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ABSTRACT

Background: Knowledge of the baseline reference value of frontal horn size is necessary for the initial and precise
analysis of ventriculomegaly. The purpose of this study was to determine the size of frontal horn of lateral ventricle
and its relation with age, gender and side among adult Bangladeshi population of Chattogram district.

Materials and methods: This cross-sectional analytical study was conducted during the period from July 2022 to
June 2023 in the Department of Anatomy, Chittagong Medical College, Chattogram, upon 150 respondents of 20-60
years who had normal Computed Tomography (CT) scans as reported by an expert radiologist. For statistical
analysis,Mann-Whitney U test, Wilcoxon signed rank test and ANOVA test were done. p-value was considered
significant if it was <0.05 at 95% level of confidence.

Results: The mean right and left frontal horn length was 25.50 (+3.95) mm and 25.28 (+4.04) mm respectively. The
length of the frontal horn of both right and left sided lateral ventricle were significantly higher in male than that of
female (p<0.01). Spearman's correlation coefficient indicated positive linear correlation of length of frontal horn
(Right and left side) with age, insignificant in right side (p=0.061) but significant in left side (p=0.046).

Conclusion: Morphometric analysis of the frontal horn of the lateral ventricles among the Bangladeshi population
produced a number of significant results that may help with the early diagnosis and treatment of neurological
diseases that are particular to gender and age. These findings can be validated and expanded upon in future
research using bigger sample sizes and cutting-edge imaging methods.

Key words: Age; Computed tomography; Frontal horns The human brain has been the focus of intense research
of lateral ventricles; Gender; Human brain; Morphometric over the centuries. It is well recognized that individuals
study and side. vary considerably in brain volume, cytology,
distribution of grey and white matter, gyral pattern and
ventricular size.> Radiologists and neurologists are
frequently confronted with problems of finding out

Introduction
The ventricular system of the brain consists of two
lateral ventricles, the third and fourth ventricle. Within . S o .
. . whether or not ventricles are inside within normal limits
each cerebral hemisphere lies the large C-shaped lateral C 3.4
. L . or enlarged for a patient’s age.”
ventricle which is divided into a body and 3 horns: . .
The brain experiences numerous gross and

. . . 1
Anterior, Posterior and Inferior. histopathological changes with aging, including brain
tissue regression that causes ventricular hypertrophy.’
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Asymmetry between the two lateral ventricles is
relatively common, found in 5-12% of the population.
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studies showing a significant difference in lateral
ventricle size in right- versus left-handed individuals
and males versus females. Other studies have shown no
significant difference in these populations. Smaller
ventricles were supposed to be correlated with more
extensive brain tissue, yet this was not consistent in all
studies. A great deal of research has also been done on
the lateral ventricles' shape.’

Morphometric analysis of brain ventricular system has
become a focus of interest in recent studies due to its
association with pathological conditions like
hydrocephalus, Schizophrenia, Alzheimer’s disease,
Multiple sclerosis, Huntington’s disease, Parkinson’s
disease, epilepsy, depression as well as aging which
could lead to dementia.®!! There is an alteration in
brain morphology, size and shape of ventricular system
in chronic alcoholism.'> Anatomical knowledge of
ventricular system helps neurosurgeons with accurate
localization and complete removal of space-occupying
lesions like craniopharyngiomas and gliomas.!3
Morphometric analysis of ventricular system is also
helpful in the diagnosis and classification of
hydrocephalus and in the assessment and follow-up of
enlargement of ventricular system during therapy'“.
Measurement of ventricles by the older radiographic
methods like gas or contrast encephalography, were
highly invasive and produced artifacts.!> With the
advent of newer imaging techniques like CT and MRI
which are non-invasive and with no artifacts,
evaluating ventricular sizes has become easier.!6"!® It
also provides real-time images without the need for
anesthesia and is safe.!”

