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Is Physiotherapy Effective in
Improving Balance and Gait in Patients

with Multiple Sclerosis?:
A Systematic Review

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The pur po se of this syste ma tic re vi ew was to de ter mi ne whet her physi ot he rapy
was ef fec ti ve in im pro ving ba lan ce and ga it in pa ti ents with mul tip le scle ro sis (MS). MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::
Me di cally stab le MS pa ti ents abo ve the age of 18 ye ars who we re di ag no sed by a ne u ro lo gist and had ba l-
an ce and/or ga it prob lems we re inc lu ded in this study. The stu di es in vol ving all types of physi ot he rapy
ap pro ac hes (i.e. func ti o nal exer ci se, re sis ti ve exer ci se, tre ad mill tra i ning, physi cal the rapy using tra i ning
with equ ip ment, elec trot he rapy) we re in cor po ra ted and in ter pre ted in this syste ma tic re vi ew. RRee  ssuullttss::
Nine ran do mi zed con trol led tri als (RCTs) met the inc lu si on cri te ri a. Thre e stu di es inc lu ded ne u roph ysi -
o lo gi cal ap pro ac hes, thre e stu di es per for med re sis ti ve exer ci ses, one study used tre ad mill tra i ning, one
study used elec trot he rapy and one study used pres su re splint app li ca ti on in the ir the rapy pro to cols.
Amongst the physi ot he rapy met hods, strong evi den ce was suggested that ne u roph ysi o lo gi cal ap pro ac hes
were ef fec ti ve in im pro ving ga it (func ti o nal and tem po ral-spa ti al ga it pa ra me ters), as well as sta tic ba lan -
ce and, mo de ra te evi den ce was fo und for im pro ving dyna mic ba lan ce. Conf lic ting evi den ce was fo und for
the ef fects of ot her physi ot he rapy met hods (i.e. re sis ti ve exer ci ses, tre ad mill tra i ning, who le-body vib ra -
ti on and pres su re splint app li ca ti on) in the im pro ve ment of ba lan ce and ga it in pa ti ents with MS. CCoonncc  --
lluu  ssii  oonn::  This syste ma tic re vi ew re ve a led that physi ot he rapy in ter ven ti ons, par ti cu larly ne u roph ysi o lo gi cal
ap pro ac hes and in so me ex tend re sis ti ve exer ci ses, tre ad mill tra i ning, who le-body vib ra ti on and pres su re
splint app li ca ti on can be ef fec ti ve in im pro ving ba lan ce and ga it in pa ti ents with MS. No ne of the RCTs
inc lu ded in this study de fi ned any det ri men tal chan ges af ter physi ot he rapy in ter ven ti ons. Ho we ver, cur-
rently the pro ofs are not con vin cing to draw an evi den ce-ba sed prog ram in the tre at ment of ba lan ce and
ga it prob lems in patients with MS.

KKeeyy  WWoorrddss::  Mul tip le scle ro sis; pos tu ral ba lan ce; ga it; physi cal the rapy mo da li ti es 

ÖÖZZEETT  AAmmaaçç::  Bu sis te ma tik der le me nin ama cı fiz yo te ra pi nin mu tipl skle roz (MS) has ta la rın da den ge ve
yü rü yü şün ge liş ti ril me si üze rin de et ki li olup ol ma dı ğı nı be lir le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  On se kiz ya -
şı nın üze rin de, nö ro log ta ra fın dan MS ta nı sı kon muş, me di kal ola rak du ru mu sa bit olan ve den ge ve/ve -
ya yü rü yüş prob lem le ri olan has ta lar bu ça lış ma da yer al dı. Tüm fiz yo te ra pi yak la şım la rı nı (fonk si yo nel
eg zer siz ler, di renç li eg zer siz ler, yü rü me ban dı eği ti mi, her han gi bir ale tin kul la nıl dı ğı fi zik sel te da vi, elek -
tro te ra pi v.b.) içe ren ça lış ma lar bu sis te ma tik der le me ye da hil edil di ve yo rum lan dı. BBuull  gguu  llaarr:: Ça lış ma ya
da hil edil me kri ter le ri ni 9 ran do mi ze kon trol lü ça lış ma kar şı la dı. Üç ça lış ma nö ro fiz yo lo jik yak la şım la ra,
üç ça lış ma di renç li eg zer siz le re, bir ça lış ma yü rü me ban dı eği ti mi ne, bir ça lış ma elek tro te ra pi uy gu la ma -
sı na ve bir ça lış ma ba sınç splint uy gu la ma sı na te da vi pro to kol le ri içe ri sin de yer ver miş tir. Bu na gö re nö -
ro fiz yo lo jik yak la şım la rın yü rü yü şün fonk si yo nel ve tem po ral-spa ti al pa tern le ri ni ve sta tik den ge yi
ge liş tir di ği yö nün de kuv vet li ka nıt, di na mik den ge yi ge liş tir di ği yö nün de or ta se vi ye de ka nıt bu lun muş -
tur. Di ğer fiz yo te ra pi yön tem le ri nin (ör ne ğin; di renç li eg zer siz, yü rü me ban dı eği ti mi, tüm-vü cut vib ras -
yon ve ba sınç splint uy gu la ma sı) den ge ve yü rü yü şün ge liş ti ril me si üze rin de et ki le ri ko nu sun da tu tar sız
ka nıt el de edil miş tir. SSoo  nnuuçç::  Bu sis te ma tik der le me, özel lik le nö ro fiz yo lo jik yak la şım lar ol mak üze re, di -
renç li eg zer siz ler, yü rü me ban dı eği ti mi, tüm-vü cut vib ras yon uy gu la ma sı ve ba sınç splint uy gu la ma sı gi -
bi fiz yo te ra pi yön tem le ri nin de MS has ta la rın da den ge ve yü rü yü şün ge liş ti ril me si üze rin de bir mik tar
et ki li ola bil di ği ni gös ter miş tir. Bu araş tır ma da yer alan ran do mi ze kon trol lü ça lış ma lar dan hiç bi rin de fiz -
yo te ra pi uy gu la ma la rı so nu cun da her han gi bir za rar lı de ği şik li ğin or ta ya çık tı ğı be lir til me miş tir. Fa kat, ha -
len MS has ta la rın da den ge ve yü rü yü şün te da vi sin de ka nı ta da ya lı bir te da vi prog ra mı oluş tur ma ya ye te cek
dü zey de ka nıt mev cut de ğil dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Mu tipl skle roz; den ge; yü rü yüş; fi zik sel te da vi mo da li te le ri  

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001100;;3300((22))::448822--9933

Gözde İYİGÜN,a

Sibel AKSU YILDIRIM,a

Nicola SNOWDONb

aDepartment of 
Physical Therapy and Rehabilitation, 
Hacettepe University,
Faculty of Health Sciences, 
Ankara
bFaculty of Health and Wellbeing,
Sheffield Hallam University, Sheffield,
UK

