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ABSTRACT 

Background: Multiple sclerosis (MS) is an autoimmune disease of the central nervous system that causes 
inflammatory as well as degenerative changes in the central nervous system 

Objective: Studying the correlation between clinical disability of the disease and advanced volumetric MRI 
parameter in a sample of Egyptian MS patients 

Patients and methods: Sixty MS patients and 63 age and sex matched healthy controls were recruited for 
the study. Clinical measures including expanded disability status scale (EDSS), 9-hole peg test (9HPT), 25-
Feet walk test (25FWT), and paced auditory serial addition test (PASAT) were used. 3D T1 MRI brain was 
acquired for measurement global as well as regional brain atrophy using FSL software, FLAIR sequence used 
for brain lesion load estimation; short tau inversion recovery (STIR) sequence was used for cervical spinal 
cord. 

Results: Brain volume was significantly lower in MS patients compared to healthy controls, progressive 
phenotypes showed lowest values compared to clinically isolated syndromes and relapsing remitting MS. 
Brain Lesion load correlated with EDSS was high in early-MS subgroup, and no correlation to EDSS found 
at later-MS subgroup. High cervical lesion count was found in the study group and cervical lesions showed 
significant correlation with clinical disability. Thalamic atrophy was present in early-MS group compared to 
healthy controls, and thalamic volume correlated with clinical disability in this subgroup. 

Conclusion: Egyptian patients showed relatively similar disease characteristics to western MS patients 
regarding clinical as well as radiological parameters. Heavier cord lesion burden, and strong correlation 
between lesion load and clinical disability early in the disease may account for the relatively more aggressive 
disease course in Egyptian population. Thalamic atrophy occurred early in MS, and may serve as a potential 
parameter in differentiating MS from other conditions. 
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INTRODUCTION 

     Multiple sclerosis MS is an 
autoimmune demyelinating disease of the 
central nervous system that involves the 
brain and the spinal cord. Quantitative 

MRI measures have shown to provide a 
better correlation to clinical disability 
measured by both global clinical scales as 
well as specific functional scales. Motor 
symptoms are relatively more common in 
African MS patients compared to other 
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ethnicities (Langer-Gould et al., 2014, 
Filippi et al., 2016 and Hamdy et al., 
2017). 

     Motor and spinal cord are by far the 
first presenting symptom in most patients 
in two large MS cohorts reaching 34% 
compared to 20% for optic neuritis known 
to be the most common initial presentation 
in western cohorts (Zakaria et al., 2016). 

     MRI measures of disease activity is 
expressed through the number of active 
lesions (Gadolinium enhancing lesions 
and new/expanding T2 lesions), and 
recently brain atrophy rate has been 
introduced in clinical research as a 
measure of disease activity. A number of 
MRI studies assessed the influence of MS 
lesions on development of global and 
regional brain atrophy; however the 
influence tissue loss status on the 
correlation between lesion burden and 
clinical disability has not receive an 
adequate attention in MS research. 

     The application of lesion quantification 
as well as the volumetric assessment of 
brain and spinal cord has not been 
adequately assessed in multiple sclerosis 
patients in Egypt, and it is of interest 
adequately describe these measures in this 
particular group of patients given their 
different genetic and environmental 
profile. 

     The present study aimed to evaluate 
the clinical and quantitative radiological 
MRI features in an Egyptian population 
and to provide clear relationship between 
radiological and clinical measures of 
disability. 

 

 

PATIENTS AND METHODS 

     Samples of MS patients from Egypt 
diagnosed according to McDonald’s 2010 
criteria were involved (Polman et al., 
2011). 

     The sample represented the major 
clinical phenotypes including clinically 
isolated syndrome CIS. Another group of 
healthy controls were selected to be 
matched for both age and sex to compare 
the MRI atrophy measures between MS 
patients and healthy controls. 

     Assessment included demographic data 
for age, sex, occupation, marital status, 
and special habits of medical importance 
as well as disease duration, and the use of 
disease modifying drugs or other 
immunosuppressive drugs. A full 
standardized, clinical assessment of 
patients will be implemented with 
different clinical functional scales specific 
for MS. 

     All patients had the following MRI 
sequences on 1.5 Philips Achieva MRI 
scanner: 

Brain: T2 and FLAIR sequences, for 
lesion load assessment; axial 3DT1 
sequence, for atrophy assessment, Post-
contrast T1-weighted sequence, for 
gadolinium-enhancing lesion 
quantification. 

