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ÖZET 

 

MULTİPLE SKLEROZ HASTALARINDA ÜÇÜNCÜ VENTRİKÜL VE CORPUS 

CALLOSUM ANATOMİSİNİN MORFOMETRİK ANALİZİ: MANYETİK 
REZONANS GÖRÜNTÜLEME ÇALIŞMASI,  
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Lisansüstü Eğitim Enstitüsü 

ANATOMİ ANA BİLİM DALI  
Doktora, Ağustos/2023  

Danışman: Doç. Dr. Mennan Ece PİRZİRENLİ 
  

 

 Üçüncü ventrikül (3V) genişlemesi ve Corpus callosum (CC) atrofisi, (MS) 
hastalarında merkezi beyin atrofisini belirlemede nesnel bir gösterge olarak 

önerilmiştir. MS ile ilgili beyin atrofisi araştırmalarındaki artan ilgiye rağmen, çoğu 
çalışma 3V ve CC 'nin birkaç anatomi parametresine odaklanmıştır. Daha kapsamlı bir 

değerlendirme için, bu çalışma, kolay lineer MRI ölçümlerini kullanarak MS 
hastalarında 3V ve CC 'nin anatomik değişikliklerini ele almayı ve sonuçları normal 
populasyonla karşılaştırmayı amaçlamaktadır. 

OMÜ öğretim hastanesinden 2017-2021 yılları arasında gerçekleştirilen 50 
beyin MRI taraması (25 MS hastası ve 25 sağlıklı kontrol) seçildi. Yaşları 23 ile 48 

arasında olan bireyler dahil edildi. 3V 'nin beş parametresi ve CC 'nin beş parametresi 
değerlendirildi. 

Sonuçlar, hastaların ortalama üçüncü ventrikül genişliğinin (W1) ventrikülün 

maksimum uzun ekseninin orta noktasında axial düzlemde ölçülen 6,08±2,34 mm, 
kontrollere kıyasla 2,67±0,63 mm (p=0,00) anlamlı derecede daha geniş olduğunu 

gösterdi. Aynı durum, hastaların interventriküler foramen seviyesinde ölçülen 
ortalama üçüncü ventrikül genişliği (W2) için de geçerlidir ve bu ölçümde hastaların 
genişliği 6,64±1,85 mm, kontrollerin ise 3,66±0,64 mm (p=0,00) olarak anlamlı 

derecede daha geniştir. Ventrikülün yüksekliği (H) (p=0,21) ve uzunluğu (L) (p=0,6) 
açısından önemsiz farklar tespit edildi. CC parametreleri açısından yapılan t-testi 

sonuçları, iki grup arasında genu (G) (p=0,000), body (B) (p=0,000), splenium (S) 
(p=0,000), anteroposterior çapı (AP) (p=0,008) ve corpus callosum indeksi (CCI) 
(p=0,000) için istatistiksel olarak anlamlı bir fark olduğunu ortaya koymuştur. 

Sonuç olarak, dikkat çeken bulgu, ölçüm seviyesinden bağımsız olarak üçüncü 
ventrikülün genişlemesidir. MS hastaları, nörolojik olarak normal kişilere kıya sla 

anlamlı derecede daha ince CC segmentlere sahiptir. 

 

Anahtar Sözcükler:  Üçüncü ventrikül, Corpus callosum, Multipl skleroz, MRG, 

Beyin atrofisi.   
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ABSTRACT 

 

MORPHOMETRIC ANALYSIS OF THE THIRD VENTRICLE AND CORPUS 

CALLOSUM IN MULTIPLE SCLEROSIS PATIENTS: MRI STUDY  

Hussam ALABDULLAH 

Ondokuz Mayıs University 
Institute of Graduate Studies 

Department of Anatomy 

Ph.D., August/2023  
Supervisor: Assoc. Prof. Dr. Mennan Ece PİRZİRENLİ 

 

The third ventricle (3V) enlargement and corpus callosum (CC) atrophy have 

been proposed as subjective indicators for identifying central brain atrophy in mult ip le 
sclerosis (MS) patients. In spite of the increasing interest in MS-related brain atrophy 
research, most studies have tended to focus on a few anatomic parameters of the 3V 

and CC. For a more comprehensive evaluation, this study aims to address the 
anatomical changes of the 3V and CC in MS patients using easy linear MRI 

measurements and compare the results with those in the normal population. 
Fifty brain MRI scans (25 MS patients and 25 healthy controls) performed 

between 2017 and 2021 were selected from OMU Medical Faculty hospital. 

Individuals aged between 23 and 48 years. In this study five parameters of the 3V and 
five parameters of the CC were determined and evaluated. 

Results demonstrated that patients’ mean third ventricular width (W1) measured 
in the axial plane at the midpoint of the maximum long axis of the ventricle 6.08±2.34 
mm was significantly wider compared to controls 2.67±0.63 mm (p = 0.001). The same 

is true for patients’ mean third ventricle width (W2) measured at the level of the 
interventricular foramen 6.64±1.85 mm, which was also significantly wider compared 

to controls 3.66±0.64 mm (p = 0.00). An insignificant difference regarding the height 
of the ventricle (H) with (p = 0.21) and length (L) with (p = 0.6) was noticed. As for 
the CC parameters, the results of the t-test revealed that there is a statistica l ly 

significant difference between the two groups for genu G (P = 0.000), body B (P = 
0.000), splenium S (P = 0.000), anteroposterior diameter AP (P = 0.008), and corpus 

callosum index (CCI) (P = 0.000). 
In conclusion, the noteworthy finding was the widening of the third ventric le, 

regardless of the level of measurement. MS patients had significantly thinner CC 

segments than their neurologically normal counterparts. 
 

 
Keywords: Third ventricle, Corpus callosum,Multiple sclerosis, MRI, Brain atrophy.  
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1. INTRODUCTION 

Multiple sclerosis (MS) is a chronic autoimmune disease that affects the central 

nervous system (CNS). It is a condition characterized by persistent inflammation and 

neurodegeneration within the nervous system. MS is a leading cause of neurologica l 

dysfunction among young individuals and comes after trauma (Dobson & Giovannoni, 

2019). MS cases that are newly identified, are rising in all countries and affecting 

global economics (Browne et al., 2014). It is a complicated disease, and its exact 

etiology remains undisclosed.  

Brain atrophy starts extremely early during the progressive stages of the disease, 

and affects not only the white matter but also the gray matter (Ghione et al., 2019). 

Atrophy is primarily unrelated to noticeable lesions (Fisniku et al., 2008) and develops 

at a rate that might be up to five times faster than normal aging (Miller et al., 2002). 

The causes of MS-related brain atrophy are the demyelination and axonal transection 

(Amiri et al., 2018). Furthermore, tissue loss caused by inflammation and 

demyelination may be somewhat reversible in relapsing-remitting MS (RRMS) 

(Filippi and Rocca, 2011), whereas other mechanisms of tissue loss may lead to 

irreversible axonal damage, particularly in progressive disease (Andravizou et al., 

2019). 

Assessing the loss of tissue in the CNS is attracting considerable interest, as it 

indicates the net effect of all pathological mechanisms that cause tissue destruction 

throughout the disease (Ghione et al., 2018). Central atrophy implies the loss of brain 

parenchymal volume, subsequently, there is a rise in the magnitude of spaces for 

cerebrospinal fluid (CSF), which is also visibly evident in the enlargement of 

ventricular system (Lutz et al., 2017). The expansion of ventricles in MS has been 

frequently researched, ranging from a comprehensive assessment of the total amount 

of CSF spaces to specific localized measurements of  the third or fourth ventric le 

(Laffon et al., 2014). The third ventricle (3V) is a tiny hollow cavity in the middle of 

the diencephalon. Atrophy of nearby tissues, particularly the thalami, leads to an 

enlargement of the third ventricle. It has been demonstrated that people with MS have 

a larger third ventricle (Cifelli et al., 2002). 

On the other hand, the corpus callosum (CC) is the brain's major fiber tract, 

connecting the two hemispheres (Gazzaniga, 2000). In the majority of cases with MS, 

CC is abnormal (Evangelou et al., 2000), owing to the fact that CC is engaged in 
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important tasks including cognition and sensory integration (Larson et al., 2002). 

The utilization of magnetic resonance imaging (MRI) is prevalent in MS 

examinations as a diagnostic imaging modality. While MS continues to be diagnosed 

clinically, the utilization of MRI has proven to be an indispensable method for 

comprehending and tracking the disease, and is frequently employed to verify the 

diagnosis (Miller et al., 1998). 

This study was designed to analyze in depth the structural alterations of the 

3V and the CC among patients with MS, and aimed also to compare these findings 

with those of normal individuals. 
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2. GENERAL INFORMATION AND LITERATURE REVIEW 

2.1. The Third Ventricle 

2.1.1. Brief History of the Ventricular System 

Erasistratus (304 BC - 250 BC) and Herophilus (335 BC - 280 BC), two Greeks 

who were permitted to do dissections on humans, may have written the earliest 

descriptions of  human ventricular system in  the third century BC (Mortazavi et al., 

2014). Galen (129–217 AD) suggested that the ventricles seemed to be important for 

holding the animal soul. Galen noted that damage to the ventricles caused by trauma 

never resulted in death, despite the fact that sensation and movement were impaired 

(Dezena et al., 2020). Leonardo da Vinci, lived from 1452 to 1519. He was a pivotal 

figure in the development and essence of the Renaissance era, as seen by his improved 

depictions of the brain's ventricular system (Dezena et al., 2020). The father of 

contemporary anatomy refers to Andreas Vesalius (1514-1564), outstanding 

gross anatomical information on the ventricles was found in his anatomy book 

(Mortazavi et al., 2014). Despite the detailed accounts of the Renaissance, it was 

unclear if the ventricular cavities contained fluid or gas untill 1764, when an Italian 

scientist, Domenico Felice Antonio Cotugno  found the answer to this mystery when 

he identified cerebrospinal fluid (Schiller, 1997). Foramen de Magendie, also known 

as the median aperture of the fourth ventricle, was discovered by French 

neurologist François Jean Magendie 1783-1855 (Tubbs et al., 2008). The lateral 

openings of the fourth ventricle were discovered in 1855 by a German anatomist 

named  Hubert von Luschka (Schiller, 1997). 

2.1.2. Histology of the Ventricular System 

Ependymocytes are specialized cells, Lining the brain's ventricles, these cells are 

columnar cells or cuboidal cells developed from neuroepithelium. Just beneath the 

ependymal epithelium is the choroidal plexus, which is in charge of CSF secretion. 

There are two main types of ependymal cells seen in lateral ventricles: ciliated cells 

and nonciliated cells (Bruni et al., 1985). Subependymal glial cells reside under the 

ependymal layer, where the ependymal detailed integrated with surrounding astrocyte 

processes and blood vessels, helping to formulate blood-brain barrier (Gabrion et al., 

1998). On the other hand, the ventricular system as a whole does not always have this 

barrier. The barrier is either weak or nonexistent along some of the third and fourth 

ventricles, allowing a nearly unrestricted flow of blood to and from these regions. The 
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pineal body and the median eminence are two examples of the structures that make up 

the group of structures known as the circumventricular organs (Figure 2.1) (Gabrion 

et al., 1998).  

