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ABSTRACT

Multiple sclerosis (MS) with upper limb involvement is frequently referred to
rehabilitation and occupational therapy, causing impairment in manual dexterity. Action observation
therapy (AOT) is a treatment based on the activation of mirror neurons; however, its effectiveness and
type of implementation in these individuals have not yet been adequately studied. This study aimed to
investigate the effects of home-based AOT on dexterity and functional independence.
ETEEE In this pilot single-blind clinical trial, 18 patients with MS diagnosed by a neurologist from
Damghan and Shahroud were recruited using convenience sampling. They were allocated into three
groups in order of entry into the study: Action observation in clinic (n=6), home-based action observation
(n=6), and control (n=6). In all three groups, conventional occupational therapy interventions were
performed for 30 minutes, and action observation exercises were performed for 20 minutes, in the action
observation group at the end of the treatment session by the therapist in the clinic environment, and
in the home-based action observation group the next day, with or without the help of caregivers in the
home environment. Dexterity was measured using the Purdue Pegboard and Box and Block tests, and
functional independence was measured using the Functional Independence Measure questionnaire,
before and after 4 weeks (10 sessions) of the treatment process and at follow-up after one month of
the treatment process. Descriptive statistics for demographic information were used, and a two-way
mixed repeated measures analysis of variance (ANOVA) was used to analyze dexterity and functional
independence.
[{EEVTE The two groups of action observation, unlike the control group, showed significant improvement
in dexterity and functional independence at the end of ten intervention sessions compared to before
the intervention (P<0.05), and these scores were maintained at the follow-up stage one month after the
intervention sessions (P>0.05). However, in the between-group comparison, no significant difference
was observed between the groups of action observation and home-based action observation (P>0.05).
[@TEIERT The results of this study showed that providing AOT alongside conventional occupational
therapy, whether in the clinic or at home, has a dual therapeutic effect on the dexterity and functional
¢ independence of patients with MS, which was maintained during follow-up. Therefore, home-based AOT
Received: 23 Apr 2025 © appears to be a useful complementary treatment for improving dexterity and functional independence
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Introduction

ultiple sclerosis (MS) is a chronic, de-

bilitating autoimmune disease with a pro-

gressive and cumulative inflammatory

course over a relatively long period. The

destruction of the myelin sheath in sepa-
rate areas of the central nervous system causes plaques
that range in size from one or two millimeters to several
centimeters, and depending on the extent, time of onset,
volume of lesions and plaques, and location of the lesion,
it leads to heterogeneous characteristics and different
functional disabilities of varying severity in a person with
MS.

One of the most common and crucial problems of these
patients is upper limb dysfunction. Upper limb dysfunc-
tion is observed in approximately 75% of people and
adversely affects participation and quality of life. These
problems include tremors, muscle weakness, sensory
deficits, incoordination, spasticity, reduced range of mo-
tion, and decreased dexterity in one or both hands. Dis-
abilities in the distal parts of the upper extremity are more
common and are referred to as manual dexterity or hand
function disorder. Dexterity deficits interfere with eating,
dressing, and washing activities in 44% of people. Inabil-
ity to perform fine motor skills limits a person’s ability
to pick up objects, hold objects in their hands, write or
button clothing, control eating utensils, and perform simi-
lar tasks. This prevents the individual from performing
activities of daily living, social activities, and employ-
ment, leading to a lack of participation and ultimately
reducing the individual’s quality of life. One of the areas
of study in the rehabilitation treatments of neurological
diseases, especially in central nervous system lesions, are
treatments that affect neural plasticity. Neuroplasticity is
the ability of the nervous system to adapt in response to
environmental or physiological changes (experiences)
that cause cortical reorganization of structural lesions in
the central nervous system. It has been determined that
the mirror neuron system, which is a collection of nerves
distributed throughout the brain and spinal cord, plays an
important role in this regard. Observing an action can ac-
tivate these neurons just as much as performing the same
action. Among these therapies, action observation therapy
(AOT) is one of the most effective. AOT involves sys-
tematically observing movements through a video clip,
often accompanied by performing the same movements,
leading to motor training, the creation or reconstruction of
motor memory, and neuroplasticity.

