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Abstract: Multiple sclerosis (MS) is an immune-mediated demyelinating disease of the CNS. MS is believed to impact 900, 000
patients in the USA. MS negatively impacts quality of life by affecting motor functions, cognitive abilities, and employment in those
aged 20 to 30. New imaging modalities aided in measuring brain volume with MRI-related tools. MRI-measured brain volume loss was
found to be correlated with atrophy and the degree of impairment in MS. Early studies of MS confirmed both white and grey matter
loss. Grey matter damage may precede white matter damage. Furthermore, grey matter volume reduction is more pronounced and is
more correlated to clinical outcomes than white matter. More advanced MRI techniques for studying microstructural brain alterations
and ultra-high-field MRI for evaluating cognitive deficits in MS patients will help researchers better understand the disease's cognitive
abnormalities in MS patients. The next and most challenging task is to create testable, physiologically informed models of disease-
related cognitive deficits using the extensive multimodality imaging data. As MRI technology advances, researchers are more interested
in examining specific brain regions and their relevance to MS fatigue. Many areas were identified in the frontal and parietal cortices,
thalami, and basal ganglia. The fronto-striatal network and the cortico-cortical network have all been found to play an important role

in MS-related fatigue.
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1. Introduction

Inflammatory demyelination and axonal transection are
hallmarks of multiple sclerosis (MS). Severed terminals of
neurons define axonal transection and indicate persistent
neurologic damage. In the United States, nearly 900, 000
people are believed to suffer from multiple sclerosis. (1-3) .
MS is most often diagnosed in individuals between the ages
of 20 and 30 and frequently impairs physical function,
cognition, quality of life, and employment.

Parallel to developments in our knowledge of
neurodegenerative causes, breakthroughs in imaging
methods have permitted evaluation of brain and spinal cord
volumes using MRI. Although volume loss detected by MRI
cannot be equated with atrophy (4) , which is defined as
permanent and pathological tissue loss, alterations in certain
MRI measurements are related to atrophy (Popescu et al.,
2016) and the severity of disability in MS.

Cognitive dysfunction in MS has an impact on many
elements of everyday life, including involvement in social
activities, driving ability, and work status; it also has a
significant negative impact on health-related quality of life.
IPS and visuospatial learning, for example, have been linked
to poor driving performance in approximately 20% of
people with multiple sclerosis (MS). (5, 6) , while
deterioration of employment status in MS is four times more
likely when IPS and verbal learning are reduced over time.

()

Scientists and caregivers continue to pay close attention to
MS fatigue (8) . For the first time, Freal et al. found that 78
percent of MS patients they assessed expressed exhaustion
as their most vexing symptom (8) . Following these startling

results, an expanding body of research has shown that
fatigue is prevalent patients with MS, with 70%-90% of
patients experiencing it at some point in time (8-10) .

We will discuss the era of brain volumetric scans as a new
trend in MS patient assessment and its implications for two
of the primary MS symptoms, cognitive impairment and
fatigue, in this review.

2. Volumetric assessment in MS

Although volume measurements are not included in the MS
diagnostic criteria (11) or disease course classification (12)
, a body of data supporting their efficacy for early
assessment and prediction of disease progress has been
slowly developing, coupled with improvements in technique
that may allow wider application of these measurements in
clinical practice (13)

2.1.  Multiple sclerosis severity is determined by
measuring the total brain volume.

Clinical studies investigating the correlates of brain atrophy
in multiple sclerosis first focused on persons with
established disease and considerable clinical symptoms,
particularly in the cognitive domain (14) . These findings
showed that neurodegenerative processes occur in the early
stages of MS (15, 16)

2.2.  MS severity may be defined and predicted using
tissue-and  region-specific  brain  volumetric
measurements.

Early investigations of brain white and grey matter
alterations in MS patients showed both white and grey
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matter loss early in the illness course (17, 18) . Grey matter
injury may arise before or independently of white matter
abnormalities (19) . Additional longitudinal studies revealed
that grey matter volume diminishes more rapidly than white
matter volume, and that grey matter injury has a greater
impact on clinical outcomes than white matter injury (20,
21)

2.3. Technical issues in volumetric brain imaging

Image capture and quantification may have an impact on the
accuracy of brain and spinal cord volume estimates.
Technical issues are addressed in the following (22)