Worldwide, numerous morphometric studies have been
conducted to measure the normal size of frontal horns
of the lateral ventricles of the brain by Computed
Tomography (CT) but there is a lack of data regarding
this in our country. Keeping the above background and
knowledge in mind, the present study was carried out to
analyze the normal morphology of frontal horns of the
lateral ventricles of the brain by CT among
Bangladeshi population.

Materials and methods

This cross-sectional analytical study was carried out in
the Department of Anatomy of Chittagong Medical
College, Chattogram during the period from July 2022
to June 2023 among 150 respondents. Data were
collected from three centers of Chattogram- the
Department of Radiology and Imaging, Chittagong
Medical College Hospital (CMCH), Popular Diagnostic
Center Ltd and Epic Health Care. Approval was taken
from ethical review committee of Chittagong Medical
College.
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CT scans were performed with the Siemens Somatom
128-slice CT scanner machine. Subjects had undergone
axial transverse scanning of the brain. Axial sections
were obtained from the skull base to the vertex at 5 mm
slice thickness. A lateral image was taken to confirm
the correct position of the subject. A cantho-meatal line
was drawn and a line at an angle of 15 — 20 degrees to
and 1 cm above it, representing the lowest tomographic
section, which passes through the base of the skull.
Without any overlap, eight or ten axial imaging slices
of the brain were acquired.”’ All other technical
parameters of the scans were as per the established
standards (e.g., Time in ms, potential in kv, current in
mA) and slice thickness of 05 mm. After collecting the
DVDs of the participants who had undergone brain CT
scans, it was evaluated by expert radiologists as normal
at the Radiology and Imaging Department of mentioned
facilities. The subjects were then selected by convenient
sampling method according to enrollment criteria. The
study subjects had no history of head injuries, cerebral
ischemia, hemorrhagic infarctions, hydrocephalus,
intracranial surgeries, intracranial space-occupying
lesions, alcoholism and drug abuse.

The morphometric measurements were carried out by a
skilled radiologist from CMCH utilizing DICOM image
analysis software. The length of the frontal horn of
lateral ventricle was measured in mm from the
interventricular foramen to the tip of the frontal horn.?!
(Shown in Figure 1).

Figure 1 Axial CT scan showing the process of
measurement of frontal horn length

All data were fed into Statistical Package for Social
Sciences (SPSS-26) software for processing and
analysis. The Shapiro-Wilk test was used to test the
normality of the variables.Data were presented as
number, percentage or mean + standard deviation.
Comparison with gender was completed using the
Mann-Whitney U test. Comparison with laterality was
completed using Wilcoxon signed rank test.
Comparisons with age groups were done using the



ANOVA test. Spearman’s correlation was conducted to
assess the relationship between right frontal horn
length, left frontal horn length and age. Results were
considered significant if p value was <0.05 at 95%
level of significance.

Results

Out of 150 participants, there were 59 (39.3%) males
and 91 (60.7%) females. The age of the respondents
ranged from 20-60 years with the mean = SD age of
35.85+11.77 years.

Table I Mean difference of length of frontal horn of
lateral ventricles (n=150)

Participants ™ Side[ Rangel” Mean + SDT p value*
All” Right side( ] 14.5-34.501 25.50+3.9500  0.125
0 Left side 14.3-33.50 25.28+4.047
Malel” Right side] 15.1-34.50 27.33£3.870 0.000
Femalel!  [1 14.5-30.300 24.3243.5411
Male™ Left side 14.9-33.50 26.83+£3.90C1  0.000
Femalel! [ 14.3-32.100 24.27£3.830

* p<0.05= significant.

In general, the length of the frontal horn of right-sided
lateral ventricle ranged from 14.5-34.5 mm with a
mean of 25.50+£3.95 mm. The length of the frontal horn
of left-sided lateral ventricle ranged from 14.3-33.5 mm
with a mean of 25.28+4.04 mm. This difference was
not statistically significant (p>0.05). The mean length
of the frontal horn of right lateral ventricle in male is
significantly higher (p< 0.01) than in female
(27.3343.87 mm vs. 24.32+3.54 mm). The mean length
of the frontal horn of left lateral ventricle in male is
significantly higher (p< 0.01) than in female
(26.83+3.90 mm vs. 24.27+3.83 mm).