Cord: Sagittal T2-weighted/STIR 
sequence of the whole cord, for the 
assessment of the number of cord lesions. 
Cervical cord sagittal 3D T1-weighted 
sequence, for the assessment of cervical 
cord atrophy. 

     Lesion load quantification was 
assessed using semi-automated software 
commonly used in assessment of lesion 
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volumes. Brain atrophy will be assessed 
using one of the validated methods of 
measurement of brain atrophy in multiple 
sclerosis that was based on lesion masking 
and segmentation techniques. Spinal cord 
atrophy was assessed by software that 
used semi-automated/fully automated 
assessment of the spinal cord. 

Ethical approval: 

     The current investigation was executed 
based on the recommendations of the 
ethical committee, Faculty of Medicine, 
Al-Azhar University, Cairo, Egypt. All 
clinical interventions were illustrated 
obviously to all participants prior to study 
processing. Possible adverse events were 
exemplified, whereas, a written informed 
consent after a clear explanation of all 
study steps was obtained. 

Statistical Analysis:  

     Comparison of lesion load, brain 
atrophy and spinal cord atrophy between 
different disease phenotypes as well as 
between patients and controls was 
assessed using independent sample t test. 
Analysis of variance was used to compare 
between different subgroups followed by 
post-hoc comparisons using t-test 
statistics. The correlation between MRI 
parameters and clinical disability 
measures was assessed using Spearman 
Rank Correlation coefficient. Assessment 
of the influence of tissue loss on the 
correlation between lesion load and 
clinical measures of disability was done 
using a Univariate Regression Analysis 
with brain and cord atrophy as covariates 
in the regression model. 

 

RESULTS 
 
The study has included 60 MS patients 
(41 females: 19 males) with mean age 
32.6 (±10.5 SD), and 63 healthy controls 

(40 females: 23 males), mean age 31.7 
(±8.3 SD). 
Main clinical and neuroimaging 
parameters were outlined in (table1). 

 
Table (1): Main clinical and neuroimaging parameters of the study groups (Mean 

±SD) 
 

Study Groups 
 

Parameter 
Controls Patients P values 

Sex (F:M) 40:23 41:19 0.7 
Age (years) 31.7321 ± (8.3) 32.5917 ± (10.5) 0.61 

Mean MSFC 0.291 (0.03) 0.273 (0.02) <0.001 
Mean 9HPT 19.2 (4.7) 23.7 (4.1) <0.001 

Mean 25FWT 5.6 (0.7) 7.8 (0.9) <0.001 
Mean PASAT 37.2 (3.4) 50.1 (6.2) <0.001 

EDSS - 2.6 (1.8) - 
Disease Duration 

(years) - 4.9 (4.4) - 

Duration on DMT 
(years) - 0.79 (1.2) - 
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      Lesion load in the patient study group 
(figure 1) correlated significantly with 
early-MS subgroup (disease duration of 5 
years or less) compared to later-MS 
subgroup (Figure 2). Cervical cord lesions 
were present in 88% of patients, with 67% 
of patients have cervical lesions within 5 

years of the disease course. Diffuse signal 
changes along the cord were observed in 
67% of patients. Cord lesions correlated 
significantly with EDSS (p=0.001, 
r=0.530), and correlated weakly with 
disease duration (p=0.04, r=0.348), and no 
correlation found with brain lesions load. 

 Figure (1): Mean lesion load distribution among MS patients with different 
phenotypes

CIS: Clinically Isolated Syndrome, RRMS: Relapsing Remitting Multiple Sclerosis, SPMS: Secondary 
Progressive Multiple Sclerosis, PPMS: Primary Progressive Multiple Sclerosis. 
 

 Figure (2): EDSS correlation with lesion load in early-MS and later-MS subgroups 
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     Main global brain volumetric 
parameters were significantly different 
between healthy controls and MS patients, 
and between different disease phenotypes 
using ANOVA. Post-hoc comparisons in 

between healthy controls and CIS patients 
were not significant (p=0.12), in contrast 
to comparison between, CIS and RRMS 
(p<0.01), CIS and SPMS (p<0.001) and 
RRMS and SPMS (p<0.001) (Figure 3). 