2.3.1. Protocols for volumetric data acquisition

The acquisition parameters are normally chosen based on
the visual contrast of the image as assessed by a
neuroradiologist. ~ Cross-sectional ~ and  longitudinal
comparisons are less reliable because of changes in the scan
parameters that are prevalent in the clinical situation.
Additionally, MRI image contrast is strongly influenced by
the age of the group being scanned. (23)

2.3.2. Variations between MRI scanners

Any MRI-derived parameter is intrinsically variable, even
under controlled technical and physiological settings. (24,
25) . Global estimations, such as the volume of the whole
brain, are the least variable (1%) (26) , but smaller regions,
like the amygdala, have a higher degree of variability in
their readings (26) . It's important to take into account such
variability, since changes smaller than the expected
variability cannot be consistently detected. Small grey
matter structures and short follow-up periods are especially
affected by this limitation. (27)

2.4.  Volumetry tools

As MRI reading services have become more common in the
past decade, several organisations have begun to provide
their own software to measure atrophy. All four software
packages approved for use in Europe have been approved by
the Food and Drug Administration for use in the United
States. For cross-sectional volumes, Nifty Segment software
is used, while Jacobian integration software is used to
estimate longitudinal changes in grey and white matter.
Cross-sectional and longitudinal atrophy measurements may
be made using NeuroQuant (CorTechs Labs). (28) .
NeuroQuant expands on previously reported approaches
(29) . A software library for neuroimaging analysis and
atrophy quantification, as well as the Lesion Segmentation
Tool for automated lesion segmentation, form the basis of
Biometrica MS (Jung Diagnostics) (30) . An MRI scanner
linked with a Quantib Brain (Quantib) platform enables the
measurement of cross-sectional and long-term changes in
brain volume. As far as remote analysis services go,
IcoBrain, Biometrica, and Quantib Brain all provide this
option, while NeuroQuant may be operated either remotely
or locally. Biometrica is the only package that does not have
the CE mark and FDA approval. They show that the
software may be used as a medical device because of the
uniformity in procedures and outcomes. (31)

3. Cognition and multiple sclerosis

As the disease progresses, the cognitive abilities of those
with MS are significantly impaired. A neuropsychological
impairment in one or more cognitive areas affects around 40
% to 70 % of patients with multiple sclerosis. (32) .
Multiple sclerosis (MS) is characterized by a progressive
loss of cognitive function. MS patients in the ‘preclinical’
stages (i. e., those with radio logically isolated syndrome
(RIS)), clinically isolated syndrome (CIS), and in the early
stages of RRMS have shown signs of it. (16) . Cognitive
impairment is more prevalent in the progressive forms (32,
33) Cognitive impairment increases from 30-40 percent in
the early phases (such as RIS, CIS, and the early stages of
RRMS) to 80-90 percent in the more severe stages and
progressive forms (PPMS and SPMS) (33)

3.1. Cognition in relation to brain imaging

3.1.1. Cognition-related neuroimaging research

It's important to note that MS is at the forefront of new and
novel MRI technology, which provides a wide range of
approaches for assessing cognitive impairments linked to
MS. (32) . Early research linked cognitive deficits to
increased lesion load (34) , and later research showed the
relevance of white matter lesion location and microstructural
damage (35), grey matter lesions, (36) cortical (37) and
subcortical (38) . Additional pathways for studying MS
cognitive problems will be opened up by advances in ultra-

high-field MRI, myelin  imaging, demyelination/
remyelination imaging, and innovative MRI techniques for
evaluating microstructural brain changes. (39, 40) . An
important but challenging next step is integrating

multimodality imaging data into testable and physiologically
informed models of disease-related cognitive deficits.
Experts in imaging modalities, neuroscience and cognition
will have to work together to achieve this aim.

3.1.2. Assessing the

impairment.
T2 lesion volume, cerebral atrophy, microstructure damage,
and cortical lesions have all been shown to be linked with
cognitive impairment in long-term MRI research. (41, 42)
Further prospective multimodality neuroimaging research
with large representative samples is necessary to create risk
algorithms for cognitive decline despite its time and expense
requirements. Such algorithms should be tested in
confirmation samples for specificity and sensitivity,
therefore confirming their clinical relevance, when paired
with demographic, reserve, and clinical variables. (43) .
Research and practice in early cognitive intervention may
benefit from accurate algorithms that aid in early treatment
decisions (e. g., the aggressiveness of DMT). Practicality of
MRI-based risk algorithms is presently hampered by the
capacity to undertake sophisticated scanning sequences
during clinical MRI and the availability of specialized skills
needed to extract quantitative MRI measures. In fact,
clinicians seldom have access to even the most basic
information, such as total brain atrophy and the amount of
T2 lesional volume. It is hoped that by providing clinicians
with brain atrophy analysis services, these organizations
would be able to integrate atrophy consideration into
standard clinical therapy. (44)

likelihood of future cognitive
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4. Fatigue and MS
4.1. A quick summary of the pathophysiology of fatigue

