 27 to 31 age group, the average length of 

the right LV was 28.7 ± 3.1 mm, and for the left LV, was 29.3 ± 2.7 mm. In the 32 to 36 

age group, the average length of the right LV is 28.5 ± 3.1 mm, and for the left LV, it was 

29.1 ± 2.7 mm (Figure 20). 

Both Pearson correlation analysis and linear regression analysis were conducted to 

examine the relationship between right and left AH subdivision of the LV length and age. 

In summary, both Pearson's correlation and linear regression analysis demonstrate that 

there was no significant relationship between the length of the right-side or left-side AH 

subdivision of the LVs and age. 

 

 
Figure 20. Length of the Right and Left Anterior Horn by Age.  A bar chart depicting the relationship between 

the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles in the AH subdivision across 

different age groups. The accompanying table presents the minimum, maximum, average, and standard deviation 

(SD) lengths for both ventricles among three age groups (22 - 26, 27 - 31, 32 - 36). 
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Handedness 

The average length of the right LV was 28.5 ± 2.7 mm for right-handed individuals, 

28.7 ± 3.2 mm for ambidextrous individuals, and 28.1 ± 4.3 mm for left-handed individuals. 

In comparison, the average length of the left LV was 28.9 ± 2.5 mm for right-handed 

individuals, 29.5 ± 2.6 mm for ambidextrous individuals, and 29.1 ± 3.4 mm for left-handed 

individuals (Figure 21). Measurements from the anterior horn (AH) to the end of the 

posterior horn (PH) revealed a longer LV length on the left side for right-handed, 

ambidextrous, and left-handed individuals. 

An analysis of variance (ANOVA) was conducted to explore the potential influence 

of handedness on the lengths of the right and left sides of the AH subdivision of the LV. 

The results revealed no significant differences in AH lengths attributed to handedness for 

either the right or left side. For the right side, the ANOVA showed a sum of squares of 

3.8262 attributed to handedness, with an associated F-value of 0.223 and a non-significant 

p-value (p = 0.801). Similarly, for the left side, the sum of squares attributed to handedness 

was 6.6894, with an F-value of 0.489 and a non-significant p-value (p = 0.614). These 

findings indicate that handedness does not have a statistically significant effect on the 

lengths of either the right or left side of the AH subdivision of the LVs.  
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Figure 21. Length of the Right and Left Anterior Horn by Handedness. A bar chart depicting the relationship 

between the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles in the AH subdivision 

categorized by handedness. The accompanying table presents the minimum, maximum, average, and standard 

deviation (SD) lengths for both ventricles among right-handed, left-handed, and ambidextrous individuals. 
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AH Variations 

Definition 

Compression and Compression Severity 

Compression refers to the reduction in space or constriction of a cavity, such as the 

LV in the brain. Compression severity is assessed by observing how close the walls of the 

LV are to each other along its length. No compression (NC): The walls of the LV are clearly 

separated. Mild compression (MC): There is a noticeable reduction in the distance between 

the walls, including partial occlusion of angles. Severe compression (SC): The ventricle is 

almost or completely occluded, with minimal or no cerebrospinal fluid present. 

 

Left / Right Difference 

Compression 

A total of 96.6% of cases exhibited AH compression when both the right and left sides 

were combined (Figure 22). An analysis of variance (ANOVA) was conducted to evaluate 

the impact of AH compression incidence and whether it affects the right-side and left-side 

length of the LV and LV subdivisions. 
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General/Overall 

The ANOVA results indicate no significant relationship between the length of the 

right LV and AH compression (F(1, 172) = 0.001, p = 0.978). The ANOVA results for the 

length of the left LV and AH compression indicate no significant relationship between the 

two variables (F(1, 172) = 2.055, p = 0.153).  

 

AH 

The ANOVA results for the length of the right LV AH subdivision and AH 

compression indicate no significant relationship (F(1, 172) = 0.926, p = 0.337). The 

ANOVA analysis of the length of the left LV AH subdivision concerning AH compression 

indicates no significant relationship between the two variables (F(1, 172) = 0.156, p = 

0.693). 

 

Body 

The ANOVA analysis of the length of the right LV body subdivision concerning 

AH compression indicates no significant relationship (F(1, 172) = 0.288, p = 0.592). The 

ANOVA analysis of the length of the left LV body subdivision concerning AH 

compression indicates no significant relationship (F(1, 172) = 0.801, p = 0.372). 
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Atrium to the End of the PH 

The ANOVA analysis of the length of the right atrium to the end of the PH 

subdivision concerning AH compression indicates no significant relationship (F(1, 172) = 

0.12, p = 0.73). The ANOVA analysis of the length of the left atrium to the end of the PH 

for AH indicates no significant relationship (F(1, 172) = 1.805, p = 0.181).  

These findings collectively suggest that AH compression does not exert a statistically 

significant impact on the lengths of various anatomical structures associated with the right 

or left side of the LV and LVs' subdivisions. 

 

 
Figure 22. Anterior Horn Compression Incidence. Pie chart depicting the incidence of compressed AH (dark gray) 

and no compression in the AH (light gray). The accompanying table presents the counts and percentage of AH 

that are compressed and exhibit no compression. 
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Compression Severity 

In 77% of cases, there was symmetrical compression severity observed when 

comparing the left and right ventricles (Figure 23). Breaking this down further: 2.9% of 

cases had no compression on both sides, 57.5% had mild compression on both sides, and 

16.7% had severe compression on both sides (Figure 25). 

In 23% of cases, there was asymmetrical compression (Figure 23). Specifically: 

0.6% had no compression on the right and severe compression on the left, 1.1% had mild 

compression on the right and severe compression on the left, 4.0% had mild compression 

on the right and no compression on the left, 6.9% had no compression on the right and mild 

compression on the left, and 10.3% had severe compression on the right and mild 

compression on the left (Figure 24; Figure 25). 

An analysis of variance (ANOVA) was conducted to evaluate the impact of AH 

combined right and left compression severity and whether it affects the right-side and left-

side length of the LV and LV subdivisions. 

