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SUMMARY

The ventricular system is altered by the normal
aging process and various pathological conditions
such as Alzheimer’s, schizophrenia, hydrocepha-
lus, and tumors. This study aimed at establishing
the normal baseline data regarding the dimen-
sions of the frontal horns of the lateral ventricles
in adults Nigerians. This retrospective observa-
tional study evaluated CT brain images stored in
a Radiology unit in Delta State, Nigeria. Ethical
clearance was sought from the Hospital’s ethics
board. Images of 202 patients, aged 18 years and
above, were included. Measurements of frontal
horn length and width were conducted using a
standardized digital caliper approach. The data
were analyzed based on gender and age groups,
employing statistical methods such as t-tests and
Pearson correlation. A p-value of < 0.05 in the in-
ferential statistics was deemed statistically sig-
nificant. The length of the bilateral frontal horns
and distance between their tips were significantly
higher in males than in females (p<0.05). The left
frontal horn length was consistently larger than
the right. Both lengths and widths exhibited sig-
nificant variations across age groups and had a

positive correlation with age (p<0.05). The study
provides standard reference values for clinicians
in the study center to consider during neuroim-
aging and diagnostic assessments. The gender-,
age- and side-related findings enhance the un-
derstanding of the normal anatomical diversity,
which has crucial clinical implications.
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INTRODUCTION

The emergence of the cerebral ventricular system
can be traced back to the central lumen of the neu-
ral tube, marking the embryonic origin of a com-
plex network of interconnected spaces (Agegnehu
etal., 2021). This system comprises the lateral ven-
tricle, a spacious region located in each cerebral
hemisphere; the third ventricle, a narrow slit-like
space situated between the diencephalon; and the
fourth ventricle, positioned between the pons and
medulla anteriorly and the cerebellum posteriorly
(Annongu et al., 2017; Arun et al., 2017; Agegnehu
et al., 2021). Filled with cerebrospinal fluid (CSF),
the ventricular system is an essential component
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of the brain, contributing to its mechanical pro-
tection, buoyancy, and metabolic support (Arun et
al., 2017). The lateral ventricles, having a roughly
C-shaped configuration, enfold the dorsal portions
of the basal ganglia. Comprising the inferior (tem-
poral), frontal, and occipital horns, along with a
central body, each lateral ventricle plays a distinct
role in the distribution and circulation of CSF (Bi-
jaylakshmi et al., 2014; Arun et al., 2017).

As individuals age, there is a regression of tha-
lamic nuclei, which is associated with the early
demonstration of third ventricular enlargement
(Blinkouskaya et al., 2021). Age-related changes
are also evident in the frontal cortex, brain stem,
cerebellum and diencephalon, with the left later-
al ventricle exhibiting a larger size than the right
(Honnegowda et al., 2017). Ventricular enlarge-
ment is a reliable indicator of age-related brain
atrophy, which commences by the seventh decade
and accelerates with advancing age (Moawia et al.,
2015; Arun et al., 2017).

Multiple studies highlight the clinical signif-
icance of the changes in the ventricular system.
Degenerative conditions such as Alzheimer’s,
Huntington’s and Parkinson’s diseases, are char-
acterized by an increase in cerebrospinal fluid
(CSF) spaces (Patnaik et al., 2016; Annongu et al.,
2017; Olawande et al., 2020; Blinkouskaya et al.,
2021). Additionally, psychiatric disorders like bi-
polar disorders, schizophrenia, and depression,
as well as conditions with cognitive decline such
as chronic alcoholism, dementia, malignant, and
traumatic lesions, have been associated with al-
terations of the ventricular size (Polat et al., 2019;
Agegnehu et al., 2021). The diagnosis, classifica-
tion, and follow-up of hydrocephalus after ven-
tricular shunting therapy is dependent on mor-
phometric evaluation of the ventricular system
(Annonguetal.,2017; Arun et al., 2017). For accu-
rate localization and excision of space occupying
lesions such as gliomas, the morphometry of the
ventricular system is also important (Agegnehu
et al., 2021). It is challenging for clinicians to es-
tablish whether the ventricular size is within the
normal limits, or enlarged due to aging process or
pathological changes. Moreover, subjective analy-
sis can cause misdiagnosis (Annongu et al., 2017;
Quarshie et al., 2021).

