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Abstract

Purpose: To enhance knowledge about the role of regular physical activity in brain
structure and function in multiple sclerosis, this study investigated the effect of 6-month
home-based exercise on the thalamic pathology and metabolites concentration using
magnetic resonance imaging, diffusion and spectroscopy techniques.

Materials and Methods: In this study, 56 people with multiple sclerosis (39 female and
13 male, age: 37.33+£9.59 year) were randomly divided into two groups, namely home-
based exercise and control. Intervention included aerobic (3-session per week, 50-75 %
heart rate reserve) and resistance (2-session per week, rating of perceived exertion 5-8)
exercise. Brain and thalamic volume using magnetic resonance imaging, thalamic
metabolites using spectroscopy, and microstructure changes using diffusion technique
were assessed before and after the intervention.

Findings: Results showed that six months of home-based exercise did not have a
significant effect on brain, thalamic volume and diffusion parameters including fractional
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anisotropy, mean penetration, axial penetration, and radial penetration (p >0.05). Besides,
thalamic metabolites analysis revealed that home-based exercise resulted in a significant
increase in the ratio of N-acetylaspartate and N-acetylaspartylglutamate to creatine (p
<0.007) and a significant decrease in the ratio of choline to creatine and inositol to creatine
(p <0.22 and p <0.002, respectively).

Conclusion: Overall, the results provided evidence about the beneficial effects of regular
physical activity on thalamic metabolites associated with myelin loss and axonal function
in the brain of people with MS using spectroscopy imaging. However, home-based
exercise was not associated with change in diffusion parameters as indicators of changes
in thalamic microstructures, which may indicate that longer-term intervention is needed.

KeyWords: Home-Based Exercise, Spectroscopy, Diffusion, Multiple Sclerosis

Extended Abstract

Background and Purpose

Multiple sclerosis (MS) is an autoimmune and demyelinating disease of the
central nervous system (CNS). The standard gold method for MS diagnosing and
monitoring is magnetic resonance imaging (MRI), which has the ability to detect
brain lesions in affected individuals (1). In fact, conventional imaging includes
T1-weighted (T1) and T2-weighted (T2) imaging developed to detect brain
atrophy, the number of lesions or plaques in the CNS (2, 3). However,
conventional MRIs have several limitations; conventional MRIs do not provide
pivotal information about inflammation, demyelination, axonal loss, and
metabolic status of the brain (4). Today, some non-conventional MRIs have been
developed to recognize and study the CNS including diffusion tensor imaging
(DTI) and spectroscopic imaging (MRS) (2, 3, 5). Because regular physical
activity is recognized as a complementary and beneficial therapy for people with
MS (6), present study aimed to investigate the effect of 6-months combined home-
based exercise on the thalamic pathology and metabolites in patients with MS.

Materials and Methods

In this study, 56 people with MS (39 female, 13 male, age: 18 — 74 years) were
recruited and randomly divided into exercise or control groups. The intervention
included 6-months home-based resistance (2 sessions per week) and aerobic (3
sessions per week) exercise. The control group was advised to refrain from regular
physical activity during the intervention. The aerobic exercise intensity was
adjusted based on heart rate reverse (HRR) (50 — 75% HRR) and the resistance
exercise intensity was adjusted based on 10-score rating of perceived exertion
(RPE) (5-8 RPE). Aerobic exercise session duration was 20 minutes in first
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month, which gradually increased to 45 minutes in the sixth month. Resistance
exercise also included 6 to 12 movements, 3 to 4 sets, and 8 to 12 repetitions.
Resistance exercise was designed using body weight and three types of elastic
bands with different resistances. During the intervention, a diary and a weekly
phone call were used to assess the adherence to the exercise. Additionally, two
face-to-face sessions in the first and second months, and one face-to-face session
in the third and fourth months were designed to exercise under the supervision of
researchers to resolve problems and provide the necessary feedback for
participants. Outcomes include brain volume, thalamic pathology and metabolites
evaluated before and after the intervention. 3T Siemens scanners and 64-channel
head coil were used for MR imagining. Brain volume using T1- and T2 weighted
sequences, thalamic metabolites using single voxel MRS, and thalamic
microstructure using 30 directions DTI was assessed. SPSS 25 was used to run
statistical analysis. To determine the effect of intervention, two-way ANOVA was
used with controlling gender, disability, disease duration and MS type.

Findings

Intervention adherence was 92.24 %, so that participants performed at least 95 out
of 120 planned sessions. Home-based exercise was well-tolerated by participants.
Brain volume analysis showed that there is no significant change for brain (p
>0.05) and thalamus volume (p >0.05) after exercise. Analysis of DTI data showed
that exercise had a significant effect on fractional anisotropy (FA) (p <0.05), as a
significant increase in FA was observed after exercise (p <0.05). Other DTI
parameters including axial diffusivity, radial diffusivity and mean diffusivity did
not show significant change in response to intervention (p >0.05). Screening of
thalamic metabolic status using MRS revealed that home-based exercise was
associated with an increase in N-Acetylaspartate/Creatine (NAA/Cr) (p <0.05)
and decrease in choline/Cr (Cho/Cr) and Myo-inositol/Cr (Ins/Cr) (p <0.05).