Ge liş Ta ri hi/Re ce i ved: 28.10.2008 
Ka bul Ta ri hi/Ac cep ted: 28.01.2009

Ya zış ma Ad re si/Cor res pon den ce:
Gözde İYİGÜN
Department of Physical Therapy and
Rehabilitation, 
Hacettepe University,
Faculty of Health Sciences, 
Ankara, TÜRKİYE/TURKEY
gozdeiyigun@yahoo.com     

Cop yright © 2010 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



Turkiye Klinikleri J Med Sci 2010;30(2) 483

Physical Medicine and Rehabilitation İyigün et al

ul tip le scle ro sis (MS) is the ma jor ca u se
of ne u ro lo gi cal di sa bi lity in yo ung and
midd le-aged adults’.1 The es ti ma ted an-

nu al me an in ci den ce in Eu ro pe is 4.3 ca ses per 100
000.2 MS is an au to im mu ne cen tral ner vo us system
(CNS) di sor der, cha rac te ri sed by inf lam ma tory de-
m ye li na ti on and ne u ro nal loss.3 The dem ye li na ti on
pro cess ca u ses slo wing of con duc ti on spe ed and
con duc ti on block. Thus, the dec re a sed ef fi ci ency
of mo tor unit ac ti va ti on con se qu ently con tri bu tes
im pa i red cog ni ti ve and mo tor per for man ce in pa ti -
ents with MS.4,5

Re du ced mo bi lity, ab nor mal ga it mec ha nics,
po or ba lan ce, musc le we ak ness and fa ti gu e are the
fac tors ca u sing di sa bi lity in MS pa ti ents.6 Ata xi a
and in co or di na ti on are among the most comp lex
and res tra int symptoms and, usu ally they ac com -
pany ot her di sa bi li ti es. Ce re bel lar/bra in stem in-
vol ve ment, dor sal co lumn di se a se or a com bi na ti on
of the se two may re sult in ata xi a in MS.7 Ata xi a
may be pri ma rily trun kal ata xi a which in ter fe res
with sit ting and stan ding ba lan ce re sul ting in dis-
tur ban ces of pos tu ral con trol.8 On the ot her hand,
ba lan ce may al so be af fec ted du e to musc le we ak -
ness, so ma to sen sory, vi su al and ves ti bu lar system
de fi cits.

The chan ges in the tem po ral-spa ti al ga it pa ra -
me ters (i.e. re du ced spe ed and in cre a sed do ub le
sup port pha se) are fo und to be as so ci a ted with im-
pa i red ba lan ce in the early sta ges of the di se a se.9,10

Im pa i red ga it and ba lan ce may in cre a se the risk of
falls, re du ce ac ti vi ti es of da ily li ving and dec re a se
qu a lity of li fe. 

The ba sic physi ot he rapy ap pro ac hes in the tre -
at ment of MS pa ti ents with ba lan ce and ga it prob-
lems inc lu de exer ci se the rapy (e.g. ae ro bic
exer ci ses, streng the ning, stretc hing, po ol exer ci ses,
ne u roph ysi o lo gic ap pro ac he s...), elec trot he rapy ap-
pro ac hes (e.g. ne u ro mus cu lar elec tri cal sti mu la ti -
on-NMES, func ti o nal elec tri cal sti mu la ti on-FES,
trans cu ta ne os elec tri cal nev re sti mu la ti on-TENS,
who le-body vib ra ti on), ort ho tic and sup por ti ve ap-
pro ac hes, energy sa ving tech ni qu es, hydrot he rapy
ap pro ac hes and, etc. Ho we ver, tre at ment prog ram
sho uld be plan ned ac cor ding to the spe ci fic ne eds

of the pa ti ents in res pect of type, symptoms and
prog no sis of MS.

It is li kely that pa ti ents with MS ex pe ri en ce
det ri men tal chan ges li ke fa ti gu e, vi su al dis tur ban -
ces, in cre a sed sen sory symptoms and re du ced phys-
i cal func ti on as a re sult of un der ta king an exer ci se
prog ram.11 The re fo re, the pa ti ents ha ve be en dis-
co u ra ged from exer ci sing for many ye ars.12 Ho we -
ver, it has be en shown that pa ti ents do not
ex pe ri en ce de le te ri o us chan ges in symptoms with
com men ce ment le vel of exer ci se tre at ment.11 Mo -
re o ver, in di vi du al exer ci se prog ram can im pro ve
se ve ral me a su res of well-be ing, re du ce fa ti gu e and
im pro ve strength in pa ti ents with MS.5,12

Re cent re vi ews ha ve be en performed in order
to determine the ef fec ti ve ness of exer ci se the rapy in
MS.13,14 It was shown by the se re vi ews that exer ci se
the rapy was be ne fi ci al for ac ti vi ti es of da ily li ving,
physi cal fit ness, musc le strength, mo bi lity and ba l-
an ce in pa ti ents with MS. In ad di ti on, they only in-
ves ti ga ted the ef fects of exer ci se the rapy and no
re com men da ti ons we re ma de re gar ding ef fec ti ve ex-
er ci se the rapy met hods in im pro ving ba lan ce and
ga it. Exer ci se the rapy cons ti tu tes a fun da men tal part
of the physi ot he rapy met hods in the tre at ment of
ba lan ce and ga it in MS pa ti ents. Ho we ver, it is pos-
sib le to be ne fit from the ot her physi ot he rapy met h-
ods du e to the mul ti fac to ri al na tu re of ba lan ce and
ga it func ti ons. The re fo re, it is ne ces sary to de fi ne the
ef fects of the dif fe rent types of exer ci se the rapy and
the ot her physi ot he rapy met hods. The pri mary aim
of this syste ma tic re vi ew was to de ter mi ne whet her
physi ot he rapy was ef fec ti ve in im pro ving ba lan ce
and ga it in pa ti ents with MS. The se con dary aims
we re (a) to iden tify the ef fec ti ve tre at ment met hods
in im pro ving ga it and ba lan ce, (b) to de ter mi ne the
as pects of ba lan ce and ga it im pro ved by physi ot he -
rapy.