Scientific Journal of

The effect of using AOT alongside conventional reha-
bilitation treatment on MS patients has previously been
studied. A systematic review article found moderate evi-
dence supporting this approach in patients with MS. Due
to the special characteristics of the action observation
treatment method, which is an individual intervention and
can be performed at home, it can be used in special situa-
tions, such as remote rural areas or for people who are un-
able to bring patients to rehabilitation due to lack of time
and job position, etc. as well as during health emergencies
such as the pandemic of a disease, such as the coronavirus
(COVID-19), which also helps reduce costs and increase
resources for national health systems. However, no study
has compared the results of providing this treatment at
home with those in the clinic for patients with MS. There
are intervening variables, such as the absence of a thera-
pist, lack of access to the required equipment, or reduced
adherence to the exercises due to lack of interest or lack
of concentration, which may affect the results of the treat-
ment. This study aimed to investigate the effects of home-
based AOT on dexterity and functional independence.

Methods

This pilot single-blind clinical trial recruited 18 right-
handed patients with relapsing-remitting MS (RRMS) di-
agnosed by a neurologist from Shahroud and Damghan,
through convenience sampling. After obtaining informed
consent, participants were randomly assigned to three
groups in order of entry into the study: action observation
in clinic (n=6), home-based action observation (n=6), and
control (n=6). The inclusion criteria included the diagno-
sis of relapsing-remitting MS (RRMS) with upper limb
impairment by a neurologist, age range 25-60 years, at
least three months have passed since the last relapse, 1 <
EDSS score <7.5, mini-mental status examination score >
21, absence of accompanying neurological and orthope-
dic disorders and access to a mobile phone with a screen
of approximately 6.5 inches for the home-based action
observation group. The exclusion criteria included the
occurrence of a new relapse during the study and not per-
forming exercises at home for more than two sessions or
incomplete performance of exercises for more than three
sessions.

All participants underwent 30 minutes of conventional
occupational therapy interventions for 10 sessions (3 days
per week). AOT exercises were performed for 20 minutes.
The video clips include performing tasks with 8 differ-
ent everyday objects, such as folding a piece of cloth and
opening it again with the fingertips, lifting and placing the
book horizontally on the table, lifting and placing a glass
on the table, removing a pen from a pencil case and put-
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ting it back in, pulling a string of tape dispenser with the
fingertips and cutting it, holding a handful of peas and
beans in the hand and pouring them into the container,
taking out and putting a bank card back into the wallet,
turning the pen with the fingertips. The video clip for each
task included 3 minutes (observation of movement from
three angles). Then, the participant performed the same
task with the affected hand for 2 minutes. In the control
group, a film of natural scenery without human or animal
movements was shown. Participants were assessed using
the standard Box and Block and Purdue Pegboard tests
and the functional independence measure before the in-
tervention, after completing 10 intervention sessions, and
at follow-up (1 month after completing the interventions).
Descriptive statistics for demographic information were
used, and a two-way mixed repeated measures analysis
of variance (ANOVA) was used to analyze dexterity and
functional independence.

Results

The two groups of action observation, unlike the control
group, showed significant improvement in dexterity and
functional independence at the end of ten intervention ses-
sions compared to before the intervention (P<0.05), and
these scores were maintained at the follow-up stage one
month after the intervention sessions (P>0.05). However,
in the between-group comparison, no significant differ-
ence was observed between the groups of action observa-
tion and home-based action observation (P>0.05).

Conclusion

The results of this study showed that providing AOT
practices alongside conventional occupational therapy,
whether in the clinic or at home, has a dual therapeutic
effect on the dexterity and functional independence of pa-
tients with MS, which was also stable in the short-term
period of one month. Therefore, home-based AOT ap-
pears to be useful as a complementary treatment for im-
proving dexterity and functional independence in patients
with MS.
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11. intraclass correlation
\Y. internal consistency
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8. Box & Block Test (BBT)
9. Purdue Pegboard Test (PPT)
10. Functional Independence Measure (FIM)
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13. Shapiro-Wilk Test

09,5 2 3 b yusio @lﬂ»‘ Abfuabjsbu@“w Sledb! Y J,A?

