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Abstract

Background: The fourth ventricle is one of the components of the ventricular
system in the brain , along with the lateral and third ventricles . The ventricular size
is considered as a potential indicator in determination of many brain diseases. There
are dimensional differences between males and females which appeared larger in
males.

Aim: The aim of this study was to determine the radiological dimensions of fourth
ventricle and to assess their relationship with gender and age.

Subjects and methods:

Brain Magnetic Resonance Images (MRI) of 100 patients (44 males and 56 females)
were examined. The dimensions of the fourth ventricle were estimated. Additionally,
the variation with sex and age were also described. After collection and checking
of data, Statistical Package for Social Sciences (SPSS) was used for data entry and
analysis.

Results:

The AP length of 4th ventricle of all patients ranged from 6.5-13.9 mm with mean
(= SD) 10.67 £ 1.66 mm. In females, it ranged from 6.5-13.9 mm with mean (+ SD)
10.48 £ 1.76 mm while in males; it ranged from 7-13.9 mm with mean (= SD) 10.92
+ 1.51 mm. The mean of 4th ventricle AP length of males were comparatively higher
than females. Similarly, the 4th ventricle width of all patients ranged from 8.7-16.1
mm with mean (£ SD) 12.06 = 1.41 mm. In females, it ranged from 8.7-14.6 mm
with mean (£ SD) 11.85 = 1.32 mm while in males; it ranged from 9.1-16.1 mm with
mean (x SD) 12.32 + 1.48 mm. The study showed that width of fourth ventricle was
more than the AP length and both were greater in males than in females. AP length
and width showed negative correlation with age.

Conclusion:

The normal reference values of ventricles obtained from MRI are necessary to
form the baseline data for interpreting pathological changes, planning surgery, and
determining presence and progress of some neurological diseases. Furthermore, the
dimension of fourth ventricle should be taken into consideration during radiological
reports and during clinical examination.

Keywords: Morphometric study, fourth ventricle, MRI.

Abbreviation: MRI : Magnetic Resonance Imaging; CT: Computed Tomography;
AP-length : anterior-posterior length; CSF :cerebrospinal fluid; SPSS: Statistical
Package for Social Sciences; S D: Standard Deviation.

Introduction

The ventricular system in the brain composed of CSF- filled ventricles and their
connecting foraminae which originates from the central lumen of embryonic neural
tube. CSF filled ventricular system is an essential part of brain. The ventricular
system in the cerebral hemispheres consists of two lateral ventricles; midline third
and fourth ventricles connected by inter ventricular foramen and aqueduct of Sylvius
respectively.[1]

The fourth ventricle is characteristically diamond-shaped in sagittal cross-section.



The measurement of the fourth ventricle is 1.6 cm from the
fastigium to the floor and 4 cm from the superior to the inferior
angle [2], it is located dorsal to the pons and upper part of the
medulla oblongata. The roof, located dorsally is formed by
the superior medullary velum and inferior medullary velum
overlying the cerebellum. The floor, located ventrally, is
formed by the rhomboid fossa . The sidewalls are formed by
the veli and cerebellar peduncles.It is widest at the level of the
pontomedullary junction. [3,4]

It communicates superiorly with the third ventricle by means of
the cerebral aqueduct, and antero-inferiorly with the central canal
of the medulla oblongata. Below in the midline and laterally in
the lateral recesses it communicates with the cisterna magna by
the foramen of Magendie and Luschka respectively.[2]

The fourth ventricle contains choroid plexus which is one of major
production of CSF and it is interconnected to cerebellopontine
cistern through two lateral apertures ( of Luschka ) and to cistern
Magna through median aperture (of Magendie). [5,6] These
important openings permit the cerebrospinal fluid to flow from
the ventricular system into the subarachnoid space.[7] In recent
years, Computed Tomography (CT) scan and MRI have replaced
the older methods of studying ventricular system.[6]