Conclusion

To enhance our knowledge about the role of physical activity on brain health in
MS, the present study was designed to investigate the effect of home-based
exercise on improving the pathology and metabolite status of the thalamus in
people with MS. As we know, this study is the first study which used MRS and
DTI imaging to evaluate the effect of exercise on the brain health in people with
MS. In the present study, it was found that a 6-month exercise is associated with
an increase in the NAA/Cr. Mitochondria neurons are responsible for the
production of almost all NAA in the CNS and are therefore known as markers of
mitochondrial function and nerve cell integrity (7). Choline is also involved in the
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synthesis and degradation of phospholipids, which are the basis of cell
membranes. Therefore, it is a valid metabolic indicator of cell membrane density
and integrity that can reflect membrane regeneration (7). Ins is known as a marker
of glial function and it is believed that increased Ins levels indicate glial
proliferation, both of which may occur due to inflammation (7-9). The results
showed a decrease in level of Cho/Cr and Ins/Cr. In general, the study’s results
include increasing NAA/Cr and FA that supports myelination and promotes brain
health, especially in the thalamus. Thus, this study found novel evidence of the
beneficial role of exercise in brain health for people with MS.

Article Massage
Home-based exercise is beneficial for people with MS and can help improve the
patient's status by improving the structure and biochemical processes of the brain.

KeyWords: Home-Based Exercise, Spectroscopy, Diffusion, Multiple
Sclerosis

- (2]

Figure 1. Location of voxel in MRS technique to evaluate right thalamic metabolites (A)
and changes in NAA/Cr (B), Cho/Cr (C) and Ins/Cr (D) after 6 months of home-based
exercise. *It indicates a significant change from pre- to post-test (p <0.05) and a
significant difference between the two groups in the post-test stage (p <0.05).

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



121 0 Sport Physiology, Volume 14, No 54, 2022

Ethical Considerations

Compliance with Research Ethical Guidelines

This study was carried out with the approval of the Ethics Committee of Tarbiat
Modares University of Tehran and the Ethics Committee of Tehran University of
Medicine (IR.TUMS.VCR.REC.1398.012) and after completing informed
consent for each person.

Funding

This research was done with the financial support of Tarbiat Modares University
of Tehran and MS Research Center of Tehran University of Medical Sciences.
Authors’ Contributions

All authors have participated in the design, execution and writing of all parts of
this research.

Conflicts of interest

The authors declared no conflict of interest

Acknowledgement

This research is registered in MS Research Center of Tehran University of
Medical Sciences, Tehran, Iran (97-03-188-40302). The authors thank all the
participants in this research and those who cooperated in its implementation.

References

1. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al.
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria.
Annals of Neurology. 2011;69(2):292-302.

2. Filippi M, Cercignani M, Inglese M, Horsfield M, Comi G. Diffusion tensor magnetic
resonance imaging in multiple sclerosis. Neurology. 2001;56(3):304-11.

3. Filippi M, Rocca MA. Conventional MRI in multiple sclerosis. Journal of
Neuroimaging. 2007;17:3S-9S.

4. De Stefano N, Filippi M, Miller D, Pouwels P, Rovira A, Gass A, et al. Guidelines
for using proton MR spectroscopy in multicenter clinical MS studies. Neurology.
2007;69(20):1942-52.

5. Filippi M, Rocca MA, Comi G. The use of quantitative magnetic-resonance-based
techniques to monitor the evolution of multiple sclerosis. The Lancet Neurology.
2003;2(6):337-46.

6. Negaresh R, Motl RW, Mokhtarzade M, Dalgas U, Patel D, Shamsi MM, et al. Effects
of exercise training on cytokines and adipokines in multiple sclerosis: a systematic
review. Multiple Sclerosis and Related Disorders. 2018;24:91-100.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://pubmed.ncbi.nlm.nih.gov/21387374/
https://pubmed.ncbi.nlm.nih.gov/21387374/
https://pubmed.ncbi.nlm.nih.gov/21387374/
https://pubmed.ncbi.nlm.nih.gov/11171893/
https://pubmed.ncbi.nlm.nih.gov/11171893/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1552-6569.2007.00129.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1552-6569.2007.00129.x
https://pubmed.ncbi.nlm.nih.gov/17998486/
https://pubmed.ncbi.nlm.nih.gov/17998486/
https://pubmed.ncbi.nlm.nih.gov/17998486/
https://pubmed.ncbi.nlm.nih.gov/12849150/
https://pubmed.ncbi.nlm.nih.gov/12849150/
https://pubmed.ncbi.nlm.nih.gov/12849150/
https://pubmed.ncbi.nlm.nih.gov/29982111/
https://pubmed.ncbi.nlm.nih.gov/29982111/
https://pubmed.ncbi.nlm.nih.gov/29982111/

Negaresh: The Effect of Home-Based Exercise on the Thalamic... 122

7.

Geurts JJ, Reuling IE, Vrenken H, Uitdehaag BM, Polman CH, Castelijns JA, et al.
MR spectroscopic evidence for thalamic and hippocampal, but not cortical, damage
in multiple sclerosis. Magnetic Resonance in Medicine: An Official Journal of the
International Society for Magnetic Resonance in Medicine. 2006;55(3):478-83.
Narayana PA. Magnetic resonance spectroscopy in the monitoring of multiple
sclerosis. Journal of Neuroimaging. 2005;15:46S-57S.