MA TE RI AL AND MET HODS

LI TE RA TU RE SE ARCH

Two re vi e wers se arc hed fol lo wing com pu te ri zed
da ta ba ses in de pen dently to iden tify re le vant tri als:
MED LI NE (1966-2007), EM BA SE (1974-2007), CI -
NAHL (1982-2007), AMED (1985-2007), Coc hra -
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ne Cen tral Re gis ter of Con trol led Tri als (Is su e 3,
2007), PED ro (up to Ju ne 2007). The fol lo wing se -
arch terms and the ir com bi na ti ons we re used to
iden tify the tri als in MED LI NE da ta ba se and adap -
ted to the ot her da ta ba ses:

1. Mul tip le scle ro sis

2. Dis se mi na ted scle ro sis

3. En cep ha lom ye li tis dis se mi na te

4. Dem ye li na ting di se a ses

5. 1 OR 2 OR 3 OR 4  

6. Walk*

7. Ga it

8. Am bu la ti on

9. 6 OR 7 OR 8

10. Ba lan ce

11. Equ i lib ri um

12. Pos tu re*

13. Pos tu ral con trol

14. 10 OR 11 OR 12 OR 13 

15. 9 OR/AND 14

16. Exer ci se

17. Exer ci se the rapy 

18. Re ha bi li ta ti on

19. Ne u ro lo gi cal re ha bi li ta ti on

20. Physi ot he rapy

21. Physi cal The rapy

22. 16 OR 17 OR 18 OR 19 OR 20 OR 21

23. 5 AND 15 AND 22

24. Ran do mi sed con trol led tri al

25. Ran do mi sed con trol led study

26. Ran do mi sed cli ni cal tri al

27. Ran do mi sed tri al

28. Ran dom*

29. Con trol led cli ni cal tri al

30. Ex pe ri men tal cli ni cal tri al

31. Ex pe ri men tal gro up de sign 

32. 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 
30 OR 31 

33. 23 AND 32

All the ava i lab le stu di es eit her in the form of
abs tract or full text we re analy zed. In ca se of any
do ubt, full text ar tic les we re ret ri e ved and as ses sed
by the re vi e wers. Fi nally, ap prop ri a te full text ar-
tic les pub lis hed in Eng lish we re inc lu ded into the
study.

CRI TE RI A FOR INC LU SI ON

Types of stu di es: Ran do mi sed con trol led tri als
(RCTs) we re inc lu ded in this re vi ew. Ran do mi sed
cros so ver tri als we re al so con si de red as RCTs.15 

Types of par ti ci pants: Stu di es in vol ving me di -
cally stab le MS pa ti ents with ba lan ce and/or ga it
di sor ders, patients abo ve the age of 18 ye ars who
we re not ex pe ri en cing on go ing re lap se as di ag no -
sed by a ne u ro lo gist. The Ex pan ded Di sa bi lity Sta-
tus Sca le (EDSS) sco re of pa ti ents inc lu ded in the
stu di es had to be less than 8.

Types of in ter ven ti on: In ter ven ti ons we re not
res tric ted to a spe ci fic met hod. All types of physi -
ot he rapy ap pro ac hes we re con si de red; func ti o nal
exer ci se, re sis ti ve exer ci se, tre ad mill tra i ning,
physi cal the rapy using tra i ning with equ ip ment
and elec trot he rapy. All the in ter ven ti ons in the in-
c lu ded stu di es we re com pa red with no the rapy,
pla ce bo the rapy or anot her in ter ven ti on. 

Types of out co me me a su res: Stu di es that used
at le ast one out co me me a su re to eva lu a te ba lan ce
and/or ga it we re inc lu ded. The ba lan ce me a su re -
ments we re analy zed as sta tic (e.g sing le leg stan -
ce ti me, pos tu rog rap hic me a su re ments), dyna mic
(e.g ti med up and go) and per for man ce ba sed (e.g.
Berg ba lan ce sca le, Equ is ca le). The ga it me a su re -
ments we re analy zed as tem po ral-spa ti al pa ra me -
ters (e.g. stri de length, step width) and func ti o nal
(e.g. Ri ver me ad vi su al ga it analy sis, ti med walk
tests). 

The stu di es we re exc lu ded if they; 

1. Had a study de sign ot her than ran do mi sed
con trol led tri als (RCTs) 

2. In vol ved me di cally uns tab le MS pa ti ents or
pa ti ents who we re ex pe ri en cing on go ing re lap se,
pa ti ents less than 18 ye ars old and pa ti ents with
EDSS sco re gre a ter than 8
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3. Had com pri sed in ter ven ti ons that was not
res tric ted to physi ot he rapy (i.e. me di cal tre at ment
plus physi ot he rapy, co o ling tech ni qu es and etc)

4. Had not used any ba lan ce and/or ga it me a -
su re ments

QU A LITY AS SESS MENT

The met ho do lo gi cal qu a lity of all inc lu ded stu di es
we re as ses sed by the re vi e wers in de pen dently
using the Physi ot he rapy Evi den ce Da ta ba se (PED -
ro) sca le and cross-chec ked as gi ven by PED ro re-
vi e wers. The PED ro sca le is an 11-item sca le, the
first item (eli gi bi lity cri te ri a) as ses ses ex ter nal va li -
dity which do es not con tri bu te to the to tal sco re
and the re ma i ning ten items as sess in ter nal va li dity
of the RCTs. The sca le as ses ses ran do mi za ti on, al-
lo ca ti on con ce al ment, ba se li ne com pa ra bi lity, blin -
ding of sub jects, blin ding of the ra pist, blin ding of
as ses sors, ade qu a te fol low up, in ten ti on-to-tre at
analy sis, bet we en gro up com pa ri sons, po int es ti -
ma tes and va ri a bi lity (Tab le 1). The sco ring of
PED ro sca le is 1 for yes and 0 for no, the ma xi mum
sco re being 10.16 

DA TA EX TRAC TI ON

For each inc lu ded study, da ta were ex trac ted by
two re vi e wers (GI and NS) in de pen dently and cross
chec ked for ac cu racy. In for ma ti on abo ut the study
de sign, cha rac te ris tics of pa ti ent po pu la ti on (num-
ber of par ti ci pants, type of MS, di se a se du ra ti on,
age, gen der, and ex pan ded di sa bi lity sta tus sca le-

EDSS sco re), and num ber of dro po uts from the
study, type of in ter ven ti on, out co me me a su res and
re sults we re ex trac ted. 

