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o' OPEN ACCESS ABSTRACT
Introduction: The ventricular system is a predictor of brain development and a
Corresponding Author: signifier of neurodevelopmental outcome. The fourth ventricle enlarges in various

conditions like hydrocephalus, dementias etc. So, it is necessary to know the normal
range of dimensions of fourth ventricle. Very few studies of Assamese population
are available on fourth ventricle comparing the parameters in dissection and
radiological methods.

Aim: The present study was conducted to determine any difference in the
measurements of the fourth ventricle between formalin-fixed brain specimens and
Magnetic Resonance Imaging (MRI) scans in our population.

Materials and Methods: This cross-sectional study was conducted in the
Department of Anatomy at Silchar Medical College and Hospital, Assam, India.
127 formalin-fixed cadaveric brain specimens were used to measure the height and
width of fourth ventricle. Additionally, MRI scans of 35 patients were used to
measure the same parameters.

Results: The fourth ventricular mean width of 127 cadaveric brain specimens was
25.49 mm with standard deviation of 6.10 and the mean height was 26.94 mm with
standard deviation of 6.12. The fourth ventricular mean width (at the level of lateral
recess) in MRI was 20.99 mm with standard deviation of 4.59 and the mean height
was 24.15 mm with standard deviation of 4.58.

Conclusion: In the present study, the measurements of 4th ventricle showed sexual
dimorphism as male gender had predominance over female in both dissection and
MRI procedures. The findings obtained from formalin fixed brains in dissection
method showed greater measurements than MRI method for the parameters of
fourth ventricle.
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INTRODUCTION

The ventricular system, a network of interconnected cavities littered with cerebrospinal fluid (CSF), is one of the highly
conserved aspects of the vertebrate brain [1]. The ventricular system is a predictor of brain development and a signifier of
neurodevelopmental outcome [2]. For evaluating the changes brought by growth, aging, innate and external pathologies,
morphometric assessment of the cerebral ventricular system is relevant [3]. The brain endures various gross and histo-
pathological transitions in older age, as well as in various dementias, with reduced brain tissue relating to ventricular
widening [4]. Unusual widening of the ventricles was addressed as a predictive indicator of cerebral degeneration, which
may be due in part to the adaptive potential of the ventricular system or to a reduced size of neurons [5]. Several authors
found gender disparities in brain degeneration with age, and suggested that female change was relatively mild than male

[6].

Fourth ventricle of brain, a thomboid shaped small cavity, communicates antero-superiorly with third ventricle through
narrow cerebral aqueduct, inferiorly with central canal of spinal cord and supero-laterally with subarachnoid space
through foramen of Luschka and Magendie in its roof [7].
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In past some researchers have reported width of fourth ventricle to be greater than its height, and both width and height
being higher in males than in females [8,9]. Relatively few authors have reported the age changes in the dimensions of
4th ventricle [10].

Although, the results of post-mortem studies are substantiated by neuroimaging methods, dissection of cadaver is always
regarded as a classic method of anatomical education. To the best of our ability and what has been encountered in the
relevant literary works; limited report is available for the Assamese population concerning morphometric estimation of
brain ventricles, capable of representing and classifying age and gender related physiological changes in ventricular
anatomy by dissection procedure. Therefore an effort has been made in the present study to evaluate the various
morphometrc dimensions of the fourth ventricle in individuals of different age group from both genders belonging to this
specific population, primarily by dissection approach in formalin-fixed cadaveric brain which is then compared to the
findings of MRI scans in vivo.

MATERIALS AND METHODS

This cross-sectional study was conducted from April 2014 to March 2019 after obtaining Institutional Ethical Committee
(IEC) clearance. Brain specimens for the dissection method were obtained from deceased individuals who underwent
postmortem examinations in the Department of Forensic Medicine, Silchar Medical College, Silchar, as well as from
bodies voluntarily donated to the Department of Anatomy, Silchar Medical College, Silchar. In all cases, age, sex, and
cause of death was recorded. Normal MRI scans of 35 cases from different age groups, performed in the Department of
Radiology, Silchar Medical College and Hospital, were collected for radiological comparison.

Sample size calculation was done by using the formula n=z2 ¢2/d2, where 'z' represents the desired level of confidence,
'd' represents the desired width of the confidence interval, and 'c' represents the standard deviation. For this study, 'z' was
setto 1.96, 'c' was 26, 'd' was 5, and 'n' was approximately 104.

Inclusion criteria: Postmortem brain specimens and MRI scans of individuals belonging to age groups 10-70 years and
above, of both genders, were included in the study.