Due to the diverse nature of MS fatigue, investigators
encounter problems in clarifying its underlying causes.
These symptoms may be caused by morphological or
functional brain abnormalities, as well as by neurochemical
imbalances and dysfunctions in the brain's endocrine and
immunological systems as well as by involvement in the
peripheral nervous system of the sufferer. In addition, some
research has explored the impact of clinical factors on the
development of fatigue. (45)

4.2. Correlates of fatigue in patients with multiple
sclerosis

It is still uncertain if MS related fatigue is a unique
phenomenon or a syndrome that is related with or influenced
by a range of clinical characteristics. While some authors
have claimed that motor impairment may have a crucial role
on the appearance of fatigue (46, 47) , others have argued
against this hypothesis (weak association: (48, 49) ; no
association: (50, 51) ); This discrepancy may be explained
in part by the fact that these investigations vary in terms of
cohort characteristics, assessment approaches, and study
methodology.

4.3. The corticostriatothalamocortical
fatigue

loop and MS

The remarkable developments in neuroimaging methods
during the past decade have enabled a thorough evaluation
of CNS disorders. This kind of investigation is not only
beneficial, but also critical for improving our knowledge of
the different pathophysiological processes that remain
unresolved. In the area of multiple sclerosis, Numerous
publications explored the influence of grey and white matter
abnormalities, such as lesion load and brain atrophy, in the
development of fatigue. While some writers demonstrated a
positive link  (52), others did not. (53-55) . Such
disappointing findings could be explained by the fact that
the symptoms appear to be caused by localised
abnormalities rather than broad brain malfunction. From this
vantage point, more complicated anatomical and functional
MRI techniques may result in more positive outcomes. For
example, magnetization transfer imaging and diffusion
tensor imaging may be used to measure myelin density and
fibre integrity. Additionally, applying functional MRI at rest
or while performing a physical or mental task, it is now
conceivable to study regional brain activation patterns and
functional  linkages.  Proton  magnetic  resonance
spectroscopy may also be used to detect disorders in the
healthy white matter (56) .

Conclusion

MS is a common autoimmune illness that causes
neuroinflammation and neurodegeneration in the central
nervous system. Volumetry assessment technologies are
rapidly changing, and there are a number of efforts
underway to increase their clinical value and reliability.
Fatigue and cognitive impairment are two of the most

prevalent symptoms of MS, and research suggests that they
are linked to a reduction in brain capacity on a global and
regional scale.

References

[1] Fenu G, Lorefice L, Carta E, Arru M, Carta A, Fronza
M, et al. Brain Volume and Perception of Cognitive
Impairment in People With Multiple Sclerosis and
Their Caregivers. Frontiers in Neurology.2021 May 6;
0: 570.

[2] Luerding R, Gebel S, Gebel E-M, Schwab-Malek S,
Weissert R. Influence of Formal Education on
Cognitive Reserve in Patients with Multiple Sclerosis.
Frontiers in Neurology.2016 Mar 29; 0 (MAR): 46.

[3] Elshebawy H, Fahmy EM, Elfayoumy NM, Abdelalim
AM, Ismail RS. Clinical predictors to cognitive
impairment in  multiple sclerosis patients. The
Egyptian Journal of Neurology, Psychiatry and
Neurosurgery 2021 57: 1 [Internet].2021 Mar 4 [cited
2021 Oct 27]; 57 (1): 1-6. Available from:
https://ejnpn.springeropen.com/articles/10.1186/s4198
3-021-00292-6

[4] Sastre-Garriga J, Tur C, Pareto D, Vidal-Jordana A,
Auger C, Rio J, et al. Brain atrophy in natalizumab-
treated patients: A 3-year follow-up. Multiple
Sclerosis. 2015; 21 (6).

[51 Morrow SA, Classen S, Monahan M, Danter T, Taylor
R, Krasniuk S, et al. On-road assessment of fitness-to-
drive in persons with MS with cognitive impairment:
A prospective study. Multiple Sclerosis Journal.2018;
24 (11).

