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SUMMARY

Multiple Sclerosis (MS) is one of the most com-
mon forms of the acquired autoimmune demye-
linating disorder affecting the brain. The neuro-
logical symptoms of MS are often presented in a
relapsing-remitting manner. This study aims to
investigate volume changes in the hippocampus
and Corpus Callosum (CC). A cross-sectional study
was conducted on 200 MS patients, 100 males
and 100 females, aged 20-56 years. According
to McDonald’s 2017 criteria,100 patients were in
the MS group, and 100 were in the control group.
This study assessed volume changes in the hip-
pocampus and CC with ITK-SNAP 4.0 software.
Our study revealed that the volumes of the right

Hippocampus (P<0.0001), left Hippocampus
(P<0.05), and corpus callosum (P<0.001), were
significantly decreased in MS group compared
to control group, regardless of the sex of the pa-
tients. Additionally, our results showed that the
volume of these three areas has no significant dif-
ference with the age of MS patients. This research
shows that some brain regions, including the hip-
pocampus and corpus callosum, can be essential
landmarks in determining MS disease.
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INTRODUCTION

Multiple Sclerosis (MS) is the most common
form of the acquired autoimmune demyelinating
disorder of the brain. In 2007, the global popu-
lation of individuals with multiple sclerosis (MS)
reached 2 million, and the prevalence of the dis-
ease has been on the rise in various regions across
the world in recent years (Doerksen et al., 2007;
Koch-Henriksen and Sorensen, 2011). The inci-
dence rate of MS has shown an upward trend in
many areas, including the Middle East and Iran.
Ecological studies have estimated the prevalence
to be 24.6/100,000 in Iran in 2006, increasing to
44.53/100,000 in 2011 (Dehghani et al., 2015).
Urban lifestyle, and more significantly, smoking,
have been identified as contributing factors (De-
hghani et al., 2015). The neurological symptoms
of MS are often presented in a relapsing-remitting
pattern, encompassing a range of presentations,
including blurred vision, diplopia, focal weakness,
sensory disturbance, ataxia, bladder dysfunction,
impaired cognitive abilities of the brain, or even
psychiatric symptoms, which are common (Garg
et al., 2015; Honeycutt and Smith, 1995).

Multiple Sclerosis (MS) is a chronic condition
characterized by a variable natural history. In
Relapsing-Remitting MS (RRMS), clinical relaps-
es mark the onset, with subsequent periods of
recovery that may be either complete or partial.
However, over time, disability tends to accumulate,
and the recoveries often become incomplete. Ap-
proximately 20% of individuals with RRMS even-
tually experience a transition to Secondary-Pro-
gressive MS (SPMS) during the course of the
disease (Cree et al., 2016). In contrast, a minority
of patients, around 15%, exhibit a progression of
disability from the outset, a condition known as
Primary-Progressive MS (PPMS). Notably, recent
advancements in Disease-Modifying Treatments
(DMTs) have contributed to an improvement in
life expectancy and outcomes for individuals di-
agnosed with MS in more recent cohorts (McGin-
ley et al., 2021; Marrie et al., 2015).

When a patient presents with neurological
manifestations suggestive of MS, brain Magnetic
Resonance Imaging (MRI) becomes pivotal for di-
agnosing and disease monitoring. This emphasis
on MRI for diagnosis and monitoring has been

underscored by the 2017 McDonald Criteria (Ka-
lincik et al., 2012).

Among numerous diagnostic landmarks for MS,
the Corpus Callosum (CC) holds a special place. CC
isacommissural structure connecting the cortices
of the two cerebral hemispheres. The CC is divid-
ed into rostrum, genu, body, and splenium in the
sagittal plane from anterior to posterior. Recent
advances in imaging technologies have revealed
a lobe-specific structural connectivity gradient
along the CC, reshaping our understanding of this
brain region (Garg et al., 2015). The specific arteri-
al supply to the CC renders it relatively resistant to
chronic small vessel ischemia, as the many pene-
trating arterioles contributing to the circulation of
CC show resistance to atherosclerosis (Garg et al.,
2015). This makes the lesions in this region often
specific to inflammatory processes, including MS.
Abnormalities within the CC are observed in 55%
to 95% of the patients. These CC lesions are di-
verse, but progressive CC atrophy in MS is known
to correlate with disability and cognitive dysfunc-
tion (Garg et al., 2015; Kalincik et al., 2012; Llufriu
et al., 2019; Honeycutt and Smith, 1995).