Proper knowledge and understanding about the anatomy of the
brain ventricular system is helpful for clinicians, neurosurgeons,
and radiologists in day-to-day clinical practice.[8-10] According
to literature findings, the ventricular size is considered as an
indicator in determination of many brain diseases. Additionally,
the normal reference values of ventricles obtained by MRI are
necessary to form the baseline data for interpreting pathological
changes, planning surgery, determining presence and progress
of some neurological diseases. Morphometric analysis of
ventricular system is important for evaluating changes due to
growth, ageing, intrinsic and extrinsic pathologies. [11,12] It
helps the neurosurgeons for localization and removal of space
occupying lesions around ventricular system.[13] The study of
shape and size of ventricular system recently has become a main
focus of interest in studies of some neuropsychiatric diseases
like schizophrenia, Alzheimer’s disease, and chronic alcoholism.
[14-16] also familiarity about anatomy of cerebral ventricular
system is important for endoscopic neurosurgery, helpful in the
diagnosis and classification of hydrocephalus and follow-up of
enlargement of ventricular system during therapy (ventricular
shunts). [17,18]

In the last century, some researchers reported that the width of
fourth ventricle to be greater than its height, and both width
and height being higher in males than in females.[19-21]
Relatively few authors have reported the age changes in the
dimensions of fourth ventricle and its correlation to skull size.
[11,21] The greatest length and the width of the fourth ventricle
are the parameters widely measured in various ventricular
morphometric studies. The purpose of this study was to document
the morphometric measurements of fourth ventricle and indices,
and to identify sex and age related differences of our population.

Subjects and methods

Study design

A case series descriptive study using the revision of brain MRI
records of patients was applied in this research.

Study setting

The place of study was Benghazi city - Libya and the department
was the department of radiology where patients are referred
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from other health care facilities for radiological examination and
diagnosis.

- Duration of study
The records of brain MRI during the period from January 2019
to March 2020 were reviewed.

- Inclusion criteria of cases
Male and female patients aged 18 years and above for whom
brain MRI scan was recommended by their physicians.

- Exclusion criteria of cases

Any male and female patients aged less than 18 years, history of
oncologic illnesses, hemiplegia, intracranial lesions, neurological
signs, current, past psychiatric illness, alcoholism, and drug use.

- Tools

Philips; open panorama a 1.5 T MRI system). Brain MRI
protocol obtained by special parameters technique such as axial
T2-weighted turbo spin-echo (TR:4337.5, TE:100.0 ms; slice
thickness 5.0 mm; gap 1.5 mm) was used. The measurements
were performed by the brain MRI. Findings were evaluated by
three observers [two radiologists and an anatomist] from digital
MRI images in the hospital using the axial T2- weighted spin-
echo image. The following parameters of the fourth ventricle
AP length and transverse width were evaluated as illustrated
by figure 1. After these measurements of the Estimations were
expressed as millimeters.

- Data collection
A record sheet was used to collect data, which included: age,
gender, AP length and transverse width transverse diameter.

- Administrative approval

The approval of the director of the hospital was taken before
reviewing the records and collection of required data with
consideration of confidentiality of the data.

- Statistical analysis

The Statistical Package for Social Sciences (SPSS); 21.0 program
was used for statistical analysis of the measurement results.
From these measurements, means, Standard Deviation (SD),
minimum and maximum values were calculated Comparison
between two groups was performed using unpaired student
t-test. P value <0.05 was considered significant.

Fig 1: MRI of the brain at the level of fourth ventricle in male
showing the transverse width and AP length measurement of
the fourth ventricle in cm. The green lines indicate the AP
length and transverse width.



Result

Brain MRI images of one hundred adult patients - (44 males &56
females) -were examined in this study as illustrated by Figure 2.
The results of fourth ventricle parameters were as per Table 1
and 2.

The AP length of 4th ventricle of all patients ranged from 6.5-
13.9 mm with mean (+ SD) 10.67 £ 1.66 mm. In females, it
ranged from 6.5-13.9 mm with mean (+ SD) 10.48 + 1.76 mm
while in males; it ranged from 7-13.9 mm with mean (+ SD)
10.92 + 1.51 mm. The mean of 4th ventricle AP length of males
was comparatively higher than females. Student’s t test showed
no significant difference in males as compared to females (10.92
+ 1.51 mm vs. 10.48 £ 1.76 mm, P=0.19). Table 1

Similarly, the 4th ventricle width of all patients ranged from 8.7-

16.1 mm with mean (= SD) 12.06 + 1.41 mm. In females, it
ranged from 8.7-14.6 mm with mean (+ SD) 11.85 + 1.32 mm
while in males; it ranged from 9.1-16.1 mm with mean (+ SD)
12.32 + 1.48 mm. We found that width was higher in males than
in females, but the difference was non-significant. Table 1

The study showed that the width of fourth ventricle was more
than the AP length and both were greater in males than in
females. Table 1