 

 

Figure 2.1. Circumventricular organs (Schuenke, 2016). 

 
2.1.3. Embryology of the Ventricular System 

Three dilatations appear in the cephalic region of the neural tube after occlusion. 

These three structures are called the prosencephalon, mesencephalon, and 

rhombencephalon, in a cephalocaudal direction. The telencephalon and diencephalon 

originate from the prosencephalon during the fifth week of gestation. 

Rhombencephalon serves as the precursor to both metencephalon, which encompasses 

the cerebellum and pons, and myelencephalon, also known as the medulla oblongata.  

(Figure 2.2) (Korzh, 2018).  
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Figure 2. 2. Developement of neural tube and ventricular system (Vanderah, 2016) 

 
These vesicles continue to have cavities within them, which will eventually 

become ventricles, and allow them to communicate with the interior  of the neural 

tube. The lateral ventricles are positioned in telencephalon, third ventricle resides in 

the diencephalon, and the fourth ventricle lies in the rhombencephalon. The cerebral 

aqueduct is the lately narrowed cavity of the mesencephalon, which links both 

ventricles; third and fourth (figure 2.3) (Korzh, 2018). 

2.1.4. Circulation of the CSF 

The choroid plexus, which is located to a certain extent in each of the four 

cerebral ventricles, is the location where cerebrospinal fluid is released. It flows via 

the median aperture as well as the paired lateral apertures  into the subarachnoid region, 

which includes enlargements that are named cisterns (Khasawneh et al., 2018). The 

cerebrospinal fluid (CSF) located in the subarachnoid space is gradually reabsorbed 

through the arachnoid granulations that are located in the superior sagittal sinus. 

Through a pressure-dependent gradient, cerebrospinal fluid (CSF) can be reabsorbed 

into the circulatory system through arachnoid granulations, which function as a conduit 

for this process. Arachnoid granulations protrude into the superior sagittal sinus due 

to a pressure gradient between the subarachnoid space and the venous sinuses, with 

the former exhibiting higher pressure levels (Khasawneh et al., 2018). 
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Figure 2.3. Brain ventricles (Schuenke, 2016) 

 

2.1.5. Third Ventricle Anatomy  

The third ventricle 3V sits in the middle of the cranium between cerebral 

hemispheres, just superior to the sella turcica and midbrain. It has closer relations to 

the Willis circle and its ramifications, as well as the Galenˈs great vien . Tumors in the 

third ventricle region are exceptionally challenging to diagnose and operate on due to 

their difficult anatomical position. 

It is a thin, unilocular cavity that is connected through the foramen of Monro to 

the lateral ventricles, while the Sylvius aqueduct at its posterior margin connects it to 

the fourth ventricle. For anatomical description, it is bounded by a roof, floor, 

anteriorwall,  and posterior wall with two lateral walls (Dezena et al., 2020). 
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Figure 2. 4. The third ventricle (Rhoton, 2007) 

 

2.1.5.1 Roof of  the Third Ventricle 

From Monro foramen in front to the suprapineal recess in the back, the roof of 

the ventricle creates a soft, upward curve. The roof is made up of four distinct layers: 

the fornix, which is made up of neural tissue, the two tela choroidea membranous 

layers encircling an intermediate vascular layer amidst them. In the roof's 

lateral edge,  the choroidal fissure is located. The fornix crura and hippocampal 

commissure make up the posterior portion of the roof, whereas the body of fornix 

comprises the anterior portion. Septum pellucidum is connected to the fornix at its 

highest body surface (Tsutsumi et al., 2018). 

The tela choroidea consists of a pair of slender, partially translucent membranes 

that arise from the pia mater and are connected by inadequately organized trabeculae . 

Medial posterior choroidal arteries make up the vascular layer, and tributaries of 

internal cerebral veins are also considered a part of this layer. In the upper region of 

the 3V, the parallel choroid plexus  extends down on both sides of the midline 

(Tsutsumi et al., 2018). 

The region of space that exists between both sheets of tela choroidea and makes 

up ceiling of the 3V is known as the velum interpositum (Zohdi & Elkheshin, 2012).  

The suprapineal recess is a part of the 3V roof that sits superior to the pineal 
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body and below the tela choroidea. It's rare for the velum interpositum to have an 

opening bounded by splenium and pineal body that connects to the quadrigemina l 

cistern, but this is possible because the velum interpositum is generally closed and 

fades to a small apex beyond the interventricular foramen (Zohdi & Elkheshin, 2012). 

2.1.5.2. Floor of the Ventricle 

From the optic chiasm in the front to the cerebral aqueduct of Sylvius in the 

back, that's how long the floor is. Structures in the diencephalon make up the front half 

of the floor, while structures in the midbrain make up the back half. When inferior ly 

viewed, the floor is made up of the optic chiasm in front, then the infundibulum, then 

the tuber cinereum and the mamillary bodies, then the posterior perforated substance, 

and more caudally, there is the portion of the tegmentum of the 

mesencephalon situated medially above the cerebral peduncles (Fernandes-Silva et al., 

2021).  

 The chiasm exhibits a posterior and superior inclination as it emerges from its  

convergence with the optic nerves. The front of the floor is formed by the inferior face 

of the chiasm, while the lower portion of the anterior wall is formed by the 

superior face of the chiasm (Fernandes-Silva et al., 2021). 

 The infundibulum is a hollow structure that takes the shape of a funneland 

is found between optic chiasm anteriorly and tuber cinereum posteriorly. The 

hypophysis, or pituitary gland, is connected to the infundibulum, and infundibulum 

fibers continue to  posterior part of pituitary gland (Aydin et al., 2009). 

Tuber cinereum, which is a significant area of gray matter in the 

hypothalamus, sits in front of mammillary bodies. Anteriorly, the tuber cinereum joins 

the infundibulum. Tuber cinereum at the infundibulum's base is elevated to produce a 

protrusion known as the median eminence (Aydin et al., 2009). 

The mammillary bodies are two rounded protrusions that sit behind the tuber 

cinereum. In the space between mammillary bodies in front and posterior to cerebral 

peduncles, there is a depressed area of gray matter known as the posterior perforated 

substance. 

   The last part of the floor is smooth and slightly concave when seen from inside 

the ventricle and is located in area between the mammillary bodies anteriorly and  

aqueduct posteriorly (Morota et al., 2000). 
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2.1.5.3.  The Anterior Wall  

The optic chiasm, along with the lamina terminalis, compose the lowest two-

thirds of the 3V anterior wall, and this portion is observable from the outside. Upper 

third is buried by the rostrum of the CC. 

Lamina terminalis consists of a thin gray matter strip and also pia matter, which 

bridges the gap from the upper surface of the optic chiasm inferiorly to the rostrum of 

the CC superiorly. 

On the other hand, the anterior wall of the 3V is composed of the  following 

structures when seen from inside: the optic chiasm inferiorly,  then optic recess, then 

the lamina terminalis, then the anterior commissure, then the interventricular foramen, 

and lastly  body of the fornix superiorly (Wang et al., 2011). 

The foramen of Monro is found at a certain point where the dome of the ventricle 

and the front wall meet on either side. This foramen is a duct that enters between the 

fornix body superiorly and anteriorly and the thalamus posteriorly and inferiorly into 

the lateral ventricle and continues inferior to  fornix into the 3V as a single channel 

(Tubbs et al., 2014). 

It is a crescent-shaped opening whose size and form are determined by the 

dimensions of the ventricles. The foramen on either side grows more ovoid as the 

ventricles expand (Tubbs et al., 2014). 

The anterior commissure is a tight band of fibers that runs horizontally anterior 

to the fornix columns. It has a diameter that ranges from 1.5 mm to 6.0 mm. 

The optic recess is a tiny, acute depression between the ventricle's floor and 

anterior wall. The optic recess is floored with optic chiasm which also form the 

posterior wall of the recess and separates it from the infundibulum. Lamina termina lis 

makes up  the anterior and superior parts of its wall (Stratchko et al., 2016). 

2.1.5.4. The Posterior Wall 

The pineal body is the sole anatomical feature visible in the posterior wall when 

seen from behind, hidden by the splenium of the CC superiorly and by the two thalami 

laterally. This wall occupies the distance from the suprapineal recess superiorly to 

cerebral aqueduct  inferiorly. The posterior wall comprises, from top to bottom, of the 

suprapineal recess, then the habenular commissure, then the pineal body and adjacent 

recess, then the posterior commissure, and lastly the aqueduct of Sylvius when seen 

frontally within the third ventricle (Stratchko et al., 2016).  

The suprapineal recess is located between the upper surface of pineal gland 
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inferiorly and the lower layer of tela choroidea superiorly. Pineal gland propagates 

posteriorly towards the quadrigeminal cistern. The pineal gland stalk has two 

laminae,one upper and one lower. The habenular commissure passes midline through 

the upper lamina, while the posterior commissure runs in the lower lamina. Between 

both laminae, the pineal recess extends backward within the pineal body (Feletti et al., 

2021). 

 The posterior commissure serves as the triangle's base, while the central gray 

matter of the midbrain serves as its two arms, giving the opening of the Sylvius 

aqueduct its triangular shape (Feletti et al., 2021). 

2.1.5.5. The Lateral Wall 

The lateral walls of 3V are buried by the two halves of cerebrum and are not 

noticeable on the brain's surface. The hypothalamus forms its lower part, and the 

thalamus forms its upper part. The lateral walls feature a shape similar to that of a bird 

with an open mouth. The round shape of medial aspect of  thalamus forms the head; 

the open mouth protrudes forward and downward and is formed by hypothalamic 

recesses: the optic recess represents superior beak, while the infundibular recess 

represents inferior beak (Rhoton, 2007). Hypothalamic sulcus, which is a depression 

or groove that ranges from Monro foramen anteriorly to Sylvius aqueduct posteriorly, 

exists between the hypothalamus and thalamic surfaces. The upper boundary of 

thalamic surfaces is characterized by thin, elevated lines known as striae medulla r is 

thalami (Rhoton, 2007). Habenulae are tiny prominences on thalamic dorsomedial 

surfaces, situated anterior to the pineal gland.  

The habenular commissure connects the habenulae and passes the midline in the 

upper lamina of the pineal gland.  

Massa intermedia, or interthalamic adhesion, extends into the upper part of the 

lateral wall of 3V and frequently links the opposing two faces of the thalami. It is found 

in around 75% of indivisuals and is positioned 2.5 to 6.0mm caudal to the 

interventricular foramen (Patra et al., 2022). The fornix columns develop noticeable 

elevated areas in the lateral walls of 3V, slightly inferior to the interventricular 

foramen, but they fade beneath the surface inferiorly (Stratchko et al., 2016). 

