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Introduction

Multiple sclerosis (MS) is a chronic inflammatory and neu-
rodegenerative immune-mediated disease of the central ner-
vous system and is the leading cause of nontraumatic 
disability in young and middle-aged adults.1,2 People with 
MS (PwMS) typically present with neurological deficits 
such as motor and sensory impairments, cerebellar symp-
toms, fatigue, impaired vision, cognitive deficits, speech 
and swallowing problems, bladder and bowel disorders, and 
sexual dysfunction.1,3 According to Kister et al,4 impaired 
sensory function (85%), fatigue (81%), impaired hand func-
tion (60%), and mobility (50%) were the most frequently 
reported symptoms in the first year of the disease. A combi-
nation of symptoms causes disability, which often hampers 
the ability to perform activities of daily life (ADL) and 
social activities, resulting in a decreased quality of life.5

To date, no single pharmacological treatment is available 
to cure MS. Current treatment strategies focus on slowing 
down the disease course in order to maintain the functional 
status of PwMS by providing pharmacological treatment in 

combination with (multidisciplinary) rehabilitation.6 
Different literature reviews in MS have indicated the effec-
tiveness of rehabilitation strategies such as exercise train-
ing,7-9 physical therapy,10 occupational therapy,11-13 and 
multidisciplinary therapy.14 Remarkably, the studies 
included in these systematic reviews primarily aimed to 
improve general or lower limb disability and mainly 
included ambulatory persons with mild to moderate MS. 
Rehabilitation research targeting the upper limbs in MS is 
scarce compared to research targeting the lower limbs in 
MS and upper limb research performed in other neurologi-
cal diseases such as stroke.
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Background. There has been an increasing research interest in upper limb rehabilitation in multiple sclerosis (MS). The 
current changes in the research field inquire a new literature review. Objective. This systematic review aimed to provide an 
overview of the upper limb rehabilitation strategies in people with MS (PwMS). Methods. Articles published in PubMed and 
Web of Knowledge were selected when written in English, published in the past 25 years, peer reviewed, that included at 
least 5 PwMS, and described the effects of an intervention study including rehabilitation strategies targeting the upper limbs. 
Included articles were screened based on title/abstract and full text by 2 independent reviewers. Results. Thirty articles met 
the criteria and were included for data extraction. Only half of the included studies investigated the effects of a training 
program specially targeted toward the upper limbs, while in the other studies, a general whole body therapy was used. 
The therapy content and dosage varied greatly between the different included studies. Multidisciplinary and robot-based 
rehabilitation were the most investigated rehabilitation strategies and showed to improve upper limb capacity. Strength and 
endurance training improved the upper limb body functions and structures but did not influence the upper limb capacity 
and performance. Conclusions. The results of this systematic review indicated that different types of upper limb rehabilitation 
strategies can improve upper limb function in PwMS. Further research is necessary to compare directly the effects of 
different rehabilitation strategies and to investigate the optimal therapy dosage according to the upper limb disability level.
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Upper limb dysfunction is, besides walking disability, 
fatigue, and cognitive deficits, one of the important dys-
functions present in PwMS.4 Different studies4,15,16 revealed 
a high percentage of PwMS reporting upper limb dysfunc-
tion, even in the early stage of the disease. More than 50% 
of 205 PwMS (mean Expanded Disability Status Scale 
[EDSS] = 3.5, standard deviation [SD] = 2.0) reported 
impairments or restrictions related to upper limb function, 
with the highest prevalence of upper limb disability found 
in the group with a progressive type of the disease.15 In the 
study of Johansson et al, 76% of the included 219 PwMS 
(EDSS range = 0-9.5) had disability in their manual dexter-
ity.16 Impaired manual dexterity may present bilaterally in 
large numbers of PwMS.17,18 In addition, Kierkegaard et al 
found manual dexterity to be an important predictor of 
overall activity and participation within the community.19 
Upper limb dysfunction in MS contributes to a reduced 
ability to perform ADL,18 resulting in decreased indepen-
dence and quality of life.5

Due to the impact of upper limb dysfunction on daily life 
performance, and the positive rehabilitation results in the 
lower limbs,20 there is recently an increasing research inter-
est in upper limb rehabilitation in MS. The effects of motor 
training programs targeting the upper limbs were reviewed 
by Spooren et al in 2012.21 Meanwhile, there has been an 
uprising of new upper limb rehabilitation strategies such as 
task-oriented training, sensory training, robotics, and tech-
nology-supported rehabilitation devices. The current 
changes in the research field inquire a new systematic lit-
erature review including all types of rehabilitation strate-
gies aiming to improve the upper limb function in MS. 
Therefore, this systematic literature review aimed to pro-
vide an overview of the current applied rehabilitation strate-
gies targeting the upper limb and their effects, which may 
help clinicians select evidence-based rehabilitation strate-
gies for the upper limb function in MS and may guide future 
research.

Methods

This systematic review was conducted according the 
Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) statement.22 The literature search 
started in February 2015 and ended in April 2015. During 
the review and writing process (April-June 2015), the litera-
ture search was regularly updated. Articles published in the 
electronic databases (PubMed and Web of Knowledge) 
were screened using the following string of Medical Subject 
Headings (MeSH) and keywords: multiple sclerosis AND 
(upper extremity OR upper limb OR arm) AND (rehabilita-
tion OR exercise OR physical therapy modalities OR upper 
limb training OR robot assisted therapy OR robotics) NOT 
(deep brain stimulation OR medication). All selected arti-
cles were screened based on title and abstract by 2 

independent reviewers (WD and SG). The full text was read 
when more information was needed to make a decision. In 
case of doubt, feedback of a third reviewer (IL) was 
obtained. Articles were included when written in English, 
published in the past 20 years, peer reviewed, that included 
at least 5 PwMS, described the effects of an intervention 
study or a clinical trial including rehabilitation strategies 
targeting the upper limbs to maintain or enhance the per-
son’s functioning and independency, and included upper 
limb outcome measures to evaluate the effect of the inter-
vention. Studies investigating the use of cooling equipment, 
medication, and deep brain stimulation were excluded. 
Additionally, the reference lists of the included articles 
were screened for other relevant articles.

Quality Assessment

The risk of bias in the included intervention studies was 
checked by 2 independent reviewers (IL and AM) using the 
Physiotherapy Evidence Database (PEDro) checklist.23,24 
Disagreement between the 2 reviewers on the methodologi-
cal quality was resolved through discussion in presence of a 
third reviewer (DS).