uno il 2t e Silee

09,5 )
S 5 51 n Jos 230Lia Jos sablio i

FoIAVEY o3 Y5/55 DAY PrEar o
VeIs5EONNY VIPYEYIAS AENF) 3 o e
YSIAYEV/AF YVIYYEV /Y YANSE/AA Bl e
DFVE Y fY/-4 ¥IVOL)/FY e s

- /ATTENYD- V$l0- £ V05 V- O/ATYEN Y+ blae Sty

WATTEYVVAY V- UAPTE)VAYY VY- o£VVAY Ve 3l g 6 Sla Izl

S IAYYEVFI0OY V-NB--£VE/FYY V- \SEEVIVAY S

YA/NSELO/ 15 Yo IAPYEOANY FV/e+ YA e Sty

Ty YA\FEEEIA YAAYYEY/YD. Ve Py ““‘“&;:;’ 2
VIVAVYLYIVAS YVIAYYEEIV-A YSI\P5E0I Y5 e

WIAPTEVYY VF/0- 10/ A% \YIss5Eb/5A- bslae Sty

VEITTYLY/-50 \\SSLOIARD WINFSES0AD ks Ve oy ““2;:’;’ 2
VEIAPYEY /Y \/\S5EB/¥5A \SIs55ESINYE S

2395l Juillo 4 Mo oy lost 5 J 30 32 (0 ok 2300 o3 1.0 0R g (il puo oma


http://medrehab.sbmu.ac.ir/

& a2 of o z O oylos NF 090 NFoF (50 g 43T

s s
aalllas (gloeiie (295 (2 5 (59,5 (39 Syl (guiyt sl 550 (63l b il g Jeloss gl ' Jgi
Jloin ! ylade b1 jgdome f Sl ase B yiso
<eleey -Ifva IV ole;
<+f+ey AR WIAMD 09y5% yloj (48 £+ 1 duws) by sy
<elony oiia) VeIvYY 05)§
<efee) Slias N7ANs1 olej
<+f+ey -Iyv¥® V- IveY 09y5% cylej (458 5+ po olass) iyl wd 5
<efory <ISAY WAL 09,5
<elony <JoM WAW oles
<+f+ey -IveY VEIADA 09,5% o &>Sdas izl
oer¥ -IY$) VN 09

G5 9 goilim 0y95 48 aslllan (sla puiiie (Silie JSLES o898 (s Al gl F Joaa

Jlosad jlado o glbs Sl gLl dungllio 3,90 (5laog S i e byl
Veor e oe Y 095 05,8
YA -[o-¥ \/R ¥ 05,5 Y 09,5 9ai) Ly
Rt Aot Y/oe ¥ g5 Y 05 .
¥y PV Vst Y 00,5 Y o5, (a8 7+ 2 3as)
ANYY -IF¢ oe ¥ 05,5 055 S
% 8 VY ¥ 095 Y 05
JJARY JIvor s oS Y og)S
YA\ -Ivey Y\#% Y 09,5 Y 09,5 9ol e
Jevs JIvor Yfoos ¥ og)S Y 0,5 .
Vo JIvs5 e Y o9 ) ogsS (a5 7+ 3 slas)
¥y Iy55 ke Jys ey s
v AI¥55 Voes Jys P
A .oV VY Y ogS Y og)S
% .oV VAYY Js Y og)S ool o
¥y Jova Yisss Jis Y 0,5
P
/A A e Y 095 Y ogsS
YA A olsss Js Vog)S S
JR A sI\ss Js Y 095

o2l o 4 Mo i lost 9 S350 p2 (0 o 230Lbin o3 1) 0R g (1 pu0 oma o



http://medrehab.sbmu.ac.ir/

8355 JYiu!

ol s eo,Sae Plisul psie 29,5 o 4o
oanlice 09,5 95 [y (6365 Al 0 55 @2 5 905l Al e
03; 99 Lol o)lo S99 )‘JLS;.LA usL&u J).‘..S os)f L: J.A.C
G > o o Lol s jlas lo ciae glas p2 b Jos cnnline
(f O)LQ-A:I de?) Cudlas S¢>¢ )‘\JGAM u3l.n.> l&og; Oy
09,5 o ol o (60,8lee Planul jsie .Sl s
0,89 Oy Cyeilee Ol s L ¢ o oamlive 09,8 o ols ol
09,5 3 Pl D) cul g Geilim 5 Dol
o133 0ot e e g5 55 Sy 1 5 Jae sl
Bojlos Jgaz) P=+/+ - A) 092 J3 e y303lm 5 b3l A
T 8al 5 )50 yo AT Sy o dalllas oyl 4y gili 4l
Al (o 4ol gty angi &5 09 Jiie y0 Slig el sl