Exclusion criteria: Postmortem brain specimens with head injury and visible mass lesions were excluded from the
study. The MRI scans with a history of head injury, cerebral infarction, local mass lesion, and prior intracranial surgery
were also excluded from the study.

The brains were labelled and preserved in 10% formalin solution after removal during postmortem examination.
Subsequently, the brains were dissected according to Cunningham's Manual of Practical Anatomy [11].

Dissection of Fourth Ventricle:
Through the vermis, the cerebellum was divided into two equal parts via a median sagittal section. The incision was
deepened and the two parts of the cerebellum were carefully separated. This displayed the floor of the fourth ventricle.

For measurement of fourth ventricular dimension, the parameters taken into consideration were:

* Height: of 4" ventricle measured from the upper end of impression for superior medullary velum to the level of obex.

» Width: measured across the level of lateral recesses.

Digital Vernier caliper was used to measure the various parameters of the ventricles and all the parameters were recorded
in mm. Once collected, statistical analysis of the data was carried out.

Collection of data for MRI scans (for radiological comparison):

Similar points were taken into consideration in MRI scans as in case of dissection method. MRI scan of the patients were
carried out in the Siemens Abanto Fit 1.5 tesla machine in the Department of Radiology, Silchar Medical College and
Hospital. Sagittal and transverse axial planes were used in MRI scanning.

Statistical analysis

Statistical Package for Social Sciences (SPSS) Version 18 was used for Statistical analysis of the data. Statistical
parameters, the mean, standard deviations and standard errors of mean of all measurements were estimated. The data was
analyzed and compared by using Student's t-test for measurement of significance. Measurements of the parameters were
correlated to the age by using Spearman's rank correlation coefficient. For P value, level of significance was taken as
0.05. Statistical significance was defined as P< 0.05 for all analyses.

RESULTS
During the study, 127 brain specimens were obtained belonging to the age groups of 10 years to more than or equal to 70
years of age. Among the 127 specimens, 78 were of male and 49 were of female brain.
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For radiological comparison, normal MRI scans of 35 cases from similar age groups (as for dissection) were taken,
including 23 male brains and 12 female brains.

Results in dissection method

The fourth ventricular mean width of 127 cadaveric brain specimens was 25.49 mm with standard deviation of 6.10 and
the range was 13.25 mm to 39.80 mm. Similarly, the mean height of fourth ventricle was found to be 26.94 mm with
standard deviation of 6.12 and the range was 14.36 mm to 41.76 mm. (Table 1)

There was gradual increase in the average width and height of the fourth ventricle as the age increased. Minimum width
and height were found in 10-19 years of age group whereas the maximum values were found in the age group of more
than 70 years. (Table 2, Figure 6)

It was also observed that in all cases (127 brain specimens), the average height being greater than the average width, but
the difference was found to be statistically non-significant (p value 0.0591).

The average width and height are slightly more in male (25.93 mm & 27.37 mm) as compared to female (24.78 & 26.26
mm); although differences were found to be statistically non-significant.(p>0.05). (Table 3)

Results in MRI

The fourth ventricular mean width (at the level of lateral recess) was 20.99 mm with standard deviation of 4.59 and the
range was 14.63 mm to 37.44 mm. Similarly, the mean height of fourth ventricle was found to be 24.15 mm with
standard deviation of 4.58 and the range was 19.24 mm to 40.18 mm. (Table 4)

The fourth ventricular width and height also showed positive correlation with age i.e. both the dimensions gradually
increased as the age advanced; to be minimum in 10-19 years and maximum in >70years of age.(Table 5)

Though the width and height were found greater in male, no statistically significant difference was found in comparison
with female. (p>0.05).(Table 6)

In case of fourth ventricle, the average width (at the level of lateral recess) was found to be more in cadaver by dissection
method (26.94 mm + 6.12) than in MRI (20.99 mm= 4.59), with the difference being statistically extremely
significant(p<0.0001).

Similarly, the average height of fourth ventricle was found to be more by dissection method (25.49 mm + 6.10) than in
MRI (24.15 mm= 4.58), and the difference was significant (p<0.05). (Table 7, Figure 7)

Figure 1: Measurements to be taken for 4th ventricle: G- upper end of superior medullary velum, H- obex, E, F-
lateral recess of 4th ventricle. GH- Height & EF- Width of 4th ventricle.
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Figure 4: Showing width of fourth ventricle in MRI (at the level of lateral recess) (green line)
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Figure 5: Showing height of fourth ventricle (yellow line).