Data Extraction

The following data were extracted by 2 independent raters 
(IL and AM): study characteristics, descriptive characteris-
tics of the study population, intervention parameters, 
included upper limb outcome measures and the results of 
the intervention and/or control group on the upper limb out-
come measures. Pre and post values for each upper limb 
outcome measures, P values describing the differences after 
intervention within one group, P values describing the pre 
and post differences between groups, and P values describ-
ing the group by time interactions were extracted from the 
articles. Effect sizes (Hedges’ g′) were established by calcu-
lating the difference between the means of an outcome mea-
sure at post-intervention and at baseline divided by the 
pooled standard deviations for that outcome measure multi-
plied with a factor.25 Effect sizes were classified according 
to Cohen’s classification: effect sizes <0.2 were considered 
small, between 0.2 and 0.5 as moderate, and >0.5 as large. 
Disagreement regarding data extraction and interpretation 
was resolved through discussion in presence of a third 
reviewer (DS).

Results

The systematic literature search resulted in 67 (PubMed) 
and 140 (Web of Knowledge) articles. After removing 
the duplicates, 164 articles were retained of which 29 
articles met the inclusion criteria (see Figure 1). No addi-
tional articles were found after screening the reference 
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lists. One eligible article was published during the writ-
ing process of this review and was included as well. 
Eleven of the 30 included intervention studies were ran-
domized controlled trials (RCT) while other studies were 
controlled trials (n = 8), crossover studies (n = 4), or case 
series (n = 7).

Quality Assessment

The results of the quality assessment of the included 
intervention studies are presented in Table 1. Criteria 1 
(eligibility criteria), 9 (intention-to-treat analysis), and 
11 (point measures and measures of variability) of the 
checklist were fulfilled for more than 95% of the studies. 
The criteria of concealment of allocation (criterion 3) 
and blinding of subjects and therapist (criteria 5 and 6) 
were not satisfied in most of the studies. The quality of 
the included case series was lower compared to those of 
the controlled trials, whereas only 4 criteria of the check-
list (criteria 1, 8, 9, and 11) were satisfied. All identified 
studies were included in the review for data extraction as 
they provided information to answer the research ques-
tion of this review.

Data Extraction

The objectives and patient characteristics of the included 
interventions studies are presented in Table 2. The sample 
sizes of the included studies ranged from 5 to 95 persons. 
Twelve studies had a sample size less than 10 PwMS in 
each group. Dropout was reported in the majority of the 
included studies. The reasons for dropout were in all cases 
not related to the intervention (eg, personal reasons, work-
related reasons, difficulties with time commitment, and 
relapse unrelated to the intervention). The mean EDSS of 
the included participants in the intervention studies ranged 
from 1 to 8. The average disease duration varied across the 
included studies and ranged from 1.5 to 25 years. Four out 
of 30 studies included PwMS with a progressive type of 
MS, while the majority of the studies included PwMS with 
different types of MS (relapse remitting, secondary progres-
sive, and primary progressive).

The type of intervention, targeted body parts, and train-
ing parameters are shown in Table 3. A large variety of 
intervention strategies have been investigated in MS rang-
ing from strength and endurance training on body functions 
and structures level to task-oriented upper limb training on 

Figure 1. Literature search strategy and results.
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activity level. A pooling and classification of all the included 
intervention strategies (experimental and control) is pro-
vided in Figure 2. The majority of the reported interventions 
was given individually and supervised (Table 3). The set-
ting of the intervention varied between the included studies 
(Table 3). Four studies investigated the effects of additional 
therapy, while in 10 studies the intervention was not given 
additionally to conventional rehabilitation treatment or rou-
tine neurorehabilitation (Table 3). The other half of the 
included studies gave no information whether the rehabili-
tation program was given additionally to the conventional 
treatment. The content of the conventional treatment was in 
the majority of the studies poorly described, and it is unclear 
whether the participants received other forms of treatment 
such as physiotherapy, occupational therapy, cognitive 
training, speech therapy, or medication. Fifteen of 30 

included studies investigated the effects of a training pro-
gram specially targeted toward the upper limbs alone, while 
the other half targeted both the upper limbs and the trunk or 
the lower limbs. Most of the interventions specifically tar-
geting the upper limbs were unilateral training programs, 
while only 2 studies38,39 included a bilateral training pro-
gram and 1 study27 provided a combined unilateral and 
bilateral training program.

An overview of the training parameters of each interven-
tion strategy is given in Table 4. The duration of the inter-
vention programs ranged from 1.5 to 26 weeks, with a 
frequency ranging from 2 to 7 days/week and a session 
duration of 20 to 60 minutes. As a result, the total amount of 
training ranged from 240 to 2880 minutes. The intensity of 
training was only reported in the studies using robot-sup-
ported training by reporting the number of movements 

Table 1. Quality Assessment of the Included Studies Using the PEDro Checklist.

Quality Assessment Type of Study C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Bayraktar et al (2013)26 Pilot study (non–randomized 
controlled trial)