Table II Comparisons of ventricular measurements in
relation to different age groups among the respondents
(n=150)

Measurements

(mm)"] Age groups (years)

0 20290 30390 40490 S0-590 60690 pvalue*
0 @=56)) (=30 (=40)] (u=l6)D (=)0

Length of the

frontal horn
(Right side) ] 24.65+4.770125.67+3.450125.68+3.330126.75+3.2410 27.73£1.767 (.158

Length of the
frontal horn
(Leftside)l  24.604.757125.2243 4877255543 407725.74+4.04728.39+2.40” 0.188

* p>0.03= not significant.
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Length of the frontal horn (Right side) increased
gradually from 24.65+4.77 mm (20 to 29 years age
group, i.e., the youngest age group) to 27.73+1.76 mm
(60 to 69 years group, i.e., the eldest age group). Length
of the frontal horn (Left side) increased gradually from
24.60+4.75 mm (20 to 29 years group, i.e., the youngest
age group) to 28.39£2.40 mm (60 to 69 years group,
i.e., the eldest age group). According to ANOVA test,
the difference in measurement of length of the frontal
horn of lateral ventricle was not significant (p>0.05).
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Figure 2 Relationship between age of the respondents
with the length of right frontal horn (n=150)
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Figure 3 Relationship between age of the respondents
with the length of left frontal horn (n=150)

Spearman's correlation coefficient test was done to see
correlations, as data were not normally distributed.
There was non-significant positive linear correlation of
length of frontal horn (Right side) with age (r=0.153,
R?=0.023, p=0.061) and also non-significant positive
linear correlation of length of frontal horn (Left side)
with age (r=0.164, R?=0.027, p=0.065).

Discussion

In the present study, frontal horn of right side was longer
than that of left side among overallparticipants, but this
differencewas not statistically significant (Table I).



In a study in India, among 250 participants, the mean
right and left frontal horn lengths were reported as 29.2
+ 3.72 mm and 28.7 + 2.9 mm, respectively.”> The
mean lengths were higher than our population. But
right sided length being higher than left side is similar
to the findings of the present study. In contrast, another
study conducted in Saudi Arabia among 152
participants revealed that the mean lengths of the right
and left frontal horns were almost equal (27.55 £ 4.175
mm and 27.55+ 4.184 mmrespectively).??

In a different study, carried out in Nagpur, India among
150 participants (54 female and 96 male) who had
normal brain CT scans, participants’ age range was 20-
80 years. They observed higher values of the frontal
horn length on the left side (29.364+2.34mm) in
comparison to the right side (28.08+2.22mm).?* In one
more study in India, 200 participants (Age range 10 to
80 years) had normal brain CT scans and the mean
values of right and left frontal horn length were
29.3mm and 30.5mm, respectively.?! These
dissimilarities may be due to the different age ranges of
the participants in the studies.

In the present study, Mann-Whitney U test revealed that
the length of the frontal horn of both right and left
lateral ventricle was significantly higher in males than
in females (p= 0.000).

From a study among adults of Northern Zone of
Bangladesh it was found that male individuals had
considerably longer frontal horns of the left and right
lateral ventricles than female subjects did (p = 0.002
and p = 0.001).% From the study carried out in Nagpur,
India the mean length of the frontal horn of right lateral
ventricle was found as 28.52+ 2.26 mm in males and
27.29+ 1.91mm in females. The mean length of the
frontal horn of left lateral ventricle was 29.81£2.41 mm
in males and 28.57+1.99 mm in females. The length of
the frontal horn of both right and left sided lateral
ventricle were significantly higher in males than that of
females (p<0.01).>* In Maharashtra, India, one more
study was performed on more than 500 patients using
CT scans. The study group comprised 250 males and
250 women aged 20 to 79. The mean length of the
frontal horn of right lateral ventricle was found as
28.5+ 1.06 mm in males and 25.9+1.46 mm in females.
The mean length of the frontal horn of left lateral
ventricle was 30.3+1.46 mm in males and 29.7+ 1.22
mm in females.?® The differences were not statistically
significant but as the values of these studies are nearly
similar to the present study. Among the Ethiopian
adults, the mean length of the frontal horn of left lateral
ventricle was higher in males than females but were
statistically insignificant (p>0.05). Being insignificant
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is inconsistent with the present study This could be due
to the geographical and racial distribution of the
population.'” Some other studies’ findings correlated
with the findings of the current study.?!?7-?8