391 JS 0505 b SAFVY Joleo YA/FF del ytins 1 0 505 05aSlee
Sl pod )l Sl eSS Wb Gk 5l aes o lis oS

)0 3929 Jyie i (e (ShSulg (lgie 4y als o

5B (ad 25

Ao 0 ax b Slwdp) e (29,5 dslie

oanlio 09,5 90 [y o Sre Diglds (6 Sy )0 4z 9 (yg05l

05 Loc oanlica 05,5 4 el ols i |} 55 05,5 b foe
(F oot Jpior) AEN o sine gl

0555 2 1 55 i s et (el Sy
Ao o )0 o Shoe Dglas ¢ Jas oalie 05,5 o ol oylid
L osesliin alpe 5 P=o/o 2 ) 903l b 93l
‘_’Lo.c odalin 05; 5 el )L)u’_l.x.n (P=‘/’ ’Y) L;)"i"’ 0,90
b so3lota Al ye 5 onSibe Slis b J3ie p (e
S 0390 b ogiltm Al 5 (P<1o ) (ygejl
O g 55 755 09,5 0590 40 090 jlo Jxe (P=+/+ 1Y)
53 Wi S 5 g s o S o5 Dyl oo (510 Sxe
(0 o leds Joaz) a0y o sbo g0 5l plaSme Lo

Jos 0aaliio 05,8 50 10 dalllao (lasnite (aSilie duslia (sl (Sigyin: (raiiad (3905 i D Jgao

Jlesa! ylade S sl B puibe Cogléy Joly 0955 W yio

ofee¥ I VIAY oseilta 9ol
NAYg) Y. Y74 oseilota S Jos sanlin
oIYYY —ohYY -YIFS¥ 9ol S iy
ofsedd \ord ASYY U}‘)iJ%‘v U")TU“‘"‘ (@l’ Fep )L\”)
1¥ I5re vi ovota P

J3e
A —IyyY Vv oweilom o
R OAAL) /0 oseiluta 9ol
olesy «IyYY ¥/ o9eiluin I Jos ssnlin
<IMY «IyYY —+/o 4993, -

9ol S g 2y

qfoos A \lcze oseilote oseilom (7 )
Ay -I00¥ tisss oselote S cn Jos osalia

Je p
Voo e ofees 09"):10“3 ‘5)’;:,’
oloN¥ iass FINSY o9eiluie 90ilum
AR «I¥¥N YI\s# oeiluin Sy Jos ssnlie
«las¥ A\ —VAYY o9iloms I

&3 ySlas izl

olevh -Ivey [Yinns oweilote sl
Iy -I¥F /- st oSy | Sdsonls

J5e
Meos A -y o9oilom I

2395l Juillo 4 Mo oy lost 5 J 30 32 (0 ok 2300 o3 1.0 0R g (il puo oma


http://medrehab.sbmu.ac.ir/

055 5 (55, 5hae Pt 5 loys il g Fuile (ol

odalive ylo o &l ) (6 ol glas e pol> uoghy
Lo a5 o (Sloyd jgia> 9 Jrie dasre (o ¢ s
Jos canlie 09,5 (6,Ky Al o o Liad 0,50 oy SIS
ol Hlas o gawd iy 0 (6 e o S as ke s
ol gz Sl ol oy gl g FasS eSS b baslas
Olay Olyieds glays 95 cnl olo (i 55 Jite yo Dliy el
o382 455 9 Glgise 9 0l L2l Sl Jpe )3 (eSS
5 0,8 (SWj lase )0 09290 ilug 3l eolaul b Sileyo
e o oamlie yleys ol plouil 1y T eyg0 ol 5l (6 uXs
ad, JS o [¥ e Y] (o500 s o o o sl J5e
IYT el ons s 55 (s 30 el 5365 (51

ok el oe Sleade Gragh S by
BUEC NS 3,10 3939 i ladigeld laas ‘5‘;] sl ey
ORR9%) 5 0 (gaies,S (ol O gk ladiged Sl iy
S T Dl S5 L Lo il 5 555 50 5 S50
9 a8l rals pdlie (o)l B ogd plnil (29,5 arass 4
Qb I8 y95 (6 yin el 3l ol gl