Using Pearson correlation there was a weak inverse non-
significant association between AP length of fourth ventricle
and age in the whole study sample and among females, while
in males, the association was positive, however, very weak and
non-significant. Regarding the transverse width, there was no
association with the age of the subjects. Table 2

B Female
B Male
Figure 2. Distribution of patient according to sex
Table 1: Mean and standard deviation of 4th ventricle parameters of males & females
Total Males Females
The parameters (n=100) (n=44) (n=56) P value
+ +
Fourth ventricle AP length in mm 106.27 105'?2 10.48 £1.76 0.19
: : : n n
Fourth ventricle transverse width in | 12.06 12.32 11.85 + 1.32 0.10
mm 1.41 1.48

Table 2: Correlations of brain ventricular parameters with age using Pearson correlation

The parameters

Total (n=100)

Males (n=44) | Females (n=56)

Fourth ventricle AP length in
mm

-0.14

0.04 -0.22

Fourth ventricle Transverse

width in mm 0.01

-0.05 0.09
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Discussion

There are many causes of the fourth ventricle enlargement
like brain stem tumors, blockage of foramen of luschka and
Magendie, Arnold Chiari malformations, autism, etc. [22] In the
context of increased brain ventricle size seen in routine clinical
practices knowledge of normal range of precise measurement
is needed before taking the appropriate decisions for further
management. Evaluation of the normal measurements of the
cerebral ventricles in the living human has great importance
in the diagnosis and monitoring of several pathologies. [23,24]
Through the width is always measured on axial images, there has
been confusion about its length and height in previous studies.

AP Length of fourth ventricle

The present study showed that the mean AP length of fourth
ventricle was 10.67 + 1.66 mm, the maximum value being 13.9
mm and was higher in males than in females, but the difference
was non-significant. These findings are in accordance with those
of study by Brij Raj et al[23] [mean height: 12.18+ 1.54 (males);
12.13+ 1.41(females)] by CT scan and by Meshrampreeti[25]
by CT scan (mean height 1.06+/-0.146 cm in males, and 0.94+/-
0.217cm in females), where the height of the fourth ventricle
was larger in males as compared to females. Patnaik P 2016[24]
used CT and found that ; mean height 7.62 £+ 2.56 mm in males,
and 6.85 + 1.66 mm in females and the mean length of fourth
ventricle was higher in males than in females, but the difference
was statistically non-significant.

In contrast, Gamereddin M et al[26] found slightly higher
maximum height of fourth ventricle in females (9.70+/- 2.21)
than in males (9.66+/-2.12) by CT scan, however the difference
was non-significant. According to the opinion of Gawler (1976)
[27] , the greatest height between roof and the floor of the
fourth ventricle was 10.8 mm. Gawler found that the height of
the 4th ventricle was higher in males as compared to females.
D’souza and Natekar[28] observed that the height of the fourth
ventricle was significantly larger in males (11.8 + 2.7 mm) as
compared to females (11.1 = 2.4 mm). The width of the fourth
ventricle was found to be greater than the height in both gender
and was more in males (13.1 £ 2.3 mm) than in females (12.1 +
2.4 mm) Akbari VJ et al [29] by plastination method found that
the mean height of fourth ventricle was 2.29+/-0.30 cm (range
1.9 to 2.7 cm ), Singh et al[30] observed that the height of the
fourth ventricle was significantly higher in males (9.36 + 1.17
mm) as compared to females (8.59 = 1.20 mm). AP Length of
fourth ventricle showed positive very weak correlation with age
in males, which was statistically non-significant, and showed
negative correlation with age in the whole study sample and
among females. It does not depend upon age.

Transverse width of fourth ventricle

The present study showed that the mean width as 12.06 + 1.41
mm in the studied population. The maximum value being 16.1
mm. In females, mean (= SD) 11.85 + 1.32 mm while in males;
mean (£ SD) 12.32 £ 1.48 mm (p= 0.10). The width of fourth
ventricle was higher than the AP length of it. Analyzing the
gender variations, we found that width was higher in males
than in females, but the difference was non-significant. Similar
studies had reported mean width 11.07+ 1.54 mm in males
and 11.05 £ 1.31 mm in females by brij raj et al,[23] 1.32+/-
0.201 cm in males, higher than in females (1.19+/-0.171 cm)
by MeshramPreeti[25]using CT study, the difference being
non- significant. Hamidu et al. [31] reported that the mean third
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and fourth ventricular sizes were greater in males as compared
to females, although this difference is statistically significant
only for the third ventricle but no significant differences noted
for the fourth ventricle. KanakarajKetal[29] also have shown
significant differences between male and female in relation to
the third ventricle measurement but no significant differences
noted for the fourth ventricle.