2.2. The Corpus Callosum  

2.2.1. Brief History 

Galen wrote about  the CC in the 2nd century, and he did it based on his surgica l 

and anatomical dissection experience as a physician. As the majority of his views 
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based on the  anatomy of animals, however, his description missed specificity and was 

unclear. It served as the only definition of CC till  16th century, when Vesalius 

enhanced  details to offer a more accurate anatomical picture of this structure 

(Broadfield, 2001). In 1741, a physician called Giovanni Lancisi hypothesized that CC 

may be the "locus of the soul," as evidenced by the observation that traumatic injur ies 

to the pineal gland may not necessarily result in fatality, whereas harm to the CC may.  

(Broadfield, 2001).  

Ivan Pavlov found in the 1920s that the dogs that were stimulated to secrete 

saliva in response to  stimuli delivered at one of the body's sides also salivated when 

delivered with the same stimulus at the opposite side (Fearing et al., 1929). As a result, 

researchers decided to cut the CC in dogs and condition them using the same methods 

as mentioned above. The importance of the CC in the interhemispheric flow of 

information was demonstrated by the observation that the dogs showed no signs of 

bilateral information sharing after their CCs were separated (Broadfield, 2001). 

Upon this discovery, other experiments involving the separation of CC in 

animals were performed to investigate the resulting motor and memory deficiencies. 

This has prompted increased investigations of both typical and aberrant 

development, with an emphasis on the effects of the latter on CC function. 

2.2.2. Anatomy Review 

 The CC is the most prominent commissural portion in the brain, composed of 

200 million of highly myelinated fibers that link both cerebral halves (Tanaka-

Arakawa et al., 2015). It is about 10 centimeters in length and curves forward and 

backward along the brain midline. CC develops quickly through the infancy period 

because of an increase in quantity of axons, axon thickness, and also myelin. Although 

CC is totally developed at age four, the growth still continues at a considerably slow 

rate into the third decade of life (Tanaka-Arakawa et al., 2015). 
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Figure 2. 5. The corpus callosum in midsagittal plane with adjacent structures (Haines, 2015) 

 
The implementation of lateralized sensory information and the integration of 

higher- level cognitive with social processes rely on the development of accurate 

interconnections between the cortical and subcortical parts of the brain (Fenlon & 

Richards, 2015). This is accomplished via midline bridging, a process involving the 

interaction of newly generated callosal neurons with axon-guidance signals that direct 

the growth of the callosal axons toward, through, and apart from the midline (Fenlon 

& Richards, 2015). This causes the CC's topographical arrangement, which in turn 

permits fibers to link the contralateral areas where the cell bodies are found (Paul, 

2011). Expansion of the frontal lobes is proven to cause a gradual forward movement 

of the CC's anterior boundary during normal development (Pashaj et al., 2013). 

Histological studies have identified four separate regions of the corpus callosum 

that function to establish connections between various portions of the cerebral cortex: 

the most anterior is the rostrum, followed by the  genu, then the body, and lastly the 

splenium posteriorly, isthmus segment is identified as the thin portion that connects 

the body with the splenium (Sakai et al ., 2017). 

Genu represents the most anterior segment nearly four centimeters from the 

frontal poles. It is a thicker segment with a sudden direction shift of the fibers from the 

rostrum to the body.  In the midsagittal plane, these fibers constitute the anterior 
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boundary of the septum pellucidum and are frequently named forceps minor. The 

ventral part of genu segment bends posteroinferiorly ahead of the septum pellucidum, 

then thins fast and extends to the upper end of the lamina terminalis as the rostrum. 

Rostrum joins the orbital surfaces of the frontal lobe and projects from the anterior 

commissure and extends forewards to the genu. (Raybaud, 2010). 

The body of the CC bends outward and terminates posteriorly in the enlarged 

splenium. The anterior cerebral arteries are supported by the body's median portion, 

which also forms the base for the longitudinal fissure and lies beneath  the falx cerebri's 

lower edge, which may attach from behind. There is also a thin sheet of gray mutter 

extending over the upper surface of the CC called the induseum griseum. The cingulate 

gyrus, on each side covers the body of CC  and is separated from it by the callosal 

sulcus (Raybaud, 2010). Fibers from the precentral cortex with fibers from the 

cingulate gyrus compose the majority of the body fibers. According to Witelson, the 

body can be further segmented into an anterior midbody and a posterior midbody ( 

Witelson, 1989 ). The anterior midbody comprises thicker but less numerous fibers 

and links premotor and supplementary motor regions, whereas the posterior midbody 

links primary motor regions with massive, heavily myelinated fibers (Paul, 2011). 

The inferior face of the CC is concave throughout its principal axis and connects 

to the septum pellucidum (Musiek, 1986). 

The isthmus is an essential portion of the CC, despite being present in a limited 

percentage of humans. The isthmus includes fibers from precentral and postcentral 

gyri and also from the primary auditory region (Bloom & Hynd, 2005). 

The splenium is the largest segment of the CC and is positioned around six 

centimeters from the occipital poles, the pineal gland is hidden by the splenium's 

ventral surface (Musiek, 1986). The splenium's fibers may also be categorized into 

three groups: superior, posterior, and inferior groups. The superior one includes fibers 

for the posterior parietal cortex, whereas the posterior one includes fibers for the 

medial occipital cortex, and the inferior one includes fibers for the medial cortex of 

temporal lobe (van der Knaap & van der Ham, 2011). As a group, these fibers form  

forceps major. The tapetum joins  temporal lobes, while the forceps major joins the 

occipital lobes (Edwards et al., 2014). When the expansion of the splenium is abrupt, 

it is described as having a bulbous appearance, but when it is gradually expands it is 

described as having a tubular appearance (Suganthy et al., 2003). 
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Figure 2. 6. Forceps minor and forceps major (Muti, 2016) 

In short, the occipital lobes are linked by the splenial fibers, and the corona 

radiata is made up of the fibers in the body. The rostrum fibers link the orbital regions 

together (Musiek, 1986).  

The fornix and the lateral ventricles are adjacent to the CC; hence the three 

structures have close relations. The CC, together with the fornix, serves as an 

anatomical partition between both lateral ventricles (Musiek, 1986). 
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Figure 2. 7. The splenium and tapetum and the relation with lateral ventricle (Haines, 2015) 

 
There are segments of the CC that contribute to the boundaries of the lateral 

ventricle. The rostrum  forms the inferior boundary of the anterior horn, whereas the 

genu and body of the CC form the anterior and superior borders, respectively, and the 

body of the CC forms the superior boundary of the central part of the ventricle (Kwon 

et al., 2014). Age-related expansion of the ventricles has been reported, and since the 

CC is located so adjacent to the lateral ventricle, it follows that the CC may be 

susceptible to tension from the expansion of the ventricles (Kwon et al., 2014). 

 Corpus callosum agenesis and hypoplasia are examples of variations. Rarely 

occurring, agenesis of the CC causes either the whole or part disappearance of the 

corpus callosum. 

2.2.3. Variation in Corpus Callosum Anatomy 

The CC's morphological structure can be used as a diagnostic tool since it 

changes in response to various disorders. Therefore, a foundation for the diagnosis and 

monitoring of a disease may be laid with an understanding of CC 

morphology changes in relation to sex and age. Age- and gender-related 

morphological differences have been the subject of a significant amount of 
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investigation and research (Gupta et al., 2008). Obtaining measurements from MR 

imaging, CT scans, and also autopsies has allowed for the detection of the shape and 

volume of the CC to be determined. Many recent studies on CC morphology have used 

MR imaging, which allows for the study of a brain while it is still alive and functiona l 

(Mooshagian, 2008). Studies of sexual differences have been shown to be inconsistent. 

The link between CC and brain size is not constant and might vary across sexes.  It  is 

commonly accepted that males have relatively larger bodies and even brains than 

females, so it is necessary to take brain size into consideration when comparing gender 

(Sullivan et al., 2001). 

2.2.4. Embryology of Corpus Callosum 

The corpus callosum is comprised of around 200 million axons (Edwards et al., 

2014). The connections that form the corpus callosum are the result of nerve fibers 

crossing the midline during the 12th or 13th gestational week. Vaginal ultrasound can 

detect all four CC segments by 18 weeks of gestation (Maccabi et al., 1993). Whether 

or not the CC grows in the craniocaudal axis is a matter of considerable disagreement; 

some evidence supports the theory that it does, while others have found the opposite 

growth trend (Fitsiori et al., 2011). Corpus callosum developed with the neocortex, 

making its presence among primates a curious universality. 

2.2.5. Arterial Supply and Venous Drainage 

Branches from the internal carotid artery supply blood to most of the corpus 

callosum by means of pericallosal artery, which is a branch of the anterior cerebral 

artery. With the exception of the splenium which receives blood supply from the 

basilar trunk branches. Splenium receives arterial blood via the posterior cerebral 

artery through terminal and choroidal branches. Callosal and callosal cingular veins 

drain venous blood into internal cerebral veins (Fitsiori et al., 2011). 

2.2.6. Functions of the Corpus Callosum 

The CC's primary role is to facilitate communication between the brain's two 

hemispheres, namely between the analogous cortical and subcortical regions. There 

are two primary schools of thought about how the CC affects brain activity: the theory 

of inhibition, which holds that one hemisphere can suppress the activity of the other, 

and the theory of excitement, which holds that the opposite is true (Bloom & Hynd, 

2005). 

The CC allows the right cerebral hemisphere to receive information from and 

send information to the left side of the body, and vice versa. Each hemisphere's 
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memory is built on the input and output it gets from the other. As a result, the corpus 

callosum is responsible for relaying information from the brain's experienced 

hemisphere to its inexperienced counterpart (Innocenti, 1994). 

The four regions of the left cerebral cortex involved in speech production are: 

Wernicke's area, with the angular gyrus, the supramarginal gyrus, and also Broca's 

area. All of them are linked to their right-hemisphere counterparts through the corpus 

callosum.  

To interpret sensory, motor, and complex cognitive impulses, the CC must 

combine and convey information from both cerebral hemispheres. Individuals who 

underwent callosotomy with either partial or whole hemisphere disconnection have 

been extensively studied to understand more about the function of the CC. These 

findings suggest that the CC has a topographical arrangement, with its posterior 

portions responsible for the transmission of visual, auditory signals, as well 

as somatosensory , and its anterior portions responsible for the functioning of higher 

cognition (van der Knaap & van der Ham, 2011). Also, the CC has a significant impact 

on the development of refined motor skills and higher cognitive abilities as white 

matter in the brain grows. Furthermore, research has demonstrated that CC provides 

an inhibiting function that generally suppresses disorganized motor performance of the 

hands (van der Knaap & van der Ham, 2011). 

2.2.7. Partitioning of the Corpus Callosum  

 Several techniques have been described for CC segmentation, and the variety in 

methods may be relatively responsible for the inconsistency of the results between 

different studies (Constant & Ruther, 1996). 