Table 1: Showing average dimensions of different parameters of fourth ventricle in 127cases (By dissection method).

. L. Fourth ventricle
Statistical parameters Widih Height
Mean 25.49 26.94
SD 6.10 6.12
Minimum 13.25 14.36
Maximum 39.80 41.76

Table 2: Showing average width (at the level of lateral recess) and height of fourth ventricle in various age groups.

Age group (years) Width Height
ge group y Mean (mm) SD Mean (mm) SD
10-19 15.42 2.60 16.81 2.61
20-29 16.72 2.26 18.22 2.09
30-39 21.37 1.44 22.54 1.76
40-49 24.61 2.31 26.32 231
50-59 27.51 2.10 28.99 1.95
60-69 32.55 2.36 33.93 2.52
>70 34.02 8.11 35.45 8.06

40

s

(=]
=

[*]]
'

AVERAGE
-

10-19yrs 20-20 30-39 40-49 50-59 60-60 =70
AGE

Figure 6: Average width (at the level of lateral recesses) and height of fourth ventricle in different age groups.
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Table 3: Showing gender wise comparison of different dimensions of fourth ventricle.

Statistical Average width Average height (mm) (Superior- | p value
parameter (latero-lateral diameter)(mm) p value inferior diameter)
Mean Male Female Male Female
25.93 24.78 27.37 26.26
SD 6.19 5.95 0.3034 6.27 5.87 0.3183
SEM 0.701 0.850 ' 0.710 0.839
Minimum 14.36 13.25 15.33 14.36
Maximum 39.80 37.39 41.76 39.19

Table 4: Showing average dimensions of different parameters of fourth ventricle (By MRI).

Statistical parameters Widih Fourth Veﬁggﬁi
Mean 20.99 24.15
SD 4.59 4.58
Minimum 14.63 19.24
Maximum 37.44 40.18

Table 5: Showing the average dimensions of fourth ventricle in various age groups (in MRI).

Age group Fourth Ventricle
(years) Width (mm) Height (mm)
10-19 19.0 224

20-29 18.16 20.96

30-39 20.99 25.10

40-49 19.84 22.60

50-59 20.76 22.91

60-69 19.99 254

>70 35.92 38.99

Table 6: Gender wise comparison of mean dimensions of fourth ventricle (in MRI).

Ventricles Dimensions Male Female p value
Fourth ventricle Width 22.03+5.01 19.01+2.89 >0.05 (not significant)
Height 24.85+5.21 22.82+2.74 >0.05 (not significant)

Table 7: Comparison of mean measurements of fourth ventricle in MRI and dissection method.

Parameter MRI In Cadaver p value
Mean (mm) SD Mean (mm) SD

Width 20.99 4.59 26.94 6.12 <0.0001 (extremely significant)
Height 24.15 4.58 25.49 6.10 0.0131 (significant)

MRI cadaver

Figure 7: Comparison of average width and height of fourth ventricle between measurements in MRI and
cadaveric brain specimens.
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DISCUSSION

The fourth ventricle is a tent-shaped space between cerebellum and brainstem [12]. Cerebral atrophy has long been
recognized as a prominent feature of normal aging process. [13]. With aging there will be generalized atrophy of brain,
and this in turn would result in enlargement of the ventricular system. Morphometric study of cerebral ventricles provides
useful indices of cerebral atrophy [14]. Despite many authors contributed in this domain, the gender and age impact in
ventricle and brain changes is still obscure, therefore further studies may be needed in this regard [15].

Effects of Aging on fourth Ventricular Morphometry: Brain regression involving both the cerebrum and the
cerebellum usually begin by the seventh decade and thereafter accelerated with advancing age [16].

Vinoo Jacob et al., in their study conducted on 112 cases, showed that there was progressive increase in the size of the
ventricles with each decade, extending from the first to the fifth decade. There was a dramatic increase in the size of
ventricles in the sixth and seventh decades of life [17].

Barron et al. by CT study in normal ventricles, found a progressive increase in ventricular size from first to the sixth
decade followed by a dramatic increase in the eighth and ninth decades [18].