Y N N N N N Y N Y N Y

Bonzano et al (2014)27 Randomized controlled trial Y Y Y Y N N N Y Y Y Y
Carpinella et al (2009)28 Pilot study (case series) Y N N N N N N Y N N Y
Carpinella et al (2012)29 Pilot study (controlled trial) Y Y N Y N N Y Y Y Y Y
Cuypers et al (2010)30 Non–randomized controlled trial Y N N Y N N Y Y Y Y N
Feys et al (2015)31 Pilot study (controlled trial) Y Y Y Y N N N Y Y Y Y
Gatti et al (2014)32 Randomized controlled trial Y Y Y Y N N N Y Y Y Y
Gijbels et al (2011)33 Pilot study (case series) Y N N N N N N Y Y N Y
Hermens et al (2007)34 Randomized controlled trial Y Y N Y N N N N Y Y Y
Huijgen et al (2008)35 Randomized controlled trial Y Y N Y N N N Y Y Y Y
Johnson et al (1999)36 Randomized crossover design Y Y N U N N Y Y Y Y Y
Jones et al (1996)37 Non–randomized controlled trial Y N N Y N N Y N Y Y Y
Kalron et al (2013)38 Case series Y N N N N N N Y Y N Y
Kamm et al (2015)39 Randomized controlled trial Y Y Y Y N N Y Y Y Y Y
Keser et al (2011)40 Non–randomized controlled trial Y N N U N N N Y Y Y Y
Keser et al (2013)41 Pilot study (controlled trial) Y Y N U N N N Y Y Y Y
Mark et al (2008)42 Pilot study (case series) Y N N N N N N Y Y N Y
Petajan et al (1996)43 Randomized controlled trial Y Y N Y N N U Y Y Y Y
Romberg et al (2004)44 Randomized controlled trial Y Y N Y N N N Y Y Y Y
Romberg et al (2005)45 Randomized controlled trial Y Y N U N N U Y Y Y Y
Sabapathy et al (2011)46 Randomized crossover design Y Y Y Y N N U N Y Y Y
Salem et al (2011)47 Case series Y N N N N N N Y Y N Y
Salhofer-Polanyi et al (2013)48 Randomized controlled trial Y Y N Y N N Y Y Y Y Y
Sampson et al (2015)49 Pilot study (case series) Y N N N N N N Y Y N Y
Skjerbæk et al (2013)50 Randomized controlled trial Y Y Y U N N Y N Y Y Y
Storr et al (2006)51 Randomized controlled trial Y Y N Y N Y Y Y Y Y Y
Taylor et al (2006)52 Case series Y N N N N N Y N Y N Y
Vergaro et al (2010)53 Randomized crossover design Y Y N U Y N Y Y Y Y Y
Vikman et al (2008)54 Case series/controlled clinical trial Y N N Y N N N N Y N Y
Wiles et al (2001)55 Randomized crossover design Y Y Y Y N N U Y Y Y Y

Abbreviations: C1, eligibility criteria; C2, random allocation; C3, concealment of allocation; C4, group similarity at baseline; C5, blinding of subjects; C6, 
blinding of therapists; C7, blinding of assessors; C8, variability of key outcome measures of more than 85% of the subjects; C9, intention-to treat analysis; 
C10, between-group statistical comparisons; C11, point measures and measures of variability; Y, yes; N, no (shaded cells); U, unclear (shaded cells).
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10 Neurorehabilitation and Neural Repair 

performed in one training session and in studies using 
strength and/or endurance training by reporting the number 
of sets, repetitions, applied resistance in function of the rep-
etition maximum, or the VO2max.

Tables 5 to 8 give an overview of the effects of each 
intervention study by presenting the pre- and postinterven-
tion values, P values, and effect sizes. Table 5 gives an 
overview of the results of studies comparing an experimen-
tal intervention strategy with another intervention strategy 
or sham. Ai-Chi training in a swimming pool,26 active and 
passive motor training,27 robot-based training,29 playing a 
music keyboard,32 and a home-based dexterity training pro-
gram39 enhance improvements on body functions and struc-
tures level as well on activity level of the International 
Classification of Functioning (ICF). The effect sizes found 
for these studies were small to high (range ES = 
0.02-1.14).

Table 6 gives an overview of the results of studies com-
paring an experimental intervention strategy with conven-
tional treatment. Significant improvements were found for 
the experimental groups in the studies of Kalron et al38 and 
Keser et al,40,41 who compared the effects of a home-based 
sensory reeducation program, callisthenic exercises, and 
trunk exercises based on the Bobath concept with the effects 
of conventional treatment. The effect sizes were small to 
high (range ES = 0.05-1.23), with the highest effect sizes 
found in the study of Kalron et al.38 Only in the study of 
Keser et al40 a significant improvement after conventional 
treatment was found, while in the study of Feys et al31 a 

significant decrease was found in the perceived perfor-
mance measure after conventional treatment.

The overview in Table 7 shows that 5 of the 9 stud-
ies30,43-45,54 investigating the effects of training compared to 
no intervention reported significant improvements after the 
intervention. PwMS receiving no intervention did not 
improve or even significantly decreased in their upper limb 
strength.43 The uncontrolled cases series showed that robot-
based upper limb training,28,31 constraint-induced move-
ment therapy,42 aquatic exercises,47 and progressive 
resistance training52 induce improvements with low to high 
effect sizes on body functions and structures level as well 
on activity level.

Only 3 studies30,33,42 included follow-up measurements 
in their study design and reported long-term improvements 
after 3,30 4,42 and 833 weeks posttraining on sensory func-
tion,30 upper limb capacity,33 and performance.42

Discussion

This systematic review provided an overview of the cur-
rent applied upper limb rehabilitation strategies and their 
effects. Surprisingly, only half of the included studies con-
sisted of a training program that specially targeted the 
upper limbs alone, while the other half targeted both the 
upper limbs and the trunk or the lower limbs. Despite the 
low number of included studies, the results of this review 
suggest that upper limb rehabilitation can improve upper 
limb function in PwMS. Although it is impossible to 

Figure 2. Pooling and classification of all the included intervention strategies (experimental and control interventions).

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


11

T
ab

le
 4

. 
T

he
ra

py
 D

os
ag

e 
Pa

ra
m

et
er

s 
of

 t
he

 In
cl

ud
ed

 S
tu

di
es

.

T
yp

e 
of

 T
ra

in
in

g
D

ur
at

io
n 

(W
ee

k)
D

ay
s/

W
ee

k
se

ss
io

n 
(n

)

D
ur

at
io

n 
Se

ss
io

n 
(M

in
ut

es
)

T
ot

al
 

M
in

ut
es

 o
f 

T
ra

in
in

g
In

te
ns

ity

Ba
yr

ak
ta

r 
et

 a
l 

(2
01

3)
26

Ex
p

A
i-C

hi
 in

 s
w

im
m

in
g 

po
ol

8
2

16
60

96
0

N
R

C
on

H
om

e 
ex

er
ci

se
 p

ro
gr

am
8

2
16

N
R

N
R

Bo
nz

an
o 

et
 a

l 
(2

01
4)

27
Ex

p
T

as
k-

or
ie

nt
ed

 u
pp

er
 li

m
b 

m
ot

or
 

re
ha

bi
lit

at
io

n
8

3
20

60
12

00
N

R

C
on

Pa
ss

iv
e 

up
pe

r 
lim

b 
m

ot
or

 r
eh

ab
ili

ta
tio

n
8

3
20

60
12

00
N

R
C

ar
pi

ne
lla

 e
t 

al
 

(2
00

9)
28

Ex
p

R
ob

ot
-b

as
ed

 u
pp

er
 li

m
b 

tr
ai

ni
ng

1.
5

5
8

20
0 

m
ov

em
en

ts
/s

es
si

on
N

o 
co

nt
ro

l g
ro

up
 

C
ar

pi
ne

lla
 e

t 
al

 
(2

01
2)