The hippocampus, situated in the temporal
lobe, is a complex structure with distinct anatom-
ical and functional features. It plays an important
role in learning and memory (Anand and Dhikav,
2012). Studies utilizing MRI have enabled the
specification of hippocampal morphology and its
connections with other brain regions, linking these
features to clinical and behavioural performances
(Mey et al., 2023).

While there are relatively few studies investigat-
ing hippocampal alterations in MS, understanding
the radiologic characteristics of the hippocam-
pus in the progress of the disease may provide
valuable insights into the relationships between
hippocampal subfield changes and neurologi-
cal presentations, particularly cognitive impair-
ments. Furthermore, research has consistently
demonstrated that age, sex, and race can influ-
ence various aspects of brain anatomy, including
the hippocampus and corpus callosum (Caldito et
al., 2018; Tokarska et al., 2023).

Given the limited number of studies conducted
in the Iranian population, our study aims to com-



pare the volumes of the corpus callosum and hip-
pocampus in the brain MRI of Iranian MS patients
relative to healthy individuals. The results of this
study may pave the way for future research, con-
tributing to the development of radiological stan-
dards for accurate diagnosis and the assessment
of MS severity while enhancing our understand-
ing of the disease’s nature.

MATERIALS AND METHODS

This cross-sectional study was conducted in the
Radiology Department of Shahid Beheshti Uni-
versity of Medical Sciences. This study extended
between March 2022 to March 2023 and received
approval from the Student Research Committee at
Shahid Beheshti University of Medical Sciences
(IR.SBMU.RETECH.REC.1401.777).

Participants

We recruited a total number of 100 MS patients,
maintaining an equal gender distribution, with
participants aged between 20 and 56 years. In-
clusion criteria encompassed individuals aged
18 years and older who met the McDonald’s 2017
criteria. Exclusion criteria involved patients with
positive imaging findings, as well as those with
neurological or cognitive disorders stemming
from conditions such as brain or spinal cord isch-
emia, tumours, infectious diseases impacting the
neurological system, genetic disorders, systemic
autoimmune disorders, brain or spinal trauma,
or drug abuse affecting the neurological system.
All images were reviewed and approved by ex-
perienced radiologists. The individuals responsi-
ble for brain region size measurement and image
analysis were blinded to the disease, state, gen-
der, and other personal information regarding the
participants. Additionally, we randomly selected
100 healthy patients who had sought medical at-
tention for headaches as the control group.

Magnetic Resonance Imaging (MRI) of the Brain

MRI scans were conducted in our Imaging De-
partment using the Siemens 1.5T system from
Siemens Medical Systems, Germany.

Routine brain MRI protocols included axi-
al (T1WI and T2WI), coronal PDWI, and sagittal

T1WI. A 3D T1WI sequence was performed with
a slice thickness of 0.5 mm and slice spacing of
0 mm. The study images were converted into DI-
COM format and transferred to a personal comput-
er (PC) workstation equipped with ITK-SNAP 4.0
software. ITK-SNAP 4.0 is an open-source soft-
ware package designed for visualization and com-
putation on medical images. It was developed by
student teams led by Guido Gerig at the University
of North Carolina, in collaboration with NYU Tan-
den School of Engineering. Notably user-friendly,
this tool finds specific application in the field of
image segmentation. Its primary function is to fa-
cilitate the reliable morphometry of structures of
interest through manual methods.

Image Analysis

The structures scrutinized in this study included
the total part of Hippocampus and CC. Volumetric
analysis was conducted on the 3D T1-weighted
images in both axial and sagittal planes. Manual
tracing was drawn around the boundaries of the
hippocampi and CC (Fig. 1). These boundaries
were established according to anatomical land-
marks on each slice based on accepted conven-
tions derived from those used in the literature and
from comparison with standard brain atlases (Mo-
relli et al., 2020). The area within the boundary
was calculated and multiplied by slice thickness
to obtain volumetric measurement (cm?).