Witelson method: Witelson's straight line approach, introduced in 1989, is the 

primary methodology for CC segmentation. Using this method, a straight line that 

resembles the maximum anteroposterior diameter, is made (Witelson, 1989). Based on 

that line the CC is subdivided into seven segments, as shown in figure 2. 8. After the 

rostrum and genu come the rostral body, the anterior and posterior midbodies, the 

isthmus, and finally the splenium. 



18 

 

 

Figure 2. 8. Corpus callosum segmentation in midsagittal plane according to witelson method 

(Witelson, 1989). 

 

To precisely partition each region, Witelson separated CC into these seven 

segments based on various fibers orientations; nevertheless, this approach is reliant on 

the form of the genu and splenium, which might produce ambiguous findings (Tuncer 

et al., 2005). 

Radial partitioning method: As with the previous method, a straight line extends 

from CC's front to back (Broadfield, 2001). By creating a radial divider that moves 

every 30 degrees from 0 to 180 degrees, we may split  CC into six segments based on 

the line's midpoint (Ryberg et al., 2006). As a result of this method, the genu and 

rostrum are taken into account as one entity and treated as the CC's first segment. 

Though this method successfully subdivides the CC into its constituent parts, its heavy 

reliance on the CC's shape raises concerns about possible bias (Ryberg et al., 2006). 
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Figure 2. 9. Radial partioning method of corpus callosum (Ryberg et al., 2006). 

 
Curved line method: This method involves calculating the distance starting 

in the rostrum and ending in the splenium along the arc formed by the midpoints of 

the upper and lower halves of the CC (Allen et al., 1991). CC may be measured 

throughout its length and broken down into its five constituent parts. Figure 2.10 

illustrates these segments. This approach has the benefit of being independent of the 

CC's shape, but it might be challenging to draw the line precisely if some areas of the 

CC are ill-defined (Allen et al., 1991). 

 

 

Figure 2. 10. Segmentation of the corpus callosum by curved line method (Allen et al., 1991). 

 
Corpus callosum index (CCI): This idea was proposed by Figueira et al. (2007) 

in a study that sought to find a measure for the surviellence of MS patients that could 

be applied easily, recreated by different investigators, and had some sort of evidence 

of a clinical correlation to assert its anatomical and physiological validity. 

Using a basic orthogonal semi-automated approach, we measured the maximum 

anterior-posterior diameter of the corpus callosum CC and its midline on a standard 
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best mid-sagittal T1W plane to calculate the CCI (figure 2.11). The anterior, posterior, 

and middle segment segments of CC were estimated, and their sizes were standardized 

based on the largest anteroposterior diameter of the whole structure, as in Figure 2.11 

(Figueira et al., 2007). 

The corpus callosum index CCI was extensively used recently to monitor MS 

patients. Furthermore, it is easy to apply, and time-saving method, and does not need 

complex software. For these reasons, this method was chosen to be used in our study. 

 

 

Figure 2. 11. Corpus callosum index (Figueira et al., 2007). 

 
2.3. Multiple Sclerosis (MS) 

2.3.1. Introduction to Multiple Sclerosis 

MS follows trauma in causing disability in young people (Kobelt et al., 2017). 

The true origin of the rising prevalence and incidence of MS across industrialized and 

underdeveloped nations remains uncertain (Browne P. et al., 2014). It is a multifaceted 

condition that is influenced by a variety of environmental factors as well as a multitude 

of genes that significantly augment susceptibility to the disease (Alfredsson & Olsson, 

2019). Previously, multiple sclerosis was characterized as a T-cell-mediated 

autoimmune disease. The effectiveness of treatments that target B cells, Conversely, 

it raises doubts regarding the conventional autoimmune theory of T cells. (Greenfie ld 

& Hauser, 2018). The conventional understanding of multiple sclerosis (MS) posits a 

dichotomous disease process, characterized by two distinct stages. The first stage 

involves inflammation, which gives rise to relapsing-remitting MS. The second stage 

involves neurodegeneration, which leads to progression, ultimately culminating in the 
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primary and secondary progressive forms of MS ( Leray et al., 2010). The traditiona l 

biphasic model of MS is being significantly contested by the observation that 

treatments exhibit efficacy across various stages of disease progression ( Giovannoni 

et al ., 2017). 

2.3.2. Epidemiology and Etiology 

It is commonly asserted that the etiology of MS is undetermined, but this is 

incorrect. EBV, sunlight (UVB), and smoking, along with an individual's genetic 

heritage, play an essential role in the pathogenesis of MS (Dobson & Giovannoni, 

2019). Immigration research studies frequently indicate that MS is a consequence of 

environmental exposure (Kurtzke, 2013). Individuals born to migrants in European 

continent have an increased chance of acquiring disease, whereas adults who leave 

relatively low-risk countries for Europe face a lower chance of having the disease. It 

is clear from migration studies that environmental variables are more influential than 

genetic predisposition, providing significant support for research focusing on 

preventative strategies that target established environmental dangers (Kurtzke, 2013). 

Individuals who are confirmed to be negative for the Epstein-Barr virus (EBV) 

are shielded from the risk of developing multiple sclerosis (Pakpoor et al., 2013). 

However, the likelihood of acquiring MS increases by twofold in the presence of a 

symptomatic EBV infection (Handel et al., 2010). The available evidence on the 

mechanisms that allow EBV to drive up the risk of MS is varied and diverse. Recently, 

it has been postulated that EBV-mediated transformation holds significant 

implications for the pathogenesis of diseases (Tracy et al., 2012). 

The prevalence of MS is progressively expanding on a worldwide scale (Browne 

P et al., 2014). This prevalence exhibits a positive correlation with geographica l 

location. There exists a robust correlation between MS prevalence and the latitud ina l 

gradient, which is attributed to the influence of ultraviolet B (UVB) exposure on the 

production of vitamin D. The correlation between low levels of vitamin D, reduced 

intake of vitamin D, decreased outdoor activity, and increased susceptibility to 

multiple sclerosis (MS) due to genetic polymorphisms that result in low vitamin D 

levels suggests that vitamin D plays a crucial part in a causal relationship with MS 

(Sintzel et al., 2018).    

The prevalence of multiple sclerosis exhibits a higher incidence rate in the 

female population; however, historical records indicate that, in the past, things were 

not always like this. According to case data from the beginning of the 1900s, the 
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proportion of males and females was nearly equivalent. Subsequently, there has been 

a consistent rise in the sex ratio, which has now reached approximately 3:1 

(Female:Male) in the majority of developed nations (Orton et al., 2006). Based on 

empirical evidence, smoking has been identified as a factor that increases the 

likelihood of acquiring multiple sclerosis (MS) by approximately 50%. Moreover, it 

has been proposed that smoking accounts for up to 40% of the heightened prevalence 

of multiple sclerosis in women. Prior to the onset of the Second World War, the 

incidence of smoking among females was relatively infrequent. Subsequent to the war, 

there was a notable increase in the prevalence of female smokers, which was 

concomitant with the rising incidence of (MS) among women (Palacios et al., 2011).  

An individual's vulnerability to MS is influenced by genetics, with 

approximately one out of every eight patients having a familial history of the disease 

(Harirchian et al., 2018). The level of concordance among female monozygotic twins 

varies across different regions. The concordance rate in the United Kingdom and 

Canada is approximately 30%, while in southern Europe, it is as low as around 8.5% 

(Ristori et al., 2006).  

2.3.3. Pathology and Immunology 

The distinctive pathological feature of MS is the presence of periventricula r 

inflammatory lesions, which subsequently result in demyelinating plaques (Karussis, 

2014). The inflammatory infiltrates comprise  T-lymphocytes, with the presence of B-

cells and plasma cells in relatively decreased quantities (Lassmann, 2013). Early on in 

the course of the disease, axons tend to remain relatively intact. However, as the 

disease advances, there is a development of irreversible injury to the axons (Trapp et 

al., 1998). Although relapsing-remitting MS and progressive MS are clinically distinct, 

both exhibit pathologically defined inflammatory changes, with relapsing-remit t ing 

disease demonstrating a greater degree of inflammation. The phenomenon of 

remyelination has been observed across all stages of disease, with a higher incidence 

in cases of progressive disease (Lassmann, 2013). The various subtypes of mult ip le 

sclerosis do not exhibit a distinctive histological feature. Rather, there is a variation in 

the distribution of specific characteristics within different regions. Therefore, although 

three distinct clinical forms of multiple sclerosis have been delineated, the underlying 

pathological alterations exhibit a continuous spectrum. This is consistent with the 

gradual progression of clinical disease observed in patients, wherein they transition 

from RRMS to SPMS over a span of several years (Dobson & Giovannoni, 2019). 
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2.3.4. Clinical Picture 

The progression of multiple sclerosis entails traversing through various stages, 

commencing with susceptibility, followed by the asymptomatic, prodromal, and 

symptoms phases of the condition. There exists a period of vulnerability to mult ip le 

sclerosis prior to the onset of preclinical and clinical phases, as indicated by previous 

research. According to migration research, there exists a temporal gap of 10-20 years 

between the initial exposure to environmental hazards and the manifestation of related 

illnesses (Lublin et al., 2014). Depending on pathological investigations, it has been 

suggested that the preclinical phase of MS may extend over several decades. A Danish 

study revealed that 25% of individuals who had autopsy pathological confirmation of 

MS were not diagnosed with the condition during their lifetime (Engell, 1989). 

Multiple sclerosis (MS) is commonly considered a potential diagnosis when an 

individual exhibits symptoms of a clinically isolated syndrome (CIS) (Harirchian et 

al., 2018). Relapses in individuals with MS typically exhibit a subacute onset spanning 

from a few hours to several days, followed by a plateauing phase that might remain 

for a few weeks, and ultimately a gradual recovery. Clinical improvement following 

relapses in the early stages of MS may seem grossly complete; nevertheless, residual 

damage is commonly observed after most relapses. The manifestation of symptoms is 

attributed to the interplay between the dimensions and placement of lesions within the 

affected area. The visible lesions observed through MRI, also known as macroscopic 

lesions, represent only a fraction of the total number of lesions present. A significant 

number of lesions can be detected at the microscopic level, and an even greater number 

can be found in gray matter of the cortex (Howard et al., 2016). SPMS is known to 

manifest approximately 10-15 years following the onset of RRMS (Figure 2.12), and 

is characterized by a gradual transition from sporadic relapses to a more gradual and 

progressive disease course. The shift between disease forms is not clearly demarcated. 

Instead, relapses manifest against a backdrop of gradual progression, which precedes 

the onset of dominant progression. The manifestation of impaired cognition and 

progressive MRI atrophy in the early stages of MS suggests the presence of 

neurodegeneration at the onset of clinical symptoms (Mey et al., 2022). 
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Figure 2. 12. Courses of multiple sclerosis (Mey et al., 2022) 

 

Primary progressive onset (PPMS) occurs in approximately 5% to 15% of 

instances, and is characterized by a gradual accumulation of progressive disability that 

primarily affects one dominant neuronal system. The most frequently encountered 

manifestation involves a gradually worsening spastic paraparesis (Mey et al., 2022). 