29
Ex

p
R

ob
ot

-b
as

ed
 u

pp
er

 li
m

b 
tr

ai
ni

ng
 

in
vo

lv
in

g 
bo

th
 o

bj
ec

ts
’ r

ea
ch

in
g 

an
d 

m
an

ip
ul

at
io

n

N
R

N
R

8
30

-4
5

24
0-

36
0

16
0 

m
ov

em
en

ts
/s

es
si

on

C
on

R
ob

ot
-b

as
ed

 u
pp

er
 li

m
b 

tr
ai

ni
ng

 
in

vo
lv

in
g 

th
e 

ex
ec

ut
io

n 
of

 r
ea

ch
in

g 
ta

sk
s

N
R

N
R

8
30

-4
5

24
0-

36
0

N
R

C
uy

pe
rs

 e
t  

al
 

(2
01

0)
30

Ex
p

T
ra

ns
cu

ta
ne

ou
s 

el
ec

tr
ic

al
 n

er
ve

 
st

im
ul

at
io

n 
(T

EN
S)

3
7a

21
a

60
a

12
60

a
N

A

C
on

N
o 

in
te

rv
en

tio
n

 
Fe

ys
 e

t 
al

 
(2

01
5)

31
Ex

p
U

su
al

 c
ar

e 
+

 r
ob

ot
-s

up
po

rt
ed

 u
pp

er
 

lim
b 

tr
ai

ni
ng

8
3a

24
a

30
a

72
0a

N
R

C
on

U
su

al
 c

ar
e

8
2-

3
3

30
-6

0
14

40
-4

38
0

N
R

G
at

ti 
et

 a
l 

(2
01

4)
32

Ex
p

Pl
ay

in
g 

on
 a

 t
ur

ne
d-

on
 m

us
ic

al
 

ke
yb

oa
rd

3
5

15
30

45
0

N
R

C
on

Pl
ay

in
g 

on
 a

 t
ur

ne
d-

of
f m

us
ic

al
 

ke
yb

oa
rd

3
5

15
30

45
0

N
R

G
ijb

el
s 

et
 a

l 
(2

01
1)

33
Ex

p
U

su
al

 c
ar

e 
+

 r
ob

ot
-b

as
ed

 u
pp

er
 li

m
b 

tr
ai

ni
ng

 (
A

rm
eo

 s
pr

in
g)

8
3a

24
a

30
a

72
0a

N
R

N
o 

co
nt

ro
l g

ro
up

 
H

er
m

en
s 

et
 a

l 
(2

00
7)

34
Ex

p
U

su
al

 c
ar

e 
fo

llo
w

ed
 b

y 
up

pe
r 

lim
b 

tr
ai

ni
ng

 a
t 

ho
m

e 
w

ith
 t

he
 H

-C
A

D
8

3-
5

32
30

-4
5

96
0-

14
40

N
R

C
on

U
su

al
 c

ar
e 

fo
llo

w
ed

 b
y 

ge
ne

ri
c 

ex
er

ci
se

s 
pr

es
cr

ib
ed

 b
y 

a 
ph

ys
ic

ia
n

8
3

24
45

10
80

N
R

H
ui

jg
en

 e
t 

al
 

(2
00

8)
35

Ex
p

U
su

al
 c

ar
e 

fo
llo

w
ed

 b
y 

up
pe

r 
lim

b 
tr

ai
ni

ng
 a

t 
ho

m
e 

w
ith

 t
he

 H
-C

A
D

8
3-

5
32

30
-4

5
96

0-
14

40
N

R

C
on

U
su

al
 c

ar
e 

fo
llo

w
ed

 b
y 

ge
ne

ri
c 

ex
er

ci
se

s 
at

 h
om

e 
pr

es
cr

ib
ed

 b
y 

a 
ph

ys
ic

ia
n

8
3

24
45

10
80

N
R

(c
on

tin
ue

d)

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


12 

T
yp

e 
of

 T
ra

in
in

g
D

ur
at

io
n 

(W
ee

k)
D

ay
s/

W
ee

k
se

ss
io

n 
(n

)

D
ur

at
io

n 
Se

ss
io

n 
(M

in
ut

es
)

T
ot

al
 

M
in

ut
es

 o
f 

T
ra

in
in

g
In

te
ns

ity

Jo
hn

so
n 

et
 a

l 
(1

99
9)

36
Ex

p
Fe

ld
en

kr
ai

s 
bo

dy
w

or
k

8
N

R
N

R
45

-6
0

N
R

C
on

Sh
am

: n
on

th
er

ap
eu

tic
 p

as
si

ve
 

bo
dy

w
or

k
8

N
R

N
R

45
-6

0
N

R

Jo
ne

s 
et

 a
l 

(1
99

6)
37

Ex
p

O
cc

up
at

io
na

l a
nd

 p
hy

si
ca

l t
he

ra
py

2
N

R
8

60
48

0
N

R
C

on
N

o 
in

te
rv

en
tio

n
 

K
al

ro
n 

et
 a

l 
(2

01
3)

38
Ex

p
H

om
e-

ba
se

d 
se

ns
or

y 
re

ed
uc

at
io

n 
tr

ai
ni

ng
3

5
15

20
30

0
N

R

C
on

O
cc

up
at

io
na

l t
he

ra
py

7
2

14
N

R
N

R
K

am
m

 e
t 

al
 

(2
01

5)
39

Ex
p

H
om

e-
ba

se
d 

de
xt

er
ity

 t
ra

in
in

g 
pr

og
ra

m
4

5
20

30
60

0
Ba

se
d 

on
 in

di
vi

du
al

 b
as

el
in

e 
pe

rf
or

m
an

ce
C

on
H

om
e-

ba
se

d 
T

he
ra

ba
nd

 t
ra

in
in

g 
pr

og
ra

m
4

5
20

30
60

0
Ba

se
d 

on
 in

di
vi

du
al

 b
as

el
in

e 
pe

rf
or

m
an

ce
K

es
er

 e
t 

al
 

(2
01

1)
40

Ex
p

C
al

lis
th

en
ic

 e
xe

rc
is

es
6

3
18

N
R

N
R

C
on

R
ou

tin
e 

ne
ur

or
eh

ab
ili

ta
tio

n
6

3
18

N
R

N
R

K
es

er
 e

t 
al

 
(2

01
3)

