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ABSTRACT

Objective: Magnetic resonance (MR) imaging techniques are at the center of studies on multiple sclerosis (MS), an autoimmune disorder characterized
by demyelination and neurodegeneration in the central nervous system. We aimed to show the differences in the white matter (WM) and cerebrospinal
fluid (CSF) volumes in addition to the frontal, temporal, and occipital lobes (OLs) in MS disease and their relations with each other through MR images.

Methods: Images of 50 MS and 50 control group patients randomly selected for use in our study were obtained from Biruni University Faculty of
Medicine. Using volBrain software, the volumes of brain structures were calculated on T1-weighted MR images in accordance with the determined
parameters. Data analysis was performed using the IBM SPSS 25 package programs.

Results: Volumetric calculations with statistically significant results between groups: abnormal appearance white matter (AaWM) (p<0.001), total
volume of WM and gray matter (WMGM) (p=0.001), CSF (p=0.002) and frontal lobe (FL) (p=0.024) volumes. Parameters with high correlation according
to correlation analysis; WMGM-CSF (r=0.999), FL supplementary motor cortex (SMC) (r=0.742), FL-temporal lobe (TL) (r=0.827), FL-temporal pole (TP)
(r=0.652), SMC-TL (r=0.663), TL-TP (r=0.875), OL-occipital pole (r=0.649) and FL-frontal pole (r=0.686) volumes.

Conclusion: The presence of a decrease in FL and WM against the volumetric increase in AaWM and CSF is the most important of the predicted and
significant results in this study. The fact that the significance levels in other parameters are comparatively low indicates that further studies should
focus on more specific structures and methods, and all the results obtained can give clinicians a clue for the diagnosis step of MS disease.
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INTRODUCTION

Multiple sclerosis (MS) is a common and popular disease
in society. By definition, the disease begins when a chronic
autoimmune deficiency affects the central nervous system. Unlike
most important pathologies, its symptoms (inflammation, T cell-
mediated demyelination, and axonal loss) appear very early (1,2).
Many factors can be effective in the appearance or progression
of this disease, the most important of which are environmental,
genetic, and epigenetic factors. Although there are more than 2.5
million MS patients worldwide, it is stated that the prevalence of
MS in Turkey is between 41.1 and 101.4 per 100,000 people (3).
Despite many studies, the large number of factors with which it
can interact indicates that there is still a need for new studies on
MS (4).

In the clinical reflection of MS, cognitive abnormalities,
impairments in attention, and information processing speed can
be counted among the major functional disorders. It is known that
mental disorders can occur with anatomical damage or lesions in
the frontal lobe (FL) of the brain. This situation can be seen as a
factor that emphasize the pathology or morphology of the FL of
the brain (5). In addition, pathologies in areas where some lesions
or changes may compress the optic nerve, such as the retrobulbar
region in visually impaired patients, can be seen in the magnetic
resonance imaging (MRI) findings of MS patients (6).

Symptoms such as poor memory use and processing of new
information in the memory and brain indicate that MS affects the
hippocampal region in particular and the temporal lobe (TL) in
general (7). One of the most distinctive differential diagnoses of
neuromyelitis optica spectrum diseases, which is a type of MS
that shows radiologically similar symptoms to MS, is the positive
relationship between peripapillary retinal nerve fibers and the
gray matter (GM) of the occipital lobe (OL) (8). This may indicate
that MS disease may cause the OL (visual cortex) to be affected or
that pathology in the relevant region may give a symptom of MS.

Clinical findings and MRI are the two main parameters used by
neurologists to diagnose MS. Cerebrospinal fluid (CSF) and
evoked potentials are sometimes used to confirm the diagnosis.
There is no specific treatment for MS yet, and this varies from
patient to patient. Most treatments are aimed at slowing the
progression of the disease or stopping it at its current stage. It can
also prevent new attacks and the emergence of new symptoms
).

MS disease should be evaluated from multiple perspectives. The
symptoms are seen in the brain, which is the most complex and
sensitive area of the human body. When considered holistically,
the brain is examined in 4 main sections; the cerebral cortex,
limbic system, basal nuclei, and olfactory system (10). The cerebral
cortex is divided into four lobes: FL, parietal lobe, TL, and OL
(11,12).

Our study aimed to examine the statistical significance of
volumetric measurement calculations of the FL, TL, OL, and
related structures of MS patients and healthy individuals, which
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we think may be closely related to the clinical symptoms of MS
and their relationships with each other.