Advancements in imaging technologies, par-
ticularly computerized tomography and mag-
netic resonance imaging (MRI), have significant-
ly improved our understanding of the normal
structural development and organization of the
brain (Honnegowda et al., 2017; Sharmin et al.,
2020). Computed tomography, being both safe
and non-invasive, serves as a valuable tool for
evaluating ventricular morphometry, and spatial
characteristics of the ventricular system (Farheen
and Sukre, 2017; Polat et al., 2019). It remains the
most widely used, accessible, cost-effective, and
rapid method for imaging the brain.

Establishing normal reference values for specific
populations is imperative, providing neuroradiolo-
gists, neurosurgeons, and neurologists with essen-
tial guidance in the accurate assessment and ef-
fective management of conditions associated with
alterations in ventricular size, hence improving
patient outcomes (Honnegowda et al., 2017). This
study aimed at determining the dimensions of the
frontal horn of the lateral ventricles using CT imag-
es of a selected Nigerian population in Delta State.

MATERIALS AND METHODS

Brain CT images stored in the digital archives
(Picture Archiving Communications Systems
[PACS]) of a Radiology unit in Delta State, Nigeria,
were assessed in this study. These images be-
longed to patients referred for imaging between
May 1, 2015, and May 30, 2020, due to suspected
intracranial space-occupying lesions, head inju-
ry, pulmonary embolism, or stroke. Institutional
approval (DELSUTH/HREC/2023/058/0712) was
obtained for the retrospective review of these im-
ages. A total of 202 adult patients (109 males and
93 females), aged 18 years and above, were pur-
posively selected for this study. The imaging data
were acquired using a 64-slice Toshiba Aquilon
CT scanner (Japan, 2009) with the following pa-
rameters: 120kV and 300maA.

Exclusion criteria comprised CT images of pa-
tients below 18 years, images of poor quality with
artifacts or evidence of patient rotation, and im-
ages displaying intracranial pathologies such as
bleeds, tumors, infarcts, cerebral hydrocephalus,
or raised intracranial pressure.
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Identification of the frontal horns of the lateral
ventricles was performed on axial sections. The
length and width of the frontal horn were quan-
tified in centimeters using a digital caliper. Width
was determined as the maximum transverse
distance from the medial to lateral walls of each
frontal horn (Fig. 1), while length was defined as
the maximum distance from the interventricular
foramen to the tip of the frontal horn on both sides
(Fig. 2). The distance between the bilateral frontal
horn tips (FHTD) was measured as the maximum
distance between the right and left frontal horn
tips (Singh et al., 2020) (Fig. 3).

Data analysis was conducted using the Interna-
tional Business Machine (IBM) Statistical Pack-
age for Social Sciences (SPSS), version 25. The
data were categorized according to gender and
10-years age groups. Independent and paired
sample t-tests were employed for gender and
side comparisons of mean variables, respective-
ly. Bivariate Pearson’s correlation was utilized to
Fig. 1.- Axial CT sections of the brain showing measurement of assess the correlation of frontal horn parameters
the maximum frontal horn width. . A .

with age. One-way Analysis of Variance (ANOVA)
was employed to evaluate differences in means

Fig. 2.- Axial CT sections of the brain showing the measure- Fig. 3.- Axial brain CT scans showing the maximum distance
ment of the frontal horn length. between the tip of frontal horns.
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within various age groups. All tests of signifi-
cance were two-tailed, and a significance level of
P < 0.05 was deemed statistically significant. Data
were summarized using means and standard de-
viations, and the results were presented in tables.