  
Figure (3): Mean whole Brain, Cortical volume, Grey matter volume, and white 

matter volume  healthy controls and disease phenotypes

CIS: Clinically Isolated Syndrome, RRMS: Relapsing Remitting Multiple Sclerosis, SPMS: Secondary 
Progressive Multiple Sclerosis. 
     EDSS correlated moderately with 
global brain volume and cortical volume 
(Figure 4). Thalamic volume correlated 

significantly with EDSS only in early-MS 
subgroup, in contrast to later-MS 
subgroup (Figure 5). 
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Figure (4): Correlation between EDSS score and whole brain volume and cortical 
volume 

Figure (5): Correlation of EDSS and thalamic volume in early-MS and late-MS 
subgroups. 
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DISCUSSION 
     In our sample of MS patients, the basic 
demographic features of the disease 
regarding age and sex were reflective of 
that expected from large national cohorts 
and otherwise international cohorts. 
Relapsing remitting MS was the main 
clinical phenotype (78%) in our sample. 
However, primary progressive MS was 
only 2%. This was reflective of the 
observed low prevalence of primary 
progressive phenotype in Egyptian cohorts 
compared to western cohorts (Langer-
Gould et al., 2014, Zakaria et al., 2016 
and Hamdy et al., 2017). 

     Genetic variance between relapsing 
forms and primary progressive MS has 
been demonstrated in a number of studies. 
However, correlation remains modest and 
only partially interprets the differences in 
clinical phenotypes (Kiselev et al., 2019). 

     Under-diagnosis of primary 
progressive MS may also interpret partly 
the low prevalence observed, due to 
similarities to other mimicking 
neurological conditions such as hereditary 
spastic paraparesis and leukodystrophies. 
The lack of access to specialized 
neurological practice in some regions in 
Egypt might also be a factor contributing 
to under-diagnosis (Hamdy et al., 2017). 

     In the current study, a moderate 
correlation between clinical disability 
scales and MRI lesion load was evident 
for the overall study sample. This 
correlation was highly significant in early-
MS subgroup (5 years or less of disease 
duration), while in those with more than 5 
years of disease duration showed poor 
correlation. The level of correlation in the 
current study was relatively higher in 
comparison to Western studies. Early 

correlation with clinical disability with 
later loss of such correlation was well 
observed in other studies. The replication 
of the correlations pattern between EDSS 
and the brain lesion load between this 
study and western studies suggested no 
particular difference in the lesion nature 
that may interpret the apparent difference 
in disease aggressiveness (Brownlee et al., 
2019). 

     Earlier stronger correlation indicated 
that lesions relatively resulted in clinically 
measurable effect by EDSS, which 
support the hypothesis that 
African/Egyptian MS have more frequent 
motoric presentation initially in the 
disease. Cervical cord lesion burden was 
present in most of the patient sample 
whether focal or diffuse cord abnormality. 
Cord lesions in established MS cases were 
frequent, and the prevalence depended 
upon the MRI sequences used and the 
stage of the disease. Early and frequent 
involvement of the cord is a known bad 
prognostic factor for MS disease course. 
In the current study, a relatively higher 
prevalence and better correlation to 
clinical disability early in disease course 
compared to available western data (Bot 
and Barkhof, 2009). 

     Genetic differences across different 
population may be one potential 
interpretation for differences between 
Egyptian and Western MS patients in 
focal cord involvement and its effect on 
clinical disability. Single study has 
demonstrated certain nucleotide 
polymorphism at the major 
histocompatibility complex region (HLA-
DRB1*1501 allele) is associated with 
higher cervical cord lesion burden 
(Sombekke et al., 2009). 
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     In the current study, all global brain 
volume measurements were significantly 
lower in MS group compared to healthy 
controls. Also, all global brain volume 
measurements were significantly different 
between different MS phenotypes 
subgroups. However, cortical and grey 
matter volumes were the only 
significantly different between early and 
later disease duration subgroups. Those 
with CIS did not show any difference 
from healthy controls. 

     EDSS showed modest correlation to 
global brain volume, cortical and grey 
matter volumes but not the white matter 
volume. MSFC showed best correlation 
with cortical volume. PASAT test (the 
cognitive test in MSFC) showed 
correlation with all global brain volume 
measurements.  Higher correlation was 
observed in patients with more than 5 
years disease duration compared to early 
MS patients. 

     Several studies have shown that global 
brain volume at CIS or early relapsing MS 
show only modest correlation to clinical 
disability, and are less predictive of long-
term clinical progression compared with 
focal MRI damage in MS (Sormani et al., 
2017 and Brownlee et al., 2019). 