 

Overall/General 

The ANOVA analysis on the length of the right LV and AH combined compression 

severity indicates significance (F(7, 166) = 2.31, p = 0.0284). The ANOVA results for the 

length of the left LV and AH combined compression severity indicate no significant 

relationship (F(7, 166) = 1.452, p = 0.188).  
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AH 

The ANOVA results for the length of the right LV AH subdivision and AH 

combined compression severity indicate a significant relationship (F(7, 166) = 5.591, p < 

0.001).  The ANOVA for the length of the left LV AH subdivision and AH combined 

compression severity shows significance (F(7, 166) = 5.335, p < 0.001), indicating that AH 

combined compression severity significantly explains variability in the length of the left 

LV AH subdivision. 

 

Body 

The ANOVA for the length of the right LV body subdivision and AH combined 

compression severity indicate no significant relationship (F(7, 166) = 0.381, p = 0.912). 

The ANOVA for the length of the left LV body subdivision and AH combined compression 

severity indicates no significant relationship (F(7, 166) = 0.819, p = 0.573). 

 

Atrium to the End of PH 

The ANOVA for the length of the right LV atrium to the end of the PH subdivision 

and AH combined compression severity does not indicate a significant effect (F(7, 166) = 

1.967, p = 0.0624). The ANOVA for the length of the left LV atrium to the end of the PH 

subdivision and AH combined compression severity does not indicate a significant effect 

(F(7, 166) = 1.167, p = 0.324).  

Overall, while AH compression severity significantly affects the length of the AH 

and the length of the right LV, it does not have a significant impact on left LV length, the 
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length of the left body subdivision, or the length of the atrium to the end of the PH, as 

indicated by the non-significant p-values for those measurements. 

 

 

 

 

 

 
Figure 23. Asymmetrical and Symmetrical Compression Incidence of the Anterior Horn. Pie chart depicting the 

incidence of asymmetrical compression severity (green) and symmetrical compression severity (blue). The 

accompanying table presents the counts and percentage of AH that exhibit asymmetrical and symmetrical 

compression. 
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Figure 24. Right and Left Lateral Anterior Horn Compression Severity. A bar chart depicting the incidence of 

compression severity in the right hemisphere and left hemisphere, categorized as no compression (off white), mild 

compression (light blue), and severe compression (dark blue). The accompanying table presents the counts of 

compression severity among the right (light gray), left (dark gray), and combined (black) hemispheres. 
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Figure 25. Right / Left Combined Compression Severity of the Anterior Horn. A bar chart depicts combined 

compression severities of the right and left AH as follows: MC/SC (off-white with a green hue), MC/NC (light 

green), NC/MC (mid-green), SC/MC (dark green), NC/NC (off-white with a blue hue), SC/SC (dark blue), and 

MC/MC (mid-blue). The bar chart omits NC/SC and NC/NC combinations. The accompanying table presents the 

counts of each compression severity combination among asymmetrical (green) and symmetrical (blue) AH 

compressions.  
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Sex Difference 

Compression 

For the analysis comparing AH compression and sex, Pearson's Chi-squared tests 

were conducted separately for the right and left sides. For AH compression on the right 

side, the test yielded an X-squared value of 0.24786 with 1 degree of freedom, resulting in 

a p-value of 0.6186. This non-significant p-value indicates that there is no significant 

association between AH compression on the right side and sex. Similarly, for AH 

compression on the left side, the Chi-squared test resulted in an X-squared value of 1.4321 

with 1 degree of freedom, resulting in a p-value of 0.2314. Again, this non-significant p-

value suggests that there is no significant association between AH compression on the left 

side and sex. Therefore, based on these results, there was no evidence to suggest a 

relationship between AH compression and sex for either the right or left side. 
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Figure 26. Right and Left Anterior Horn Compression by Sex. A bar chart depicts the incidence of compression 

in the AH (dark gray) and no compression in the AH (light gray). The accompanying table presents the counts of 

compressed AH (dark gray) and no compression in the AH (light gray) among females on the right side (dark 

orange), males on the right side (dark blue), females on the left side (light orange), males on the left side (light 

blue), and combined totals (black). 
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Compression Severity 

The higher combination of right and left AH compression severity for both males 

and females are mild compression and mild compression (MC / MC) totaling 57.7% of 

cases,29.9% of those cases are male, while 27.6% of those cases are female. Females saw 

no combination of no compression on the right and severe compression on the left (NC / 

SC) or mild compression on the right and severe compression on the left (MC / SC). The 

no compression right and no compression left (NC / NC) is the smallest percentage of 

female cases (1 out of 78 females or 0.01%), while the no compression right and severe 

compression left (NC / SC) exhibits the smallest percentage of male cases (1 out of 78 or 

0.01%) (Figure 27). 

Pearson's Chi-squared test was performed to analyze the relationship between AH 

compression severity and sex separately for the right and left sides. For AH compression 

severity on the right side, the test resulted in an X-squared value of 0.42289 with 2 degrees 

of freedom, yielding a p-value of 0.8094. This non-significant p-value suggests that there 

is no significant association between AH compression severity on the right side and sex. 

Similarly, for AH compression severity on the left side, the Chi-squared test yielded an X-

squared value of 2.3256 with 2 degrees of freedom, resulting in a p-value of 0.3126. Again, 

this non-significant p-value indicates that there is no significant association between AH 

compression severity on the left side and sex. Therefore, based on these results, there is no 

evidence to suggest a relationship between AH compression severity and sex for either the 

right or left side. 
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Figure 27.  Right and Left Anterior Horn Compression Severity by Sex. A bar chart depicts the incidence of AH 

compression severity (dark gray) among females (orange), males (blue), and total (gray). The accompanying table 

presents the counts and percentages of compression severity observed in asymmetrical (green) and symmetrical 

(blue) AH compression among females (orange), males (blue), and total (gray). 
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Age 

Compression 

The ANOVA analysis explored the relationship between age and AH compression 

as well as AH compression severity. For the impact of AH compression on age, the 

ANOVA yielded a non-significant F value of 0.378 (p = 0.539), suggesting no significant 

association between AH compression and age. 

 

 

 

 
Figure 28.  Right and Left Anterior Horn Compression by Age. A bar chart depicts the incidence of AH 

compression across different age groups as follows: no compression on the right side (bright blue), compressed 

left side (mid blue), no compression on the left side (off white with a blue hue), and compressed left side (dark 

blue). The accompanying table presents the incidence of compression on the right (light gray) and left (dark gray) 

sides among three age groups (22 - 26, 27 - 31, 32 - 36). 
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Compression Severity 

Similarly, an ANOVA was performed to investigate the influence of AH 

compression severity on age also showed a non-significant result with an F value of 1.52 

(p = 0.164). This indicates that AH compression severity does not significantly correlate 

with age. Therefore, based on these findings, there is no evidence to suggest a significant 

relationship between age and AH compression or AH compression severity. 