BEST EVI DEN CE SYNTHE SIS
A qu an ti ta ti ve analy sis of the da ta was not pos sib -
le du e to the he te ro ge ne ity of the stu di es with re-
s pect to the type, se ve rity and du ra ti on of MS,
out co me me a su res and in ter ven ti ons. Hen ce, a qu -
a li ta ti ve analy sis was per for med by using the le vels
of evi den ce for the ef fec ti ve ness of physi ot he rapy
on ba lan ce and ga it, ba sed on the met ho do lo gi cal
qu a lity and con sis tency of the evi den ce from the
inc lu ded stu di es:17

Strong evi den ce: Con sis tent out co mes
among mul tip le high-qu a lity RCTs (PED ro ≥ 6) 

Mo de ra te evi den ce: Con sis tent out co mes
among mul tip le low qu a lity RCTs and/or con-
trolled clinical trials (CCTs) and/or one high qu a -
lity RCT

Li mi ted evi den ce: One low-qu a lity RCT
and/or CCT

Conf lic ting evi den ce: In con sis tent out co mes
among mul tip le tri als (RCTs and/or CCTs) 

No evi den ce: No RCTs or CCTs

A study was con si de red as high-qu a lity if it
had a to tal PED ro sco re ≥ 6,16 stu di es not me e ting
this le vel were ra ted as low-qu a lity. Con sis tency
was as ses sed by sta tis ti cally sig ni fi cant fin dings in
out co me me a su res of the stu di es.17-19

Trial 1 2 3 4 5 6 7 8 9 10 11 Score

Lord 199823 √ √ √ √ - - - √ - √ √ 6

Jones 199922 √ √ √ √ - - - √ - √ √ 6

Armutlu 200120 √ √ - √ - - √ √ - √ √ 6

Stephens 200128 √ √ - √ - - - - - √ √ 4

Wiles 200126 √ √ √ √ - - √ √ - √ √ 7

DeBolt 200421 √ √ √ √ - - - √ - √ √ 6

Romberg 200424 √ √ - √ - - - √ √ √ √ 6

Schuhfried 200525 √ √ - √ - - √ √ - √ √ 6

van den Berg 200627 √ √ √ √ - - √ - - √ √ 6

TABLE 1: Methodological quality of included studies (PEDro Scale).

PEDro Items: 1- Eligibility criteria, 2- Random allocation, 3- Concealed allocation, 4- Baseline comparability, 5- Blind subjects, 6- Blind therapist, 7- Blind assessors, 8- Adequate fol-

low-up, 9- Intention-to-treat analysis, 10- Between-group comparison, 11- Point estimates and variability. 

*Eligibility criteria item does not contribute to total score. 
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RE SULTS

INC LU DED AND EXC LU DED STU DI ES

Elec tro nic and ma nu al se arch yi el ded 248 tit les and
abs tracts 214 of which exc lu ded du e to re fe ren ce
for ne u ro lo gi cal di sor ders ot her than MS, in ter -
ven ti ons ot her than physi ot he rapy, not be ing pub-
lis hed in a jo ur nal or dup li ca te pub li ca ti on.
Thirty-fo ur full ar tic les we re ret ri e ved for furt her
analy sis; of the se twenty-fi ve we re exc lu ded by re -
a sons of not be ing an RCT, be ing writ ten in a lan-
gu a ge ot her than Eng lish, app lying in ter ven ti ons
ot her than physi ot he rapy or using ir re le vant out co -
me me a su res. As a re sult, 9 RCTs we re inc lu ded in
this syste ma tic re vi ew.  

MET HO DO LO GI CAL QU A LITY

The met ho do lo gi cal qu a lity sco res of all the inc lu -
ded stu di es are gi ven in Tab le 1. The ave ra ge sco re
of the stu di es was 5.9 (4-7). Eight stu di es we re con-
si de red as high-qu a lity (PED ro sco re ≥ 6).20-27 Only
one study was con si de red as low-qu a lity (PED ro
sco re < 6).28 Blin ding of the ra pists and blin ding of
pa ti ents we re the most com mon fa i lu re; no ne of
the stu di es ac hi e ved the se two cri te ri a. Not using
an in ten ti on-to-tre at analy sis was anot her most
com mon met ho do lo gi cal fa i lu re; only one study24

met this cri te ri on. 

An over vi ew of the stu di es des cri bing the
study de sign, pa ti ent po pu la ti on, in ter ven ti on, out-
co me me a su res and re sults is pre sen ted in Tab le 2.

Trial Study design Patient population Intervention of trial Outcome measure Results*

Lord et al, 199823 RCT N=20: F=10, T=10 F:5-7 weeks, 15-19 10 m timed 0 

*(F-Facilitation, T- Task-oriented session, 1 hour walk

Type MS: Chronic progressive Facilitation Treatment RMI 0

or relapsing-remitting (passive and active Stride length 0

Disease duration(yr)±SD techniques RVGA 0

F:18.3±7.0(9-28) T: 5-7 weeks, 15-19 BBS 0

T: 14±8.1(4-26) session, 1 hour

Mean age(yr)±SD Task-oriented Treatment

F: 52.1±11.0(35-69) (functional exercises) (assessment at

T: 54±8.1(43-65) baseline and after

Female/Male: 15/5 5-7 weeks)

Mean EDSS score ?

Dropouts: 3

Jones et al, 199922 RCT N=17: C=5, M=6, W=6 C: Supportive 10 m walk test 0

*(C- No exercise, M- Mobility phone calls but 50 m walk test 0

exercise, W- Weighted leg no physical therapy GUG + (W vs M,L)

exercise M: Mobility exercises EMG and 0

Type MS: Relapsing-remitting (stretching, general balance MVC of

Disease duration(yr)±SD and mobility exercises, quadricep 

C: 10(2.5-20), M:5(1-15) swimming and exercise

W: 5(1.5-8) bike)

Mean age(yr)±SD W: Weighted leg (assessment at

C: 43(36-54), M: 49(41-59) raising exercises to baseline and after

W: 38(40-48) strengthen quadriceps 8 weeks)

Female/Male: 14/3

Mean EDSS score ? * Therapy duration

Dropouts: 3 not specified

TABLE 2: Summary of included trials.

continued →
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Armutlu et al, 200120 RCT N=26: S=13, C=13 S: 4 weeks, 3 sessions STS 0

*(S- Study, C- Control) a week + 20 min Johnstone SLS time + (S vs C)

Type MS: Secondary pressure splints SW 0

or primary progressive, ataxic Neuromuscular rehabilitation 3 m timed 0

Disease duration(yr)±SD (PNF, Frenkel coordination walk

S: 6.15(5-9) exercises, Cawthorne-Cooksey AI 0

C: 6(4-9) exercises, mat activities, AB 0   

Mean age(yr)±SD balance exercises, gait ECT 0

S: 32.61(23-44) training) and Johnstone NECT 0

Female/Male: 16/10 sensory receptors) SSEP + (S vs C)      

Mean EDSS score C: 4 weeks, 3 sessions MEP 0

S: 4.53(3.5-5.5) a week

C: 4.88(4-5.5) Neuromuscular rehabilitation (assessment at

Dropouts: 0 baseline and    

after 4 weeks)

Stephens et al, 200128 RCT N=12: A=6, C=6 A: 10 weeks, 8 sessions Falls record 0

*(A- Awareness Through 20 hours Equiscale 0

Movement, C- Control) Awareness  though mCTSIB + (A vs C)

Type MS: Relapsing-remitting, movement classes LOS 0

Progressive or secondary (topics balance and ABC + (A vs C)  

progressive mobility) MSSE 0

Disease duration(mo)±SD C: 10 weeks, 6 hours     

A: 97.0±59.1, C: 85.8±83.4 Educational classes (assessment at 

Mean age(yr)±SD (medical and complementary baseline and

A: 56±9.9, C: 51.8±10.2 treatment of MS and after 10 weeks)