The fourth ventricle width was found to be 13.0 mm and 12.0
mm in males and females, respectively [32]. The corresponding
values of both Saudi Arabian males and females were; 12.54 mm
and 11.60 mm with significant statistical difference (p=0.005)
.[26] The value of the German healthy population was 12.5
mm.[17] In Goa population, the same dimensions were reported
as 1.31 cm and 1.21 cm in males and females.[28]Among
Indians, the same measurements were found as 12.16 mm and,
11.38 mm in males and females, respectively.[9] This value was
higher in males than females and the highest the fourth ventricle
values were in age group of 70 years in both genders. [9, 32]

In the present study the greatest AP- Length in males (10.92 +
1.51 mm) was more than in females (10.48 + 1.76 mm). The
width of the fourth ventricle was found to be greater than the
AP length in both gender and was more in males (12.32 + 1.48
mm) than in females (11.85 = 1.32 mm). The width of the fourth
ventricle as measured in later studies by Meese et al.,[21] and
D’Souza and Natekar [28] the width was found to be greater
than the height in both sexes with males recording a significantly
higher width (1.31em), as compared to 1.2lcm average of
females.

A study conducted in Saudi Arabia to investigate the correlation
of width with the age of the subjects, found that there was a
moderate positive significant (p<0.01) correlation between fourth
ventricle width and age.[26]Meshrampreeti et al reported that
height and width of fourth ventricle both showed low positive
correlation with age in both the sexes, which was statistically
significant. [25]

Recommendation:

1- Further studies using larger population size to enable us to
generalize the findings for the Libyan population.

2- Morphometric evaluation of lateral and third ventricles.

Conclusion

It is concluded that that age and gender are important and could
be used as the reference values in evaluating the brain region.
Additionally, revealed the importance of using MRI to evaluate
both normal and pathological changes for surgeon, radiologist or
neuroscientist in the ventricular region .Furthermore, we think
that the normal reference values of ventricles obtained by MRI
are important baseline data for interpreting pathological changes,
planning surgery, and determining presence and progress of
some neurological diseases.

References

1. Standring S; Ellis H; Healy JC; Johnson D; Williams A;
Collins P et al., editors. Gray’s Anatomy. (1995), The Anatomical
basis of clinical practice. 38th ed. Edinburgh: Elsevier Churchill
Livingstone 1205-9.

2. Williams PL, Bannister LH, Berry MM, Collins P, Dyson M.
Gray’s Anatomy. Churchill Livingstone. 38:486- 490.

3. Singh V. Study of anatomy of the fourth ventricle. Textbook of
Clinical Neuroanatomy Elsevier. 2010; 137:120-123..

4. Snell RS. The ventricular system of the brain. Clinical



neuroanatomy. 2006; 6:440-461.

5. Pal GP. Ventricles of the brain. Illustrated text book of
Neuroanatomy.2013; 1:389-399.

6. Sabattini L. Evaluation and measurement of the normal
ventricle and subarachnoid spaces by computerized tomography
scan. Neuroradiology. 1982; 23:1-5.

7. Lowery LA; Sive H. Totally tubular: the mystery behind
function and origin of the brain ventricular system. Bioessays.
Review. 2009; 31(4): 446-58.

8. Srijit D; Shipra P. Anatomical study of anomalous posterior
horn of lateral ventricle of brain and its clinical significance.
British Lek Listy. 2007; 108 (9):422-4.

9. Kanakaraj, K.; Kalaichezhian, M. & Sunil, K. Morphometric
study of the normal third and fourth ventricular sizes on
computed tomography. SAS J. Med 2016;2(6):152-6.

10. Farheen, S. S. & Sukre, S. B. Morphometric study of frontal
horn of lateral ventricle by computerised tomography. Int. J.
Anat. Res.2017; 5(3.1):4063- 6.

11. Le May MJ. Radiological changes of the aging brain and
skull American Journal of Radiology. 1984; 5:383-389.

12. Aziz, A; Hu Qing M; Nowinski Wieslaw L. Morphometric
analysis of cerebral ventricular system from MR images.
Medical Imaging 2004; 5369:574-82.