41
Ex

p
T

ru
nk

 e
xe

rc
is

es
 b

as
e 

on
 t

he
 B

ob
at

h 
co

nc
ep

t
8

3
24

60
14

40
N

R

C
on

R
ou

tin
e 

ne
ur

or
eh

ab
ili

ta
tio

n
8

3
24

60
14

40
N

R
M

ar
k 

et
 a

l 
(2

00
8)

42
Ex

p
C

on
st

ra
in

t-
in

du
ce

d 
m

ov
em

en
t 

th
er

ap
y

2-
10

N
R

N
R

60
-2

10
18

00
N

R
N

o 
co

nt
ro

l g
ro

up
 

Pe
ta

ja
n 

et
 a

l 
(1

99
6)

43
Ex

p
A

er
ob

ic
 t

ra
in

in
g 

pr
og

ra
m

15
3

45
40

18
00

60
%

 V
O

2m
ax

C
on

N
o 

in
te

rv
en

tio
n

 
R

om
be

rg
 e

t 
al

 
(2

00
4)

44
Ex

p
C

om
bi

ne
d 

st
re

ng
th

 a
nd

 a
er

ob
ic

 
tr

ai
ni

ng
26

4-
5

N
R

N
R

Fi
xe

d 
nu

m
be

r 
of

 r
ep

et
iti

on
s 

pe
r 

ex
er

ci
se

C
on

N
o 

in
te

rv
en

tio
n

 
R

om
be

rg
 e

t 
al

 
(2

00
5)

45
Ex

p
C

om
bi

ne
d 

st
re

ng
th

 a
nd

 a
er

ob
ic

 
tr

ai
ni

ng
26

4-
5

N
R

N
R

Fi
xe

d 
nu

m
be

r 
of

 r
ep

et
iti

on
s 

pe
r 

ex
er

ci
se

C
on

N
o 

in
te

rv
en

tio
n

 
Sa

ba
pa

th
y 

et
 a

l 
(2

01
1)

46
Ex

p
En

du
ra

nc
e 

tr
ai

ni
ng

8
2

16
N

R
In

te
ns

ity
 b

as
ed

 o
n 

BO
R

G
 s

ca
le

C
on

R
es

is
ta

nc
e 

tr
ai

ni
ng

8
2

16
N

R
In

te
ns

ity
 b

as
ed

 o
n 

BO
R

G
 s

ca
le

Sa
le

m
 e

t 
al

 
(2

01
1)

47
Ex

p
C

om
m

un
ity

-b
as

ed
 a

qu
at

ic
 e

xe
rc

is
e 

pr
og

ra
m

5
2

10
60

60
0

N
R

N
o 

co
nt

ro
l g

ro
up

 

(c
on

tin
ue

d)

T
ab

le
 4

. 
(c

o
nt

in
ue

d)

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


13

T
yp

e 
of

 T
ra

in
in

g
D

ur
at

io
n 

(W
ee

k)
D

ay
s/

W
ee

k
se

ss
io

n 
(n

)

D
ur

at
io

n 
Se

ss
io

n 
(M

in
ut

es
)

T
ot

al
 

M
in

ut
es

 o
f 

T
ra

in
in

g
In

te
ns

ity

Sa
lh

of
er

-
Po

la
ny

i e
t 

al
 

(2
01

3)
48

Ex
p

M
ul

tid
is

ci
pl

in
ar

y 
re

ha
bi

lit
at

io
n 

(P
T

 +
 

O
T

)
12

3-
5

96
60

28
80

N
R

C
on

N
o 

in
te

rv
en

tio
n 

(w
ai

tin
g 

lis
t)

 
Sa

m
ps

on
 e

t 
al

 
(2

01
5)

49
Ex

p
Fu

nc
tio

na
l e

le
ct

ri
ca

l s
tim

ul
at

io
n 

m
ed

ia
te

d 
by

 it
er

at
iv

e 
le

ar
ni

ng
 c

on
tr

ol
 

an
d 

ro
bo

tic
s

10
N

R
18

60
10

80
A

 m
in

im
um

 o
f 6

 t
ra

je
ct

or
ie

s 
re

pe
at

ed
 6

 t
im

es
 w

as
 a

sk
ed

N
o 

co
nt

ro
l g

ro
up

 
Sk

je
rb

æ
k 

et
 a

l 
(2

01
3)

50
Ex

p
St

an
da

rd
 in

di
vi

du
al

iz
ed

 M
S 

re
ha

bi
lit

at
io

n 
+

 u
pp

er
 b

od
y 

en
du

ra
nc

e 
tr

ai
ni

ng

4
N

R
10

N
R

In
te

ns
ity

 e
nd

ur
an

ce
 =

 6
5%

 t
o 

75
%

 V
O

2p
ea

k

C
on

St
an

da
rd

 in
di

vi
du

al
iz

ed
 M

S 
re

ha
bi

lit
at

io
n

4
N

R
N

R
N

R
N

R

St
or

r 
et

 a
l 

(2
00

6)
51

Ex
p

C
om

pr
eh

en
si

ve
 m

ul
tid

is
ci

pl
in

ar
y 

in
pa

tie
nt

 r
eh

ab
ili

ta
tio

n 
(P

T
 +

 O
T

 +
 

un
su

pe
rv

is
ed

 t
ra

in
in

g)

3-
5

3-
5

N
R

30
-4

5
N

R

C
on

N
o 

in
te

rv
en

tio
n

 
T

ay
lo

r 
et

 a
l 

(2
00

6)
52

Ex
p

Pr
og

re
ss

iv
e 

re
si

st
an

ce
 e

xe
rc

is
e 

pr
og

ra
m

10
2

20
60

12
00

Fi
xe

d 
nu

m
be

r 
of

 s
et

s 
an

d 
re

pe
tit

io
ns

, 6
0%

 t
o 

80
%

 o
f 

on
e 

re
pe

tit
io

n 
m

ax
im

um
N

o 
co

nt
ro

l g
ro

up
 

V
er

ga
ro

 e
t 

al
 

(2
01

0)
53

Ex
p

R
ea

ch
in

g 
m

ov
em

en
ts

 w
ith

 a
 r

ob
ot

 
(e

rr
or

-e
nh

an
ci

ng
)

2
2

4
60

24
0

Fi
xe

d 
nu

m
be

r 
of

 m
ov

em
en

ts
 

(1
20

-2
88

)
C

on
R

ea
ch

in
g 

m
ov

em
en

ts
 w

ith
 a

 r
ob

ot
 

(e
rr

or
-r

ed
uc

in
g)