Statistical analysis

All statistical analyses were executed using
SPSS version 23, and graphs were plotted with
Graph Pad Prism 9. Data are presented as mean
+ SD. The normality of all data was assessed using
Kolmogorov—Smirnov test.

A two-way ANOVA and Tukey’s post-hoc test
was employed to evaluate mean differences be-
tween groups, categorized based on two inde-
pendent variables, and to assess the interaction
effect between these variables—specifically, sex
and the state of disease. The correlation between
variables, the volume of regions and the age of MS
patients, were examined using the Pearson cor-
relation coefficient (PCC). A significance level of
P < 0.05 was considered to determine statistical
significance in the analyses.
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Fig. 1.- Example of manual segmentation in the control group. a) sagittal view of the corpus callosum segmentation. b) coronal view

of the hippocampus segmentation.

RESULTS

Participants

All MS patients were included in the study based
on McDonald’s 2017 criteria. Th analysis included
100 healthy patients (50 males and 50 females)
and 100 MS patients (50 males and 50 females)
were analysed. The mean + SD age of patients in
the control and MS group was (39.02+11.87) and
(39.46+9.67) years, respectively (Tablel).

Table 1. Demographic statistics.

MeantSD
Variables
Control MS

Age 39.02+11.87 39.46+9.67

Male 50(38.34+9.34) 50(38.82+8.99)
Gender

Female 50 (39.7+13.98) | 50 (40.10+10.36)
Total 100 100

Volumetric assessment in experimental groups

In this study, the volume of the right hippocam-
pus in the control and MS groups was (3.18+4.56)
and (2.42+5.58) cm?, respectively. Moreover, the
volume of the left hippocampus in the control
and MS group was (3.16+1.97) and (2.75+4.52)
cm?, respectively. Also, the volume of the cor-

pus callosum in the control and MS groups was
(16.54+5.30) and (12.40+10.4) cm?, respectively.
The Results from the volumetric assessment indi-
cated a significant decrease in the volume of the
right hippocampus (F=140.767, df=1, P=0.000),
left hippocampus (F=4.083, df=1, P<0.045), and
corpus callosum (F=12.668, df=1, P=0.000) in the
MS group compared to the control group (Table 2).

Table 2. Results and comparison of mean volume three brain
regions in experimental groups (cm?3).

Mean+SD
Regions Control MS F (df=1) P
(n=100) (n=100)

Right

Hippocampus @ 3.18+4.56 @ 2.42+5.58  140.767 0.000
Volume

Left

Hippocampus 3.16+1.97 @ 2.75¥4.52  4.083 | <0.045
Volume

Corpus

Callosum 16.54+5.30 12.40+10.4 12.668 0.000
Volume

Volumetric assessment in both sexes

Volumetric assessment was done in both sex-
es. This assessment showed that the right hip-
pocampus volume in the males and females
was (3.07+45.63) and (2.53+45.63) cm?, respec-
tively. Moreover, the left hippocampus volume
in the males and females was (3.01+14.40) and



(2.90+14.40) cm?, respectively. Furthermore, the
corpus callosum volume in males and females
was (13.63+82.08) and (15.61+82.08) cm?, respec-
tively. A significant sex difference was observed in
the volume of the right hippocampus (F=69.956,
df=1, P=0.000) and corpus callosum (F=3.885,
df=1, P<0.050), with the right hippocampus vol-
ume being lower in females and the corpus cal-
losum volume being lower in males. However, no
significant difference (F=0.340, df=1, P<0.561)
was detected in the left hippocampus volume be-
tween males and females (Table 3).

Table 3. Results and comparison of mean volume three brain
regions in both sexes (cm?).

Mean+SD
. F
Regions Male Female  (df=1) ¥
(n=100) (n=100)

Right

Hippocampus @ 3.07+45.63 2.53+¥45.63 69.956 0.000
Volume

Left

Hippocampus 3.01+14.40 2.90+14.40 0.340 <0.561
Volume

Corpus

Callosum 13.33£82.08 15.61+82.08 3.885 <0.050
Volume

Interaction Effect of sex and pathology in Vol-
ume regions

The two-way ANOVA test results indicated no
significant difference in the interaction effect of
sex and pathology on the volume of the right
(F=0.707, df=1, P<0.40) and left hippocampus
(F=0.297, df=1, P<0.58) and corpus callosum
(F=0.970, df=1, P<0.32; Table 4).