RESULTS

This investigation examined the dimensions of
the frontal horn of the lateral ventricles by ana-
lyzing CT brain images of 202 adult patients, with
a larger proportion of males (109, 54.0%) than of
females (93, 46%). The age range of the partici-
pants was 18 to 65 years, with a mean age of 44.42
+ 13.27 years. The mean length and width of the
right and left frontal horns, as well as the mean
FHTD, are presented in Table 1. Additionally, the
maximum and minimum values for each dimen-
sion are also included in Table 1.

Table 1. Descriptive statistics of the studied parameters.

Parameter Minimum  Maximum Mean * S.D.
Age (Years) 18.00 65.00 44.42+13.27
LL (cm) 1.73 3.86 2.71+0.41
RL (cm) 1.79 3.67 2.63+0.40
LW (cm) 0.14 2.59 0.64+0.28
RW (cm) 0.19 1.78 0.61+0.25
FHTD (cm) 1.95 3.73 2.93+0.31

LL = left length, RL = right length, LW = left width, RW = right
width, FHTD = frontal horn tip diameter

All the dimensions demonstrated larger mea-
surements in males compared to females. The
gender differences in the length of bilateral fron-
tal horns and the FHTD exhibited statistical sig-
nificance (p<0.05), whereas the width of both
right and left frontal horns did not show any sig-
nificant association with gender (p>0.05) (Table
2). Further investigation revealed a significant
asymmetry in the length of frontal horns between
the left and right sides (p=0.001). Conversely, no
significant side differences were observed in the
width of the frontal horns (p=0.068) (Table 3).

Analysis across different age groups revealed sig-
nificant variations in the frontal horn length and
width bilaterally (p <0.05). However, no significant
age differences were detected in the FHTD (p=0.451)
(Table 4). The investigation into the correlation be-

tween frontal horn dimensions and age revealed a
significant weak positive correlation bilaterally in
terms of length (r=0.245, 0.157; p<0.05) and width
(r=0.249,0.388; p<0.05) of the frontal horn. Con-
versely, the FHTD displayed a weak positive correla-
tion (r=0.059) with age that did not reach statisti-
cal significance (p=0.401) (Table 5). A comparative
summary of frontal horn dimensions across various
study populations is presented in Table 6.

Table 2. Gender differences in the frontal horn parameters.

Parameter Mean = S.D (cm) P value
Male Female

LL 2.82+0.42 2.58+0.35 0.001*

RL 2.71+£0.41 2.54+0.36 0.002*

LW 0.67+0.32 0.59+0.23 0.052

RW 0.62£0.27 0.60x0.22 0.432

FHTD 3.01+0.33 2.84+0.28 0.001*

LL- left frontal horn length, RL- right frontal horn length,
LW- left frontal horn width, RW-right frontal horn width,
FHTD- distance between the frontal horn tips, *p considered
significant at <0.05

Table 3. Side differences of the frontal horn length and width.

Parameter Side Mean + S.D (cm) P value
Left 2.71+0.41 .
Length Right 2.63 + 0.40 0.001
. Left 0.64 +0.28
Width Right 0.61+0.25 0.068
DISCUSSION

The mean length of the right and left frontal horn
in this study was lower than the measurements
reported in several earlier studies in different
populations (Usman et al., 2012; Arun et al., 2017;
Agegnehu et al., 2021; Quarshie et al., 2021; Far-
heen and Sukre, 2017) (Table 6). The width of the
frontal horn was higher than the findings by Age-
gnehu et al. (2021). These authors also reported
larger FHTD compared to our findings. Discrep-
ancies among studies in frontal horn dimensions
could stem from methodological variations (using
CT versus MRI), differences in sample sizes, di-
verse measurement techniques, and the age com-
position of the participants (Arun et al., 2017).
Furthermore, variations could be due to the influ-
ence of racial and geographical factors (Quarshie
et al., 2021). Understanding the population varia-
tions in frontal horn dimensions ensures accurate