Sajja BR, Wolinsky JS, Narayana PA. Proton magnetic resonance spectroscopy in
multiple sclerosis. Neuroimaging Clinics of North America. 2009;19(1):45-58.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://pubmed.ncbi.nlm.nih.gov/16463353/
https://pubmed.ncbi.nlm.nih.gov/16463353/
https://pubmed.ncbi.nlm.nih.gov/16463353/
https://pubmed.ncbi.nlm.nih.gov/16463353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1351238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1351238/
https://www.sciencedirect.com/science/article/abs/pii/S1052514908000865
https://www.sciencedirect.com/science/article/abs/pii/S1052514908000865

NWYAFF o VP4 LeasGBF o ylols (VF 0490 319 S58l9 yd

by Al
4 Yo 91,91 3 0¥l slacud gilio il g 55983l w9 J 30 39 () pod 9!
b Lo Ao (5319 39 33 90 31 43 35 33 B gai 2 g 39 ! Judlo
O399 9 (5395w g S|

o .- S Y. Y gqod 20 N =« (e & %
203 ) s ¢ (Sl o3l 3 30 ¢ ! gm0 (eveomo ¢ BN B Ly ¢ iy S
O Ol s yie a3 o318 s gl e BAK2313 o839 503058 (555 )
(Jgimo 80 99) 5l pl eyl 145 ey a3 oy ¢ Sludl pole 8aSLisls ¢ o83 ,9 (559) 9 5ud Sliwl Y
Il 0l st (S551 psle oSty s A5l il Bl 3 i s3gls 5 Sl ¥
IRl OIS Ols (Kb pole ol8islo ¢ 59 Sl Jidle Slisio 58 1o Lol .F
LTl GIS IS 535 oSty ( J5Ssa Jghoo (o355 (Kb 0aSals (555 (S5sl05e8 Sl O

WARNY /oY 5 by ey WA/ AT sl o g b

olS>

Jeitlo (6 los 50 o 8 IS0 g LS Loy it (S Codlad A5 By 50 WIS (ul33l Bua b :Siua
wo¥l e gilio cdalé 9 (59lgly 31 J 3o 0 (2 pod olo (il J1 oy s axdllan (0] 0 ¢yt 39 Sl

A SN (1 95wyl 9 ()Fgtsd ¢ omblio Wy 0l (5518 1 i guai 31 oolaiwl b
YVIYY /0% 0w 030\ 9 55 ¥R) w59 48! Jusdlo ds Mo 838 OF cardllan ¢l 5o B gy 9900
aw) Slgp (pped Jolds Al oo . aiod el J 505 g Jo 50 (2 p03 09,5 90 4 (Bolai Hebar (JLw
T Hlid )0 sl a4 dwds 90) ol g (0 d B (b s w00 YO U B0 caian jo awds
al gbcddplio ( cmblae wold 5,00 peai 3l colawl b weo¥l g o0 pxo 09 (Cld G

O:""’ u59*‘°° STl 0 Liiuw! b QY’PYL’ 6)L"’L'*’)") ‘-")‘"‘” 9 @9‘”"5}'5‘“‘"‘ )‘ oolaiw! b U‘"‘“YL’
Sl 25l s low 3l e g

1. Email: ghara_re@modares.ac.ir

2. Email: raoof.negaresh@yahoo.com
3. Email: msahrai@tums.ac.ir

4. Email: dr_m_abolhasani@yahoo.com
5. Email: p.zimmer@dshs-koeln.de

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



1) Qll.mgl}' OF oyl NF 0,90 ‘&S‘Z})s ‘535]9;)...9 \Y¥

Jold 3gind slayiolly 9 uge¥U o px p Jike 50 rpd &5 Ol LS @b bddl
3367 .(p > 0.05) cuislas (g lobae i1 Sl 35k 9 (950 dgdi Dgdi bwgio (g S (69 S Kiluoal
N- ggmazmd Comund jlobize Giulidl & Jiimo 3 (o yed a5 00 lis (ge¥l gbrcalgbio
G ylolize ials g (P = 0.007) oil,s 4 N-acetylaspartylglutamate 4 acetylaspartate
(P =0.002 P =0.022 s yray) wis yzmio oyl as S 3900 9 oyl g5

we¥l 4ol scalplio y plite (G cadlad diodgu I 51 gunlgd guld (& gommnyd 35 5 4R
6010 522900 Al g s ¢ 39 15! Sl 4y Mo 3131 5o 50 Lo yguuST 3,Kns 3 cyalen Jlg3 L b o
b L plghear o3gnnd sl el dgmtr b S 5 (r pod cnl 3929 b 1l Li (o 95wg S
el FOue Y eb alsluw 4 jLd swsdoLis aF 3¢5 of o (weo¥WU g LSl jy ) juuds