Female/Male: 8/4 social support

Mean EDSS score

A: 4.6±1.1, C: 4.9±1.2

Dropouts: 0

Wiles et al, 200126 RCT N=42: H/HO/C H: 8 weeks, 2 sessions RMI + (H,HO vs C)

*(H- Home physiotherapy 45 minutes SLS time + (H,HO vs C)

HO- Hospital outpatient Individual problem 6 m walk test + (H,HO vs C)

physiotherapy, C- Control) solving approach (one turn) 

Type MS : Chronic (focusing on more NHP + (H,HO vs C)

Disease duration(yr)±SD specific functional VAS-mobility + (H,HO vs C)

H/HO/C: 4.4±4.6 activities) HADS + (H,HO vs C)

Mean age(yr)±SD HO: 8 weeks, 2 sessions

H/HO/C: 47.2(28.2-68.8) 45 minutes (assessment at

Female/Male: 27/15 Individual problem baseline and 

Mean EDSS score: 6.0(4.0-6.5) solving approach after 8 weeks)

Dropouts: 2 focusing on more

facilitation techniques)

C: No therapy

DeBolt & McCubbin, 200421 RCT N=37: S=19, C=17 S: 8 weeks, 3 sessions AP Sway 0

*(S- Study, C-Control) a week, 35-50 minutes ML Sway 0

Type MS: B, CP, P, RR + 2-week instructional Sway velocity 0 

Disease duration(yr)±SD phase LEPR + (S vc C)

S: 15.1(1-40), C: 13.1(1-35) Home based resistance Up and go test 0

TABLE 2: Summary of included trials (cont).

continued →
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Mean age(yr)±SD exercise (functional

S: 51.6(41-67), C:44.8(25-69) activities to increase (assessment at

Female/Male: 29/8 strength and power of baseline and 

Mean EDSS score lower extremities) after 8 weeks)

S: 4(1.0-6.5), C: 3.5(1.5-6) C: 2-week instructional

Dropouts: 1 phase Maintaining activity level

Romberg et al, 200424 RCT N=95: S=47, C=48 S: 26 weeks 7.62 m walk test + (S vs C)

*(S- Study, C- Control) Exercise program 500 m walk test + (S vs C) 

Type MS ? (strength training, MIT knee extensor 0

Disease duration(yr)±SD aerobic exercise) VO� peak 0

S: 6.0±6.5 (0-23), C: No therapy Equiscale 0

C: 5.5±6.4 (0-28) UEE + (S vs C)

Mean age(yr)±SD BB 0

S: 43.8±6.3, C: 43.9±7.1

Female/Male: 61/34

Mean EDSS score (assessment at

S: 2.0(1.0-5.5), C: 2.5(1.0-5.5) baseline and 

Dropouts: 4 after 6 months)

Schuhfried et al, 200525 RCT N=12: S=6, P=6 S: 1 session, 9 minutes SOT 0   

(S- Study, Placebo Multidimensional whole TUG + (S vs P)

Type MS ? body vibration (only 1 week

Disease duration(yr)±SD ? (Amplitude: 3 mm, after treatment)   

Mean age(yr)±SD Frequency: 1-3 Hz, FRT 0  

S: 49.3±13.3(13-64) 5 series of 1 min each

P: 46±12.7(34-62) with breaks of 1 min) (assessment 

Female/Male: 9/3 P: 1 session, 9 minutes before treatment

Mean EDSS score Placebo TENS (Burst TENS 15 min, 1 week

S: 3.9±0.8(3-5) on non dominant forearm and 2 weeks after

P: 3.7±0.8(2.5-4.5) 5 series of 1 min each treatment)

Dropouts: 0 with breaks of 1 min)

van den Berg et al, 200627 RCT N=16: S=8, C=8 S: 4 weeks, 3 sessions FSS 0

(S- Study, C- Control) a week, maximum 30 10 m timed + (S vs C)

Type MS ? minutes walk (only 7 week

Disease duration(yr)±SD ? Immediate treadmill after treatment)

Mean age(yr)±SD training (week 3-6) 2 minute walk 0

S: (30-65), C: (30-65) (55-85% APMHR) test

Female/Male: 14/3 C: 4 weeks, 3sessions GNDS 0

* 1 data extra a week, maximum 30 Walking HR 0

Mean EDSS score  ? minutes

Dropouts: 3 Delayed treadmill (assessment at

training (week 8-11) baseline (2 weeks),

(55-85% APMHR) week 7 and week 12)

TABLE 2: Summary of included trials(cont).

*Statistically significant as reported by authors 
AB, Anterior Balance; ABC, Activities-specific Balance Confidence; AI, Ambulation Index; AP Sway, Anteroposterior Sway; BB test, Box and Block test; BBS, Berg Balance Scale; ECT, Equi-
librium Coordination Tests; EDSS, Expanded Disability Status Scale; FAC, Functional Ambulation Category; FAI, Frenchay Activities Index; FRT, Functional Reach Test; FSS, Fatigue Seve-
rity Scale; GNDS, Guy’s Neurological Disability Scale; GUG, Get Up and Go test; HADS, Hospital Anxiety and Depression Score; HR, Heart Rate; LEPR, Leg Extensor Power Rig; LOS, Limits
of Stability; mCTSIB, modified Clinical Test of Sensory Interaction in Balance; MEP, Motor Evoked Potentials; MIT knee extensors, Maximal Isometric Torque of knee extensors; MIT knee fle-
xors, Maximal Isometric Torque of knee flexors; ML Sway, Mediolateral Sway; MSSE, Multiple Sclerosis Self-Efficacy Scale; MVC, Maximum Voluntary Contraction; NE-ADL-I, Nottingham
Extended Activities of Daily Living Index; NECT, Non Equilibrium Coordination Tests; NHP, Nine Hole Peg Test; RMI, Rivermead Mobility Index;RVGA, Rivermead Visual Gait Assessment;
SOMCT, Short Orientation-Memory-Concentration Test; SOT, Sensory Organization Test; SSEP, Somatosensory Evoked Potentials; STS, Sensory Test Score; SLS Time, Single-limb stance
time; SW, Step Width; TUG, Timed Up and Go test; UEE, Upper Extremity Endurance; WV, Walking Velocity; VAS, Visual Analogue Scale
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All inc lu ded tri als we re writ ten in Eng lish and
pub lis hed af ter 1997. The inc lu ded ni ne tri als had
a to tal of 277 par ti ci pants. Fi ve tri als20,22-24,26 inc lu -
ded both ga it and ba lan ce me a su re ments, thre e tri-
als21,25,28 inc lu ded only ba lan ce me a su re ment, and
one tri al27 inc lu ded only ga it me a su re ment. 