2
2

4
60

24
0

Fi
xe

d 
nu

m
be

r 
of

 m
ov

em
en

ts
 

(1
20

-2
88

)
V

ik
m

an
 e

t 
al

 
(2

00
8)

54
Ex

p
M

ul
tid

is
ci

pl
in

ar
y 

re
ha

bi
lit

at
io

n 
(c

oh
or

ts
 

A
 +

 B
)

3
5

54
30

16
20

N
R

C
on

N
o 

in
te

rv
en

tio
n 

(c
oh

or
t 

B)
 

W
ile

s 
et

 a
l 

(2
00

1)
55

Ex
p 

1
H

om
e 

ph
ys

io
th

er
ap

y
8

2
16

45
72

0
N

R
Ex

p 
2

H
os

pi
ta

l o
ut

pa
tie

nt
 p

hy
si

ot
he

ra
py

8
2

16
45

72
0

N
R

C
on

N
o 

in
te

rv
en

tio
n

 

A
bb

re
vi

at
io

ns
: E

xp
, e

xp
er

im
en

ta
l g

ro
up

; C
on

, c
on

tr
ol

 g
ro

up
; P

T
, p

hy
si

ot
he

ra
py

; O
T

, o
cc

up
at

io
na

l t
he

ra
py

; H
C

A
D

, h
om

e-
ca

re
 a

ct
iv

ity
 d

es
k;

 N
R

, n
ot

 r
ep

or
te

d;
 N

A
, n

ot
 a

pp
lic

ab
le

; M
S,

 m
ul

tip
le

 
sc

le
ro

si
s.

a T
ra

in
in

g 
pa

ra
m

et
er

s 
of

 o
nl

y 
th

e 
ad

di
tio

na
l t

he
ra

py
.

T
ab

le
 4

. 
(c

o
nt

in
ue

d)

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


14 

T
ab

le
 5

. 
D

at
a 

Ex
tr

ac
tio

n 
of

 T
ri

al
s 

C
om

pa
ri

ng
 a

n 
Ex

pe
ri

m
en

ta
l G

ro
up

 W
ith

 A
no

th
er

 In
te

rv
en

tio
n 

G
ro

up
 o

r 
a 

Sh
am

 G
ro

up
a .

IC
F 

Le
ve

l

Ex
pe

ri
m

en
ta

l
O

th
er

 In
te

rv
en

tio
n

P 
Be

tw
ee

n 
G

ro
up

s

G
ro

up
-

by
-T

im
e 

In
te

ra
ct

io
n

R
ef

er
en

ce
C

lin
ic

al
 M

ea
su

re
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES

Ba
yr

ak
ta

r 
et

 a
l 

(2
01

3)
26

 

F
Sh

ou
ld

er
 fl

ex
or

s 
st

re
ng

th
 (

kg
)

14
.1

 [
9.

5-
19

.1
]ⱡ

18
.6

 [
12

.7
-2

0.
9]
ⱡ

*
/

22
.7

 [
19

.0
-2

3.
6]
ⱡ

22
.7

 [
22

.2
-2

4.
9]
ⱡ

N
S

/
N

R
N

R
Sh

ou
ld

er
 a

bd
uc

to
rs

 s
tr

en
gt

h 
(k

g)
14

.5
 [

9.
5-

19
.5

]ⱡ
15

.0
 [

14
.1

-1
8.

6]
ⱡ

*
/

20
.4

 [
18

.1
-2

2.
7]
ⱡ

20
.4

 [
18

.1
-2

2.
7]
ⱡ

N
S

/
N

R
N

R
El

bo
w

 fl
ex

io
n 

st
re

ng
th

 (
kg

)
13

.6
 [

11
.8

-2
2.

7]
ⱡ

18
.6

 [
13

.2
-2

3.
6]
ⱡ

N
S

/
23

.5
 [

21
.0

-2
7.

2]
ⱡ

24
.9

 [
22

.7
-2

4.
9]
ⱡ

N
S

/
N

R
N

R
Bo

nz
an

o 
et

 a
l 

(2
01

4)
27

 

F
G

ri
p 

st
re

ng
th

 (
kg

)
23

.3
 ±

 9
.0

25
.0

 ±
 8

.3
**

0.
19

20
.7

 ±
 7

.1
22

.3
 ±

 8
.2

**
0.

20
N

S
N

S
R

A
T

E-
SV

 (
H

z)
1.

6 
±

 0
.5

1.
7 

±
 0

.5
N

S
0.

19
1.

57
 ±

 0
.5

1.
62

 ±
 0

.4
N

S
0.

11
N

S
N

S
R

A
T

E-
M

V
 (

H
z)

2.
0 

±
 0

.5
2.

2 
±

 0
.5

*
0.

39
2.

0 
±

 0
.4

2.
1 

±
 0

.4
*

0.
24

N
S

N
S

IH
I (

m
s)

43
.3

 ±
 2

2.
1

42
.8

 ±
 1

7.
8

N
S

−0
.0

2
37

.1
 ±

 1
0.

4
55

.7
 ±

 1
9.

88
**

1.
14

N
S

**
A

A
R

A
T

 (
pt

s)
51

.1
 ±

 8
.6

54
.5

 ±
 5

.1
*

0.
47

52
.4

 ±
 6

.0
54

.3
 ±

 5
.6

*
0.

32
N

S
N

S
N

H
PT

 (
s)

35
.9

 ±
 1

2.
6

31
.4

 ±
 1

1.
4

**
−0

.3
6

33
.6

 ±
 1

2.
4

29
.1

 ±
 8

.9
**

−0
.4

1
N

S
N

S
C

ar
pi

ne
lla

 
et

 a
l 

(2
01

2)
29

F
T

SS
-In

te
nt

io
n 

(p
ts

)
3.

3 
±

 1
.9

2.
1 

±
 1

.9
**

−0
.6

1
3.

5 
±

 1
.8

2.
3 

±
 1

.6
**

−0
.6

8
N

R
N

R
T

SS
-K

in
et

ic
 (

pt
s)

2.
7 

±
 1

.5
2.

1 
±

 1
.9

N
S

−0
.3

4
2.