[6] Schultheis MT, Weisser V, Ang J, Elovic E, Nead R,
Sestito N, et al. Examining the Relationship Between
Cognition and Driving Performance in Multiple
Sclerosis. Archives of Physical Medicine and
Rehabilitation.2010; 91 (3).

[7]1 Morrow SA, Drake A, Zivadinov R, Munschauer F,
Weinstock-Guttman B, Benedict RHB. Predicting loss
of employment over three years in multiple sclerosis:
Clinically meaningful cognitive decline. Clinical
Neuropsychologist.2010; 24 (7).

[8] Freal JE, Kraft GH, Coryell JK. Symptomatic fatigue
in multiple sclerosis. Archives of Physical Medicine
and Rehabilitation.1984; 65 (3).

[9] Compston A, Coles A. Multiple sclerosis. The
Lancet.2008 Oct 25; 372 (9648): 1502-17.

[10] Fisk JD, Pontefract A, Ritvo PG, Archibald CJ,
Murray TJ. The Impact of Fatigue on Patients with
Multiple Sclerosis. Canadian Journal of Neurological
Sciences / Journal Canadien des Sciences
Neurologiques.1994; 21 (1).

[11] Aktas O, Wattjes MP, Stangel M, Hartung HP.
Diagnosis of multiple sclerosis: revision of the
McDonald criteria 2017. VVol.89, Nervenarzt.2018.

[12] Lublin FD, Reingold SC, Cohen JA, Cutter GR,
Sgrensen PS, Thompson AJ, et al. Defining the clinical
course of multiple sclerosis: The 2013 revisions.
Vol.83, Neurology.2014.

[13] Rocca MA, Battaglini M, Benedict RHB, de Stefano
N, Geurts JJG, Henry RG, et al. Brain MRI atrophy
quantification in MS: From methods to clinical
application. Neurology.2017; 88 (4).

Volume 10 Issue 12, December 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211204051046

DOI: 10.21275/SR211204051046 246



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Comi G, Filippi M, Martinelli V, Sirabian G, Visciani
A, Campi A, et al. Brain magnetic resonance imaging
correlates of cognitive impairment in multiple
sclerosis. Journal of the Neurological Sciences.1993;
115 (SUPPL.).

de Stefano N, Stromillo ML, Giorgio A, Bartolozzi
ML, Battaglini M, Baldini M, et al. Establishing
pathological cut-offs of brain atrophy rates in multiple
sclerosis. Journal of Neurology, Neurosurgery and
Psychiatry.2016; 87 (1).

Amato MP, Hakiki B, Goretti B, Rossi F, Stromillo
ML, Giorgio A, et al. Association of MRI metrics and
cognitive impairment in radiologically isolated
syndromes. Neurology.2012; 78 (5).

de Stefano N, Matthews PM, Filippi M, Agosta F, de
Luca M, Bartolozzi ML, et al. Evidence of early
cortical atrophy in MS: Relevance to white matter
changes and disability. Neurology.2003; 60 (7).
Quarantelli M, Ciarmiello A, Morra VB, Orefice G,
Larobina M, Lanzillo R, et al. Brain tissue volume
changes in relapsing-remitting multiple sclerosis:
Correlation with lesion load. Neurolmage.2003; 18 (2).
Roosendaal SD, Bendfeldt K, Vrenken H, Polman CH,
Borgwardt S, Radue EW, et al. Grey matter volume in
a large cohort of MS patients: Relation to MRI
parameters and disability. Multiple  Sclerosis
Journal.2011; 17 (9).

Tiberio M, Chard DT, Altmann DR, Davies G, Griffin
CM, Rashid W, et al. Gray and white matter volume
changes in early RRMS: A 2-year longitudinal study.
Neurology.2005; 64 (6).

Jacobsen C, Hagemeier J, Myhr KM, Nyland H, Lode
K, Bergsland N, et al. Brain atrophy and disability
progression in multiple sclerosis patients: A 10-year
follow-up study. Journal of Neurology, Neurosurgery
and Psychiatry.2014; 85 (10).

Sastre-Garriga J, Pareto D, Battaglini M, Rocca MA,
Ciccarelli O, Enzinger C, et al. MAGNIMS consensus
recommendations on the use of brain and spinal cord
atrophy measures in clinical practice. Vol.16, Nature
Reviews Neurology.2020.