w2 39 1Sl Jrilo ¢y 59 8 (2 95 wg il o J 30 58 (1 pod SIS U319

Aodio

Sl CNS) T (635 10 orae puns T 50 S ik § (aaloss (6 5lo dMS)' 55 IS0l il
slas als b bl (glow (nl (V) 05 o0 2550 IS5 g (Sloz e yo 1) o3l il oS
SISl (5 Fe BT gl 5 e )0 (D) Toluls 50 ONS laceas (nlos
b lbpngas wsibom (ol Gl 9 aeis ollial (Db (bs, () (V) Sl ol o (35>
a8l o s Sluls slulis oUlss a5 Canl (MRI) @ pcbline 030 (5,00 s g 51 oolaie!
O ol ) Slals cnl (9968 b (o9 Jled 5 dlie

aseis gl T2-weighted (T2) 4 T1-weighted (T1) o pow o IS o gad (adly)s
o S b Slauls slaas i i 5 5 B oole g Jleyinf ] (s g e g 51
L Jbs caseis oUls bas o pnead 5 onl ommed (¥ F) wlail W)l dagy] gz
Srcusgame pgwye sl MRI (ol «F) 05yl 1) Sice oLdl 15 jae Slapls g b é
O yewsl e padad s «olpdl )b ys 280 Sledbl paw o sle MRI (b o .06 )ls (g0l

1. Multiple Sclerosis

2. Demyelination

3. Central Nervous System

4. Lesion

5. Magnetic Resonance Imaging
6. Atrophy

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



o e glio cdils 5 59dgly p Jie 50 oo pod 18,

65500 Slooged 5 Ll vole 00 b (B) aio ad il o 4o Slplie Sy 5 lagypeS
psms 050 5o MRI &y 15 o o] dlasjl 45" wlazsly 5| CNS 5 585 anlllas § bty (ol
) 5,5 0 )Lal (MRS) T y580sg 5l (50 22505 5 (DT ' (550800 j3us (5,10 225005 wiile
(70

oud 5,54 jhe sl 4 Of slasNUse (s pidsh sl 2 DTI (g, 0 )05 90
DTI el ol 5 i V) 05 oo 1) lacdly (6, Lgy, @l pais 5,050 1, oDl a5
sl e B 5 layguST glie 5 T cla JsSsn HLinil yabiogame )0 yeid oaimolis
Colesyo a5 Canl T (60, Kiluaal iol58l oniaoylis (g)l0 ppgal g5 ol jo HLal abogame
3585 5 (ADY (5,970 3485 (MD)34i5 lawgio (FA) 6 S (50 Siluoal aiile ol el )l
ebee Slgime 2alS oo L RD iulj8l oy co Hha5 4y (V) anl oo Cews & (RD)Y elais
G pizman il ks 5 emST ls) 5l llis Wil o AD &l peais a5 oo s
ol A aes o las b ey g b pdie slacias o MD 5 FA (6l salionaline )
Sl slalas plarear cod pay Wil oo g s ulu S8L (S LS (adiis 4 5 lapasls
Ol 50 Wlgie a5 (6% @lopngal (VY A) wsd a5 5 o lagils 5 lagseST Jlg)
gl Caind 3l ot SO 45 sl MRS csly 005 SaS MS 4y Mipe 31,1 Sy36)53
Wlgige 45 Jskos candipnr Ciposi sy MRS (adlss () ams o @yl 3io cilizeo >y sl
Slom elosdan Slpnss p O 6l p Geizmen g WBL SR ;0 So3lgil s jledis)
5 Koyl lalllas 5 e srlio (s 2y 65125095 98 cyal 55 co oobiiasl calilite Ly oo
Slye & azgs L (AN 1) sgdge 485 5 )3 pgmre sla MRI 4L 5 09290 So5el5 5
P e Soged JUS 10 pomyepd lagh) 4 550 gl 5l oolitul duy oo Jla5 4 c0ad 5
5 Lgo ONS 5 (o las Wis, 5 Sl i 6l 1, cags § booS5 oSl wilgs o