EDSS uliie (y0gs bl oo (sloudgasme 550 |

Mo oot s 5505k Il s i S
s 2 I3 (ol iy 95T sy ¢ o 39 ISl il
Cz calio (65l amwgi ay Ls 1) ool Slow slails Slae
@ M hlony s 3,Skes bl gl s o
oo Sl 4 izren 35 g0 bl 3 IS il
Sl Glaicds )50 K 329,9: Fo 2l 5l eolainl (EDSS

Oleyo Dl yoi a8l ams so s asdllas (pl sl S gboay
4z (o 25ly 9 Sl )lS Jsare Loy JLS 0 Jas onalive
S8es pielas (Sloys S slls i o az g SeilS o
13 5 el 85 sl 5 1Sl il s S Lo ansd
Lo aSlxill g o )ls 5.5 (g lul anle Y CaolisS Slejuesls
S 03 Sl ($39a W9 o Sz Dol (o3 (nl )
S5 ail> ;o JoSh ey lgreas o le o £93 ol &l1 IS
slagiagy 4 il dalllae (nl @S (6 pdipreni Sz )l
GrSHged b9y § yude Sladiged slawi b Ko (el
3,08 9925 Bolas

Jos odalie oy pidu il o, addlas (pl 5l o
Mo lons (63, 8ae Pl g (s ) 2 J3e 2 (e
AT 833 ool Shae S o 15 St
Pl g (gwsjyols lis asllas (2l 00 e yo ol 3
Jos cvalice g Jos ovalin yloyd 09,5 90 2 10 (60,Sles
J)AJOS;QM%‘MW \- )‘werAJ)w
&_JBLDJ g’LQ.C odalive osjf 9o Lol cauziisls 6)‘QL».&A SO
A oo b (gl cxe

Sloog, S 5oyl g Clys slws g o bl (350
Slalllae zuls aazgil (S 09,5 4 Cond Jos odaline
iy Syt g 500 228 (53l JUsd 51 50 Wlgi oo iy
mas sl ;5 gl ohigts (5 o Slacl
w3l rae 555015k 5 slnl slaygs e b by
O Ced £S5y 0 Sl dguge (L8 Dlallas o [y- a4l
2395l Jidle a0 Do Lo o o oalin (oo |
03,5 Tuyid (S5 (Pl y oolog; 69 Shee Dl L,
SloaSies 10 Sl i oo Kok g 15,55 Caizan Y] Wi
9SS IS ibes (rl o) Sl JLSs B g S
b 3 9 3 Sual L Gen¥onile jo Sl Ly 2
09,5 e gz pae [YV] ol Jled @IS 1o w5 g oomlie
S 3 Jie p (e Joe oaalie 09,5 g Jos ovaline
ol ) Jie p e plops (o25u Gl b g cutyo
S oo ke Glhlews

e S N e
INETEV BV SV
ol ol gy o cire alslowe 5 s 4 G Lol w095 o Jixe
Jes cnalice 09,5 ;o Lol woyls alzlaw il il gl 5l lad
Al 5l o 0 S (656500 Al 0y i)l (w2 oS
adllas cpl 50 0g o Sre Sy Swd ) g 09 o gime
oo 3o loc 53 e 2 (S Jos ovalie oy
OSe il )5 2ie (§ b ($35ete & oS
e Oleys pglhis jo Sleys jea> 4y LS e Sy o
Oleys Ol 3l 6 Faile il Caol Bl s fpoie lyles
Gl (355 5 53 4w (Lo o Jos onaline
IYY Y] sgo0s 555 ot cladllas o