 

 

 
Figure 29. Right and Left Anterior Horn Compression Severity by Age. A bar chart depicts the incidence of AH 

compression severity across different age groups. The accompanying table presents the incidence of AH 

compression severity among three age groups (22 - 26, 27 - 31, 32 - 36). 
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Handedness 

Compression and Compression Severity 

The most common compression severity among right-handed, left-handed, and 

ambidextrous individuals is mild compression right and mild compression left (MC / MC) 

which is seen in 100 of 174 cases (57.5%) (Figure 31). 

The chi-squared tests were conducted to examine the association between 

handedness and AH compression as well as handedness and AH compression severity. For 

the association between handedness and AH compression, the chi-squared test yielded a 

non-significant result with a chi-squared value of 3.3265 and a p-value of 0.1895, 

suggesting no significant relationship between these variables. Similarly, the chi-squared 

test for the association between handedness and AH compression severity also resulted in 

a non-significant p-value of 0.7035, indicating no significant association between these 

variables. 

Additionally, ANOVA was performed to further investigate the relationship 

between handedness and AH compression as well as handedness and AH compression 

severity. For both analyses, the F values were non-significant, with 0.119 (p = 0.73) for 

handedness and AH compression and 0.597 (p = 0.758) for handedness and AH 

compression severity. These results indicate that there is no significant relationship 

between handedness and either AH compression or AH compression severity. Therefore, 

based on these findings, handedness does not appear to be associated with AH compression 

or AH compression severity. 
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Figure 30. Anterior Horn Compression Incidence by Handedness. A bar chart depicts the incidence of 

compression in the AH (dark gray) and no compression in the AH (light gray). The accompanying table presents 

AH compression incidence among right-handed, left-handed, and ambidextrous individuals. 

 

 

 
Figure 31. Right / Left Anterior Horn Compression Severity by Handedness. A bar chart depicts the incidence of 

AH compression severity in right-handed (dark gray), ambidextrous (light gray), and left-handed (off-white with 

a gray hue) individuals. The accompanying table presents AH compression incidence among right-handed, left-

handed, and ambidextrous individuals. 
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Overall, the study investigated the influence of anterior horn (AH) compression and 

AH compression severity and the effect of the length of the LV and the LV subdivisions. 

AH compression did not significantly affect the lengths of the LV and the LV subdivisions. 

Similarly, while AH compression severity significantly influenced the AH and the right 

LV length, it did not significantly impact the left LV length, the body subdivision length, 

or the atrium to the end of the PH length. Additionally, factors such as sex, age, and 

handedness showed no significant associations with AH compression or its severity. 

Pearson's Chi-squared tests and ANOVA analyses indicated no significant relationships, 

suggesting that AH compression and AH compression severity are largely independent of 

these variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

72 

Body (Central) Part 

Length 

The average length of the right LV body subdivision was 32.8 mm, with a standard 

deviation of 2.1 mm (Figure 32) and a median length of 32.9 mm (95% CI = 32.50 – 

33.11]). In comparison, the average length of the left LV body subdivision was 33.7 mm, 

with a standard deviation of 2.1 mm (Figure 32) and a median length of 33.6 mm (95% CI 

= [33.36 – 33.98]). The left LV body subdivision was significantly larger than the right LV 

body subdivision (Student’s t-test, unpaired, p = 0.0001). Since left and right were 

measured in the same individual, we also conducted a paired t-test. This showed that when 

a paired t-test was used to examine the subject-specific effects, a significant difference (p 

= 6.104e-09) between the left and right ventricle body subdivision lengths identified that 

the left LV body subdivision was larger than the right, with the left side estimated to be 

approximately 0.865 mm longer on average. 
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Figure 32. Length of the Right and Left Body. Violin plots represent the distribution of anteroposterior length in 

millimeters (mm) for the right (light gray) and left (dark gray) body subdivision of the lateral ventricles, with 

individual cases shown as black circles. The accompanying table provides the minimum, maximum, average, and 

standard deviation (SD) lengths for the right (light gray), left (dark gray), and combined total (black). 
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Sex Differences 

The body length of the male is larger than the female. The body length of the male 

is larger on the left side (29.71 ± 2.50 mm) than on the right side (29.43 ± 2.58 mm) (Figure 

33). The body subdivision length of the female is larger on the left side (28.27 ± 2.52 mm) 

than on the right side (27.58 ± 2.96 mm) (Figure 33). 

The analysis examined the association between sex and the length of the body 

subdivision of the LV, separately for the right and left sides. Both the length of the right 

body subdivision and the length of the left body subdivision showed significant effects of 

sex, with ANOVA results indicating strong evidence (p < 0.001). For the length of the right 

body subdivision, sex had a significant influence (F(1, 172) = 21.42), suggesting 

differences in body subdivision length between males and females on the right side. 

Tukey's Honest Significant Difference (HSD) test revealed that males have a significantly 

longer mean length of the right body subdivision (1.37 mm larger, 95% CI: [0.79 - 1.95]) 

compared to females (p = 7.2e-06). Similarly, for the length of the left body subdivision, 

there was a significant effect of sex (F(1, 172) = 28.15), indicating sex-based differences 

in body subdivision length on the left side. These findings highlight a significant 

association between sex and the length of the body subdivision of the LV, implying distinct 

average lengths between males and females on both sides. Tukey's Honest Significant 

Difference (HSD) test revealed that males have a significantly longer mean length of the 

left body subdivision (1.56 mm larger, 95% CI: [0.98 - 2.13]) compared to females (p = 

3e-07). 
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Figure 33. Length of the Right and Left Body by Sex. Violin plots represent the distribution of anteroposterior 

length in millimeters (mm) for the female right (dark orange), male right (dark blue), female left (light orange), 

and male left (light blue) in the body subdivision of the lateral ventricles, with individual cases shown as black 

circles. The accompanying table provides the minimum, maximum, average, and standard deviation (SD) lengths 

for each ventricle category. 
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Age 

For both the length of the right body subdivision and the length of the left body 

subdivision measurements, the correlation tests with age did not yield significant results. 