2 
±

 2
.2

1.
8 

±
 2

.2
N

S
−0

.1
7

N
R

N
R

A
N

H
PT

 (
s)

71
.4

 ±
 4

4.
0

57
.6

 ±
 2

8.
9

*
−0

.3
6

81
.3

 ±
 4

4.
5

71
.7

 ±
 4

2.
2

*
−0

.2
1

N
R

N
R

A
R

A
T

 (
pt

s)
45

.9
 ±

 7
.2

49
.0

 ±
 6

.0
*

0.
45

45
.9

 ±
 6

.2
50

.6
 ±

 5
.3

**
0.

13
N

S
N

R
G

at
ti 

et
 a

l 
(2

01
4)

32

 

F
Pi

nc
h 

st
re

ng
th

 (
kg

)
4.

7 
±

 2
.1

4.
9 

±
 2

.1
N

S
0.

09
3.

2 
±

 1
.9

4.
2 

±
 2

.1
*

0.
48

N
S

N
S

H
an

d 
gr

ip
 s

tr
en

gt
h 

(k
g)

20
.4

 ±
 6

.9
22

.0
 ±

 7
.4

N
S

0.
21

20
.5

 ±
 9

.9
20

.8
 ±

 9
.4

N
S

0.
03

N
S

N
S

A
N

H
PT

 (
s)

57
.9

 ±
 3

3.
4

50
.1

 ±
 3

2.
2

**
−0

.2
3

37
.5

 ±
 1

9.
1

28
.9

 ±
 1

3.
0

**
−0

.5
0

N
S

N
S

A
BI

LH
A

N
D

 (
lo

gi
t)

2.
33

 ±
 1

.9
3.

52
 ±

 1
.9

**
0.

60
2.

62
 ±

 1
.3

2.
82

 ±
 1

.4
N

S
0.

14
**

*
Jo

hn
so

n 
et

 a
l 

(1
99

9)
36

 
A

N
H

PT
-le

ft
 (

s)
25

.0
 ±

 1
.6

†
25

.0
 ±

 1
.7

†
N

S
0

25
.0

 ±
 1

.6
†

25
.0

 ±
 1

.6
†

N
S

0
N

R
N

R
N

H
PT

-r
ig

ht
 (

s)
26

.0
 ±

 1
.9

†
26

.0
 ±

 1
.7

†
N

S
0

26
.0

 ±
 1

.9
†

24
.0

 ±
 1

.7
†

N
S

−0
.5

9
N

R
N

R
Pe

rf
or

m
an

ce
 S

ca
le

—
H

an
d 

ite
m

 (
pt

s)
1.

4 
±

 1
.1

1.
3 

±
 1

.1
N

S
−0

.0
9

1.
4 

±
 1

.1
1.

3 
±

 1
.1

N
S

−0
.0

9
N

R
N

R
K

am
m

 e
t 

al
 

(2
01

4)
39

 

F
H

an
d 

gr
ip

 s
tr

en
gt

h-
le

ft
 (

kg
)

24
.0

 ±
 7

.8
N

R
N

S
/

26
.9

 ±
 1

0.
9

N
R

N
S

/
N

S
N

R
H

an
d 

gr
ip

 s
tr

en
gt

h-
ri

gh
t 

(k
g)

24
.8

 ±
 1

1.
7

N
R

*
/

26
.6

 ±
 1

1.
6

N
R

N
S

/
N

S
N

R
A

C
R

T
-le

ft
 (

s)
33

.8
 ±

 1
7.

9
N

R
*

/
27

.2
 ±

 8
.4

N
R

N
S

/
N

S
N

R
C

R
T

-r
ig

ht
 (

s)
28

.1
 ±

 1
3.

8
N

R
*

/
30

.8
 ±

 2
1.

1
N

R
N

S
/

N
S

N
R

 
N

H
PT

-le
ft

 (
s)

28
.5

 ±
 8

.1
N

R
N

S
/

28
.2

 ±
 5

.3
N

R
N

S
/

N
S

N
R

 
N

H
PT

-r
ig

ht
 (

s)
30

.2
 ±

 1
2.

6
N

R
N

S
/

28
.6

 ±
 8

.2
N

R
N

S
/

N
S

N
R

 
C

A
H

A
I (

pt
s)

52
.2

 ±
 3

.8
N

R
**

/
53

.0
 ±

 2
.8

N
R

N
S

/
N

S
N

R
 

D
ex

te
ri

ty
 q

ue
st

io
nn

ai
re

 (
pt

s)
85

.9
 ±

 7
.4

N
R

**
/

82
.6

 ±
 9

.2
N

R
N

S
/

N
S

N
R

Sa
ba

pa
th

y 
et

 a
l 

(2
01

1)
46

F
H

an
d 

gr
ip

 s
tr

en
gt

h 
(k

g)
32

.4
 ±

 1
3.

3
33

.0
 ±

 1
3.

0
N

S
0.

04
30

.3
 ±

 1
4.

2
31

.6
 ±

 1
2.

8
N

S
0.

09
N

R
N

R

V
er

ga
ro

 e
t 

al
 

(2
01

0)
53

F
A

ta
xi

a 
sc

or
e 

(p
ts

)
N

R
N

R
N

S
/

N
R

N
R

N
R

/
N

R
N

R
A

N
H

PT
 (

s)
61

.0
 ±

 1
4.

0
52

.0
 ±

 2
0.

0
N

S
−0

.4
9

49
.0

 ±
 1

9.
0

48
.0

 ±
 2

0.
0

N
R

−0
.0

5
N

R
N

R

A
bb

re
vi

at
io

ns
: I

C
F,

 In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 F
un

ct
io

ni
ng

; P
re

, b
as

el
in

e;
 P

os
t, 

po
st

in
te

rv
en

tio
n;

 E
S,

 e
ffe

ct
 s

iz
e;

 F
, b

od
y 

fu
nc

tio
ns

 a
nd

 s
tr

uc
tu

re
s 

le
ve

l; 
A

, a
ct

iv
ity

 le
ve

l, 
st

re
ng

th
 b

y 
m

ea
ns

 o
f d

yn
am

om
et

er
 o

r 
ot

he
r 

fo
rc

e 
m

ea
su

re
m

en
t 

sy
st

em
 (

kg
, l

b,
 o

r 
N

); 
R

A
T

E-
SV

, m
ov

em
en

t 
ra

te
 a

t 
sp

on
ta

ne
ou

s 
ve

lo
ci

ty
 (

H
z)

; R
A

T
E-

M
V

, m
ov

em
en

t 
ra

te
 a

t 
m

ax
im

um
 v

el
oc

ity
 (

H
z)

; I
H

I, 
In

te
r 

H
an

d 
In

te
rv

al
 (

m
s)