13. Jacoby RJ, Levy R, Dawson JM. Computed tomography
in the elderly: I. The normal population. The British Journal of
Psychiatry. 1980 Mar 1;136(3):249-55.

14. Asthari M; Zito JL; Gold BI; Lieberman JA; Borenstein
MT; Herman PG. Computerized volume measurement of brain
structure. Investigations in Radiology 1990; 25(7):798-805.

15. Gallia GL; Rigamonti D; Williams MA. The diagnosis and
treatment of idiopathic normal pressure hydrocephalus. Nature
Clinical Practice Neurology 2006; 2 (7).

16. Rohlfing T; Sullivan EV; Pfefferbaum A. Deformation-based
brain morphometry to track the course of alcoholism: differences
between intra-subject and inter-subject analysis. Psychiatry
Research 2006; 146 (2):157-70.

17. Duffner F; Schiffbaur H; Glemser D; Skalei M; Freudenstein
D. Anatomy of the cerebral ventricular system for endoscopic
neurosurgery: a magnetic resonance study. Acta Neurochirgica
(Wien) 2003; 145(5):359-68.

18. Ambarki K; Israelsson H; Wahlin A; Birgander R; Eklund A;
Malm J. Brain ventricular size in healthy elderly: Comparison
between Evans Index and Volume measurement. Neurosurgery
2010; 67 (1): 94-99.

19. Gyldensted C. Measurements of the normal ventricular
system and hemispheric sulci of 100 adults with computed

RAS Medical Science

tomography. Neuroradiology 1977; 14: 4; 183-192.

20. Haug G. Age and sex dependence of the size of normal
ventricles on computed tomography. Neuroradiology 1977;
14:201-204.

21. Meese W, Kluge W, Grumme IT, Hopfermuller W.
CT evaluation of the CSF spaces of healthy persons.
Neuroradiology1980; 19: 131-135.

22. Usman JD. Cephalometric assessment of fourth ventricles by
using computerized tomography scan. Nigerian Journal of Basic
and Applied Science. 2012; 20(3):208-212.

23. Brijraj S, Ujwal G. Ventricle of brain: A morphometric study
by computerized tomography scan. International Journal of
medical research and health sciences. 2014; 3(2):381-387.

24. Patnaik P, Satbir S. Morphometric study of the third
ventricles and fourth ventricle in apparently normal subjects
using computerized tomography. International Journal of health
sciences and research. 2016; 6:153-159.

25. Pritee M. Meshram, Shanta S. Hattangdi. Morphometric
Study of Fourth Ventricle By Computerised Tomography. Int J
Anat Res 2015; 3(3):1273-1277. DOI: 10. 16965/ijar.2015.208.

26. Gameraddin, M., Alsayed, A., Ali, A. and Al-Raddadi,
M. Morphometric Analysis of the Brain Ventricles in Normal
Subjects Using Computerized Tomography. Open J. Radiol.
2015;5(1):13-9.

27. Gawler J; duBoulay GH; Bull JHD; Marshall J. Computed
Tomography: A comparison with pneumoencehalography and
ventriculography. Journal of Neurology, Neurosurgery and
Psychiatry. 1976; 39:203-211.

28. D’ Souza e Dias M; Natekar PE. Morphometric study of
the ventricular system of brain by computerized tomography.
Journal of the Anatomical Society of India. 2007; 56(1): 19-24.

29. Akbari V J, Saiyad S S, Pandya A M, Solanki S V, Dangar
K P. A Morphometric Analysis Of Fourth Ventricle Of Human
Cadaveric Brain By Plastination; National Journal Of Medical
Research. 2011;1(2): 2249 4995,48-50.

30. Akanksha Singh, AK Singh, Himani Singh. Morphometric
study of fourth ventricle indices in normal subjects by computed
tomography. 2017;4(10):135-139.

31. Hamidu AU, Olarinoye-Akorede SA, Ekott DS, Danborno
B, Mahmud MR, Balogun MS. Computerized tomographic
study of normal Evans index in adult Nigerians. Journal of
neurosciences in rural practice. 2015;6(1):55.

32. Honnegowda, T. M.; Nautiyal, A. & Deepanjan, M. A
Morphometric study of ventricular system of human brain
by computerised tomography in an Indian population and its
clinical significance. Austin J. Anat. 2017; 4(4):1075.