S3ged2 s Jos 0aalive 09,5 93 ;8 ;0 (60, Shae Pl

9 Jos oaalive 05,5 90 (o a8 Jl> o wls plis jlolies
Ll Y] cesls Slgsean 1575, sloazdly b oanlive ol i aago
ol Bl 3929 )l gie gl Lmog I (s (67050 Al e 50
0395 by (60, Slee Plaul o alsloe gl s o ylid
Sy oyl g 0g duda Ve asdllas ()l o IS Lol

o2l o 4 Mo i lost 9 S350 p2 (0 o 230Lbin o3 1) 0R g (1 pu0 oma


http://medrehab.sbmu.ac.ir/

B ojlos NF 090 NF+F 50 9 57

M Olaae

oo G Jgeol 31 595w

Basses o alalST cols) ales 5l B Jgol ales
alllas S5 gl gl G g oyl ledbol g0 ails oo
L @il @)Lv-‘ Slla>Mo gl LS‘)-?" SO Al Cule,
i Sy Sdj pole oSy DS axeS Jasdlygiis
IR.SBMU.) o,lois a5 M5 aS g ooy 4z )5 a5 oo ol 48
Cowl o <8l 0 (RETECH.REC.1402.244

b o>

Sloy,l5 al )l pulin I8 acbp bl 5l ais Sy allae oyl
S S pole olRisly ciseilgs oasSiils 1o S5 e dazeo
048 (el ol | Jlo S igTman 5 Al e L
oli.f.d‘.) ‘SCLQ...").A.C s‘_g)l.?ﬂ “5';.150 9 ‘505.0.9 ‘_ng ,MDU > 3 ).b GILA
‘:’@M' “53&5)&&9

@nlllas >k g popie 1o (LS jebar (Baiuss den
O P At 9 gls el dvosls Jdeigas 525 9 (559l 00
s o Lie allie
&lo o5

55 gl o a5 Alie S g gl i

(13548 9 ;S
oled 5 Gaiow (nl o (e eS 8 ples | alwgon
Olejle s )S ()b agh (2l dolhe o | Lo aS Slise
e bals 589,00l P Mlcns ol o sl pozml g (S 40
(1908 g ;S5 (S St (S pale olKidls (Yot

S0

2395l Juillo 4 Mo oy lost 5 J 30 32 (0 ok 2300 o3 1.0 0R g (il puo oma



http://medrehab.sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/

Scientific Journal of

References

[1] Ghandi Dezfuli M, Akbarfahimi M, Nabavi SM, Hassani Mehra-
ban A, Jafarzadehpur E. Can hand dexterity predict the disabil-
ity status of patients with multiple sclerosis? Medical Journal
of the Islamic Republic of Iran. 2015; 29:255. [PMID]

[2] Hashemi M, Sheikh M, Naghdi N. [Comparison of two meth-
ods of training effects on improving the functional abil-
ity of patients with multiple sclerosis (Persian)]. The Scien-
tific Journal of Rehabilitation Medicine. 2020; 9(2):199-209.
[DOI:10.22037/jrm.2019.111644.2078]

[3] Rocca MA, Meani A, Fumagalli S, Pagani E, Gatti R, Martinelli-
Boneschi F, et al. Functional and structural plasticity following
action observation training in multiple sclerosis. Multiple Scle-
rosis (Houndmills, Basingstoke, England). 2019; 25(11):1472-
87. [DOI:10.1177/1352458518792771] [PMID]

[4] Gandolfi M, Valé N, Dimitrova EK, Mazzoleni S, Battini E,
Benedetti MD, et al. Effects of high-intensity robot-assisted
hand training on upper limb recovery and muscle activity in
individuals with multiple sclerosis: A randomized, controlled,
single-blinded trial. Frontiers in Neurology. 2018; 9:905.
[DOI:10.3389/fneur.2018.00905] [PMID]

[5] Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et
al. Rising prevalence of multiple sclerosis worldwide: Insights
from the Atlas of MS, third edition. Multiple Sclerosis. 2020;
26(14):1816-21. [DOI:10.1177/1352458520970841] [PMID]

[6] Azami M, YektaKooshali MH, Shohani M, Khorshidi A, Mah-
mudi L. Epidemiology of multiple sclerosis in Iran: A systematic
review and meta-analysis. Plos One. 2019; 14(4):e0214738.
[DOI:10.1371/journal.pone.0214738] [PMID]