IN TER VEN TI ONS

Various neurophysiological approaches (i.e. Facili-
tation approach, Task-oriented approach, Neuro-
muscular Rehabilitation, Awareness Through
Movement, Individual Problem Solving approach)
were included in three studies.23,26,28 Re sis ted exer -
ci ses we re per for med in thre e stu di es.21,22,24 One
study27 used tre ad mill tra i ning, one study25 elec-
trot he rapy mo da li ti es and one study20 pres su re
splint app li ca ti on in the ir the rapy pro to cols.

Ne u roph ysi o lo gi cal Ap pro ac hes

Two stu di es from the inc lu ded ni ne tri als me a su -
red ga it.23,26 Lord et al. com pa red two ne u roph ysi -
o lo gi cal ap pro ac hes; Fa ci li ta ti on ap pro ach and
task-ori en ted ap pro ach.23 Pa ti ents in each gro up
sho wed ove rall sig ni fi cant im pro ve ment in ga it
out co mes (10 me ter walk test-MWT, stri de length
and ri ver me ad vi su al ga it as sess ment- RVGA), ho -
we ver the re was no sig ni fi cant dif fe ren ce bet we en
two ne u roph ysi o lo gi cal ap pro ach gro ups. Wi les et
al. com pa red two ne u roph ysi o lo gi cal ap pro ac hes
(ho me and hos pi tal out pa ti ent tre at ment) with no
the rapy in the ir ran do mi zed cros so ver tri al.26 Sta-
tis ti cally sig ni fi cant dif fe ren ce was fo und in the
func ti o nal ga it me a su re ment (6 MWT with one
turn) in the two ne u roph ysi o lo gi cal ap pro ach gro -
ups in com pa ri son to no the rapy. Ho we ver, no sig-
ni fi cant dif fe ren ce was fo und bet we en two
ne u roph ysi o lo gi cal ap pro ach gro ups. The im pro -
ve ments in the in ter ven ti on gro ups we re fo und to
be short li ved, that was las ted for few we eks. 

Thre e stu di es me a su red ba lan ce.23,26,28 In the
study of Lord et al. the pa ti ents in each ne u roph -
ysi o lo gi cal ap pro ach gro up sho wed sta tis ti cally sig-
ni fi cant dif fe ren ces in the Berg ba lan ce sca le (BBS),
alt ho ugh the re was no sig ni fi cant dif fe ren ce bet -
we en two gro ups.23 Ac cor dingly, the study of Wiles
et al. fo und sta tis ti cally sig ni fi cant im pro ve ments
in the ba lan ce out co me of the pa ti ents me a su red

with sing le leg stan ce (SLS) ti me in the two ne u -
roph ysi o lo gi cal ap pro ach gro ups ho we ver, no sig-
ni fi cant dif fe ren ce was fo und bet we en the se two
gro ups.26 

The study of Step hens et al. fo und sta tis ti cally
sig ni fi cant dif fe ren ces in ba lan ce of the pa ti ents in
the ex pe ri men tal gro ups post-tre at ment.28 Ho we -
ver, the fin dings are conf lic ting (Tab le 2). The ef-
fec ti ve ness of awa re ness thro ugh mo ve ment
(ATM) was exa mi ned by com pa ring it with no
physi cal tre at ment (Edu ca ti o nal tre at ment- EDU).
The ne u roph ysi o lo gi cal ap pro ach (ATM) gro up
sho wed sta tis ti cally sig ni fi cant dif fe ren ce when
com pa red to the con trol (EDU) gro up on mCTSIB
and ac ti vi ti es-spe ci fic ba lan ce con fi den ce, but not
on li mits of sta bi lity (LOS) and equ is ca le.

The best evi den ce synthe sis from the se two
high-qu a lity23,26 and one low-qu a lity28 stu di es sug-
gests:

Strong evi den ce that ne u roph ysi o lo gi cal ap-
pro ac hes are ef fec ti ve in im pro ving func ti o nal ga -
it as me a su red by RVGA,23 10 MWT,23 6 MWT.26

Strong evi den ce that ne u roph ysi o lo gi cal ap-
pro ac hes are ef fec ti ve in im pro ving sta tic ba lan ce
as me a su red by SLS ti me26 and mCTSIB.28

Strong evi den ce that a spe ci fic ne u roph ysi -
o lo gi cal ap pro ach is not mo re ef fec ti ve than anot -
her in im pro ving both ga it and ba lan ce.23,26

Mo de ra te evi den ce that ne u roph ysi o lo gi cal
ap pro ac hes are ef fec ti ve in im pro ving tem po ral-
spa ti al ga it pa ra me ters as me a su red by stri de
length.23

Mo de ra te evi den ce that ne u roph ysi o lo gi cal
ap pro ac hes are ef fec ti ve in im pro ving per for man -
ce-ba sed ba lan ce as me a su red by BBS.23

Re sis ti ve Exer ci ses

Two stu di es me a su red ga it in the ir stu di es.22,24 Jo nes
et al. com pa red mo bi lity exer ci ses and re sis ti ve ex-
er ci ses (we igh ted leg exer ci ses) with no exer ci se.22

No sta tis ti cally sig ni fi cant dif fe ren ce was fo und in
the ga it out co mes me a su red with 10 MWT and 50
MWT among the thre e gro ups. Rom berg et al.
com pa red a 6-month exer ci se prog ram (re sis ti ve
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and ae ro bic exer ci se) with no exer ci se.24 The study
(re sis ti ve and ae ro bic exer ci se) gro up im pro ved sig-
ni fi cantly mo re than the con trol (no exer ci se) gro -
up on the ga it pa ra me ters 7.62 MWT, 500 MWT
and the first 50 m lap of 500 MWT post-tre at ment. 

The stu di es of De Bolt and McCub bin, Jo nes et
al. and Rom berg et al. me a su red ba lan ce.21,22,24 Jo nes
et al 1999 fo und that we igh ted leg exer ci se gro up
im pro ved sig ni fi cantly mo re than the mo bi lity ex-
er ci se and no exer ci se gro ups in the TUG (ti med up
and go) test.22 De Bolt and McCub bin com pa red the
ef fects of re sis ti ve exer ci se prog ram (ho me-ba sed
re sis tan ce tra i ning) with no exer ci se.21 The re was
no sta tis ti cally sig ni fi cant dif fe ren ce bet we en two
gro ups on ba lan ce pa ra me ters; me di o la te ral sway,
an te ro pos te ri or sway, sway ve lo city and the TUG
test. In the study of Rom berg et al., the ba lan ce me -
a su re (Equ is ca le) sho wed no chan ge in eit her gro -
up over ti me.24

The synthe sis of best evi den ce from the se
thre e high-qu a lity stu di es sug gests;

Mo de ra te evi den ce that re sis ti ve exer ci ses
to get her with ae ro bic exer ci ses are ef fec ti ve in im-
pro ving func ti o nal ga it as me a su red with 7.62 and
500 MWT.24

Conf lic ting evi den ce that re sis ti ve exer ci ses
are ef fec ti ve in im pro ving dyna mic ba lan ce as me -
a su red by TUG test. The study of Jo nes et al.22 has
fo und sta tis ti cally sig ni fi cant im pro ve ments on the
TUG test whe re as the study of De Bolt and McCub -
bin21 has de fi ned no sig ni fi cant re sults. 