Pearson's correlation coefficients were -0.038 and -0.026, respectively, indicating very 

weak negative correlations between age and the lengths of the body subdivision of the LV 

on both sides. Additionally, linear regression analyses were conducted to further explore 

this relationship, but neither model produced statistically significant results. The 

coefficients for age were -0.020 and -0.014 for the right and left sides, respectively. This 

indicates very slight decreases in length with increasing age, but these were not statistically 

significant. Overall, these findings suggest that there is no substantial correlation or linear 

relationship between age and the length of the body subdivision of the LV on either the 

right or left side. 
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Figure 34. Length of the Right and Left Body by Age. A bar chart depicting the relationship between the length 

(in mm) of the right (light gray) and left (dark gray) lateral ventricles in the body subdivision across different age 

groups. The accompanying table presents the minimum, maximum, average, and standard deviation (SD) lengths 

for both ventricles among three age groups (22 - 26, 27 - 31, 32 - 36). 
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Handedness 

An ANOVA investigated the potential association between handedness and the 

length of the body subdivision of the LV on both the right and left sides. For the length of 

the right body subdivision of the LV, the ANOVA did not indicate a significant effect of 

handedness (F(2, 171) = 0.663, p = 0.516), suggesting that handedness does not 

significantly influence the length of the body subdivision on the right side. Similarly, for 

the length of the left body subdivision of the LV, the ANOVA also did not reveal a 

significant effect of handedness (F(2, 171) = 1.049, p = 0.353), indicating that handedness 

does not significantly affect the length of the body subdivision on the left side. Therefore, 

based on these results, there is no significant association between handedness and the 

length of the body subdivision of the LV, neither on the right nor left side. 

 
Figure 35. Length of the Right and Left Body by Handedness. A bar chart depicting the relationship between the 

length (in mm) of the right (light gray) and left (dark gray) lateral ventricles in the body subdivision categorized 

by handedness. The accompanying table presents the minimum, maximum, average, and standard deviation (SD) 

lengths for both ventricles among right-handed, left-handed, and ambidextrous individuals. 
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Atrium + Posterior (Occipital) Horn 

Length 

The average length of the right LV atrium to the end of the PH subdivision was 

36.8 mm, with a standard deviation of 10.4 mm (Figure 36) and a median length of 40.6 

mm (95% CI = 35.24 – 38.34]). In comparison, the average length of the left LV atrium to 

the end of the PH subdivision was 38.7 mm, with a standard deviation of 9.8 mm (Figure 

36) and a median length of 42.0 mm (95% CI = [37.28 – 40.20]). The right LV atrium to 

the end of the PH subdivision was not significantly larger than the left LV atrium to the 

end of the PH subdivision (Student’s t-test, unpaired, p = 0.073). Since left and right were 

measured in the same individual, we also conducted a paired t-test. This showed that when 

a paired t-test was used to examine the subject-specific effects, a significant difference (p 

= 0.0035) between the left and right ventricle atrium to the end of the PH subdivision 

lengths identified that the left LV atrium to the end of the PH subdivision was larger than 

the right, with the left side estimated to be approximately 1.94 mm longer on average. 

 

 

 

 

 

 

 

 



 

 

80 

 
Figure 36. Length of the Right and Left Atrium to the End of the Posterior Horn. Violin plots represent the 

distribution of anteroposterior length in millimeters (mm) for the right (light gray) and left (dark gray) atrium to 

the end of the PH subdivision of the lateral ventricles, with individual cases shown as black circles. The 

accompanying table provides the minimum, maximum, average, and standard deviation (SD) lengths for the right 

(light gray), left (dark gray), and combined total (black). 
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Sex Differences 

The atrium to the end of the posterior horn (PH) of the male is larger on the left 

side (40.82 ± 9.58 mm) than on the right side (37.74 ± 11.16 mm) (Figure 37). The atrium 

to the end of the posterior horn (PH) of the female is larger on the left side (36.65 ± 9.53 

mm) than on the right side (35.84 ± 9.49 mm) (Figure 37). The length from the atrium to 

the end of the PH is larger on both sides in males compared to females. 

An ANOVA examined the influence of sex on the lengths of the atrium to the end 

of the PH for both the right and left sides. For the length of the atrium to the end of the PH 

on the right, the ANOVA did not reveal a statistically significant effect of sex (F(1, 172) = 

1.459, p = 0.229), suggesting that sex does not significantly influence the length of this 

structure on the right side.  

Conversely, for the length of the atrium to the end of the PH on the left, there was 

a significant effect of sex (F(1, 172) = 8.293, p = 0.0045), indicating that sex significantly 

impacts the length of the atrium to the end of the PH on the left side. Tukey's Honest 

Significant Difference (HSD) test revealed that males have a significantly longer mean 

length of the left atrium to the end of the PH (4.17 mm larger, 95% CI: [1.31 - 7.03]) 

compared to females (p = 0.0045). 

 

 

 

 

 



 

 

82 

 

 

 

 
Figure 37. Length of the Right and Left Atrium to the End of the Posterior Horn by Sex. Violin plots represent 

the distribution of anteroposterior length in millimeters (mm) for the female right (dark orange), male right (dark 

blue), female left (light orange), and male left (light blue) in the atrium to the end of the PH subdivision of the 

lateral ventricles, with individual cases shown as black circles. The accompanying table provides the minimum, 

maximum, average, and standard deviation (SD) lengths for each ventricle category. 

 

 

 

 



 

 

83 

Age 

Correlation analyses and linear regression models were performed to assess the 

relationship between age and the lengths of the atrium to the end of the PH for both the 

right and left sides. For the length of the atrium to the end of the PH on the right, the 

Pearson correlation coefficient (r = 0.0224) and the linear regression model (p = 0.769) 

demonstrated no significant correlation between age and length on the right side. Similarly, 

for the length of the atrium to the end of the PH on the left, both the correlation coefficient 

(r = 0.0315) and the linear regression model (p = 0.680) suggested no significant correlation 

between age and length on the left side. These findings indicate that age is not a significant 

predictor of the lengths of the atrium to the end of the PH subdivision of the LV. 