[7] Feys P, Lamers |, Francis G, Benedict R, Phillips G, LaRocca N, et
al. The Nine-Hole Peg Test as a manual dexterity performance
measure for multiple sclerosis. Multiple Sclerosis. 2017;
23(5):711-720. [DOI:10.1177/1352458517690824] [PMID]

[8] Webster A, Poyade M, Rooney S, Paul L. Upper limb reha-
bilitation interventions using virtual reality for people with
multiple sclerosis: A systematic review. Multiple Sclerosis
and Related Disorders. 2021; 47:102610. [DOI:10.1016/j.
msard.2020.102610] [PMID]

[9] GattiR, Tettamanti A, Lambiase S, Rossi P, Comola M. Improving
hand functional use in subjects with multiple sclerosis using a
musical keyboard: A randomized controlled trial. Physiothera-
py Research International: The Journal for Researchers and Cli-
nicians in Physical Therapy. 2015; 20(2):100-7. [DOI:10.1002/
pri.1600] [PMID]

[10] Ryan D, Fullen B, Rio E, Segurado R, Stokes D, O'Sullivan C. Ef-
fect of action observation therapy in the rehabilitation of neu-
rologic and musculoskeletal conditions: A systematic review.
Archives of Rehabilitation Research and Clinical Translation.
2021; 3(1):100106. [DOI:10.1016/j.arrct.2021.100106] [PMID]

[11] Mulder T. Motor imagery and action observation: Cognitive
tools for rehabilitation. Journal of Neural Transmission. 2007;
114(10):1265-78. [DOI:10.1007/s00702-007-0763-z] [PMID]

[12] Fadiga L, Fogassi L, Pavesi G, Rizzolatti G. Motor facilitation
during action observation: A magnetic stimulation study. Jour-
nal of Neurophysiology. 1995; 73(6):2608-11. [DOI:10.1152/
in.1995.73.6.2608] [PMID]

[13] Molinaro A, Micheletti S, Pagani F, Garofalo G, Galli J, Rossi
A, et al. Action observation treatment in a tele-rehabilitation
setting: A pilot study in children with cerebral palsy. Disability
and Rehabilitation. 2022; 44(7):1107-12. [DOI:10.1080/09638
288.2020.1793009] [PMID]

[14] Desrosiers J, Bravo G, Hébert R, Dutil E, Mercier L. Valida-
tion of the Box and Block Test as a measure of dexterity of el-
derly people: Reliability, validity, and norms studies. Archives
of Physical Medicine and Rehabilitation. 1994; 75(7):751-5.
[DOI:10.1016/0003-9993(94)90130-9] [PMID]

[15] Asher IE. Asher’s occupational therapy assessment tools:
An annotated index. North Bethesda: American Occupational
Therapy Association, Incorporated; 2014. [Link]

[16] Mathiowetz V, Volland G, Kashman N, Weber K. Adult norms
for the Box and Block Test of manual dexterity. The Ameri-
can Journal of Occupational Therapy. 1985; 39(6):386-91.
[DOI:10.5014/ajot.39.6.386] [PMID]

[17] Gallus J, Mathiowetz V. Test-retest reliability of the Purdue
Pegboard for persons with multiple sclerosis. The Ameri-
can Journal of Occupational Therapy. 2003; 57(1):108-11.
[DOI:10.5014/ajot.57.1.108] [PMID]

[18] Brosseau L, Wolfson C. The inter-rater reliability and construct
validity of the Functional Independence Measure for multiple
sclerosis subjects. Clinical Rehabilitation. 1994; 8(2):107-15. [D
01:10.1177/026921559400800203]

[19] Pierno AC, Turella L, Grossi P, Tubaldi F, Calabrese M, Perini
P, et al. Investigation of the neural correlates underlying ac-
tion observation in multiple sclerosis patients. Experimen-
tal Neurology. 2009; 217(2):252-7. [DOI:10.1016/j.expneu-
rol.2009.02.016] [PMID]

[20] Rocca MA, Tortorella P, Ceccarelli A, Falini A, Tango D, Scotti
G, et al. The "mirror-neuron system" in MS: A 3 tesla fMRI
study. Neurology. 2008; 70(4):255-62. [DOI:10.1212/01.
wnl.0000284667.29375.7¢] [PMID]