Tre ad mill Tra i ning 

The ran do mi zed cros so ver tri al of van den Berg et
al. com pa red the ef fects of tre ad mill tra i ning on ga -
it.27 The study gro up re ce i ved im me di a te tre ad mill
tra i ning and the con trol gro up re ce i ved de la yed
tre ad mill tra i ning. The post-tre at ment re sults sho -
wed sig ni fi cant in cre a se in ga it spe ed me a su red by
10 MWT and non-sig ni fi cant in cre a se in ga it en-
du ran ce me a su red by 2-mi nu te walk test in the
study gro up com pa red to the con trol gro up. Ho w-
e ver, the tra i ning ef fects on ga it spe ed we re fo und
to re turn to wards the ba se li ne sco res in the fol low
up as sess ment. 

Ba sed on this high-qu a lity RCT the best evi -
den ce synthe sis sug gests;

Conf lic ting evi den ce that tre ad mill tra i ning
can be ef fec ti ve in im pro ving ga it. Tre ad mill tra i -
ning ap pe ars to be ef fec ti ve in im pro ving ga it spe -
ed but not ga it en du ran ce of the pa ti ents.   

Elec trot he rapy

The study of Schuh fri ed et al. com pa red the ef fects
of who le-body vib ra ti on with pla ce bo TENS (tran-
s cu ta ne o us elec tri cal ner ve sti mu la ti on) app li ca ti on
on ba lan ce.25 One we ek af ter tre at ment exa mi na ti -
on sho wed sta tis ti cally sig ni fi cant dif fe ren ce in the
TUG test in fa vo ur of the study (who le-body vib -
ra ti on) gro up which was not ob ta i ned in the fol-
low up as sess ment. No sta tis ti cally sig ni fi cant
dif fe ren ces we re fo und in the func ti o nal re ach test
(FRT) and sen sory or ga ni sa ti on test (SOT) af ter tre -
at ment in both gro ups. 

The best evi den ce synthe sis from this high-qu -
a lity study sug gests;

Conf lic ting evi den ce that who le-body vib -
ra ti on can be mo re ef fec ti ve than pla ce bo (TENS)
app li ca ti on in im pro ving ba lan ce of the pa ti ents. It
is li kely that who le-body vib ra ti on the rapy is ef-
fec ti ve in im pro ving dyna mic ba lan ce as me a su red
by TUG test, but not sta tic ba lan ce as me a su red by
FRT and SOT.

Pres su re Splint App li ca ti on 

Ar mut lu et al. com pa red the ef fects of John sto ne
Pres su re Splint (JPS) app li ca ti on and ne u roph ysi o -
lo gi cal ap pro ach (i.e. ne u ro mus cu lar re ha bi li ta ti on)
with ne u roph ysi o lo gi cal ap pro ach alo ne.20 Sta tis ti -
cally sig ni fi cant dif fe ren ces we re fo und in the ga it
out co mes (Step Width, 3 MWT and Am bu la ti on In -
dex-AI) in both study (JPS and ne u roph ysi o lo gi cal
ap pro ach) and con trol (ne u roph ysi o lo gi cal ap pro -
ach) gro ups post-tre at ment, alt ho ugh the re was no
sta tis ti cally sig ni fi cant dif fe ren ce bet we en two gro -
ups. This study fo und a sta tis ti cally sig ni fi cant dif-
fe ren ce in the SLS ti me of the study gro up whe re as
the re was no sta tis ti cally sig ni fi cant dif fe ren ce in
the an te ri or ba lan ce (AB) of the study gro up when
com pa red to the con trol gro up af ter tre at ment.
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The best evi den ce synthe sis ba sed on this
high-qu a lity RCT sug gests;

Conf lic ting evi den ce that John sto ne Pres su -
re Splint (JPS) app li ca ti on to get her with ne u roph -
ysi o lo gi cal ap pro ach co uld be bet ter than only
ne u roph ysi o lo gi cal ap pro ach in im pro ving ba lan -
ce.  It is pos sib le that JPS app li ca ti on to get her with
ne u roph ysi o lo gi cal ap pro ach is bet ter than ne u -
roph ysi o lo gi cal ap pro ach alo ne in im pro ving SLS
ti me but not an te ri or ba lan ce of the pa ti ents. 

DIS CUS SI ON

This re vi ew re ve a led that se ve ral physi ot he rapy
met hods, par ti cu larly ne u roph ysi o lo gi cal ap pro ac -
hes, and in so me ex tend re sis ti ve exer ci ses, tre ad -
mill tra i ning, who le body vib ra ti on and pres su re
splints, can be ef fec ti ve in im pro ving the ba lan ce
and ga it in pa ti ents with MS. No ne of the inc lu ded
stu di es des cri bed de le te ri o us chan ges af ter physi ot -
he rapy tre at ments. Ho we ver, the pro ofs are still not
suf fi ci ent to draw an evi den ce-ba sed prog ram in the
tre at ment of ba lan ce and ga it prob lems. Mo re o ver,
the re we re li mi ted stu di es using ot her physi ot he -
rapy met hods that co uld not be inc lu ded du e to
using study de signs ot her than RCT. Hen ce, it was
not pos sib le to un ders tand the pla ce of the met hods
such as elec tri cal sti mu la ti on, ort ho tic de vi ces, and
hydrot he rapy ap pro ac hes in the tre at ment of ba lan -
ce and ga it di sor ders in pa ti ents with MS. 

The fin dings of thre e stu di es23,26,28 from the ni -
ne inc lu ded stu di es sup por ted the ef fec ti ve ness of
ne u roph ysi o lo gi cal ap pro ac hes. The stu di es com pa -
ring the ef fects of dif fe rent ne u roph ysi o lo gi cal ap-
pro ac hes fo und that no sing le met hod was mo re
ef fec ti ve than anot her in im pro ving the ba lan ce and
ga it in pa ti ents with MS.23,26 This was in har mony
with the fin dings of the pre vi o us re vi ew of Ri et berg
et al. which sug ges ted that spe ci fic exer ci se prog -
rams we re not su pe ri or to ot her exer ci se tre at ments
in im pro ving ac ti vi ti es and par ti ci pa ti on of MS pa-
ti ents.13 It is li kely that, re gard less of the ne u roph -
ysi o lo gi cal ap pro ac hes, dif fe rent tech ni qu es for the
adap ta ti on of the CNS are ef fec ti ve for in cre a sing
func ti o nal ac ti vi ti es in pa ti ents with MS. 