METHODS

Ethics committee approval (decision no: 2023/77-38, date:
06.01.2023) was obtained from Biruni University Non-Interventional
Clinical Research Ethics Committee for our study. MRl images were
obtained from Biruni University Faculty of Medicine, Department
of Radiology. A total of 50 MS and 50 control group patients (25-
60 years old) were randomly selected. MR image of a patient in
the MS group was not included in the study due to artifacts. The
images of 99 patients (35 males, 64 females) including 49 MS (16
males and 33 females) and 50 controls (19 males and 31 females)
were subjected to three-dimensional volume measurements in
the “volBrain” program (www.volbrain.upv.es).

Parameters included in our study among the outputs obtained
from the program (Figure 1) included abnormal appearance of
white matter (AaWM), total volume of WM and GM (WMGM),
CSF, FL, frontal pole (FP), supplementary motor cortex (SMC), TL,
temporal pole (TP), OL and occipital pole (OP). The data obtained
for relevant parameters are in the form of percentages. This was
a retrospective radiological study. Therefore, the patient consent
form was not needed.

Statistical Analysis

Analysis of the data was carried out using IBM SPSS 25 package
programs. Qualitative variables frequency and percentage
values are presented. The conformity of the data to the normal
distribution was tested with the Shapiro-Wilk test. The Mann-
Whitney U test was used for comparisons between two-category
qualitative and quantitative variables. Chi-square test was used
for comparisons between two qualitative variables and Spearman
correlation was used for comparisons between two quantitative
variables. Type | error rate was taken as 0.05 in the studly.

Tissue segmentation

White Matter (WM) 505.25 (36.209)
Normal Appearing White Matter 595.14 (36.202)
Abnormal Appearing White Matter 0.11 (0.007)y

Grey Matter (GM) B18.71 (49.802)
Subcortical Grey Matter 46.10 (2.804)
Cortical Grey Matter 654.38 (39.806)
Cerebellar Grey Matter 118.22(7.192)

Cerebro Spinal Fluid (CSF) 208.41 (12.678)

Brain (WM+GM) 1413.96 (86.011)

Intracranial Cavity (IC) 1643.93 (100.000)

Figure 1. VolBrain PDF report example
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RESULTS

The volumetric measurements of the brain lobes, which is one of
the basic parameters of the study, showed that the FL had the
highest volume compared to the other lobes studied, while the
OL was found to have the smallest volume (Table 1).

Because of the comparisons between MS and control groups;
AaWM (p<0.001) and CSF (p=0.002) values were higher in the MS
group; WMGM (p=0.001) and FP (p=0.024) values were higher in
the control group. It was concluded that there was no significant
difference between the groups in terms of FL (p=0.170), SMC
(p=0.099), TL (p=0.113), TP (p=0.094), OL (p=0.659) and OP
(p=0.671) values (Table 2).

Because of examining the existence of a relationship between
the percentile values, the relationships between the relevant
parameters were determined (Table 3). Parameters with positive
and high correlation; FL with SMC (p<0.001; r=0.742), FL with TL
(p<0.001; r=0.827), FL with TP p<0.001; r=0.652), SMC with TL
(p<0.001; r=0.663), TL with TP (p<0.001; r=0.875), and OL with OP
(p<0.001; r=0.649). Negative and highly correlated parameters;
WMGM with CSF (p<0.001; r=0.999) and FL with FP (p<0.001;
r=0.686).

Parameters with positive and moderate correlation; OL with FL
(p<0.001; r=0.497), SMC with FP (p<0.001; r=0.485), TL with FP
(p<0.001; r=0.542), TP with SMC (p<0.001; r=0.591), TL with OL
(p<0.001; r=0.562), TP with OL (p<0.001; r=0.499), WMGM with
FL (p<0.001; r=-0.458), WMGM with FP (p<0.001; r=0.489), FL with
CSF (p<0.001; r=-0.453), and AaWM with CSF (p<0.0071; r=0.408).
Negative and moderately correlated parameters; AaWM with
WMGM (p<0.001; r=-0.414), AaWM with FL (p<0.001; r=-0.524),
AaWM with FP (p<0.001; r=-0.437), AaWM with TL (p<0.001;
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=-0.574), TP with AaWM (p<0.001; r=-0.571), OL with AaWM
(p<0.001; r=-0.414), and FP with CSF (p<0.001; r=-0.484).