[21] Cordani C, Valsasina P, Preziosa P, Meani A, Filippi M, Rocca
MA. Action observation training promotes motor improve-
ment and modulates functional network dynamic connectiv-
ity in multiple sclerosis. Multiple Sclerosis. 2021; 27(1):139-46.
[DOI:10.1177/1352458519887332] [PMID]

[22] Dettmers C, Nedelko V, Hassa T, Starrost K, Schoenfeld MA.
Video Therapy”: Promoting hand function after stroke by Ac-
tion Observation Training-a pilot randomized controlled trial.
International Journal of Physical Medicine & Rehabilitation.
2014; 2:189. [DOI:10.4172/2329-9096.1000189]

[23] Kim DH. Comparison of short- and long-time action obser-
vation training (AOT) on upper limb function in children with
cerebral palsy. Physiotherapy Practice and Research. 2019;
41(1):53-8. [DOI:10.3233/PPR-190145]

Mirzaei M, et al. Effect of Home-Based Action Observation Therapy in Patients With Multiple Sclerosis. Sci J Rehab Med. 2025; 14(4):748-761.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://pubmed.ncbi.nlm.nih.gov/26793646/
https://doi.org/10.22037/jrm.2019.111644.2078
https://doi.org/10.1177/1352458518792771
https://www.ncbi.nlm.nih.gov/pubmed/30084706
https://doi.org/10.3389/fneur.2018.00905
https://pubmed.ncbi.nlm.nih.gov/30405526/
https://doi.org/10.1177/1352458520970841
https://www.ncbi.nlm.nih.gov/pubmed/33174475
https://doi.org/10.1371/journal.pone.0214738
https://www.ncbi.nlm.nih.gov/pubmed/30964886
https://doi.org/10.1177/1352458517690824
https://www.ncbi.nlm.nih.gov/pubmed/28206826
https://doi.org/10.1016/j.msard.2020.102610
https://doi.org/10.1016/j.msard.2020.102610
https://www.ncbi.nlm.nih.gov/pubmed/33212400
https://doi.org/10.1002/pri.1600
https://doi.org/10.1002/pri.1600
https://www.ncbi.nlm.nih.gov/pubmed/25045035
https://doi.org/10.1016/j.arrct.2021.100106
https://www.ncbi.nlm.nih.gov/pubmed/33778479
https://doi.org/10.1007/s00702-007-0763-z
https://www.ncbi.nlm.nih.gov/pubmed/17579805
https://doi.org/10.1152/jn.1995.73.6.2608
https://doi.org/10.1152/jn.1995.73.6.2608
https://www.ncbi.nlm.nih.gov/pubmed/7666169
https://doi.org/10.1080/09638288.2020.1793009
https://doi.org/10.1080/09638288.2020.1793009
https://www.ncbi.nlm.nih.gov/pubmed/32805150
https://doi.org/10.1016/0003-9993(94)90130-9
https://www.ncbi.nlm.nih.gov/pubmed/8024419
https://cir.nii.ac.jp/crid/1970304959940137894
https://doi.org/10.5014/ajot.39.6.386
https://www.ncbi.nlm.nih.gov/pubmed/3160243
https://doi.org/10.5014/ajot.57.1.108
https://www.ncbi.nlm.nih.gov/pubmed/12549896
https://doi.org/10.1177/026921559400800203
https://doi.org/10.1177/026921559400800203
https://doi.org/10.1016/j.expneurol.2009.02.016
https://doi.org/10.1016/j.expneurol.2009.02.016
https://www.ncbi.nlm.nih.gov/pubmed/19285072
https://doi.org/10.1212/01.wnl.0000284667.29375.7e
https://doi.org/10.1212/01.wnl.0000284667.29375.7e
https://www.ncbi.nlm.nih.gov/pubmed/18077798
https://doi.org/10.1177/1352458519887332
https://www.ncbi.nlm.nih.gov/pubmed/31686577
https://doi.org/10.4172/2329-9096.1000189
https://doi.org/10.3233/PPR-190145

This Page Intentionally Left Blank