Parameter (cm) Age (Years) P value
<20 21-30 31-40 41-50 51-60 61-70

Mean +SD

LL 2.60+0.21 2.61+045 252+0.36 2.82+0.35 2.84+0.37 2.75+0.44 0.001*
RL 253+£0.29 2.60+0.42 246+035 2.70+x0.37 2.75%£0.35 2.66+0.48 0.012*
Lw 0.48+0.13 0.59+0.43 0.56+0.20 0.63+0.25 0.69+0.22 0.76+0.29 0.024*
RW 0.39+£0.11 0.51+£0.24 0.52+0.22 0.59z%0.21 0.71+£0.21 0.77+0.29 0.001*
FHTD 2.85+0.41 2.90+0.32 289+0.33 295+0.36 3.01+0.29 2.89+0.30 0.451

LL- left frontal horn length, RL- right frontal horn length, LW- left frontal horn width, RW-right frontal horn width, FHTD- distance

between the frontal horn tips, *p considered significant at <0.05

Table 5. Age correlation with the frontal horn parameters.

Parameter r P value
LL 0.245 0.001*
RL 0.157 0.026*
LW 0.249 0.001*
RW 0.388 0.001*
FHTD 0.059 0.401

LL- left frontal horn length, RL- right frontal horn length, LW- left frontal horn width, RW-right frontal horn width, FHTD- distance

between the frontal horn tips, *p considered significant at <0.05

Table 6. Frontal horn measurements in different populations.

Mean + SD
Author Country N Unit Side Average
Male Female
Agegnehu et al. (2021) Ethiopia 169 mm IEE 3222323 ;sggiigz
Honnegowda et al. (2017) Manipal, India 250 mm IEE ggiiii;" ;giig; ;g;iggg
Moawia et al. (2015) Saudi Arabia 152 mm L 205038 | Laot2
Sharmin et al. (2020) Bangladesh, India 60  mm Ei“ ggzgﬁgzgg 2266_'7594522_;194
Farheen and Sukre, (2017) Aurangabad, India 500 mm IEE gggigg gggigg
Yadav et al. (2015) Meerut, India 200 mm 7 ey eredll e
o em W mem aseos ajeow

RL- right frontal horn length, LL- left frontal horn length

diagnostic assessments and treatment planning
(Agegnehu et al., 2021). Recognizing population-
specific norms allows clinicians to interpret im-
aging results with greater precision, reducing
the risk of misinterpretation and unnecessary
interventions (Annongu et al., 2017; Arun et al.,
2017). This knowledge is particularly relevant for

neurosurgical planning, as variations in frontal
horn dimensions can influence the approach and
strategies employed in surgical procedures such
as endoscopic surgeries or ventriculoperitoneal
shunt insertions while minimizing complications
(Arun et al., 2017; Quarshie et al., 2021).
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Table 4. Age differences in the frontal horn parameters.
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Significant gender differences were observed in
the length of the frontal horn and the FHTD, which
were larger in males than in females. Agegnehu et
al. (2021) reported significantly larger width and
FHTD in males compared to their female counter-
parts. Yadav et al. (2015) and Sharmin et al. (2020)
also reported larger frontal horn lengths in males,
and this was contrary to the observations by Far-
heen and Sukre (2017). In Ukraine, the width of the
frontal horn lacked significant association with
gender (Polat et al., 2019). Gender differences in
the size of the lateral ventricles can be attributed
tolarger skull capacity and brain volumes in males
that influence the ventricular size (Bijaylakshmi et
al., 2014; Yadav et al., 2015; Annongu et al., 2017).
This is because the sex hormones impact the brain
structure and fluid dynamics, which is crucial in
maintaining brain homeostasis. There could also
be sex-specific genetic influences that may con-
tribute to the observed sexual dimorphism in the
ventricular size (Yadav et al., 2015). This dimor-
phism in ventricular size may have implications
for diagnosis and management of neurological
disorders such as dementia or neurodegenerative
diseases, which may exhibit sex-related variations
in their impact on brain structures including the
ventricles (Usman et al., 2012). Additionally, neu-
rosurgical procedures need to account for sex-re-
lated variations in ventricular size (Arun et al.,
2017; Quarshie et al., 2021).