2.3.5. Diagnosis 

The diagnosis of MS is established through a confluence of clinical and 

radiological characteristics. The McDonald criteria of 2017 serve as the established 

norm for the diagnosis of various types of the disease (Thompson et al., 2018). 

The clinical diagnosis of MS persists as the primary method of identification. It 

is important to exclude MS mimics through investigations when deemed necessary. It 

is recommended that patients who are suspected to have MS to undergo a lumbar 

puncture procedure to aid in confirming diagnosis, ruling out MS mimics, and 

establishing an elementary prognostic perspective (Thompson et al., 2018). 

2.3.6. Magnetic Resonance Imaging (MRI) 

It is recommended that all patients receive an MRI scan of the brain at a 

minimum. In instances where the manifestation is related to the spine, it is 

recommended to conduct a comprehensive scan that includes the spinal cord. Medical 

imaging serves a twofold function, as it can serve to corroborate the diagnosis by 

exhibiting dissemination in both the time and space domains while also ruling out 

conditions that mimic MS when analyzed by a neuroradiologist with expertise 

(Hemond & Bakshi, 2018). Specific MRI criteria have been established to facilitate 
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the early diagnosis of MS in individuals who have experienced only one clinica l 

episode (Polman et al., 2011). A comprehensive understanding of the McDonald 

criteria necessitates the comprehension of two fundamental concepts. The first aspect 

to consider is the dissemination in space or DIS, which is characterized on MRI by the 

detection of at least one lesion in T2 in two of the following four locations : 

periventricular, juxtacortical, infratentorial, and spinal cord. The second criterion is 

the dissemination in time or (DIT), which can be identified through MRI as the 

emergence of a new T2-weighted lesion or Gd-enhancing lesion on a subsequent scan 

at any given time or the simultaneous appearance of Gadolinium-enhancing and non-

enhancing MRI lesions on the initial imaging exam (Kearney et al., 2018). 

Cooperation between both the neurologist and the radiologist is imperative for accurate 

diagnosis and optimal management of patients. The clinical information provided to 

the radiologist is of utmost importance as it plays a crucial role in determining the 

purpose of the scan, whether it is for diagnostic purposes, monitoring treatment 

efficacy, or surveillance of adverse reactions. The determination of the scanning 

protocol to be implemented and the administration of gadolinium are two factors to be 

considered (Kearney et al., 2018). In cases where a scan is conducted for diagnostic 

purposes, the administration of gadolinium is deemed necessary to ascertain the 

presence of DIT. This is particularly relevant for patients with CIS, as it aids in 

determining whether the diagnosis should be maintained as CIS or upgraded to RRMS 

(Wattjes et al., 2015). In the context of requesting monitoring scans, it is advisable to 

provide both the disease subtype and the time interval since the last scan to the 

radiologist. This enables the radiologist to accurately evaluate the development of any 

new radiological activity within the appropriate context (Wattjes et al., 2015). In 

certain cases, patients who do not exhibit any demyelination-related symptoms may 

display a distribution of lesions in MRI that is consistent with MS. This situation is 

referred to as Radiologically Isolated Syndrome or (RIS) (Moore, 2009). The 

utilization of MRI in determining prognosis and evaluating treatment efficacy is 

extensive. Historically, the quantification of lesions, in conjunction with active lesions 

that are enhanced by gadolinium, has been employed to approximate the level of 

disease activity. Nevertheless, the association with long-term outcomes is not entirely 

accurate (Thompson et al., 2018). Recent advancements in MRI technology, such 

as diffusion tensor imaging, and functional MRI, have enabled the identification of 

diseases that exhibit extensive abnormalities beyond the development of focal lesions. 
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Despite their potential, these techniques have not yet been integrated into routine 

clinical care (Giorgio and De Stefano, 2016). 

2.3.7. Treatment of Multiple Sclerosis 

2.3.7.1. Acute Relapses 

The primary therapeutic approach for acute relapses is the administration of 

corticosteroids. The administration of intravenous methylprednisolone is commonly 

employed, although oral methylprednisolone has demonstrated comparable 

effectiveness. 

Additional alternatives comprise the administration of adrenocorticotrop ic 

hormone (ACTH) or the implementation of plasma exchange. Medical intervention is 

deemed necessary solely in cases where relapse symptoms exert a substantial influence 

on the individual's quality of life (Berkovich, 2013). 

2.3.7.2. Disease-modifying Therapies (DMTs) 

The escalation in the quantity and effectiveness of DMTs has sparked a surge of 

interest in the timely intervention of MS to avoid enduring disability. The therapeutic 

interventions utilized have been classified as either immuno-suppressant, which 

includes ocrelizumab, or immunomodulatory, exemplified by teriflunomide. These 

interventions necessitate continuous treatment in order to sustain the inhibition of 

inflammation and the progression of the disease. The list of  DMTs that are accessible 

for managing MS continues to increase (Travers and Tsang, 2022). 

The selection of the agent is determined by a confluence of patient-related 

variables such as age, and comorbidities, disease-related factors including the quantity 

and placement of lesions, and patient preferences regarding the balance between 

medication side effects and efficacy. Monotherapy with a single DMT has been the 

standard approach, as there is no empirical evidence to support the efficacy of 

combination therapy. The utilization of stem cell transplant exhibits significant 

potential for the effective management of diseases that are unresponsive to 

conventional treatment methods. (Travers and Tsang, 2022). 

2.3.8. The Third Ventricle in Multiple Sclerosis 

Third ventricle is a centrally located space that separates the two opposing 

thalami. 3V expansion may arise due to the degeneration of neighboring anatomica l 

structures, particularly the thalamic regions. Earlier research investigations have 

proven  a correlation between thalamic volume and width of the third ventricle, which 

has been observed to be enlarged in individuals diagnosed with multiple sclerosis MS 
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(Cifelli et al., 2002).   Disabling effects of multiple sclerosis over time are largely 

attributed to neurodegenerative processes, as evidenced by previous studies 

(Roosendaal et al., 2011); accordingly, the thalamus exhibits early signs of atrophy in 

the brain (Eshaghi et al., 2018).  

Patients with MS can be monitored for brain atrophy through various methods. 

Nevertheless, these methodologies have yet to be incorporated into clinical protocols. 

Due to its ease of calculation, the 3V width metric has the potential to be 

extensively employed in routine clinical practice as an indicator of neurodegenera t ive 

processes that manifest as diencephalic atrophy (Guenter et al., 2022).  

Cognitive dysfunction manifests in a significant proportion of individua ls 

diagnosed with multiple sclerosis, ranging from 40% to 70%. The underlying 

pathological mechanisms responsible for cognitive deficits are complicated 

(Chiaravalloti and DeLuca, 2008). Several studies have demonstrated an association 

between cognitive decline and various MRI findings in individuals who have mult ip le 

sclerosis (MS) (Preziosa et al., 2016).  

The research found that there was a correlation between the width of 3V and 

cognitive impairments such as reduced speed of information processing as well as 

deficiencies in verbal and visual memory (Guenter et al., 2022). Furthermore, it has 

been reported that the 3V width exhibited superior prognostic capabilities for verbal 

memory impairments compared to volumes of the brain, white and gray matter 

(Benedict et al., 2004). 

Some studies reported a correlation of mild to moderate strength between the 

width of 3V and the Expanded Disability Status Scale (EDSS). The physical 

disabilities exhibited by individuals with MS have been found to have a correlation 

with various MRI metrics, including T1 lesion volume and gray matter 

volume (Roosendaal et al., 2011). Nonetheless, the association between thalamic 

volume and disability was comparatively less robust than that with cognitive 

performance (Houtchens et al., 2007).  

It has been observed that fatigue can impact a significant proportion of MS 

patients. This symptom is believed to be linked to thalamus pathology, and research 

has indicated that the degree of fatigue experienced by MS patients is correlated with 

the extent of thalamus atrophy (Bernitsas et al., 2017). Prior studies have also indicated 

that the degeneration of tissue, specifically thalamic degeneration, is more prominent 

in MS males than females, while that MS males have wider third ventricles (Voskuhl 
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et al., 2020). 

2.3.9.  Corpus Callosum in Multiple Sclerosis 

 Numerous studies have been conducted to estimate CC in the context of MS and 

is often significantly impacted by ongoing disease. 

 Its functional importance in facilitating inter-hemispheric communicat ion 

suggests that it may be a contributing factor in the complicated pathologica l 

mechanisms that give rise to cognitive impairments in MS, it can be compromised by 

focal demyelinating lesions, and even by Wallerian degeneration that arises as a result 

of axonal loss (Granberg et al., 2015). 

The CC can be easily identified through conventional MRI techniques. Its 

boundaries can be clearly delineated in mid-sagittal images, making it one of the few 

tracts with well-defined two-dimensional boundaries. Given the anatomical and 

functional characteristics, it is a justifiable inference that morphometrics of the corpus 

callosum could serve as a potential indicator for the integrity of associative fibers and  

reflect pathological processes involved in the onset and progression of mult ip le 

sclerosis (Pérez-Martín et al., 2020). 

The approaches to CC segmentation have been suggested for evaluating the CC 

through manual means as linear measurements of the (CCI) and corpus callosum area 

(CCA) or through volumetric software techniques as the corpus callosum 

volume (CCV) (Granberg et al., 2015).  

Despite the fact that both the CCI and corpus callosum volume CCV exhibited 

comparable correlation patterns with volumes of brain and MS lesions, the CCV 

tended to demonstrate superior correlations. It could be argued that the CCV would 

serve as a more significant biomarker in MS compared to the CCI. Nevertheless, it is 

crucial to consider that acquiring volumetric data is considerably more challenging 

than obtaining their linear equivalents (Gonçalves et al., 2018). 

The CCI method is considered to be the most readily accessible technique. In 

addition, a number of studies have exhibited acceptable levels of inter and intra-

observer accuracy in relation to this approach (Van Schependom et al., 2016). 

Gonçalves et al. revealed a robust association between the CCI and the overall 

brain volume, primarily due to its relationship with the white matter volume. This 

finding provides evidence for the reliability of the CCI as an indicator of brain atrophy 

in individuals with MS (Gonçalves et al., 2018).  
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2.3.10. Why to Study the Third Ventricle and Corpus Callosum together in 

Multiple Sclerosis? 

The measurement of the widening of the third ventricle in MS patients represents 

a relevant measurement of the thalamic gray matter because of the close anatomica l 

proximity between the two structures. On the other hand, the white matter bundle of 

CC is readily distinguishable on conventional MRI, in contrast to many others. As a 

result, the utilization of manual linear measurements of the CC has the potential to 

serve as valuable biomarkers for the detection of white matter atrophy (Cappelle et al., 

2020). 
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3. MATERIALS AND METHODS 

3.1. Ethical Approval   

This study was carried out after gaining permission from the Medical Research 

Ethics Committee of Ondokuz Mayıs University OMU with the agreement:  

B.30.2.ODM.0.20.08/496-569. 