1. Diffusion Tensor Imaging

2. Magnetic Resonance Spectroscopy
3. Anisotropy

4. Fraction Anisotropy

5. Mean Diffusivity

6. Axial Diffusivity

7. Radial Diffusivity

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



1) L')L'Lm.gb’ OF o)l VF o0 90 ‘55&3)5 6)9“9")“3 \Y$

et 5 S 45 el oy axlllas MS &y s o3l 1o g30site JaSe oo slo_bs, o5,
sl S5 50 203 e (o Sdled slang, 5l (S (V) sl plate oy clad dlag]
o 331 o o (e il sl ddyo 4y (g5k0 Sloj g golandl L I gy ol Sl 2 edle
Loyl o wilgs oo 0,8 a5 conl cpl i 30 cpyed bl 51OY) ol oals 0ol 55 MS 4
aile witns Jebani (23555 lagdlo b agis 715 4l 5l 0l oo dpogs b Conl jie &5 ol
o dolol 995 Suy Colad g (a8 4 MUgST eg g S pSaen )90 50 odelogz ey Lyl
CardeS 39t o 59yl S (S8 3 Shoe 35t b el (S Sl oS Sl ady el
Sl £ ¥ 8) sl o]y MS Mo ol 31 45 o) olSss 5l 5 Lo 5y s 5 S5
G2 b (655 glr MS 4y dis o8l jae LSl fawd jo Gy Codlad A8 At 5o Slallas
ol 092y b railoads plnil (g lom cnl Slgam Joo 2 b aitss dgazme jlows (o) 0nlee 2y
|y e ol OF V) Tyl 5 saialles aiile ,S00 Saisle,si glacondsy 5l 48,5, saled
53 Crlple wdl ol ren NS (555055L 5 0 Shoe S0 b Wilgs oo (S Cullad a5 S (oo Cuol
1 dnlie 5 555l e b Wi oo Sy )3 (S Sdlad oS Cunl (pl (28 g
ot S L3 5 Ban il lsieas |, T ugeVb canlllas cpl yo .l ol an MS 4 Mise 51,31 CNS
5955 0 13 MS (5 Lo Wg, pibicos weeVl a5 ol oads Laseine b Sladlas ,o 155
oezer (V0 W) ceol Gl slecdgilbio )0 i 5 33 5l Gise ol (95T 51 (Sl aelss
S 51 6l doyd 5 4 ol bl | o (6,80l 5 abibls aile 25lit o Slae by ugaVl
s ol el Ban ol (O0A) Gl ead U555 ol o DS MS 4 Mo
S 55 opeVb slacdnlin Ll 5 (55T (s3slsil 2 J3te )0 ared 0090 Su Sl oy
O39ead 9 (9295w Sl pmnblite wais (6,10 gl SlOSSS 5l eolisinl L MS 4 Mt

.09.5

SR ¥9)

2 09 (MRI g1l Jlie 1) ok )l 63le,e8 b (Bolas ool ] ;S dalllas pol> imgh
Ol )loe MS Slasi S 10 10 Grdghy (0 &S b lp avedlel (idy 9 lgs1,8 51w anlllas (0l

1. Corona Pandemic
2. Alzheimer's Disease
3. Thalamus

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



vy e glio cdils 5 59dgly p Jie 50 oo pod 18,

il 1y 5 090 balyd Clbgle OF ()] 5l g3 5 Gieaty 4 9955 sbaslere bl (Ll
58,5 85,3 b IS e ) S5 09,5 5 e 33 (05 0,5 30 & (shokas [y o8
ooyde Canyi oKl 3 aleS 0l b aslllas Ol T S D0 () S
JoeSS 5l s 5 IRTUMS.VCR.REC.1398.012) )l 5 Sy olfisls M1 aieS g oyl 45
A pll 08 e olp wlalT asbesls,

oolazwl 13l Wogs & le aslllas 5l zg,5 sl lre iy 51 5aS (EDSS)  Jlgl cundg 00 s
ablo ! Jlo SO0 gylo)b sl Jle SO po plate S codled (JSU G pae b Ll
D Cobo asile K0 peie (glews g il g Al ole yid 0 (g lew Bge

) G 53 S50 sl ¥ Ll o5 ol o 3y Syge cnl 4 gy el s,
Qebculs, 5 25,5 O8 10 ey dnda SO o ol Blaal 5 iagh b olisl gl Tl sl
Sygods § 80,8 SS5h Ggail e Al se 0 JEAISES 8 e 00)S eSS |, el
O3 0590 Sy 50 ole (il Dikedy (g2 yeS 09,5 WD el J S 09,5 9 (oS 095 4 (SBola
oy o] 5 855 S iy ol adlg )3 S 05,8 o5 oy 18,5 5,8 e o
3 Syed dalin 7S 09,5 4 gl GLL Sl e aies aslal [ 353 (S Jgene Jlg; 03
Al ad S Banses b ples lals o ol il plast 5 O905] o o0ls ke

red dnal 90 9 (S5l5m (2 ped il ds ol (oS 5 (o o5 4elip G e 50 (oS SS90
e i olRKzils oliule;] a4y dd> g0 FauS S 1o lol og (1S 51 eolatul b cieglie
Oizmed 50,8 28l )0 e 50 ped daliyy (poloplanl gl 1 3Y (slaijgel g ais S anzl e
1 3 po slaole (o 50 g dul 93 ole o HEWLSTES 14 (n a3 pg0 5 3l slaele Jobo 5
5L ST s s |y e3Y slagsisel 5 9inyS G ped ol Rtegh Jhin 5)a> anlr ool o
03,88 7o) S (BaLSES ph 4y e (00,5 &8, 1) 0 ed dsliy 5L 0 1) 0g5 YISl g,
oo sl IS ol (g yoS aalip 8,l,0 o.lfubp..oy cud> 12 gl Qo;'a)f 5925 (5ol
Al oald 40,55 g g 1S L lS >