Assessment of the correlation between volume
regions and age patients

This assessment aimed to determine the cor-
relation between the volume of regions and the
age of MS patients. The correlation between the
volume of the right hippocampus (r= 0.0494), left
hippocampus (r=0.0646), and corpus callosum
(r=0.0016) with age patients was investigated us-
ing Pearson’s correlation coefficient. This assess-
ment showed that the volume of these three areas
has no significant difference with the age of MS
patients (P >0.05; Table 5).

Table 5. Pearson correlation between volume regions and age
patients.

Age
Regions

R P
Right Hippocampus Volume 0.0494 0.62
Left Hippocampus Volume 0.0646 0.52
Corpus Callosum Volume 0.0016 0.98

DISCUSSION

In this study, we did a volumetric analysis of
brain images of patients with MS to investigate
the sizes of two cortical brain structures, namely,
the corpus callosum and the hippocampus, com-
pared to those in healthy controls. In our current
study, we had undertaken an analysis to explore
the connection between the volume of the hippo-
campus and corpus callosum among individuals
of varying ages and genders.

The findings of this study will provide some
valuable intuitions into the alteration of these re-
gions in the background of MS, shedding light on
potential implications of the pathophysiology of
the disease.

Table 4. Results of interaction effect of sex and pathology in volume regions (cm?).

Mean*SD
. F
Regions Male (n=100) Female (n=100) (df=1) P
Control (n=50) MS (n=50) Control (n=50) MS (n=50)
Right Hippocampus Volume 3.42+64.53 2.71+64.53 2.94+64.53 2.12+64.53 0.707 <0.40
Left Hippocampus Volume 3.17+£20.36 2.86+£20.36 3.16+x20.36 2.63+20.36 0.297 <0.58
Corpus Callosum Volume 15.96+11.60 10.69+11.60 17.11+11.60 14.12+11.60 0.970 <0.32
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A pivotal finding in our study was the notable
reduction in the measure of the right and the left
hippocampus in the MS group, which aligns with
many other previous researches (Mey et al., 2023;
Morelli et al., 2020; Naghavi et al., 2023). The ob-
served hippocampal atrophy signifies the intrinsic
neural alterations, encompassing demyelination
and neural degeneration, that transpire through-
out the progression of multiple sclerosis (Mey et
al., 2023).

Pelletier et al. (2001) demonstrated that hippo-
campal atrophy may indicate a progressive cogni-
tive decline, particularly in the left hippocampus.
The hippocampal volume is linked to cognitive
reserve measurements. Throughout the disease,
the correlation between atrophy in hippocampal
subfields and Information Processing Speed (IPS)
appears to intensify (Planche et al., 2018; Platten
etal., 2022; Sotgiu et al., 2022).

Another notable finding from our investigation
was the shrinkage of the corpus callosum. This
outcome also aligns with the existing body of ev-
idence (Sparaco et al., 2021; Llufriu et al., 2019).
Prompt identification of callosal atrophy in pa-
tients during their initial demyelination episode
can predict their progression to MS (Sumowski et
al., 2016; Thompson et al., 2018). The precise im-
pact of corpus callosum (CC) atrophy on the dis-
ability of patients with MS remains elusive. While
specific studies posit a correlation between CC
atrophy and disability, contrasting perspectives
exist (Yaldizli et al., 2010).

The fundamental mechanisms underlying hip-
pocampal atrophy in the brains of patients with
MS are intricately complex, involving factors such
as the depletion of synaptic proteins and microg-
lial responses triggered by complement activa-
tion in response to axonal demyelination and
injury, among other contributing elements. This
notable hippocampal atrophy, particularly in the
CA1 region, has been observed to align with a de-
cline in performance on memory-related tasks.
The capacity of learning is also compromised
(Zhao et al., 2021). Corpus callosum atrophy is
also attributed to distinct inflammatory cellular
responses, which precipitate the demise of oligo-
dendrocytes (Zheng et al., 2022).