Singh et al. conducted a prospective study in
Maharashtra, India, in which the brains of 358
individuals (207 male and 151 female) were analyzed
using CT images. The mean length of the frontal horn of
right lateral ventricle was found as 25.00 = 3.18 mm in
male and 25.34 + 3.50 mm in female. The mean length
of the frontal horn of left lateral ventricle was 26.26+
2.94 mm in male and 26.53 + 3.38 mm in female. This
study showed the length of both-sided frontal horn is
greater in female than that of male. The findings of this
study are dissimilar to the findings of the present study.®
This dissimilarity may be due to a larger sample size
and differences in the distribution of sex.

In the present study, the length of the frontal horn was
seen to gradually increase from lower to higher age
group. The ANOVA test was performed, and changes
were statistically insignificant both in right side (p =
0.158) and and left side (p = 0.188) (Table 1I).

Farheen et al. revealed that from the 30-39 age groups
onward, the mean length of the frontal horn gradually
increased, reaching a maximum value in the 70-79 age
groups on the right and left sides. No statistically
significant difference was found between age groups
according to the ANOVA analysis (p>0.05).2° Yadav et
al. conducted a study in Meerut, India, where
measurements of frontal horns of lateral ventricles were
evaluated among 200 participants (100 males and 100
females), age ranging from 10 to 80 years. It was
observed that as age advances, the dimensions of the
ventricles also enlarge, this difference was not
statistically significant according to the ANOVA
analysis (p>0.05).2” The results of these studies agree
with the results of the present study.®

Rathod P U and Mehera B categorized the participants
in three groups such as: 20—40, 41-60 and 61-80 years.
As age progressed, both sides of the average length of
the frontal horn increased and the changes were
statistically significant in relation to age (p=0.000).2*
Although the participants were not categorized in
decades, the findings of the study were nearly similar to
the present study.

In the present study, Spearman's correlation coefficient
indicated positive linear correlation of length of frontal
horn (Right and left side) with age, insignificant on
right side (p=0.061) and also on left side (p=0.046). As
coefficient of determination shows 23% and 27%
values, there is poor relationship between age
(Independent variable) and length of frontal horn
(Dependent variable).



Among the Ethiopian population, Pearson’s correlation
finding indicated a strong positive statistically
significant correlation (p<0.001) between right frontal
horn length, left frontal horn length, and age (r=
0.786,0.784 respectively)'®.

Limitations
The study was conducted in a selected area witha
relatively small sample size. So, the present study may
not be truly representative of the whole population of
Bangladesh.

Conclusion

The study reported that among the population of
Chattogram, Bangladesh having normal CT scans - the
mean length of right sided frontal horn was larger than
that of left side, without any significant difference
between the sides. However, significant gender
differences were found, with males having larger
frontal horn lengths than females on both sides
(p<0.01).The study also revealed an insignificant
(p>0.05) gradual increase in the length of the frontal
horn with advancing age. Non-significant positive
linear correlation was found between age and the length
of the frontal horns. The results of the present study
provide some baseline data. These findings might also
be helpful to clinicians, neurosurgeons and radiologists
in clinical assessments and diagnostic procedures
involving the lateral ventricles. In addition to
facilitating comparative studies and promoting a greater
understanding of neuroanatomical variability across
different groups, this will contribute significant data to
the worldwide pool of information on brain
morphometry.

Recommendation
Multicenter-based studies with larger sample size are
required to confirm the findings of such study.
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