Parameters with positive and weak correlation; WMGM with SMC
(p<0.001; r=0.365), WMGM with TL (p<0.001; r=0.399), WMGM
with TP (p<0.001; r=0.362), FP with TP (p<0.001; r=0.388) and OL

n (%)
Group
MS 49 (49.5)
Control 50 (50.5)
Gender
Male 35(35.4)
Female 64 (64.6)
Parameters Median (min-max)
AaWM 0.09 (0-10.82)
WMGM 84.93 (63.45-93.98)
CSF 13.62 (4.38-35.49)
FL 12.11 (5.65-15.05)
FP 0.44 (0.18-0.76)
SMC 0.69 (0.08-0.92)
TL 7.91(2.4-9.44)
TP 1.29 (0.38-1.85)
oL 5.04 (1.91-6.21)
OP 0.25 (0.1-0.44)

MS: multiple sclerosis, AaWM: abnormal appearing white matter, WMGM:
total volume of WM and gray matter, CSF: cerebrospinal fluid, FL: frontal
lobe, FP: frontal pole, SMC: supplementary motor cortex, TL: temporal
lobe, TP: temporal pole, OL: occipital lobe, OP: occipital pole, min-max:
minimum-maximum

Parameters LS e

Median (min-max) Median (min-max)
AaWM 0.15 (0.01-10.82) 0.035 (0-10.81)
WMGM 82.2 (63.45-93.98) 86.9 (69.11-93.68)
CSF 16.42 (4.59-35.49) 11.685 (4.38-29.54)
FL 11.71 (5.65-14.21) 12.175 (7.04-15.05)
FP 0.43 (0.18-0.6) 0.465 (0.24-0.76)
SMC 0.67 (0.21-0.82) 0.7 (0.08-0.92)
TL 7.69 (2.4-9.44) 8.14 (2.82-9.2)
TP 1.28 (0.38-1.63) 1.32(0.53-1.85)
oL 5(2.07-5.86) 5.105 (1.91-6.21)
OP 0.26 (0.11-0.44) 0.245 (0.1-0.4)
Gender rl\‘II(S%) S?;,t)rd
Male 16 (45.7) 19 (54.3)
Female 33(51.6) 31 (48.4)

p4 p-value
-3.725 <0.001*
-3.212 0.001*
-3.153 0.002*
-1.372 0.170
-2.253 0.024*
-1.649 0.099
-1.585 0.113
-1.677 0.094
-0.441 0.659
-0.424 0.671
Chi-square p-value
0.310 0.578

*p<0.05, MS: multiple sclerosis, AaWM: abnormal appearing white matter, WMGM: total volume of WM and gray matter, CSF: cerebrospinal fluid, FL: frontal lobe,
FP: frontal pole, SMC: supplementary motor cortex, TL: temporal lobe, TP: temporal pole, OL: occipital lobe, OP: occipital pole, min-max: minimum-maximum
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with SMC (p<0.001; r=0.390). Parameters with negative and weak
correlations were AaWM with SMC (p<0.001; r=-0.359), AaWM
with OP (p=0.017; r=-0.240), CSF with SMC (p<0.001; r=-0.359),
CSF with TL (p<0.001; r=-0.391) and TP with CSF (p<0.001; r=-
0.355).

OL with WMGM (p=0.113), OP with WMGM (p=0.121), OL with
CSF (p=0.122), OP with CSF (p=0.129), OP with FL (p=0.132), FP
with OL (p=0.095), FP with OP (p=0.423), SMC with OP (p=0.203),
TL with OP (p=0.077), and TP with OP (p=0.181) were not
significantly correlated.

DISCUSSION

The presence of focal lesions or plaques is one of the most
important distinguishing features of MS (13). For many vyears,
sequences such as double inversion recovery on T2-weighted
images have been used to detect disease-related lesions
during MS diagnosis, especially in the analysis of WM content
(13,14). This method is very important in terms of revealing the
abnormal situation in WM. A different condition seen in almost
1 out of every 4 patients in MS pathology is diffusely abnormal
WM, which can sometimes be called ‘dirty WM" in the clinic (15).
T1-weighted images are thought to be associated with more
disability progression than T2-weighted images (16). In contrast to
the standard, T1-weighted images were used to measure volume
independently of the detection of focal lesions or plaques, the
goal of our study. One of the parameters we determined on these
images is AaWM. Significantly (p<0.001) higher volume of AaWM
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was detected in MS (0.15) patients compared to the control group
(0.035) patients. This finding agrees with the WM abnormality that
is mostly seen at the diagnostic stage in MS disease.

Undoubtedly, one of the most important steps in the diagnosis
of MS is the analysis of CSF biomarkers. Studies have shown that
cerebral blood volume in MS decreases in the later stages of MS
prognosis, however, it predicts that there may be an increase in
CSF volume (17,18). In our study, CSF volumes were compared
between the patient and control groups, and it was observed
that the CSF volumes of MS (16.42) patients were significantly
higher (p=0.002) than the control group (11.68). In cases where all
diagnostic steps cannot be performed, a simple brain MRl image,
can be a clue for the early diagnosis of MS.