 

 
Figure 38. Length of the Right and Left Atrium to the End of the Posterior Horn by Age. A bar chart depicting 

the relationship between the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles in the 

atrium to the end of the PH subdivision across different age groups. The accompanying table presents the 

minimum, maximum, average, and standard deviation (SD) lengths for both ventricles among three age groups 

(22 - 26, 27 - 31, 32 - 36). 
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Handedness 

The analyses aimed to examine the relationship between handedness and the 

lengths of the atrium to the end of the PH for both the right and left sides. For the length of 

the atrium to the end of the PH on the right, the ANOVA revealed a statistically significant 

effect of handedness (F(2, 171) = 4.721, p = 0.0101), suggesting that handedness 

significantly influences the length of this structure on the right side.  

Similarly, for the length of the atrium to the end of the PH on the left, there was a 

significant effect of handedness (F(2, 171) = 3.466, p = 0.0335), indicating that handedness 

significantly affects the length of the structure on the left side as well. In both cases, the p-

values were less than 0.05, indicating significant evidence against the null hypothesis. 

Therefore, based on these results, there is a significant association between handedness and 

the lengths of the atrium to the end of the PH, with differences observed among different 

handedness groups. 
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Figure 39. Length of the Right and Left Atrium to the End of the Posterior Horn by Handedness. A bar chart 

depicting the relationship between the length (in mm) of the right (light gray) and left (dark gray) lateral ventricles 

in the atrium to the end of the PH subdivision categorized by handedness. The accompanying table presents the 

minimum, maximum, average, and standard deviation (SD) lengths for both ventricles among right-handed, left-

handed, and ambidextrous individuals. 
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PH Variations 

Definition 

Shapes 

The shapes observed were classified into four main categories: 2-pronged, C-

shaped, pin, and oblong. The oblong category encompasses shapes that don't fit into the 

specific categories mentioned earlier. Notable shapes falling under the oblong category 

include crescent moon, half-moon, flattened, irregular oblong, teardrop, and triangle. The 

study also noted the progression of shapes observed on both the right and left sides. 

The most common shape progression in the posterior horn (PH) was from oblong 

to pin shape, observed in 20.69% of cases on the right side (Figure 40) and 25.29% on the 

left side (Figure 41). Following this, the just pin shape was noted in 18.97% of cases on 

the right side (Figure 40) and 20.69% on the left side (Figure 41). However, on the right 

side, the third most common shape progression was 2-pronged (9.77%) (Figure 40), 

whereas on the left side, it was oblong (11.49%) (Figure 41). The least commonly observed 

shape progression, occurring once on each side, involved 2-pronged shapes. On the right, 

it progressed to C-shaped (0.57%) (Figure 40), while on the left, there was no modification 

(0.57%) (Figure 41). 
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Figure 40. Right Posterior Horn Shape Progression. A flow chart depicting the anteroposterior shape progression 

observed in the right lateral ventricle PH and the count of observed cases. Pronged (off-white with a blue hue), C-

shaped (off-white with a gray hue), Oblong (light gray), and Pin (dark gray). 
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Figure 41. Left Posterior Horn Shape Progression. A flow chart depicting the anteroposterior shape progression 

observed in the left lateral ventricle PH and the count of observed cases. Pronged (off-white with a blue hue), C-

shaped (off-white with a gray hue), Oblong (light gray), and Pin (dark gray). 
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Left / Right Difference 

Continuity 

Continuity was seen on the right side in 28.2% (98 of 348 hemispheres) of cases 

and on the left side in 32.2% (112 out of 348 hemispheres) of cases. Consequently, 

discontinuity was seen on the right side in 21.8% (76 out of 348 hemispheres) of cases and 

on the left side in 17.8% (62 out of 348 hemispheres) of cases (Figure 42a, Figure 42b, and 

Figure 42d). 

The provided results stem from a series of ANOVA tests aimed at investigating the 

relationship between the length of the LV and LV subdivisions on the right side and left 

side, and a right and left combined continuity. These ANOVA tests help in discerning if 

the variations in the length measurements are associated with different levels of the right 

and left combined continuity. 

 

General/Overall 

The ANOVA revealed a significant effect of right and left combined continuity on 

the length of the right LV (F(2, 171) = 13.11, p < 0.001). The ANOVA revealed a 

significant effect of right and left combined continuity on the length of the left LV (F(2, 

171) = 13.89, p < 0.001). 
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AH 

The ANOVA analysis indicates that right and left combined continuity does not 

significantly affect the length of the right LV AH subdivision (F(2, 171) = 0.89, p = 0.413). 

The ANOVA analysis indicates that right and left combined continuity has no significant 

effect on the length of the left LV AH subdivision (F(2, 171) = 0.162, p = 0.851). 

 

Body 

The ANOVA analysis indicates that right and left combined continuity has no 

significant effect on the length of the right LV body subdivision (F(2, 171) = 0.346, p = 

0.708). The ANOVA analysis indicates that right and left combined continuity does not 

significantly impact the length of the left LV body subdivision (F(1, 172) = 0.261, p = 

0.771). 

 

Atrium to the End of the PH 

The ANOVA analysis indicates a significant impact of the right and left combined 

continuity on the length of the right atrium to the end of the PH subdivision (F(2, 171) = 

17.85, p < 0.001). The ANOVA analysis indicates a significant relationship between the 

right and left combined continuity and the length of the left atrium to the end of the PH 

subdivision (F(2, 171) = 18.94, p < 0.001). 

In summary, the ANOVA analysis reveals significant effects of right and left 

combined continuity on the lengths of both the right and left LVs, as well as the atrium to 
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the end of the PH subdivisions. However, no significant relationships are found for AH 

subdivision of the LV or the body LV subdivisions. 

 

 

 

 

 
Figure 42. Right and Left Posterior Horn Continuity Incidence. (A) A pie chart depicting the incidence of 

continuous right PH (light blue) and discontinuous right PH (bright blue). (B) A pie chart depicting the incidence 

of continuous left PH (darker blue) and discontinuous left PH (brighter blue). (C) A pie chart depicting the 

percentage of continuous right PH (mid blue), continuous left PH (light blue), discontinuous right PH (off-white 

with blue hue), and discontinuous left PH (dark blue). (D) The accompanying table presents counts and 

percentages of cases exhibiting a continuous right PH (mid blue), a continuous left PH (light blue), a discontinuous 

right PH (off-white with blue hue), and a discontinuous left PH (dark blue). 
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Sex Differences 

Continuity 

The results of the Pearson's Chi-squared test evaluating the association between 

right and left combined PH continuity and sex indicate a test statistic (X-squared) of 

0.63077 with 2 degrees of freedom. The corresponding p-value is 0.7295 indicates there is 

no significant evidence to suggest that the distribution of sex varies across different levels 

of right and left continuity.  