Mueller SG, Weiner MW, Thal LJ, Petersen RC, Jack
CR, Jagust W, et al. Ways toward an early diagnosis in
Alzheimer’s disease: The Alzheimer’s Disease
Neuroimaging Initiative (ADNI). Vol.1, Alzheimer’s
and Dementia.2005.

Maclaren J, Han Z, Vos SB, Fischbein N, Bammer R.
Reliability of brain volume measurements: A test-
retest dataset. Scientific Data.2014; 1.

Yang CY, Liu HM, Chen SK, Chen YF, Lee CW, Yeh
LR. Reproducibility of brain morphometry from short-
term repeat clinical MRI examinations: A retrospective
study. PLoS ONE.2016; 11 (1).

Sampat MP, Healy BC, Meier DS, Dell’Oglio E,
Liguori M, Guttmann CRG. Disease modeling in
multiple sclerosis: Assessment and quantification of
sources of variability in brain parenchymal fraction
measurements. Neurolmage.2010; 52 (4).

Battaglini M, Gentile G, Luchetti L, Giorgio A,
Vrenken H, Barkhof F, et al. Lifespan normative data
on rates of brain volume changes. Neurobiology of
Aging.2019; 81.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Brewer JB. Fully-automated volumetric MRI with
normative ranges: Translation to clinical practice.
Behavioural Neurology.2009; 21 (1-2).

Fischl B, Sereno MI, Dale AM. Cortical surface-based
analysis: Il. Inflation, flattening, and a surface-based
coordinate system. Neurolmage.1999; 9 (2).

Opfer R, Suppa P, Kepp T, Spies L, Schippling S,
Huppertz HJ. Atlas based brain volumetry: How to
distinguish regional volume changes due to biological
or physiological effects from inherent noise of the
methodology. Magnetic Resonance Imaging.2016; 34
(4).

Spies L, Tewes A, Suppa P, Opfer R, Buchert R,
Winkler G, et al. Fully automatic detection of deep
white matter T1 hypointense lesions in multiple
sclerosis. Physics in Medicine and Biology.2013; 58
(23).

Rocca MA, Amato MP, de Stefano N, Enzinger C,
Geurts JJ, Penner IK, et al. Clinical and imaging
assessment of cognitive dysfunction in multiple
sclerosis. VVol.14, The Lancet Neurology.2015.

Ruano L, Portaccio E, Goretti B, Niccolai C, Severo
M, Patti F, et al. Age and disability drive cognitive
impairment in  multiple sclerosis across disease
subtypes. Multiple Sclerosis.2017; 23 (9).

Rao SM, Leo GJ, Haughton VM, st. Aubin-Faubert P,
Bernardin L. Correlation of magnetic resonance
imaging with neuropsychological testing in multiple
sclerosis. Neurology.1989; 39 (2).

Roosendaal SD, Moraal B, Pouwels PJW, Vrenken H,
Castelijns JA, Barkhof F, et al. Accumulation of
cortical lesions in MS: Relation with cognitive
impairment. Multiple Sclerosis.2009; 15 (6).

Calabrese M, Poretto V, Favaretto A, Alessio S,
Bernardi V, Romualdi C, et al. Cortical lesion load
associates with progression of disability in multiple
sclerosis. Brain.2012; 135 (10).

Steenwijk MD, Geurts JJG, Daams M, Tijms BM,
Wink AM, Balk LJ, et al. Cortical atrophy patterns in
multiple sclerosis are non-random and clinically
relevant. Brain.2016; 139 (1).

Pinter D, Khalil M, Pichler A, Langkammer C, Ropele
S, Marschik PB, et al. Predictive value of different
conventional and non-conventional MRI-parameters
for specific domains of cognitive function in multiple
sclerosis. Neurolmage: Clinical.2015; 7.

Bodini B, Veronese M, Garcia-Lorenzo D, Battaglini
M, Poirion E, Chardain A, et al. Dynamic Imaging of
Individual Remyelination Profiles in Multiple
Sclerosis. Annals of Neurology.2016; 79 (5).

Enzinger C, Barkhof F, Ciccarelli O, Filippi M,
Kappos L, Rocca MA, et al. Nonconventional MRI
and microstructural cerebral changes in multiple
sclerosis. Vol.11, Nature Reviews Neurology.2015.
Filippi M, Preziosa P, Copetti M, Riccitelli G,
Horsfield MA, Martinelli V, et al. Gray matter damage
predicts the accumulation of disability 13 years later in
MS. Neurology.2013; 81 (20).