It was a retrospective case-control study and used anonymized data after 

extracting the necessary information. Participants were not engaged beyond the limits 

that were authorized in this study. 

  3.2. Source of Data 

MRI images of 50 patients were retrieved from the electronic archive of the 

radiology department in OMU Medical Faculty Hospital. 

  3.3. Inclusion and Exclusion Criteria    

The selected MRIs were performed between 2017 and 2021. The inclus ion 

criteria were: all the patients meet the diagnostic criteria for MS, are already enrolled 

in a management program, and do not have any exclusion criteria. 

 Exclusion criteria were: any neurological disease in addition to MS that may 

affect the gross anatomy of the brain; previous brain surgery, and concurrent or past 

psychiatric disorders. Age limits were applied to minimize the effect of physiologica l 

atrophy of the brain at early and advanced ages. The group of healthy participants was 

matched with the MS group regarding gender. The subjects in the control group 

underwent brain MRI for other indications and were proved to be non-remarkable and 

normal by an experienced radiology specialist. 

 3.4. Participants 

On consulting the statistical department, it was revealed that the least acceptable 

number for each group is 20 participants after examining some papers that were  

consistent with related published literature. 

 Therefore, 25 MS patients whose brain MRIs met the inclusion criteria and who 

had undergone treatment at our MS referral center were chosen to be studied. The 

control group consisted of another set of MRI data from a variety of 25 individua ls 

that did not demonstrate any brain pathologies. 

  3.5. Study Design 

This is a monocenter retrospective case-control study. 
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3.6.  MRI Protocol  

 MRI was used for direct demonstration  of the 3V and CC, as MRI has become 

an established technique in diagnosing and monitoring MS because of its ability to 

depict the pathologic characteristics of this disease in exquisite details. 

A conventional brain MRI scan using a (Philips, Achieva) MRI machine of 1.5 

tesla was achieved with the following settings of the machine: TR/TE: 3000/80, the 

thickness of the slice 5mm,  gap 1mm for axial and coronal T1-weighted images. 

Regarding T2-weighted sagittal images, the settings were as follows .TR/TE: 

600/10, the thickness of slice 5mm,  gap 1 mm . 

  3.7. Images Processing   

We used  the Radiant program to make the measurements since it is the same 

tool that is utilized at our radiology department. The sequential MRI data sets were 

examined using the trial version that was downloaded from radiantviewer.com on a 

desktop computer. This is dedicated workstation image processing software produced 

by a Polish company aiming to pursue simplicity in handling medical imaging. This 

software makes measurements of distances and angles feasible (Figure 3. 1). 

 

 

Figure 3. 1.  RadiAnt DICOM viewer program 

It is simple to use, free for a brief time, and has a user-friendly design. Images 

and even clips may be exported in a variety of image formats. It includes the following 

fundamental capabilities for picture alteration and measurement: magnificat ion, 
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brightness, and contrast adjustment. MRI scan pictures are stored in files in DICOM 

format. 

To minimize measuring mistakes, the observer made the measurements under 

the guidance of an expert radiologists; as for intra-observer variability, all the measures 

were evaluated two times with an interval of at least four weeks. The average of the 

two measurements was utilized to get the final value of each variable. All measurement 

results in this study were documented in millimeters. 

 3.8. Third Ventricle Measurements 

Five measurements of the 3V were determined in T1-weighted as follows: 

3.8.1. Length of the Third Ventricle (L) 

It  is a line drawn through the long axis of the third ventricle in the axial plane 

and parallel to the interthalamic fissure where the ventricle is best visualized, as shown 

in (Figure 3. 2). 

 

 

Figure 3. 2. Third ventricle length(L) 

 
 

3.8.2. Third Ventricle Width (W1) 

Measured at the midpoint of the previous line and perpendicular to it (Figure 3. 

3).  
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Figure 3. 3. Third ventricle width W1 measured at the midpoint of the anterior-posterior 

diameter of the ventricle 

 

3.8.3. Third Ventricle Width (W2) 

It is defined as the maximum width of the third ventricle that can be measured 

at the level of the interventricular foramen of Monro in the axial plane (Figure 3.4). 

 

 

Figure 3. 4. Width of the third ventricle (W2) at the level of the interventricular foramen 

 
3.8.4. Transverse Diameter (TD) 

It is the internal transverse diameter of the skull drawn at the same line as (W2) 

as shown in (Figure 3. 5). 
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Figure 3. 5. Transverse diameter of the skull (TD) 

 
3.8.5. Third Ventricle Height (H) 

It is the maximum height of the 3V that can be measured in the coronal plane, 

where the foramen of Monro can be visualized (Figure 3. 6). 

 

 

Figure 3. 6. Height of the third ventricle (H) 

 

3.8.6. Third Ventricle Ratio (TVR) 

For a more comprehensive evaluation of the third ventricle, we added another 

parameter to the previous measurements, the third ventricle ratio (TVR). The formula 

of the ratio is; TVR=W2/TD. 
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3.9. Corpus Callosum Measurements  

The optimal T2-weighted mid-sagittal plane was utilized to visualize the sylvius 

aqueduct, which serves as a conduit between  third and fourth ventricles.  On this plane 

the CC can easily be identified and measured. 

The following five variables were considered for CC partioning. 

3.9.1.  Diameter of the Corous Callosum (AP): 

İt is the longest line than can be drawn between anterior and posterior poles of 

the corpus callosum (Figure 3. 7). 

 

Figure 3. 7. The anteroposterior diameter (AP) corpus callosum 

 

3.9.2. The thickness of genu (G): 

It is the measurement of the part of AP diameter that inersects the genu. 

 

 

Figure 3. 8. The anterior segment (G) of the corpus callosum 
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3.9.3. The thickness of splenium (S): 

The measurement of the part of AP diameter that intersects the splenium 

(Figure 3. 9). 
 

 

Figure 3. 9. The posterior segment (S) of the corpus callosum 

 
3.9.4. The tkickness of the body (B): 

To measure this segment,another line is drawn perpendicular to the AP at its 

midpoint, so the thickness of body is the measurent of the part of this line that intersects 

the body (Figure 3. 10). 

 

 

Figure 3. 10. The middle segment (B) of the corpus callosum 

 



37 

 

 

3.9.5. Corpos callosum index CCI: 

After measuring the semgments of the corpus callosum , then the CCI can easily 

be calculated through the formula CCI =(G+B+S)/AP. 

3.10. Data Analysis  

The fundamental clinical and demographic features of the study individuals were 

examined utilizing SPSS version 25. Various statistical measures were computed, 

including mean, standard deviation, and also the percentage. Categorical variables, 

such as gender, were transformed into quantifiable formats for the purpose of statistica l 

analysis using SPSS. Consequently, the male gender was symbolized by value of 1, 

while the female gender was represented by the value of 2. The Shapiro-Wilk was 

conducted to check the normality distribution and consequently, to ascertain the 

appropriate statistical tests to be employed. 

 Therefore, the study employed a statistical analysis approach to compare the 

MS group with the control one. Specifically, an independent t-test was utilized for 

parametric data, while the Mann-Whitney test was employed for non-parametric data. 

The statistical analyses were deemed significant at a p-value of less than 0.05, with a 

confidence level of 95%. 

Nevertheless, statistical significance merely suggests that there is enough proof 

to establish that an impact exists. It is a mathematical concept that knows nothing about 

the given subject or what constitutes a significant influence. Instead, we must apply 

experience and knowledge to recognize if the influence is strong enough to be 

important in reality. 
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4. RESULTS AND DISCUSSION 

  4.1. Results   

4.1.1. Normality Test  

According to the Shapiro-Wilk results, all variables had a normality distribution 

except for gender.  

4.1.2. Age and Sex Distribution 

The table 4.1 presents a summary of the demographic and fundamenta l 

characteristics of both the MS patients and normal controls. 

The study comprised of 50 participants whose ages varied between 23 and 48 

years. The study involved the categorization of participants into two distinct groups. 

The first group, referred to as the MS group, consisted of 25 patients, comprising 

19 females and 6 males. The average age of the participants in this group was 37 ± 

4.08 years. The study's control group comprised 25 participants, of which 20 were 

females and 5  were males. The control group exhibited a mean age of 33.2 ± 7.51 

years, which was comparatively lower than  MS group. A significant statistica l 

difference was observed in the age of  both groups p=0.04. In relation to gender, the 

observed results did not exhibit any statistically significant disparity p=0.73. 

 

Table 4. 1. Demographical and fundamental characteristics of  participants. 

Variables controls (n= 25) MS (n= 25) P- value 

Age 

Mean 

(SD) 

 

33.2 

7.51 

 

37 

4.08 

 

0.04* 

Gender 

Male 

Female 

 

5 

20 

 

6 

19 

 

0.73 

* Statistically significant 
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Figure 4. 1. Sex distribution in the control group 

 

 

Figure 4. 2. Sex distribution in the MS group 

 
4.1.3. Third Ventricle Variables (L, W1, H) 

The clinical characteristics of the three dimensions in the third ventricle are 

given in (Table 4. 2) below. Three dimensions were used; length (L), width (W1), and 

height (H).  

As explained in the methods section, L is the maximum anteroposterior diameter 

of the third ventricle that can be measured in the axial plane. W1 is the width of the 

third ventricle measured at the midpoint of L in the same plane. H is the height of the 

third vertical measured in the coronal plane where the interventricular foramen can be 

visualized.  

The mean length, width, and height in the MS group were 24.68 ±2.5 mm, 

6.08±2.34 mm, and 16.20±1.44 mm respectively. Whereas the mean length, width, and 

height in the control group were 24.30±1.39 mm, 2.67 ±0.63 mm, and 15.84±092 mm, 

respectively (Table 4. 2). To evaluate the differences in three dimensions between the 

two groups, a t- test was performed. The results of the t-test indicated no statistica l ly 

significant difference between the two groups for L (P = 0.6). Therefore, the hypothesis 
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that there are no statistically significant differences between the pathological group 

and the control group for L was accepted.  Results indicated that a significant statistica l 

difference existed between both groups with respect to W1 (P=0.001). Therefore, the 

hypothesis that there are no statistically significant differences between the 

pathological group and the control group regarding W1 was rejected. As for H (P = 

0.21), no statistically significant difference between the two groups was found. 

Therefore, the hypothesis that there is no statistically significant difference between 

the two groups was accepted. 