The left frontal horn length was significantly
larger than the right, aligning with results report-
ed by some earlier studies (Bijaylakshmi et al.,
2014; Quarshie et al., 2021). Conversely, Farheen
and Sukre (2017) and Annongu et al. (2017) did
not observe any significant side differences in the
frontal horn length. No significant side difference
was observed in frontal horn width in our study, in
contrast to the findings of Agegnehu et al. (2021)
and Zhuravlova and Montgomery, (2023) who re-
ported significantly wider frontal horn on the left
and right side respectively. Asymmetry in normal
lateral ventricle size is influenced by various fac-
tors such as functional lateralization of cognitive
functions, handedness, neurodevelopmental pro-
cesses, genetic and environmental factors (Bijay-
lakshmi et al., 2014; Arun et al., 2017; Quarshie
et al., 2021). While some degree of asymmetry is

considered normal, extreme or consistent, asym-
metry may prompt further investigation to rule
out underlying neurological conditions or ab-
normalities (Arun et al., 2017). This knowledge
informs diagnostic assessments and helps avoid
unnecessary interventions related to normal ana-
tomical variability in the human brain.

The length and width of the bilateral frontal
horns exhibited significant differences across
various age groups while the FHTD did not.
Among the Ethiopians evaluated by Agegnehu
et al. (2021), the frontal horn length, width and
FHTD showed significant differences between the
age-groups. On the contrary, Fareen and Sukre
(2017) did not observe any significant differences
age-wise. This discrepancy might be attributed to
variations in sample size and gender distribution
within each age group (Arun et al., 2017; Quarshie
etal., 2021).

This study identified a significant weak positive
correlation between the length and width of the
frontal horns and age bilaterally. The FHTD had
no significant correlation with age. Agegnehu et
al. (2021) observed a strong positive correlation
between each of the three dimensions (length,
width and FHTD) with age. The population exam-
ined by Sharmin et al. (2020) showed an increas-
ing frontal horn length up to the age of 40 years,
while later a reduction was observed. Zhuravlova
and Montgomery (2023) also reported increas-
ing frontal horn width with age. The increase in
ventricular sizes with age is attributed to natural
changes in brain structure and volume during
the aging process (Yadav et al.,, 2015). Brain at-
rophy or shrinkage is associated with compensa-
tory enlargement of CSF spaces (Bijaylakshmi et
al.,, 2014; Annongu et al., 2017). Understanding
these age-related variations aids in distinguish-
ing normal age-related changes from potentially
pathological conditions, guides treatment plan-
ning in neurosurgery, and informs the interpre-
tation of neuroimaging results in different age
cohorts, contributing to more accurate diagnoses
and choice of interventions (Quarshie et al., 2021;
Zhuravlova and Montgomery, 2023).

In this current study, the use of a CT and a stan-
dardized methodology for measurements en-
hance the reliability and reproducibility of the



findings. The inclusion of gender- and age-spe-
cific analyses provide valuable reference for cli-
nicians and researchers in neurology and neu-
rosurgery. However, the retrospective nature of
the research limited the sample size which may
impact the generalizability of the findings. Addi-
tionally, the study does not associate the dimen-
sions measured with clinical symptoms or condi-
tions. The future research endeavors can assess
the clinical implications of frontal horn variations
in relation to neurological symptoms or disorders.
The age-related changes in frontal horn dimen-
sions could be tracked over-time to aid in the ear-
ly detection of pathological conditions.

CONCLUSION

The study provides the standard reference val-
ues of the dimensions of the frontal horns on CT
based on age and gender groups. This has import-
ant implications for accurate diagnostic interpre-
tation in clinical settings, and is therefore useful
to neurosurgeons, psychiatrists and neurologists,
and neuroradiologists in Delta State.
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