Deloire MSA, Ruet A, Hamel D, Bonnet M, Dousset
V, Brochet B. MRI predictors of cognitive outcome in
early multiple sclerosis. Neurology.2011; 76 (13).

Volume 10 Issue 12, December 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211204051046

DOI: 10.21275/SR211204051046

247



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Sumowski JF, Leavitt VM. Cognitive reserve in
multiple sclerosis. Multiple Sclerosis Journal.2013; 19
(9): 1122-7.

Sumowski JF, Benedict R, Enzinger C, Filippi M,
Geurts JJ, Hamalainen P, et al. Cognition in multiple
sclerosis: State of the field and priorities for the future.
Neurology.2018; 90 (6).

Chalah MA, Riachi N, Ahdab R, Créanget A,
Lefaucheur JP, Ayache SS. Fatigue in multiple
sclerosis: Neural correlates and the role of non-
invasive brain stimulation. Vol.9, Frontiers in Cellular
Neuroscience.2015.

Flachenecker P, Kimpfel T, Kallmann B, Gottschalk
M, Grauer O, Rieckmann P, et al. Fatigue in multiple
sclerosis: A comparison of different rating scales and
correlation  to  clinical  parameters.  Multiple
Sclerosis.2002; 8 (6).

Pellicano C, Gallo A, Li X, lkonomidou VN,
Evangelou IE, Ohayon JM, et al. Relationship of
cortical atrophy to fatigue in patients with multiple
sclerosis. Archives of neurology [Internet].2010 Apr
[cited 2021 Nov 27]; 67 (4): 447-53. Available from:
https://pubmed. ncbi. nim. nih.gov/20385911/
Pittion-Vouyovitch S, Debouverie M, Guillemin F,
Vandenberghe N, Anxionnat R, Vespignani H. Fatigue
in multiple sclerosis is related to disability, depression
and quality of life. Journal of the Neurological
Sciences.2006; 243 (1-2).

Yaldizli O, Glassl S, Sturm D, Papadopoulou A, Gass
A, Tettenborn B, et al. Fatigue and progression of
corpus callosum atrophy in multiple sclerosis. Journal
of Neurology.2011; 258 (12).

Derache N, Grassiot B, Mézenge F, Emmanuelle
Dugué A, Desgranges B, Constans JM, et al. Fatigue is
associated with metabolic and density alterations of
cortical and deep gray matter in Relapsing-Remitting-
Multiple Sclerosis patients at the earlier stage of the
disease: A PET/MR study. Multiple Sclerosis and
Related Disorders.2013; 2 (4).

Gobbi C, Rocca MA, Riccitelli G, Pagani E, Messina
R, Preziosa P, et al. Influence of the topography of
brain damage on depression and fatigue in patients
with multiple sclerosis. Multiple Sclerosis.2014; 20
(2).

Tedeschi G, Dinacci D, Lavorgna L, Prinster A,
Savettieri G, Quattrone A, et al. Correlation between
fatigue and brain atrophy and lesion load in multiple
sclerosis patients independent of disability. Journal of
the Neurological Sciences.2007; 263 (1-2).

Mainero C, Faroni J, Gasperini C, Filippi M, Giugni E,
Ciccarelli O, et al. Fatigue and magnetic resonance
imaging activity in multiple sclerosis. Journal of
Neurology.1999; 246 (6).

Nourbakhsh B, Azevedo C, Nunan-Saah J, Maghzi
AH, Spain R, Pelletier D, et al. Longitudinal
associations between brain structural changes and
fatigue in early MS. Multiple Sclerosis and Related
Disorders.2016 Jan 1; 5: 29-33.

Papadopoulou A, Miller-Lenke N, Naegelin Y, Kalt
G, Bendfeldt K, Kuster P, et al. Contribution of
cortical and white matter lesions to cognitive
impairment in multiple sclerosis. Multiple Sclerosis
Journal [Internet].2013 Mar 4 [cited 2021 Nov 27]; 19

(20): 1290-6. Available from:
https://journals.sagepub.com/do0i/10.1177/1352458513
475490

[56] Ayache SS, Chalah MA. Fatigue in multiple sclerosis —

Insights into evaluation and management. Vol.47,
Neurophysiologie Clinique.2017.

Volume 10 Issue 12, December 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211204051046

DOI: 10.21275/SR211204051046 248