1. The Expanded Disability Status Scale

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



1) Qll.mgl}' OF oyl NF 0,90 ‘&S‘Z})s ‘535]5;}“5 \YA

b bl 5 S DI 2 Sl osliinl b Bans a8 b Tl gy (i aw ol (i po5 sl
oinisS OS> 5l eslaiul b 5 o ped slel jo (aBB VO U V) W8S se 0,5 00,08 )
soglie 9 (S5lgn (n yed Jold (i yod (ol iy (ais da b miy) w oo plol (03,50 s w6
shoslitul b s5lon (nyed B oo plmil (nped 90 cnl 5l e S LalS and> e 3 a5 0y,
Joe ol o adige Lzl 00,8 £ 5 (5,0 Sladr lagsjsel ululy 5 ' Ya miwlpe
TSl Gusd) Gl el g5 e 4T Wi alulss (BanSeS A Gl e
o3 B Bl 0oy VD B D0 B oy s ol | (o 5 Syl 5yt 250
FOU Jgl olo jo aaBo Ve 5l gilen o yed anda jo lo) Do (S5 8 les Jga) dims sl
Iy sored e ISGg, aules 31 s alulys (BaSes b 5l o juite pid obe ,o 4B
dalol 1) (2 ped SS9y (o aiiS Sl il 48,88 7y U g0 g 00,5 abad |y s 5o caims aslol
a8 Jlosl lad s colpiul loy al8 5 Slad loy Gral8l Alewgay (2 y05 badl] . aims
loplsl (gl ol sols musg BaSES b 4 LB Ly sl aels (8 slcewsdy oy
S5, b eoliial oy 035 b (S dawgie p ) Blisre (5w a b (3575 (aglie (2 el
Pigel 00,88 7o) 8oy 5l ized 5 (5590 Oyg0ds o Ktmghy Jansgi Seglie (5 pe8 ) bogiye
ol ol 1) 053 op el Dol jehax a5 Wwpo iigel (BASES G e LAl oold
65+ ot cstastie o a0 (o Se (S e Jpaz) Wi ol 55, L5 0
gy 4> Ve

e 85 (e by il W) K lp GBS S L il les atin e
sl 5l QEAS ES50 CanS gy 2 9 Jie 00 (el S sl DL az 8s I eiores
Sl b 5l il on 5 o3 sl oo 53 EASES 5 s eolial (g pe3
Sl 5o 555 OMSn b 0 | 055 sl g 5 2l B | 3 ol Kmgts b ol
AL B, e el

1. Polar
2.Jugging

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



va

e glio cdils 5 59dgly p Jie 50 oo pod 18,

olo il Gawdy S0 53 (2 pod aaliy =) Jguzr
Table 1- 6 months of home-based exercise

] , S RS ad S ]
oo GHleR e o oglio (2 yod 2° dud> obo
. wjm A
Silgn ads
45 oo 93k Sk g3l ol
£ :
) «s9,00le a. a. 0o s gSae dilg i
550 axels b8 w3 s> o
S8 65 512 X
(Mg bed s g 31y 5 Js!
b8 by i 1 o o col il ~ )
- 8 lgudz ;290 . OlsSul cosiz ol (sa5gu
0 S i 4 ds )
)‘%b
93l e g3l sl
) Q¥ 4900 RS et
bgio g oy S .
) «s9,00l e, a. o sSae Ay i
650 als E8 cwd S ,>
A—iufb so..\.:.‘||5>' L\ oV ‘AJL;";J,..J
S8 65 5512
ON9 Sl et g 310 5 P
B by i 1 s o col il ) .
. (S )lgmds 1> g0 . OleSul cosiiz ol (g5 gu
0 g3 . L-FCR) )
oyl 5 Syl S5 bl 3l e Jaio L
)‘5.1\)
g S oot 93k ety el sl
e .
) «$9,00k ) oo oS dlly i
b 55 aols G8 w3 s> o
2o, 70 512
ST e P 5 Py
o ‘6)‘5““’)'?5‘3 4_5“3_3 ubg...:‘ m..\...JC)Lol LS""‘?"“
o
A R e S5 L 3l ol L
8L 7 s
)‘%o
L S g bawgle (15 e il Sty il ol
(59,00
655 als b8 cwld s, o cgSan dilg y cdiw
S o
2o, 70 c 512 oy Al s s o
C QT 4 . 4 5 Pl
VLI " 1w o colil W g 350 cwmles b
. FESPUR
0 >3 6)'9-“ 7 a8y Mol Xgw slis
0y 9 Sl o . . )

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License




1) L')L'Lm.gb’ OHF O)Lo.& Alg 0390 ‘55&3)5 6)9“9")"3 \ve.

olo i Guedy S50 5 oy yod dolip =) Jguo daldl
Table 1- 6 months of home-based exercise

KAL) oluey
. . L ol Ol s .
oo GHleR e o oglio (2 yod 2° dud> obo
. gs"'“SL‘-‘
Silgn ads
S S oo o9k Sedy g3l ol
560 s PV ygeL3es oSan &l Ao
sl B o 95 Az
8 all_s ONge ) e o ‘ 5 P
¢ d> S
0 >3 SIS 48,8 wadFNol Xgw glis
0yt 5 Sy .
817 s Y (SaS gy SsS
L Cs GBS oo o3k Sy el ol
“«59,00%
s » oS dilg p iy
VIR 75 s )‘,55 12 S5 ‘d‘ju’r" (S5 ‘as‘ib 5
NIERAS l“’ ¥ 1o o colind i g 30 onlss b
‘ d> S
a),:_">5 SIS aa.8s ‘o_\..ﬁc)l.ol L™ sl
oyf 9 Seg .
8L 7 Y SaS g Ol