Our study found that the volume of the right hip-
pocampi differed significantly between males and
females. Specifically, the hippocampi in males
were larger than those in females. Indeed, this
discovery aligns with the findings of other stud-
ies that have explored sex-specific differences
in the brains (Ruigrok et al., 2014). Researchers
have identified that factors, including menstrual
cycle, hormonal therapy, genotype, and testoster-
one levels, can affect the hippocampus volume in
males and females (Lisofsky et al., 2015; Everaerd
et al., 2012). However, we have not found signifi-
cant differences in the left hippocampus volume
between males and females.

Our study results indicated that CC volume in
females was more significant than in males. This
discovery aligns with other research finding that
CCvolume in females was more significant than in
males (Shiino et al., 2017). However, Luders et al.
(2014) have shown the opposite results. Several
studies have shown that the gender difference in
the volume of the corpus callosum can be due to
the size of the brain (Ardekani et al., 2013).

The results of the literature corroborate our
findings, suggesting that compromised hippo-
campal tissue integrity early in the course of MS
results in diminished whole and regional hippo-
campal volumes, although our study specifically
assessed the whole hippocampal volume (Sicotte
et al., 2008; Longoni et al.,, 2015; Ciolac et al.,
2021).

When assessing the interaction effect of sex and
the disease state (MS or control) on the volume of
the regions of interest, our statistical analysis re-
vealed no significant differences in the volume of
the right and left hippocampus, as well as the cor-
pus callosum. In simpler terms, within our study
cohort, there was no significant difference in the
impact of disease status on regional volumes be-
tween females and males.

Studies on sex differences in corpus callosum
volumetric indices in patients with MS are cur-
rently lacking.

In a paper published in 2021, Ciolac et al. eval-
uated the morphometric networks of the hippo-
campus, its anatomic compartments, and their
impact on cognitive performance in both gen-



ders. The results of their study indicate a more
clustered architecture in females with MS com-
pared to males, both at baseline and after a 2-year
follow-up. Interestingly, other available studies
on sex differences in brain networks in MS pa-
tients did not report any significant distinctions
between males and females (Ciolac et al., 2021;
Schoonheim et al., 2012). It is worth noting that
there may be regional, sex-specific changes in
the hippocampus for both males and females, as
highlighted by Ciolac et al. (2021).

Notably, there is a gap in the literature regard-
ing studies on sex differences in callosal volume
in MS patients. Among the limited research avail-
able, the results have shown a consistent pattern
of similarity in terms of sex differences in the cor-
pus callosum among MS patients with our study
(Khasawneh, 2023).

Regarding age, our research found no signifi-
cant correlation between the volume of the three
areas of interest in MS patients. The relationship
between a patient’s age and the size of the brain
regions involved in the disease is not established.
Further investigations are needed to explore this
relationship, as there is currently a lack of com-
prehensive literature on the subject.

While our study offers valuable insights into
the volumetric measurements of the hippocam-
pus and corpus callosum in patients with MS
compared to a healthy population, we acknowl-
edge the limitations inherent to our study design.
Firstly, the small sample size may limit the gener-
alizability of our results. Additionally, our study
exclusively focused on size measurements of the
regions of interest, potentially constraining our
understanding of the underlying pathophysiology
driving these changes.

Unfortunately, our study did not specifically
explore subregional variations within the hip-
pocampus. Furthermore, exploring the natural
progression of the disease would enhance our
insights into the relationship between Multiple
Sclerosis and the morphological changes in the
hippocampus and corpus callosum.

Conducting longitudinal studies with larger and
more diverse cohorts and delving into molecular
and cellular-level investigations could significant-

ly enhance our comprehension of the underlying
nature of the disease in the future.

In summary, it is evident that patients with MS
exhibit a decrease in the volume of both the Hip-
pocampus and Corpus Callosum. The outcomes of
this study, in conjunction with findings from oth-
er investigations, contribute to the advancement
of our comprehension regarding the underlying
disease mechanisms. This collective knowledge
holds the potential to refine prognostic assess-
ments and pave the way for innovative therapeu-
tic approaches.

CONCLUSION

The results of our study show that some of the
brain regions, including the hippocampus and
corpus callosum, can be essential landmarks in
determining MS disease. These structures can re-
late to variables including age and sex, which can
give doctors a better view of the disease. More-
over, it can provide neurologists with comprehen-
sive information about some diseases, including
Alzheimer’s.
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