The negative correlation of the total volume of WM and GM in
the brain structure with the CSF volume (p<0.007; r=0.999) can be
shown as a finding that proves that the CSF volume may increase
in parallel with the knowledge of the decrease in the WM volume
in MS patients. In addition, the moderate negative correlation
between AaWM and WMGM (p<0.001; r=-0.414); Since AaWM
can be interpreted as causing a decrease in healthy WM volume,
a positive moderate relationship between AaWM and CSF
(p<0.001; r=0.408) is also parallel to the correlation between
WMGM and CSF.

Especially cognitive disorders can occur with anatomical damage
or lesions in the FL of the brain. This situation can be seen as
a factor that emphasize the pathology or morphology of the
FL of the brain. An important example is the damage that may

a b c d
b r -0.414**
P <0.001
c r 0.408** -0.999**
P <0.001 <0.001
d r -0.524** 0.458** -0.453**
P <0.001 <0.001 <0.001
e r -0.437** 0.489** -0.484** 0.686**
o <0.001 <0.001 <0.001 <0.001
f r -0.359** 0.365** -0.359** 0.742**
P <0.001 <0.001 <0.001 <0.001
g r -0.574** 0.399** -0.391** 0.827**
P <0.001 <0.001 <0.001 <0.001
h r -0.571** 0.362** -0.355** 0.652**
P <0.001 <0.001 <0.001 <0.001
r -0.414** 0.160 -0.156 0.497**
P <0.001 0.113 0.122 <0.001
j r -0.240* 0.157 -0.154 0.152
P 0.017 0.121 0.129 0.132

e f g h i
0.485**

<0.001

0.542** 0.663**

<0.001 <0.001

0.388** 0.591** 0.875**

<0.001 <0.001 <0.001

0.169 0.390** 0.562** 0.449**

0.095 <0.001 <0.001 <0.001

0.082 0.129 0.178 0.136 0.649**
0.423 0.203 0.077 0.181 <0.001

*p<0.05, **p<0.01, a: abnormal appearing white matter, b: total volume of WM and gray matter, c: cerebrospinal fluid,

supplementary motor cortex, g: temporal lobe, h: temporal pole, i: occipital lobe, j: occipital pole

d: frontal lobe, e: frontal pole, f:
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occur in the connections between the FLs and the subcortical
structures, which can cause dementia in the relevant region (5,6).
Our volumetric measurements show a significant change in MS
patients in FL compared with the control group, and a significant
change in FP (p=0.024). According to the correlation analysis of
SMC, which is also included in FL, in our study groups, although
SMC and TL, unlike FL, did not show a significant difference in
comparison of study groups, in our study, it was found that SMC
was positively and highly correlated with FL (p<0.001; r=0.742)
and TL (p<0.007; r=0.663). This may indicate that motor disability,
which is frequently evaluated and observed in MS patients, may
also be reflected in the volumetric relationships in brain structures
(19,20).

Although it is thought that SMC may not have a relationship with
OL on a volumetric basis due to the distance between them, it has
been reported that changes may occur in the occipital cortex in
addition to motor cortex involvement in MS and similar diseases
(amyotrophic lateral sclerosis) (21). This may prove the positive
and weak relationship between SMC and OL (p<0.001; r=0.390),
which emerged because of the correlation analysis in our study.

Because of the statistical analyzes, the parameters that are not
significant within themselves, between the groups, and according
to the correlation analyzes and their relations with each other are
related to the processing of T1-weighted images, which are less
frequently used in MR imaging, which is only one of the steps of
the diagnosis of MS disease in our study. Based on this, it is not
possible to say that parameters that are not significant are not
associated with MS disease.

Study Limitations

Even if some MR images had T1-weighted sequences, we could
not use some because their section thicknesses were not taken
as T mm. On the other hand, the images were taken in DICOM
format. However, volBrain software can function in NIFTI format
which was not applicable to certain images in our study group.

CONCLUSION

In addition to individuals with MS disease, studies with randomly
selected images compared with control groups show the
volumetric decrease in the FL, where cognitive disorders occur,
and the SMC, which is included in its content, and their positive
correlations with each other. As a result of volumetric analysis, it
is seen that a decrease in WM and an increase in CSF can occur.
It is foreseen that these situations can be an important guide for
clinicians.

Our study provides a clue about MS disease, which needs more
academic studies from diagnosis to treatment, especially in the
early diagnosis stage, that practical programs such as ‘volBrain’,
which are relatively easy to use and provide limited but free
access, can be easily used in hospitals with access to MRI.
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