Lodnlo b wn g aldym (wp o BB oS &l i (o 495l Suy g3l sl S >
Bl 9 35V (OleSl oal Mol (sa8gum SLd unid ¢ 510 OIS > o ol plowl 1S 51 eolasal
) Sysr gloped 00 )lid T asls 5l oolil b ot 55y S5 sl Lululy e o
2 dpmyisn O Smsh a0l 4 Calie QEALSES b gt eab Bl (g3lsn (el D
5 Ay (sl gy b e 48,5 AL 5 L il ol st o allas Jsb
Ot S Gl e Il Gy SLbLS 280 5l JEAS S8 00 (nioen 09 h (o) 2
3L ST g ol o ady 03l sly s ped ael p DY 55 (6 90> Olda Job o .050,5 colaiul
Obesply sla)lBle 5 Basb jlojlsen Gl Samgs b ge ools (EALSES 15 4 (olos 955k og:

s &l i ped asliys gl s s gy bl s e es ol

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



" e glio cdils 5 59dgly p Jie 50 oo pod 18,

JS 13T ies s MRI Sl 51 oolainl b o BocS eS8 5l ooais $MRI 9l 16,00 3y guas
2ol sl ads jgbas .o alol AU £F 1w ¥ LS 5l eolinwl b g (LT[9S cdlo) oo
L »lps TRITE/TI) MPRAGE .5 § T1- weighted ,slas 5l wee¥b aml g je JS o>
can bl flip &5l vsomm b ol FOV (e e SO i Calses 9 2000/3.47/1100ms
space dark fluid ;| colexw! L T2-weighted 5 (4l YA 5 adds Lz ol Sow 4o 4z,
S 0 230mm Ll FOV . 0.09mm 5y cwlses 5 5000/387/1800ms L .l TRITE/TI)
Loy e IS pola 3l (gime e slocdl Bl b e -0 oolaiiwl (4l FY g aado &m0 ol
solad 3l eolaiwl b .(VQ) winds |3xe dexe ¢ 320 (FSL) FMRIB’s Software Library ;! oolazuwl
o>> «(FIRST) FMRIB’s Integrated Registration and Segmentation Tool |3l § T2 goxsac
AV +) ad Ao Canly wgeVB

9220mm L .1, FoV read 92/96000ms L )l TE/TR sy )b ULDTI og, a5 (5,0 g
oz Ve 50 b TV g aido gy (loj Do 10 o8 g Sre e Y VY L plpy STy ol
Sl de leslanul b Baus eS8 5l oadand § DT polay o ¢ 4y o0 ol plol Lac]
«(EPI) echo-planar imaging sls il ;o Lol ands Byl yialS (gl y .ol ploxil FSL
ol cud Jels (FSLRT) FSL Linear Registration Tool ;| eoleiw! b glal> eq (g0il,3
Advanced aiw jl oolaiwl b polad ol e 9 3D Tl slad o > & so4a b=0
slais wa d> e j0 (V) wb pbxil e ,8 & js0a (ANTS) Normalization Tools
Ab Jlael 3D T1 glad a4 adaw Gl 5l solaiwl b b fows dlewgas DTI 51 onds giiee
(Y ) 0l dwlxe FIRST (WU (oo 1 oolainl b Lo el b cculedyo

L ! (TR/TE) stimulated echo acquisition sl 51 eslawl L MRS 3g, a5 (5,10 52 0 505
(456 0+ 54880 90 loy Do jo a0 e L pln flip aygly ¢ o Lo Fo Coles 2000/30ms
T2- 2 JLwST g T1- weighted ¥ JUg,S 5" Jluslo polas 5l eoliiwl b ogeVb aml .85 bl
Ve ol b JuSy 5l oolawl b wee¥Wb 4l canls coaiS' S 18 o (sly ol Ll weighted
plad 05d oo oanlice 90 8 lads o ;0 STy (6,05 )18 Jore el Cews a4 o Lo Vo s Ve

1. 3-Tesla
2. Coil

3. Sagittal
4, Coronal
5. Axial

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



1F+ L')L'Lm.gb’ OF ol VF o0y90 ‘55&3)5 6)9“9")“3 \YvYy

5 ool b b Ui . sl JMRUIVE.2 15300 5 51 solicial b 53105 5 b5l pision J>lpe
~ oo 11, soasie slaosls MRS (YY) 0t oS JMRUI l53ls i QUEST atilydnmsgs deus
N ggozme Jolis (C) Y (1515 5 Cudgilbie dus S oy Lo andllas ol 1o Lo B Ll ans
342 (Ch0) ©1JsS 5 (INS) T i 590! ((NAA) Tl ol8 L3 )Ll Litwob-N g Yool Ll !