     This observation might have an 
appealing interpretation. Earlier disease 
course is expected to have less atrophic 
changes that take some time to develop, 
and inflammatory changes inside the brain 
result in increased water content inside the 
brain. This point is supported by the 
observation that CIS patients may have 
increased volume compared to controls as 
demonstrated by some studies. On the 
other hand, multiple active focal lesions 
are markers of more aggressive disease 

process and subsequently is expected to 
show stronger correlation to long-term 
disability in MS patients. However, with 
time course of the disease, -as 
demonstrated in the current study- 
correlation with atrophy becomes stronger 
compared to focal lesion load (Brownlee 
et al., 2019). 

     Thalamic, caudate, putamen and 
hippocampal volumes were significantly 
lower in MS patients, with thalamic 
volumes being highly significantly lower.  
In early MS group, only thalamic 
volumes, hippocampal volumes, and left 
putamen volume clearly maintained that 
difference in comparison to healthy 
controls indicating that thalamic atrophy 
occurs early along the disease course. 
EDSS correlated with caudate volumes, 
and PASAT (cognitive component of 
MSFC) correlated with thalamic, putamen 
and caudate volumes. 

     These findings were similar to other 
studies that have demonstrated early 
changes in thalamic volumes observed in 
CIS and early relapsing MS, and 
predictive of conversion to clinically 
definite MS in CIS groups. It was difficult 
also to detect differences between CIS 
patients and early clinically definite MS in 
even studies with larger number of 
patients. However percent of thalamic 
atrophic changes over time were higher in 
CIS patients who subsequently developed 
clinically definite MS (Calabrese et al., 
2011, Bergsland et al., 2012 and 
Zivadinov et al., 2013). 

     The mechanisms and reason behind 
early thalamic atrophy in MS remains to 
be elucidated. However, longitudinal MRI 
studies demonstrated that thalamic 
atrophy correlates with lesion burden 
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early in relapsing phase of the disease, but 
later during the progressive course it is 
more correlated to microstructural damage 
rather than focal damage. This distinction 
was not observed in this study because of 
the smaller sample size, beside 
microstructural damage assessment was 
not implemented (Minagar et al., 2013 
and Pontillo et al., 2019). 

CONCLUSION 
     Egyptian patients showed relatively 
similar disease characteristics to western 
MS patients regarding clinical as well as 
radiological parameters. Heavier cord 
lesion burden, and strong correlation 
between lesion load and clinical disability 
early in the disease may account for the 
relatively more aggressive disease course 
in Egyptian population. Thalamic atrophy 
occurred early in MS and may serve as a 
potential parameter in differentiating MS 
from other conditions. 
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علاقة تلف الجھاز العصبي المركزي بالإعاقة الإكلینیكیة لدى 
  عینة من مرضى التصلب المتعدد المصریین

  محمد أبوالوفا أحمد، محمد حامد رشاد، محمد علي عبود* ،فتحي محمود عفیفي

  جامعة الأزھر –كلیة الطب  –قسمي الأعصاب والأشعة التشخیصیة* 

عѧѧѧѧѧѧدد مѧѧѧѧѧѧرض مѧѧѧѧѧѧن أمѧѧѧѧѧѧراض المناعѧѧѧѧѧѧة الذاتیѧѧѧѧѧѧة یعتبѧѧѧѧѧѧر مѧѧѧѧѧѧرض التصѧѧѧѧѧѧلب المت خلفیѧѧѧѧѧѧة البحѧѧѧѧѧѧث:
التѧѧѧѧѧѧѧي تصѧѧѧѧѧѧѧیب الجھѧѧѧѧѧѧѧاز العصѧѧѧѧѧѧѧبي المركѧѧѧѧѧѧѧزي والتѧѧѧѧѧѧѧي تسѧѧѧѧѧѧѧبب التھابѧѧѧѧѧѧѧات بالإضѧѧѧѧѧѧѧافة لتغیѧѧѧѧѧѧѧرات 