 

 

 

 
Figure 43. Right and Left Posterior Horn Continuity by Sex. A bar chart depicting the incidence of continuous 

PH (light blue) and discontinuous PH (dark blue) on the right (light gray) and left (dark gray). The accompanying 

table presents the incidence of continuous PH and discontinuous PH among females on the right (dark orange), 

males on the right (dark blue), females on the left (light orange), and males on the left (light blue). 

 

 

 



 

 

93 

 

 

 

 

 

 

 

 

 
Figure 44. Right / Left Posterior Horn Continuity by Sex. A bar chart depicting the incidence of combined right 

and left PH continuity among males (blue) and females (orange). The accompanying table presents the incidence 

of combined right continuous PH and left continuous PH (CC; off-white with a gray hue), a combination of 

continuous PH on one side and discontinuous PH on the other side (CD/DC; light gray), and combined right 

discontinuous PH and left discontinuous PH (DD; dark gray) among females (orange), males (blue), and total 

(black). 
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Figure 45. Right / Left Posterior Horn Continuity by Sex. A bar chart depicts the incidence of combined right 

continuous PH and left continuous PH (CC; off-white with a gray hue), a combination of continuous PH on one 

side and discontinuous PH on the other side (CD/DC; light gray) and combined right discontinuous PH and left 

discontinuous PH (DD; dark gray) among sexes. The accompanying table presents the incidence of combined right 

continuous PH and left continuous PH (CC; off-white with a gray hue), a combination of continuous PH on one 

side and discontinuous PH on the other side (CD/DC; light gray) and combined right discontinuous PH and left 

discontinuous PH (DD; dark gray) among females (orange), males (blue), and total (black). 
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Age 

Continuity 

The results of the ANOVA examining the relationship between age and right and 

left combined continuity indicate a trend towards an association, reflected by a non-zero 

F-value of 2.973 and a p-value of 0.0538. However, this relationship narrowly misses 

conventional statistical significance at the 0.05 level. While suggestive of potential 

influence, the association falls short of definitive confirmation. Further data or a larger 

sample size may be needed to establish a conclusive link between right and left continuity 

and age. 

 

 
Figure 46. Right and Left Posterior Horn Continuity by Age. A bar chart depicts the incidence of a continuous 

right PH (mid blue), a continuous left PH (light blue), a discontinuous right PH (off-white with blue hue), and a 

discontinuous left PH (dark blue) among three age groups (22 - 26, 27 - 31, 32 - 36). The accompanying table 

presents the incidence of a continuous right PH (mid blue), a continuous left PH (light blue), a discontinuous right 

PH (off-white with blue hue), and a discontinuous left PH (dark blue) among three age groups (22 - 26, 27 - 31, 32 

- 36). 
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Figure 47. Right / Left Posterior Horn Continuity by Age.  A bar chart depicts the incidence of combined right 

continuous PH and left continuous PH (CC; off-white with a gray hue), a combination of continuous PH on one 

side and discontinuous PH on the other side (CD/DC; light gray) and combined right discontinuous PH and left 

discontinuous PH (DD; dark gray) among three age groups (22 - 26, 27 - 31, 32 - 36). The accompanying table 

presents the incidence of combined right continuous PH and left continuous PH (CC; off-white with a gray hue), 

a combination of continuous PH on one side and discontinuous PH on the other side (CD/DC; light gray) and 

combined right discontinuous PH and left discontinuous PH (DD; dark gray) among three age groups (22 - 26, 27 

- 31, 32 - 36). 
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Handedness 

Continuity 

The ANOVA conducted to explore the association between handedness and right 

and left combined PH continuity revealed that while the right and left combined PH 

continuity contributes to some variance in handedness, as indicated by a sum of squares of 

8560 for the predictor and 450536 for the residuals, the associated F-value of 1.624 was 

not statistically significant (p = 0.2). Consequently, the right and left combined continuity 

does not significantly influence handedness.  

 

 

 
Figure 48. Right and Left Posterior Horn Continuity by Handedness. A bar chart depicts the incidence of right-

handed (dark gray), left-handed (light gray), and ambidextrous individuals (off-white with a gray hue) observed 

among a continuous PH on the right side, a discontinuous PH on the left side, a continuous PH on the left side, 

and a discontinuous PH on the left side. The accompanying table presents the incidence of right-handed (dark 

gray), left-handed (light gray), and ambidextrous individuals (off-white with a gray hue) observed among a 

continuous PH on the right side (off-white with blue hue), a discontinuous PH on the left side (light blue), a 

continuous PH on the left side (mid blue), a discontinuous PH on the left side (bright blue), and total (black). 
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Figure 49. Right / Left Posterior Horn Continuity by Handedness. A bar chart depicts the incidence of combined 

right continuous PH and left continuous PH (CC; off-white with a gray hue), a combination of continuous PH on 

one side and discontinuous PH on the other side (CD/DC; light gray) and combined right discontinuous PH and 

left discontinuous PH (DD; dark gray) among right-handed, left-handed, and ambidextrous individuals. The 

accompanying table presents the incidence of right-handed (dark gray), left-handed (light gray), and 

ambidextrous individuals (off-white with a gray hue) observed among combined right continuous PH and left 

continuous PH (CC; off-white with a gray hue), a combination of continuous PH on one side and discontinuous 

PH on the other side (CD/DC; light gray), and combined right discontinuous PH and left discontinuous PH (DD; 

dark gray). 
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DISCUSSION 

Overall Findings 

This is the first study that has examined the lateral ventricular morphology using 

high resolution MRI in a diverse and broadly represented population. This analysis 

revealed several key findings. First, we identified that the left LV was significantly longer 

than the right. These differences were reflected in the differential length of the AH, body 

and atrium to the end of the PH subdivisions. Second, we found that sex had an impact on 

the length of the LV, with males having a larger LV, and this effect was also observed in 

the following subdivisions: right and left LV, right and left AH, right and left body, left 

atrium to the end of the PH.  Handedness had an effect on the LV, but it was limited to the 

right LV, and the right and left atrium to the end of the PH.  In addition, we identified 

several main variants in the lateral ventricle.  We found that compression of the wall of the 

anterior horn to such an extent that it obscured the lumen, was observed in a sizable number 

of presumably healthy individuals.  Finally, we found that the incidence in which the 

posterior horn of the lateral ventricle was observed as disconnected from the atrium was 

more frequent than previously observed or noted.    