Parija et al., in their study, calculated the mean measurement of width of the fourth ventricle in males as follows, from
11.1 = 1.4 mm in the youngest age group (15-30 years), to 13.5 + 2.1 mm in the eldest years’ group (51-70 years), and in
females similar values were 11 + 0.9 mm in the youngest years’ group, toll.5 + 1.5 mm in the eldest years’ group.
Similarly, the height also ranges in males, from 4.7 = 0.8 mm in the youngest age group to 6.0 = 1.8 mm in the eldest
years’ group, and in females from 4.3 = 0.8 mm in the youngest years’ group, to 4.9 = 1.3 mm in the eldest years’ group.
Thus gradual increase in measurements was observed [19].

Effects of Gender on Morphometry of Fourth Ventricle:

The study by Singh et al. by computed tomography showed the height of 4th ventricle (measured from the upper margin
of the pons to the lower limit of open part of medulla oblongata), in females, ranged from 6-12 mm with mean (+ SD)
8.59 + 1.20 mm while in males; it ranged from 7- 12 mm with mean (£ SD) 9.36 £ 1.17 mm.; thus the mean of 4th
ventricle height of males was comparatively higher than females and the difference being significant. (p<0.001).
Similarly, they also showed that the 4th ventricular width (measured as the distance between roof and floor of the fourth
ventricle) in females, ranged from 6-12 mm with mean (x SD) 9.39 + 1.14 mm while in males, it ranged from 8- 13 mm
with mean (= SD) 10.21+1.09 mm. Thus, the mean width of 4th ventricle in males was comparatively higher than
females and the difference was significant [20].

In a study done by Akbari et al. on fourth ventricle of human cadaveric brain by plastination, it was observed that, the 4th
ventricular mean height (mean 2.29 cm) was slightly less than mean width (mean 2.38 cm) [21].

In a study by D'Souza et al. they showed that the height of the fourth ventricle was larger in males (1.18 & 0.27 c¢cm) as
compared to females (1.11 + 0.24 cm), which was statistically significant. The width of the fourth ventricle was also
observed to be greater in males (1.31 + 0.23 cm) than in females (1.21 & 0.22 cm), which was also statistically significant
[22].

A study by Singh et al. showed that height of the fourth ventricle (Greatest vertical distance) was larger in males (12.18 £
1.54 mm) as compared to females (12.13 = 1.41 mm), which was statistically insignificant (p= 0.753). Similarly,
maximum width of fourth ventricle (taken as maximum transverse distance along the coronal plane) was observed to be
greater in males (11.07 = 1.54 mm) than in females (11.05 £ 1.31 mm), which was also statistically insignificant
(p=0.897) [23].

In our present study, both by dissection and MRI, mean height was greater in male (27.37 £ 6.27mm in dissection,
24.85+5.21 mm in MRI) than female (26.26 + 5.87 mm in dissection, 22.82+ 2.74mm in MRI). The average width was
also more in male (25.93+1.09 mm in dissection and 22.03+5.01 mm in MRI) than female (24.78+5.95 mm by dissection
and 19.014£2.89 mm by MRI). This gender dimorphism was similar to D'Souza et al (2007) but was in contrast to Brij Raj
Singh et al. (2014) where male & female dimensions were almost equal.

Though in our study, the width and height were found comparatively greater in male, no statistically significant
difference was found in comparison with female. (p>0.05) (in both dissection and MRI).
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Table 8: Comparative measurements of 4th ventricle with other studies.

Studies Height(mm) Width(mm)

Males Females Males Females
D’souza et al., by CT
(2007) 11.8+£2.7 11.1£2.4 13.1£2.3 12.1£2.2
B.R. Singh et al,
(2014) by CT 12.18+ 1.54 12.13+ 1.41 11.07+ 1.54 11.05+1.31
(8213%}71) A Oy D 9.36+1.17 8.59+1.20 10.21£1.09 9.39+1.14
Honnegowda (by CT) 100+ 2.1 9.6+22 13.0+1.9 12.0+2.0
(2017)
Present study  (by | 57 37,627 26.26+5.87 25.93 + 1.09 2478 +5.95
dissection)
Present  study (by | 5, g5,5 99 22.82+2.74 22.03+5.01 19.01+2.89
MRI)
CONCLUSION

This analysis revealed (in both dissection and MRI procedures) that sizes of the 4™ ventricle increased with ageing which
was specifically accelerated in subjects above 70 years of age. In the present study, sexual dimorphism was observed as
male gender having predominance over female in both the measurements of the 4™ ventricle. (In both dissection and MRI
procedures). The findings obtained from formalin fixed brains in dissection method showed greater measurements than
MRI method for both the parameters of fourth ventricle. The data of the present study will be helpful to radiologists,
neurosurgeons and psychiatrists for diagnosis and treatment purposes.
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