It is sug ges ted that in cre a sed co re body tem-
pe ra tu re or dec re a sed blo od glu co se le vel fol lo wing
exer ci se the rapy can ca u se fa ti gu e in pa ti ents with
MS.29,30 The li te ra tu re re vi ew of Dal gas et al. in di -
ca ted that re sis tan ce tra i ning in du ces ge ne ral be n-
e fi ci al ef fects on he alth and se ems to be well
to le ra ted in pa ti ents with MS.31 The pre sent study
sho wed that the ef fects of re sis ti ve tra i ning on ba l-
an ce and ga it were conf lic ting, which might be due
to the lack of the studies with high met ho do lo gi cal
qu a lity. All of the thre e stu di es which was used re-
sis ti ve tra i ning in the ir tre at ment pro to col inc lu -
ded low in ten sity tra i ning. The re fo re, no
de le te ri o us chan ges we re iden ti fi ed in fa ti gu e le vel
of pa ti ents af ter re sis ti ve tra i ning. Alt ho ugh the re
was so me evi den ce on the ef fects of re sis ti ve tra i -
ning, no ade qu a te in for ma ti on was ob ta i ned abo ut
the in ten sity, fre qu ency, du ra ti on, type and long
term ef fects of the re sis ti ve tra i ning for the re com -
men da ti on of the tre at ment prog ram for pa ti ents
with MS in im pro ving ba lan ce and ga it.   

Ba lan ce and ga it are comp lex func ti ons and are
go al di rec ted ne u ral or ga ni sa ti on of mul tip le, in te -
rac ting systems.32 The re fo re the ef fects of  tre ad mill
tra i ning on in cre a sing the amp li tu de, ti ming and
dis tri bu ti on of po wer du ring ga it per for man ce,33

who le-body vib ra ti on on im pro ving leg ex ten sor
strength vi a ‘to nic vib ra ti on ref lex’,34 and John sto ne
pres su re splint app li ca ti on on in cre a sing the sta bi -
li sa ti on in the lo wer ex tre mity jo ints by sti mu la ting
the de ep prop ri o cep ti ve re cep tors are pro mi sing. 

The pre sent re vi ew sho wed lar ge di ver sity of
pa ti ent cha rac te ris tics among stu di es. The pa ti ents
in vol ved in the stu di es sho wed va ri a bi lity of types
and se ve rity of MS, di se a se du ra ti on and me an age.
All of the stu di es me a su red the sa me do ma ins, ho -
we ver, a lar ge va ri ety of out co me me a su res we re
used in the as sess ment of ga it and ba lan ce. Ad di ti -
o nally, inc lu ding dif fe rent types of in ter ven ti ons
ca u sed he te ro ge ne ity of the da ta. The re fo re, the
he te ro ge ne ity of the pa ti ent cha rac te ris tics, se ve -
rity of MS, out co me me a su res and in ter ven ti ons
comp li ca ted the in ter pre ta ti on of the re sults. 

Al lo ca ti on con ce al ment, blin ding of ca re pro -
vi ders, blin ding of re ci pi ents, blin ding of as ses sors
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and in ten ti on-to-tre at analy sis are ac cep ted as the
most im por tant fac tors to re du ce se lec ti on, per for -
man ce, de tec ti on, and at tri ti on bi as of RCTs.15 Al-
t ho ugh six of the stu di es we re con si de red as high
qu a lity, no ne of them ac hi e ved all of the met ho do -
lo gi cal cri te ri a sta ted abo ve. Ho we ver, so me of the
cri te ri a are not ac hi e vab le du e to the na tu re of the
physi ot he rapy in ter ven ti ons such as blin ding of
the ra pists and blin ding of pa ti ents. 

Met ho do lo gi cal qu a lity as sess ment and the
best evi den ce synthe sis we re con duc ted to re du ce
the syste ma tic bi as. Ho we ver, the sub jec ti ve na tu -
re of the se as sess ments may le ad to re vi e wer bi as.
The re fo re, the met ho do lo gi cal qu a lity sco res we re
chec ked aga inst the sco res that ha ve be en gi ven by
PED ro re vi e wers, and the best evi den ce synthe sis
was tri ed to be ac hi e ved by ran king the evi den ce
ac cor ding to the conc lu si ons of the stu di es. Anot -
her ma jor li mi ta ti on of this re vi ew was inc lu ding
only the stu di es writ ten in Eng lish. The re fo re, the
stu di es writ ten in ot her lan gu a ges co uld not be in-
c lu ded. It is strongly re com men ded for the fu tu re
re vi e wers to inc lu de tri als writ ten in ot her lan gu -
a ges in or der not to miss any sig ni fi cant da ta.

This re vi ew shows the ne ed for re se arch on
less va ri ab le MS po pu la ti ons re gar ding their age

and di se a se cha rac te ris tics with lar ger samp le si zes
in or der to ob ta in mo re ho mo ge no us da ta. The ef-
fects of types and se ve rity of MS in the im pro ve -
ment of pa ti ents ne ed to be iden ti fi ed in fu tu re
stu di es. The se stu di es sho uld ful fil the met ho do lo -
gi cal cri te ri a, par ti cu larly con ce a led al lo ca ti on,
blin ding of the ra pists, blin ding of pa ti ents and in-
ten ti on-to-tre at analy sis. In ter na ti o nal con sen sus
abo ut co re set of out co me me a su res in MS re ha bi -
li ta ti on ne eds to be iden ti fi ed for fu tu re stu di es.

In conc lu si on, the so ur ces are still not ade qu -
a te to draw a so lid evi den ce for the tre at ment of
ba lan ce and ga it di sor ders in MS pa ti ents. Hen ce,
the re sults of this re vi ew sug gest that ne u roph ysi -
o lo gi cal ap pro ac hes may be gi ven pri o rity when
plan ning an exer ci se prog ram. Re sis ti ve exer ci ses
may al so be used sa fely in MS re ha bi li ta ti on, ho w-
e ver not much evi den ce has be en ob ta i ned for the
ef fects of re sis ti ve exer ci ses in im pro ving ba lan ce
and ga it. The ot her physi ot he rapy met hods such as
tre ad mill tra i ning, who le body vib ra ti on and pres-
su re splints are pro mi sing. It co uld be sug ges ted to
the cli ni ci ans to use a com bi na ti on of the se met h-
ods to en han ce the be ne fits of the physi ot he rapy
tre at ment. Ad di ti o nally, pa ti ents may be ne fit mo -
re from a lon ger or on go ing tre at ment prog ram.
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