 

Asymmetry 

We confirmed that the ventricles exhibit an asymmetry, with the left lateral 

ventricle larger than the right.  This asymmetry is present at the level of the ventricular 

subdivisions, both within individual cases and across cases. We found that sex significantly 
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influences this phenomenon. This is noteworthy as previous research has yielded 

inconsistent findings regarding the impact of sex on LV asymmetry. We attribute this 

inconsistency to factors such as imbalanced gender representation in studies, limited 

imaging resolution, and methodological variations in measurement acquisition. 

Our study stands out due to the diverse demographics of our participants, 

contrasting with previous studies that often focused on specific populations or locations. 

This broad sample allowed us to observe distinct results between the sexes. However, our 

investigation revealed mixed findings regarding the influence of handedness on LV 

asymmetry. Importantly, we determined that the narrow age range of our subjects did not 

affect symmetry, in contrast to previous studies that emphasized the significant role of age 

in LV size. 

Regarding handedness, our study found varied effects across LV subdivisions, with 

most showing no significant impact on length. This contrasts with prior research that 

primarily examined handedness and the entire LV side, potentially explaining the 

variability in our results. Notably, our study conclusively established that length affects 

handedness from the atrium to the end of the posterior horn (PH) subdivision, specifically 

on the right LV. 

The variable nature of our data compared to other studies may stem from our 

comprehensive approach, which included detailed measurements of LV subdivisions. We 

propose that the atrium to the end of the PH subdivision exerts the most significant 

influence on handedness and its impact on length. Overall, our findings shed light on the 

complex interplay of factors influencing LV asymmetry and underscore the importance of 
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considering diverse demographics and detailed measurement methodologies in future 

research. 

 

Sex, Age, And Handedness 

While the literature detailing the morphology of the lateral ventricle is extensive, it 

also contains a variety of discrepant findings.  These discrepancies may be a result of 

several unaccounted factors.  Subjects may have differences in age, unaccounted 

comorbidity (e.g., Alzheimer's disease), or other demographic characteristics such as race 

or ethnicity.  These factors have not been sufficiently accounted for, with a minority of 

studies reporting demographic factors.  A second factor that has the potential to confound 

the results is the means by which the measurements have been carried out, with in vivo 

methods using MRI or CT likely to produce different results from studies using 

cadavers.  Finally, the detailed morphology may be distorted in cadaveric evaluation, or 

obscured in suboptimal resolution of imaging modalities. These factors are likely to 

intersect, which likely underlies the divergent morphological results. 

 

Sex 

While acknowledging the ongoing debate surrounding sex-related differences in 

ventricular volume, previous studies have identified results finding, with some indicating 

larger ventricles in males, others suggesting larger ventricles in females, and some finding 

no sex differences (Brassow F, Baumann F, 1978; Cramer et al., 1990; Erdogan, 2004; 

Jacob and Kumar, 2013; A Hori et al., 2019; Polat et al., 2019). Additionally, these studies 
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note the presence of ventricular asymmetry in females but not in males, leaving unresolved 

questions regarding whether ventricular volume or asymmetry differs between sexes 

(Gyldensted, 1977). 

  Our study examined sex differences in various parts of the ventricle among males 

and females and found that males exhibited larger ventricles compared to females, with the 

left LV consistently larger than the right in both sexes. Additionally, males possessed 

significantly longer AH than females, and AHs were consistently longer on the left side in 

both sexes. Furthermore, males had a larger body length compared to females, and there 

were significant differences in the length of the body subdivision between males and 

females on both sides. Moreover, the length from the atrium to the end of the PH was larger 

in males than in females, and there was a significant discrepancy in the length of the left 

atrium to the end of the PH between males and females, with males having a longer length. 

However, no significant difference was observed in the length of the atrium to the end of 

the PH on the right side between males and females. Our study results support previous 

studies that concluded that the male LV is larger than that of the female (Gyldensted, 1977; 

Allen, Damasio, Grabowski, 2002; Vinoo Jacob, 2013; Singh et al., 2014; M. Gameraddin, 

2015; Honnegowda TM, 2017; Kolsure et al. 2018; Li Z et al., 2019; Shahin S et al., 

2020).   

 

Age 

Prior studies present a contrasting viewpoint, indicating age as a consistent factor 

associated with LV size. Numerous cited studies demonstrate that ventricular size tends to 
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increase with advancing age (Cramer et al., 2013; Singh et al., 2014; Agarwal S et al., 2023; 

Vinoo Jacob, 2013). While some studies suggest no differences between right and left 

ventricle sizes concerning aging, there appears to be a positive correlation between various 

ventricular indices and increasing age (Trimarchi et al., 2013; Kolsur et al., 2018). Previous 

findings thus underscore age-related changes in ventricular measurements, with significant 

increases observed across different decades of life, particularly in participants over 70 years 

old (Barron and Jacob et al., 1976).  Our results are derived from a narrow age range, and 

we were unable to identify any association between age and ventricular morphology in this 

age range. We conclude that between the ages of 22 and 36, there is now evidence to 

conclude that the morphology of the lateral ventricle is stable and does not change. 

 

Handedness 

Previous studies have provided discrepant results on whether ventricular 

asymmetry is related to handedness. Some studies have suggested that ventricular 

asymmetry does not significantly differ between right-handed males and females, others 

have found the left LV to be larger in both right- and left-handed subjects compared to the 

right LV (Cramer et al., 1990; Erdogan, 2004; Zipursky, Lim, Pfefferbaum, 1990). 

Our study identified that the left LV consistently displayed greater length compared 

to the right across all handedness categories. While no significant disparities in the lengths 

of the AH were detected based on handedness, similar non-significant effects were 

observed for the body subdivision on both sides. However, significant associations 

emerged between handedness and the lengths of the atrium to the end of the PH, indicating 
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a nuanced relationship between handedness and specific structures within the ventricular 

system. These findings underscore the complexity of the interplay between brain anatomy 

and handedness, suggesting differential influences across ventricular regions. 