 

Table 4. 2. Measurements of the third ventricle (L, W1, H) 

Parameters Controls (n= 25) MS (n= 25)  P value 

Age 

   Min 

   Max 

   Mean 

   (SD) 

 

23 

48 

33.2 

7.51 

 

28 

44 

37 

4.08 

 

 

 

0.04* 

Width W1 

   Min 

   Max 

   Mean 

   (SD) 

 

1.76 

3.58 

2.67 

0.63 

 

2.58 

12.20 

6.08 

2.34 

 

 

 

0.001* 

Length L 

   Min 

   Max 

   Mean 

   (SD) 

 

19.8 

26.8 

24.30 

1.39 

 

18.4 

30 

24.68 

2.50 

 

 

 

0.6 

Height H 

   Min 

   Max 

   Mean 

   (SD) 

  

13.8 

18.7 

15.84 

0.92 

 

12.4 

19.30 

16.20 

1.44 

 

 

 

0.21 

 

* Statistically significant 
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Figure 4. 3. Length of  the third ventricle in the MS group and control group 

 

Figure 4. 4. Width W1 of the third ventricle in the MS group and control group. 
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Figure 4. 5. Third ventricle height in the MS group and control group 

 
4.1.4. Third Ventricle Variables (W2, TD, and TVR) 

The clinical characteristics of these three dimensions in the third ventricle are 

given in table 4. 3 below. 

The results show that the mean W2, TD, and TVR in the MS group were 

6.64±1.85, 125.83±6.93, and 0.05±0.01 respectively. Whereas the mean W2, TD, and 

TVR in the control group were 3.66±0.64, 125.83±4.79, and 0.03±0.01 respectively. 

It was concluded from the previous results that the mean W2 and TVR were higher in 

the patient group than in the control group. Whereas the mean TD in the control group 

and the patient group was almost the same. To explore the differences in three 

dimensions between the two groups, a t-test was performed due to normal distribution.  

The t-test results have revealed a statistically significant distinction between both 

groups in relation to W2, with a P-value of ( 0.00). Therefore, the hypothesis that there 

are no statistically significant differences between the MS group and the control group 

in W2 was rejected. NO significant difference was noticed regarding TD (P=0.12). 

Therefore, the hypothesis that there are no statistically significant differences between 

the two groups in TD was accepted. Finally, the results indicated that there is a 

statistically significant difference between the MS group and the control group for 

TVR (P = 0.0). Therefore, the hypothesis that there is no statistically significant 

difference between the patient group and the control group regarding TVR was 
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rejected. 

 

Table 4. 3. Measurements of the third ventricle (W2, TD, and TVR) in millimeters. 

* Statistically significant 

parameter Controls (n=25)  MS group (n=25) P-value 

Width W2 

   Min 

   Max 

   Mean 

   (SD) 

 

2.26 

5.02 

3.66 

0.64 

 

4.11 

10.8 

6.64 

1.85 

 

 

 

0.00* 

TD 

   Min 

   Max 

   Mean 

   (SD) 

 

117.6 

136.6 

125.83 

4.79 

 

108.7 

137.1 

125.83 

6.93 

 

 

 

 

0.12 

TVR 

   Min 

   Max 

   Mean 

   (SD) 

 

0.02 

0.04 

0.03 

0.01 

 

0.03 

0.09 

0.05 

0.01 

 

 

 

0.02* 
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Figure 4. 6. Third ventricle width at the level of the interventricular foramen in MS and control 

groups 

 

 

Figure 4. 7. Transverse diameter of the skull at the level of the interventricular foramen in 

the MS and control groups 
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Figure 4. 8. Third ventricle ratio 

 
4.1.5. Measurements of the Third Ventricle in Males and Females 

Aiming to compare the measures of 3V of both males and females, we found the 

results that are summarized in the Table 4.4. 

 

Table 4. 4. Comparison of the third ventricle measurements in males and females in the control 

group 

Control group 

Clinical variables Male Female p-value 

Number  n / (%) 5 / (20%) 20 / (80%) 

L mean-SD 24.76± 0.7 24.18± 1.51 0.42 

W1 mean-SD 3.29± 0.37 2.52± 0.59 0.01* 

H mean-SD 15.80± 0.66 15.86± 0.98 0.91 

W2 mean-SD 3.52± 0.76 3.70± 0.62 0.59 

TD mean-SD 128.96± 4.38 125.05± 4.67 0.1 

* Statistically significant 

Results  indicated no significant difference between both with the exception of W1. 
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Table 4. 5. Comparison of the third ventricle measurements of males and females in MS group 

MS group 

clinical variables Male Female p-value 

Number  n / (%) 6 / (24%) 19 / (76%) 

L mean- SD 25.8±2.22 24.32± 2.53 0.21 

W1 mean- SD 8.81± 2.45 5.22±1.54 0.00* 

H mean- SD 17.1±1.30 15.91± 1.39 0.08 

W2 mean- SD 7.8± 1.86 6.27±1.74 0.08 

TD mean- SD 130.4± 4.68 124.39± 6.98 0.06 

* Statistically significant 

Results  indicated no significant difference between both with the exception of W1. 

4.1.6. Corpus Callosum Variables (G, B, S, AP, and CCI) 

The analysis results are summerized in table 4.6. which showed that all the 

parameters of MS patients were significantly smaller than those of the controls. 

Table 4. 6. Measurements of CC in millimeters 

Parameters  Controls (n=25) MS (n=25) P-Value 

Age 

 mean SD  

 

33.2 ±7.51 

 

37± 4.08 

 

0.04* 

Gender M/F 5/20 6/19 0.73 

G 

   Min 

   Max 

   Mean 

   SD 

 

9.380 

16.70 

12.9 

1.86 

 

6.06 

12.9 

9.75 

1.85 

 

 

 

0.000* 

B  

   Min 

   Max 

   Mean  

   SD 

 

5.23 

9.81 

7.54 

1.19 

 

2.17 

7.51 

4.83 

1.17 

 

 

 

0.000* 

S  

   Min 

   Max 

   Mean  

   SD 

 

9.29 

15.40 

13.01 

1.53 

 

4.82 

14.4 

9.96 

2.1 

 

 

 

0.000* 

AP  

   Min 

   Max 

   Mean  

   SD 

 

62.5 

78.60 

69.72 

4.47 

 

55.6 

75 

66.24 

4.33 

 

 

 

0.008* 

CCI 

   Min  

   Max 

   Mean 

   SD 

 

0.40 

0.58 

0.48 

0.04 

 

0.26 

0.47 

0.37 

0.06 

 

 

 

0.000* 

* Statistically significant 

We also examined the differences between males and females regarding the 

anatomical parameters of CC, the results were shown in the Table 4.7 and Table 4.8. 
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Table 4. 7. Comparison between measurements of males and females in the control group 

Control group 

Demographic and clinical 

variables  

Male   Female   p-value 

Number  n/(%) 5/(20%) 20/(80%)                     

G mean- SD 14.12 ±1.62 12.60±1.8 0.1 

B mean- SD  7.46 ±1.43 7.57±1.17 0.11 

S mean- SD  12.44±1.34 13.15± 1.57 0.86 

AP mean- SD  72.5±4.69 69.02±4.25 0.12 

CCI mean- SD 0.47±0.04 0.48±0.04 0.53 

 

Table 4. 8. Comparison between corpus callosum measurements of males and females in MS 

group 

MS group 

Demographic and clinical 

variables  

Male   Female   p-value 

Number   n/(%) 6/(24%) 19/(76)% 

G mean- SD  9.1± 1.88 9.96±1.84 0.32 

B mean- SD 4.5±1.1 4.93±1.20 0.43 

S mean- SD 9.42±0.91 10.12±2.35 0.49 

AP mean- SD 65.37± 2.1 66.52±4.85 0.58 

CCI mean- SD 0.35±0.04 0.38±0.06 0.42 

 

Based on these results, there was no significant difference between males and 

females, neither in control group nor in the MS group. 
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Figure 4. 9. Genu thickness in  MS and control group. 

 

 

Figure 4. 10. Body thickness in MS and control groups. 
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Figure 4. 11. Splenium thickness in the MS and  the control group. 

 

 

Figure 4. 12. Measurement of AP diameter in the MS and control group. 
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Figure 4. 13. CCI results in the MS and control group 

 
  4.2. Discussion 

As stated in the introduction, our main aim is to delineate the anatomical changes 

in the third ventricle and corpus callosum that may occur in multiple sclerosis patients 

with the help of simple, achievable linear MRI measurements. Conventional MRI has 

become an established technique for diagnosing and monitoring MS because of its 

ability to depict the pathologic characteristics of this illness with level of details 

presented is of exceptional quality and precision. 

Despite the existence of multiple techniques for monitoring the atrophy of the 

brain, manual measures possess the advantage of expeditiously and easily being 

executed subsequent to the completion of an MRI examination. Many studies have 

shown that theses  measuring techniques exhibits comparable levels of precision to the 

semiautomatic volume measurement method when assessing the third ventricle and 

also corpus callosum, debunking earlier research that claimed manual 2D 

measurements lacked reliability (Lutz et al., 2017). 

4.2.1. Third Ventricle Width (W1, W2) 

 As anticipated, the premier remarkable finding in our study was the widening 

of 3V in multiple sclerosis patients compared to normal subjects, which is in line with 

previous studies. Different radiological techniques, including transcranial sonography 

TCS, CT scan, and MRI, have been used to determine the value of the third ventric le 

width, but there is no agreement on a minimum and maximum threshold value. It 
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ranges from 2.25 mm to 9.2 mm, as stated in the literature (Patnaik et al., 2016). As 

explained in the methods section, we assessed third ventricle width in two different 

sites and even at two different levels of MRI slices. The mean W1 in MS patients was 

6.08± 2.34mm and was measured at the midpoint of the AP diameter of 3V, whereas 

the mean W2 in MS patients was 6.64 ±1.85 mm and was measured at the level of the 

interventricular foramen in T1-weighted axial plane.  

Schminke et al. assessed the diameter of 3V in 27 MS patients using MRI and 

TCS. For MRI assessment, they used the same technique that was described for W1, 

and their results revealed that the mean width was 4.0±1.7 mm (Schminke et al., 2009). 

Although we used, the same technique and the same sample size and the same mea n 

age (37 years), the measurements in our study were slightly wider. We may explain 

this by considering that the patients in Schminkeʼs study were in the early stages of 

the disease, and it may also be because of ethnic disparities. However, we did not take 

the duration of the disease or the clinical status of patients into account in our study. 

Schminke et al. also used TCS to measure the transverse diameter of the third ventric le 

in the same previous MS patients, the mean measurement was 4.4±1.7 mm. 

Nevertheless, Schminke et al. reported that TCS is not beneficial to monitor disease 

progression, especially in the early stages of the disease. 

Thalamus, which is the main component of the diencephalon, experiences early 

atrophy in MS (Eshaghi et al., 2018). It is believed that the volume loss of structures 

adjacent to the third ventricle, specifically thalamus or corpus callosum, causes the 3V 

to widen (Cifelli et al., 2002). Thus, it reinforces earlier results that third ventric le 

enlargement may serve as an indirect surrogate for thalamic atrophy in MS. The 

thalamic nuclei work as a relay station, connecting wide neocortical and subcortical 

areas and mediating various brain activities. These extensive connections, however, 

make the thalamus susceptible to retrograde atrophy. This can be brought on by either 

localized or diffuse brain injury (Houtchens et al., 2007). Consequently, thalamic 

injury can result in a vast spectrum of neurological symptoms, namely cognitive 

symptoms (Riccitelli et al., 2011). 