5 obyely gard 0 Sles sz ln T, 5 padaily geil 5l alllas cal ) rpel, Sl
33l 5 b oolial b jel; ey gusy (T Vis9y00k D98YD (y303] jl 5 (5050ee S 1>
s 5 mle Sy o] (6 yiedes alols 3 45 Jaio oSy (g5, eASES b (i, 5 by
SFom e gle B 45 Cnld (oo 355 Sl 5l Kiaghy lod b oatiS &S 10 i oo
Ofed B 9,0 layd e 5loaiSeS 1000 )68 ) i go (Jaio (55, § i oo @lo (59559
JUOWPIIE VRN VLIV PSRN CRVEL SUA SIS IV C TP JRRLITE-S3 A RUPOSY SRRV AP SV L gruswege
gyl IS sl e, Ll et G gl VO 3 e 28) i O o
A Sl 9,555 plgrsar pee () 9 S b oo

Ao 31 o) (gl s oolatul YO dses d Ll gl ool 15800 5 51 laools o g 45525 (g5
5 (Ur=S' L 3o 50 029) o3 9 (035l 5 095l oles ol L Mgl dalyg0 (y5e3T 5|
Sl MPD) Sz bl Hsdzme 5l ol eolatsl MS g5 3 (5 ke Do EDSS Wiz S
0505 5l edgs oY cmdins (yge3l a5 sla Lz (gl o eolatul 16T ael yo 318550 olsylas
i plol /40 (s foline gebans o La el ples b oslial g i

. Creatinine

. N-Acetylaspartate

. N-Acetylaspartylglutamate
. Inositol

. Choline

. Time Up & Go

. Timed 25-feet walking

. SPSS

. Anova

O©CoOoO~NOOOTh~WN B

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



wy e glio cdils 5 59dgly p Jie 50 oo pod 18,

IS g el slog,S Sy andlan 50 laogls oy ylag0i ) JSCb
Figure 1- Graph of volunteer participation in the study by exercise and control
groups
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Table 2- Demographic characteristics of study participants by groups

Ol i 4ol JES 095 e 09,8
Range Control group Exercise group
L_' .
4718 35.9+410.36 38.76+8.71 () o
Age (year)
83.11 - 51.36 70.36+3.49 70.22+4.11 (ﬁ)ﬁlﬁs) %
Weight (kg)
2 PSS) o ooy a3l
29.36-18.6 27.08+2.07 26.31+2.52 (e yaione
Body mass index (kg/m?)
L <
9.5-15 4.69+1.80 4.92+1.66 ) o o
Disease duration (year)
) 14.12 15.11 (RRMS : SPMS) Lo ¢35
MS type
. 206 19.7 (07 2,9) Sz
Gender (Male : Female)
HIN IR YO 3 L
5.0 2.05+1.01 2.25+1.23 S 0
EDSS
o 39 35! Juidlo :SPMS (090358 (s 39 Sl Jousdlo :RRMS ¢ 163t 00 yiwS a5 Lis :EDSS
4950 onig) pu

e loline as ols lis FA lgil dalyes oyge;] b DTI Gla sl 0 J5e jo o e il
Jolss 5 (P =0.625 mp2 = 0.002) ;)ls; 51 a5 J> 0 scuisls 5924 (P = 0.008 mp? = 0.068)
Ol S (Sgpain omeies Qyoﬂ zls 0 loboe (P =0.808 mp2 = 0.001) :)lej sy pod
DTE sloyiehly nlo og yiin S8 09,5 5l 5l0line jsbay (03 05,5 ;0 FA Jlaie oS 59
sl glad 1y gley 0 cpyed Jols b ley copjed Jolise 51 AD ¢ RD MD alox )

(4w 8,les Jga) (P> 0.05)
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Table3- Brain and thalamus volume, DTI imaging parameters and walking ability

before and after home-based exercise

0903l om

JFS 09,5
Control group

0903 S

o3 09,5
Exercise group

0903 om

0903 e

Post-test Pre-test Post-test Pre-test
0.322+0.030 0.321+0.023 0.337+0.025 0.333+0.023 SrS “;XS’WL
1.007+0.071 1.003+0.069 1.028+0.066 1.015+0.083 59’th59:‘
0.867+0.066 0.874...ov+ 0.895+0.056 0.882+0.056 gs‘Lls“D%"
1.331+0.125 1.315+0.115 1.31+0.092 1.324+0.106 ‘9’5:555‘“
L
8.016+1.021 8.174+1.097 8.647+1.360 8.581+1.32 (cSo ;—o@ﬁb)
Thalamic
volume (cmq)
1057.82+151.63 1107.73+113.37 1121.96+£152.90 1133.03+127.99 ("‘“‘% Fosils)
Brain volume
m’)
Sl L)
14.52+6.59 13.99+5.61 #:210.21+7.09 13.84+6.12 o,
Up and Go test
Dg5T (g0
8.71+£3.77 8.47+4.63 #6.11+4.69 7.84+3.46 O30,

25-feet walking

test

345 :RD «(Mean diffusivity) 354 lawgie :MD «(Fractional anisotropy) . .S o ,Siluesali :FA
(Axial diffusivity) 9= 345 :AD «(Radial diffusivity) el
09,5 90 oy lolime M sasmoylis # (P € 0.05) conl fyg03l s B yg03T Gt 51 loline yoss oo ylis #

* Indicates a significant change from pre-test to post-test (P < 0.05). # Indicates a

significant difference between the two groups in the post-test stage (P < 0.05).
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Figure 2- Location of voxel in MRS technique to evaluate right thalamic metabolites (A)
and changes in NAA/Cr (B), Cho/Cr (C) and Ins/Cr (D) after 6 months of home-based
exercise.
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* Indicates a significant change from pre-test to post-test (P < 0.05). # Indicates a
significant difference between the two groups in the post-test stage (P < 0.05).
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