  ضموریھ بالجھاز العصبي المركزي

تقیѧѧѧѧѧѧیم العلاقѧѧѧѧѧѧة بѧѧѧѧѧѧین الإعاقѧѧѧѧѧѧة الإكلینیكیѧѧѧѧѧѧة وتلѧѧѧѧѧѧف الجھѧѧѧѧѧѧاز العصѧѧѧѧѧѧبي  الھѧѧѧѧѧѧدف مѧѧѧѧѧѧن البحѧѧѧѧѧѧث:
متقدمѧѧѧѧѧѧѧة لѧѧѧѧѧѧѧدى عینѧѧѧѧѧѧѧة مѧѧѧѧѧѧѧن المركѧѧѧѧѧѧѧزي باسѧѧѧѧѧѧѧتخدام عوامѧѧѧѧѧѧѧل الѧѧѧѧѧѧѧرنین المغناطیسѧѧѧѧѧѧѧي الحجمیѧѧѧѧѧѧѧة ال

  مرضى التصلب المتعدد في مصر

مѧѧѧѧѧن مرضѧѧѧѧѧى التصѧѧѧѧѧلب المتعѧѧѧѧѧدد  60طبقѧѧѧѧѧت ھѧѧѧѧѧذه الدراسѧѧѧѧѧة علѧѧѧѧѧى  المرضѧѧѧѧѧى وطѧѧѧѧѧرق البحѧѧѧѧѧث:
شخصѧѧѧѧѧا سѧѧѧѧѧلیما صѧѧѧѧѧحیا كعینѧѧѧѧѧة ضѧѧѧѧѧابطة متوافقѧѧѧѧѧة السѧѧѧѧѧن والجѧѧѧѧѧنس مѧѧѧѧѧع عینѧѧѧѧѧة المرضѧѧѧѧѧى.  63و

 شѧѧѧѧѧѧملت أدوات التقیѧѧѧѧѧѧیم الإكلینیكѧѧѧѧѧѧي معیѧѧѧѧѧѧار حالѧѧѧѧѧѧة الإعاقѧѧѧѧѧѧة المتوسѧѧѧѧѧѧع واختبѧѧѧѧѧѧار الحفѧѧѧѧѧѧر التسѧѧѧѧѧѧع
واختبѧѧѧѧѧѧار الجمѧѧѧѧѧѧع المتسѧѧѧѧѧѧلل السѧѧѧѧѧѧمعي واختبѧѧѧѧѧѧار الخمѧѧѧѧѧѧس وعشѧѧѧѧѧѧرون خطѧѧѧѧѧѧوة. كمѧѧѧѧѧѧا تѧѧѧѧѧѧم عمѧѧѧѧѧѧل 
رنѧѧѧѧѧین مغناطیسѧѧѧѧѧي ثلاثѧѧѧѧѧي الأبعѧѧѧѧѧاد للتقیѧѧѧѧѧیم الحجمѧѧѧѧѧي ولتقѧѧѧѧѧدیر عѧѧѧѧѧبء الإصѧѧѧѧѧابات حجمیѧѧѧѧѧا كمѧѧѧѧѧا 

  تم عمل فحص ستیر لتقییم إصابات الحبل الشوكي.

أظھѧѧѧѧѧرت النتѧѧѧѧѧائج نقصѧѧѧѧѧا ذا دلالѧѧѧѧѧة إحصѧѧѧѧѧائیة فѧѧѧѧѧي حجѧѧѧѧѧم المѧѧѧѧѧخ لѧѧѧѧѧدى مرضѧѧѧѧѧى  نتѧѧѧѧѧائج البحѧѧѧѧѧث:
لأنѧѧѧѧѧѧѧѧواع الشѧѧѧѧѧѧѧѧكلیة الاشѧѧѧѧѧѧѧѧتدادیة التصѧѧѧѧѧѧѧѧلب المتعѧѧѧѧѧѧѧѧدد مقارنѧѧѧѧѧѧѧѧة بالعینѧѧѧѧѧѧѧѧة الضѧѧѧѧѧѧѧѧابطة وأظھѧѧѧѧѧѧѧѧرت ا

للمѧѧѧѧѧѧرض أقѧѧѧѧѧѧѧل القیاسѧѧѧѧѧѧѧات الحجمیѧѧѧѧѧѧѧة. قѧѧѧѧѧѧѧد تبѧѧѧѧѧѧѧین وجѧѧѧѧѧѧѧود علاقѧѧѧѧѧѧѧة ذات دلالѧѧѧѧѧѧѧة إحصѧѧѧѧѧѧѧائیة بѧѧѧѧѧѧѧین 
عѧѧѧѧѧبء الإصѧѧѧѧѧابة ومعیѧѧѧѧѧار الإعاقѧѧѧѧѧة المتوسѧѧѧѧѧع فѧѧѧѧѧي مجموعѧѧѧѧѧة التصѧѧѧѧѧلب المتعѧѧѧѧѧدد المبكѧѧѧѧѧر، بینمѧѧѧѧѧا 
لѧѧѧѧѧم توجѧѧѧѧѧد ھѧѧѧѧѧذه العلاقѧѧѧѧѧة فѧѧѧѧѧѧي مجموعѧѧѧѧѧة التصѧѧѧѧѧلب المتعѧѧѧѧѧدد اللاحѧѧѧѧѧѧق. قѧѧѧѧѧد تبѧѧѧѧѧین وجѧѧѧѧѧود عѧѧѧѧѧѧدد 