These varied findings highlight the complexity of the relationship between 

handedness and ventricular asymmetry, indicating a need for further investigation into the 

mechanisms underlying structural brain asymmetry in relation to handedness. 

 

Variations in Ventricular Confluence 

Our investigation into AH compression incidence and severity, alongside 

demographic factors, yielded significant findings. We identified three main categories of 

compression, ranging from no compression to compression severe enough to obscure the 

lumen of the anterior horn.  We unexpectedly found that the incidence of moderate or 

severe compression was common in a population of healthy adults. The severity of AH 

compression factors such as sex, age, and handedness has not yet been reported. 

We also identified that the posterior horn of the lateral ventricle is frequently 

disconnected from the atrium in normal adults. The most common conception of the lateral 

ventricle is that it exists as a confluent structure. In our study, we found that the posterior 

horn of the lateral ventricle is frequently divided into ventricles that are confluent and those 

that end and then reappear in the occipital lobe as a ‘bubble’ disconnected from the atrium 

of the lateral ventricle.  

Previous studies defined ventricular coarctation and coaptation as a narrowing, 

fusion or closure of ventricular walls that potentially relate to luminal obstruction and / or 
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disease (Davidoff, 1946; Bates & Netsky, 1955). Researchers identified these variations 

through anatomical dissections, histological examinations, and radiological imaging 

(Sener, 1997; Dogan, 2015; Morris JA et al., 2022). The prevalence of these variants was 

rare when evaluated in brains of both sexes (Hori, 1984), and has been unclear about 

whether these changes were present in the in vivo brain, or principally seen in cadaveric 

specimens. 

In contrast to previous research focusing on anatomical variations, our study 

assesses the continuity of the lateral ventricle in a large population of normal well 

characterized adults. Based on our findings, disruptions in the continuity of the PH are a 

common, normal variation observed in a significant proportion of our cases.  

 

Shape of the Posterior Horn of the Lateral Ventricle 

Since the lateral ventricle could be observed at high-resolution, we were able to 

classify the changes in shape that occur in the posterior horn of the lateral ventricle, which 

has not been performed before. We identified four main shapes commonly observed in the 

posterior horn (PH) of the lateral ventricles, likely influenced by external features of the 

cerebral surface.  

While the precise reasons behind the shapes and continuity of these PH structures 

remain unclear, a combination of embryology, brain development, and our MRI 

observations could offer insights. It is well-documented that postnatally, the cerebellum 

undergoes rapid growth and expansion, which alters the cerebral cortex's architecture. 

Consequently, as the cerebellum enlarges and applies pressure to the brain's posterior 
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aspect, it likely impacts the PH, potentially causing changes in shape and/or continuity. 

Similarly, neighboring sulci, such as the calcarine sulcus and parieto-occipital sulcus, are 

in close proximity to the PH. Considering their proximity and our MRI findings, we 

propose that deeper folding of these sulci may encroach into the PH, resulting in shape 

alterations or discontinuities. Our study of healthy young adults suggests that such changes 

are common and normal.  

Moreover, various pathologies affecting the cerebral cortex can contribute to 

changes in the shape and continuity of the PH. Diseases linked to cortical atrophy, such as 

Alzheimer's disease (AD), Huntington's disease (HD), Parkinson's disease (PD), and 

frontotemporal dementia, may induce such alterations. Conversely, conditions causing 

cortical expansion, such as focal cortical dysplasia, autism spectrum disorder (ASD), 

hydrocephalus, and vascular malformations, can also impact PH morphology. 

Additionally, stroke, traumatic brain injury (TBI), brain tumors, and developmental 

abnormalities like polymicrogyria or lissencephaly are among other potential factors 

impacting PH shape and continuity. 

 

Limitations and Future Studies 

Our study categorized the morphology of the adult lateral ventricle at high 

resolution and using a broad representation of subjects from different sexes and races. One 

limitation is that we chose to categorize the ventricular size by length.  This decision was 

made for two reasons: 1) manual volumetric measurement takes around 40 minutes per 

brain which would represent a large time and effort investment, and 2) automatic methods 
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that produce estimates of volumes are not always accurate. Future studies could validate 

our results and provide more information using accurate volume measurements.  Such 

measurements may be generated through the incorporation of AI-based techniques but 

would require an anatomically accurate training set and considerable quality control and 

refinement. Nonetheless, such an approach would allow for a more thorough consideration 

of the lateral ventricle morphology and would allow for additional metrics to be generated. 

An additional limitation of the current study is that it contained measures that were 

subjective in nature.  The degree of compression was a qualitative measurement that could 

be improved by inter-rater reliability in the future.   

Finally, a higher resolution imaging technique may provide more information about 

the discontinuity of the PH.  Even at 0.7um resolution, we cannot tell with certainty 

whether the compression of the PH represents a true disconnection, or whether a small 

submicron diameter channel exists.  Results from cadaveric studies indicate complete 

fusion of the lateral ventricles in some cases, but it is hard to translate this finding to in 

vivo results at this time.  An important future study is to examine the basis of these 

morphological alterations and variability.  We believe that the compression of the posterior 

horn or anterior horn is related to the gyrification of the cerebral cortex, but identifying the 

specific morphological changes that give compression in one individual but not in another 

will be important in understanding the development of lateral ventricular morphology. 
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Conclusion 

 This study offers fresh insights into LV morphology using high-resolution MRI 

scans in a diverse population. We discovered significant left-right differences in both the 

overall LV and its subdivisions, consistently finding the left side longer than the right 

across all LV subdivisions. Sex emerged as a key factor influencing these dimensions, with 

males generally exhibiting larger ventricles. Identifying the typical degree of compression 

within the LV is crucial for researchers and clinicians to effectively interpret radiological 

images and distinguish pathological from normal conditions. Our results show that these 

variations that may be interpreted as pathology are common and unlikely to be a result of 

disease. This understanding aids in recognizing deviations indicative of underlying 

pathologies. By addressing these considerations, future research can deepen our 

understanding of ventricular morphology and its relationship with demographic factors, 

which in turn can advance our knowledge of brain structure and function, especially in 

pathological contexts. 
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