4.2.2. Third Ventricle Height (H) 

Research has tended to focus on one dimension of 3V, mainly the width of the 

ventricle, in MS patients. To achieve a comprehensive evaluation of 3V anatomy, we 

investigated the changes in the height and length parameters in MS patients. The mean 

height in our study was 15.84 mm in normal participants and resembled the maximum 
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vertical line drawn in the coronal plane where the interventricular foramen can be 

visualized. In 2003, Duffner et al. defined the height of the third ventricle as a vertical 

line passing through the midst of the interthalamic adhesion in the midsagittal plane. 

He found that the mean height was 18.6 mm in normal controls (Duffner et al., 2003). 

We argued that we used an easy and practical method as the demonstration of 

interthalamic adhesion bears some difficulty with a 5 mm MRI slice thickness and 

even does not exist in all individuals.  

In an Ukranian study conducted in 2020, the authors tried to delineate the 

anatomic parameters of 3V in a normal population by using a brain CT scan and 

comparing these parameters with the shape of the skull. The definition of the height in 

this study was the maximum vertical line that can be measured in the mid-sagit ta l 

plane. The third ventricle was ordinarily higher among dolichocranial individuals (2.27 

±0.23 cm). The mesocranial group had lower numbers (2.11 ±0.34 cm), while the 

brachycranial group had the lowest height (2.06± 0.34 cm) (Zhuravlova et al., 2021). 

All these results were larger than ours, the CT scan is less accurate than MRI in 

evaluating brain structures, and  the age range in the Ukrainian study was larger (21-

86 years), with a mean age of 48.6 ±17.57 years, so advanced age may also contributed 

in third ventricle widening. 

4.2.3. Third Ventricle Length (L) 

 The study findings showed that the mean anterior-posterior diameter of the third 

ventricle was 24.30±1.39 mm in the control group. Lee et al. used MRI with a 3 mm 

slice thickness to assess the distance between anterior commissure (AC) and posterior 

commissure (PC) in the midsagittal plane. Mean AC-PC distance was 26.3±1.79 mm 

in his control group, with a mean age of 54.74 years (Lee et al., 2008). We may justify 

this since the mean age in our study (33.2 years) is younger, and the MRI slice is 

thicker. Also, Lee et al. measured the distance from the center of AC to the center of 

PC, whereas, we measured the distance from the internal margin of the third ventric le's 

anterior border to the internal margin of the posterior border. 

In a Nepalese study by Dabadi et al. (2020), they evaluated the AC-PC distance 

in 47 patients with Parkinson’s disease using a 3T MRI. They allocated each of AC 

and PC on the MRI slice in the axial plane, and then the distance was automatica l ly 

calculated. They reported that the mean AC-PC distance was 24.86±2.08 mm which 

was very close to our results (Dabadi et al., 2020). 
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4.2.4. Third Ventricle Ratio (TVR) 

The ventricle-brain ratio, which may be estimated using planimetry from brain 

imaging, is the ratio of total ventricular area to total brain area. It is a frequent measure 

of ventricular enlargement or cerebral atrophy, and it tends to increase with age. In 

general, a larger ventricle-brain ratio indicates a worse prognosis for recovering from 

a brain injury. 

It is claimed that the best way to study third ventricle enlargement is to use the 

third ventricle ratio (TVR), which is established by dividing the third ventricle's width 

at the level of the interventricular foramen by the skull's internal diameter along the 

same line (Singh et al., 2018). We found that the mean value of TVR is 0.03±0.01 and 

0.05±0.01 in normals and MS patients respectively, with a significant difference 

(p=0.02). Virsham Singh et al. reported that on normal CT scans, the mean TVR was 

0.062 ±0.02 which was greater than the value of TVR in our study of 0.03±0.01. This 

is because the mean width of the ventricle was 6.51±2.25 mm in his study and 

3.66±0.64 mm in ours. He also reported that (TVR) can be used as a screening test for 

hydrocephalus in suspected individuals. 

In another study published in 2020, Khanal and colleagues calculated the TVR 

for 100 participants with normal CT brain scans. The mean TVR was 0.03±0.01 with 

a mean ventricle width of 0.3±0.09 cm as it was measured at the level of the superior 

colliculus (Khanal et al., 2020). 

To compare our results of third ventricle variables, based on gender, no 

significant difference was noticed except for W1. In an Ukrainian study (Zhuravlova 

& Kornieieva, 2021), the observer reported that the length of the ventricle is larger in 

males than females in a sample of the Ukrainian population; the same results were 

reported in a Nigerian study (Bello et al., 2013). 

 

               Table 4. 9. The length of the third ventricle 

Study Males Females 

Ukrainian study 23.7±0.40mm 20.8±0.32mm 

Nigerian study 27.84±1.53mm 25.42±1.43mm 

Our study 24.76±0.7mm 24.18± 1.51mm 

 

The same previous Ukrainian study revealed that the width of the ventricle is 

larger in males than in females. That finding was also strengthened by an Indian study 
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(Patnaik et al., 2015). 

    Table 4. 10. Third ventricle width 

Study Males Females 

Ukrainian study 6.1±0.24 mm 5.0±0.19 mm 

Indian study 7.47±2.81mm 6.39±2.6mm 

Our study 3.29±0.37mm 2.52±0.59mm 

 

The comparative research poses a challenge in making robust inferences on 

ethnic disparities in the third ventricle due to varying limitations. The observed 

variations can be attributed to dissimilarities in research methodology, sample size, 

and the proportion of male and female participants across the studies. 

4.2.5. Corpus Callosum Variables   

Several techniques have been described for CC segmentation , and the variety in 

methods may be relatively responsible for the inconsistency of the results between 

different studies (Constant & Ruther, 1996). 

 The present research employed CCI as a means of segmenting corpus callosum. 

Figueira's findings indicated that the CCI was user-friendly, did not necessitate the use 

of intricate software, and exhibited sensitivity to the callosal loss of volume. 

Consequently, it exhibited potential for deployment in the extended surveillance of 

MS patients. 

The present study involved the measurement of various parameters includ ing 

mean genu thickness (G)  which was 9.75 ± 1.85 mm , mean body thickness (B) which 

was  4.83 ±1.17 mm, mean of splenium thickness (S) that was 9.96 ± 2.1 mm, and the 

mean of (AP) diameter that was 66.24 ± 4.33 mm. These were obtained results for the 

MS group . Respectively, the CCI value was found to be 0.37 ± 0.06.  

Perez-Alvarez et al. conducted a study in Spain wherein they examined 109 

patients diagnosed with multiple sclerosis. The researchers determined  corpus 

callosum index (CCI) for the patients, which was found to be 0.377, consistent with 

the findings of our own study (Perez-Alvarez et al., 2018).  

Regrettably, akin to the majority of clinical trials, the Spanish investigation did 

not specify the measurements of the segments of corpus callosum , so there was no no 

possibility for comparative analysis with our study. 
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Conversely, control group exhibited a mean thickness of G 12.9±1.86 mm , 

mean thickness of B 7.54  ± 1.19 mm, mean thickness of S 13.01 ± 1.53 mm, mean AP 

diameter 69.72± 4.47mm , and also the CCI was found to be 0.48 ± 0.04.   

In their study, Allouh et al assessed  corpus callosum subregions of 100 young 

adult Arabs from the Middle East, with a mean age of 32 years. The measurements 

were obtained and reported as in the follwing order with their respective uncertaint ies : 

genu thickness was10.9 ± 1.4, body thickness was 6.2 ± 0.8, splenium thickness 

was 16.6 ± 2.3, and the mean of antrior-posterior AP was 68.4 ± 4.0. Upon 

comparison, it is evident that all factors, with the exception of the splenium thickness, 

exhibit decreased values in comparison to our own population. Notably, the Arap 

population displayed a wider splenium thickness ( Allouh., 2020 ). Allouh's findings 

were consistent with those of a previous Turkish study conducted by Karakaş et al. 

(2011). It is noteworthy to mention that Allouh et al. employed a distinct methodology 

for corpus callosum partitioning (Karakaş et al., 2011).  

 Regarding CC sex dimorphism, we could not find a difference between males 

and females in both groups. Sex dimorphism of the CC has been extensive ly 

researched with a variety of results in different studies, The available evidence 

suggests that men tend to possess greater absolute volumes of gray and white matter 

and that the total size of the CC is also larger in men. This observation aligns with the 

expectation that men would have bigger brain sizes overall (Shiino et al., 2017). The 

comparative research presents challenges in drawing robust conclusions regarding 

racial disparities in corpus callosum due to varying limitations. The observed 

variations can be attributed to dissimilarities in research method, size of the 

population , and gender distribution across the studies. 

4.2.6. Limitations   

In order to enhance the level of assurance, it is imperative to underscore specific 

constraints and limitations that we encountered throughout the course of the study. 

Recognizing these challenges, the study's results could be properly regarded as valid 

and in accordance with the study's basic objectives. 

Given that our research is retrospective, we were unable to establish a correlation 

with clinical status of the individuals, as well as the advancement of MS disease. 

One limitation of our study is the relatively small sample size. This is noteworthy 

given that anatomical variations in 3V  and CC have been observed even among 

individuals without pathology. 



56 

 

Given that multiple sclerosis typically impacts individuals in their early 

adulthood, the age bracket examined in this study was somewhat limited, ranging from 

23 to 48 years. Therefore, in order to ensure the generalizability of the findings, it 

would be advisable to investigate a broader range of age groups.  

An additional constraint pertains to the thickness of MRI slices. In the majority 

of cases, a 5 mm thickness was employed, with an inadequate resolution.  

Despite any potential limitations, the obtained outcomes remain significant in 

terms of addressing the research inquiry.  
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5. CONCLUSION AND RECOMMENDATIONS 

 It is asserted that the present study possesses unique characteristics, as we used 

simple and easy-to-take MRI linear measurements to evaluate anatomic alterations in 

3V and CC in patients suffering MS. They are time-saving measures and do not need 

special complex software. Also, we implied some measures of the third ventricle  that 

are not usually covered in similar studies.  Some of these measurements are already 

implicated in everyday clinical practice, like  width of the 3V and CCI, other measures  

are not usually covered in studies that deal with MS patients. We investigated the third 

ventricle in three dimensions: width, length, and height. Width of  the ventricle was 

significantly wider in pathological group, although it was estimated in two different 

levels. With regard to length and height we did not find a difference from the normal 

population.  

As for the corpus callosum, we found that all the evaluated segments; the genu, 

the body, and the splenium were atrophied in comparison with normal population; the 

same is true for the anterior-posterior diameter. 

The enhanced measurements will yield more accurate information, facilitat ing 

the advancement of novel treatment modalities for third ventricle and corpus 

callosum diseases. Additionally, these measurements will serve as a valuable tool for 

physicians to detect deviations from typical anatomical parameters, allowing for early 

diagnosis and prompt initiation of treatment. 

It is recommended that a longitudinal study be conducted with an extended 

period and a greater number of participants to strengthen the findings pertaining to the 

clinical context, MS disease variants. 
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