فѧѧѧѧѧѧي مرضѧѧѧѧѧѧى التصѧѧѧѧѧѧلب المتعѧѧѧѧѧѧدد، وتبѧѧѧѧѧѧین وجѧѧѧѧѧѧود علاقѧѧѧѧѧѧة ذات دلالѧѧѧѧѧѧة عѧѧѧѧѧѧالي مѧѧѧѧѧѧن الإصѧѧѧѧѧѧابات 
إحصѧѧѧѧѧѧائیة بѧѧѧѧѧѧین عѧѧѧѧѧѧدد الإصѧѧѧѧѧѧابات بالحبѧѧѧѧѧѧل الشѧѧѧѧѧѧوكي ومعیѧѧѧѧѧѧار الإعاقѧѧѧѧѧѧة المتوسѧѧѧѧѧѧع. كمѧѧѧѧѧѧا تبѧѧѧѧѧѧین 
وجѧѧѧѧѧѧود ضѧѧѧѧѧѧمور المھѧѧѧѧѧѧاد مبكѧѧѧѧѧѧرا فѧѧѧѧѧѧي المѧѧѧѧѧѧرض مقارنѧѧѧѧѧѧة بالعینѧѧѧѧѧѧة الضѧѧѧѧѧѧابطة، وتبѧѧѧѧѧѧین وجѧѧѧѧѧѧود 

  علاقة بینھا وبین الإعاقة الإكلینیكیة.
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التصѧѧѧѧѧلب المتعѧѧѧѧѧدد فѧѧѧѧѧي مصѧѧѧѧѧر مѧѧѧѧѧع التصѧѧѧѧѧلب المتعѧѧѧѧѧدد تتشѧѧѧѧѧابھ خصѧѧѧѧѧائص مѧѧѧѧѧرض  الاسѧѧѧѧѧتنتاج:
فѧѧѧѧѧѧي العѧѧѧѧѧѧالم الغربѧѧѧѧѧѧي. قѧѧѧѧѧѧد یكѧѧѧѧѧѧون معѧѧѧѧѧѧدل الإصѧѧѧѧѧѧابة العѧѧѧѧѧѧالي للحبѧѧѧѧѧѧل الشѧѧѧѧѧѧوكي والعلاقѧѧѧѧѧѧة القویѧѧѧѧѧѧة 
للإصѧѧѧѧѧابات المخیѧѧѧѧѧة مѧѧѧѧѧع الإعاقѧѧѧѧѧة الإكلینیكیѧѧѧѧѧة سѧѧѧѧѧببا فѧѧѧѧѧي مسѧѧѧѧѧار المѧѧѧѧѧرض الأسѧѧѧѧѧوأ نسѧѧѧѧѧبیا فѧѧѧѧѧي 
المرضѧѧѧѧѧѧѧى المصѧѧѧѧѧѧѧریین مقارنѧѧѧѧѧѧѧة بالنتѧѧѧѧѧѧѧائج الأخѧѧѧѧѧѧѧرى. ویحѧѧѧѧѧѧѧدث ضѧѧѧѧѧѧѧمور المھѧѧѧѧѧѧѧاد مبكѧѧѧѧѧѧѧرا فѧѧѧѧѧѧѧي 
مѧѧѧѧѧѧѧرض التصѧѧѧѧѧѧѧلب المتعѧѧѧѧѧѧѧدد، وربمѧѧѧѧѧѧѧا یѧѧѧѧѧѧѧوفر دلالѧѧѧѧѧѧѧة تشخیصѧѧѧѧѧѧѧیة تسѧѧѧѧѧѧѧھم فѧѧѧѧѧѧѧي التفرقѧѧѧѧѧѧѧة بѧѧѧѧѧѧѧین 

  التصلب المتعدد والأمراض الأخرى.

  