; A
R

A
T

, A
ct

io
n 

R
es

ea
rc

h 
A

rm
 T

es
t 

(0
-5

7 
pt

s)
; 

N
H

PT
, N

in
e 

H
ol

e 
Pe

g 
T

es
t 

(0
-3

00
 s

); 
T

SS
, T

re
m

or
 S

ev
er

ity
 S

ca
le

 (
pt

s)
; N

S,
 n

ot
 s

ig
ni

fic
an

t; 
N

R
, n

ot
 r

ep
or

te
d;

 /,
 in

su
ffi

ci
en

t 
da

ta
 a

va
ila

bl
e 

to
 c

al
cu

la
te

 t
he

 H
ed

ge
s’

 g
 e

ffe
ct

 s
iz

e.
a V

al
ue

s 
ar

e 
m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n 
or

 r
an

ge
 [

 ]
 u

nl
es

s 
ot

he
rw

is
e 

re
po

rt
ed

. † M
ea

n 
±

 s
ta

nd
ar

d 
er

ro
r 

of
 t

he
 m

ea
n;

 ⱡ M
ed

ia
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n 
or

 r
an

ge
 [

 ]
; *

Po
si

tiv
e 

st
at

is
tic

al
 s

ig
ni

fic
an

ce
 a

t 
<

.0
5,

 *
*P

os
iti

ve
 s

ta
tis

tic
al

 
si

gn
ifi

ca
nc

e 
at

 <
.0

1.

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


15

T
ab

le
 6

. 
D

at
a 

Ex
tr

ac
tio

n 
of

 T
ri

al
s 

C
om

pa
ri

ng
 a

n 
Ex

pe
ri

m
en

ta
l G

ro
up

 W
ith

 a
 C

on
tr

ol
 G

ro
up

 R
ec

ei
vi

ng
 C

on
ve

nt
io

na
l T

re
at

m
en

ta .

IC
F 

Le
ve

l

Ex
pe

ri
m

en
ta

l
C

on
ve

nt
io

na
l T

re
at

m
en

t

P 
Be

tw
ee

n 
G

ro
up

s

G
ro

up
-

by
-T

im
e 

In
te

ra
ct

io
n

R
ef

er
en

ce
C

lin
ic

al
 M

ea
su

re
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES

Fe
ys

 e
t 

al
 

(2
01

5)
31

 
F

M
ot

ri
ci

ty
 In

de
x

72
.0

 [
59

.0
-7

6.
0]
ⱡ

64
.0

 [
60

.0
-8

3.
0]
ⱡ

N
S

−
0.

57
66

.0
 [

50
.8

-7
0.

5]
ⱡ

59
.5

 [
46

.3
-7

7.
8]
ⱡ

N
S

−
0.

56
N

S
N

R
H

an
d 

gr
ip

 s
tr

en
gt

h 
(k

g)
21

.3
 [

12
.0

-2
3.

3]
ⱡ

21
.0

 [
10

.7
-2

3.
3]
ⱡ

N
S

−
0.

03
16

.3
 [

11
.7

-1
9.

5]
ⱡ

17
.0

 [
11

.3
-1

9.
0]
ⱡ

N
S

−
0.

08
N

S
N

R
Fu

gl
-M

ey
er

-t
ot

al
 s

co
re

52
.0

 [
43

.0
-6

2.
0]
ⱡ

52
.0

 [
43

.0
-6

3.
0]
ⱡ

N
S

−
0.

02
55

.0
 [

40
.0

-5
7.

5]
ⱡ

56
.0

 [
40

.0
-5

9.
0]
ⱡ

N
S

−
0.

10
N

S
N

R
Fu

gl
-M

ey
er

-p
ro

xi
m

al
 s

co
re

33
.0

 [
27

.0
-3

8.
0]
ⱡ

32
.0

 [
25

.0
-3

9.
0]
ⱡ

N
S

−
0.

01
33

.0
 [

25
.0

-3
6.

5]
ⱡ

34
.0

 [
25

.0
-3

6.
5]
ⱡ

N
S

−
0.

10
N

S
N

R
A

R
A

t
40

.0
 [

20
.0

-4
1.

0]
ⱡ

38
.0

 [
27

.0
-4

7.
0]
ⱡ

N
S

0.
15

36
.0

 [
28

.5
-4

1.
0]
ⱡ

35
.0

 [
27

.5
-4

4.
0]
ⱡ

N
S

−
0.

08
N

S
N

R
M

A
L-

to
ta

l
5.

3 
[2

.1
-8

]ⱡ
5.

2 
[4

.3
-7

.1
]ⱡ

N
S

0.
06

2.
1 

[1
.5

-4
.7

]ⱡ
2.

0 
[0

.7
-5

.1
]ⱡ

N
S

−
0.

12
^

N
R

M
A

L-
am

ou
nt

 o
f u

se
3.

0 
[1

.2
-3

.8
]ⱡ

3.
0 

[2
.5

-3
.5

]ⱡ
N

S
0.

15
1.

2 
[0

.9
-2

.5
]ⱡ

1.
0 

[0
.5

-2
.6

]ⱡ
N

S
−

0.
16

^
N

R
M

A
L-

qu
al

ity
 o

f m
ov

em
en

t
2.

3 
[1

.0
-4

.0
]ⱡ

2.
4 

[1
.8

-2
.9

]ⱡ
N

S
−

0.
01

0.
9 

[0
.7

-2
.1

]ⱡ
0.

9 
[0

.3
-2

.4
]ⱡ

N
S

−
0.

03
N

S
N

R
H

er
m

en
s 

et
 a

l 
(2

00
7)

34
F

H
an

d 
gr

ip
 s

tr
en

gt
h 

(k
g)

14
.9

 ±
 1

2.
5

N
R

N
R

/
17

.7
 ±

 8
.6

N
R

N
R

/
N

R
N

R
A

A
R

A
T

 (
pt

s)
42

.8
 ±

 1
3.

8
45

.9
 ±

 1
3.

4
N

R
0.

22
45

.6
 ±

 9
.5

49
.3

 ±
 7

.1
N

R
0.

42
N

R
N

R
N

H
PT

 (
s)

65
.0

 ±
 4

3.
7

59
.6

 ±
 4

2.
0

N
R

−
0.

12
59

.0
 ±

 2
2.

2
58

.6
 ±

 2
1.

8
N

R
−

0.
02

N
R

N
R

W
M

FT
-t

im
e 

(s
)

21
.1

 ±
 1

6.
4

N
R

N
R

/
23

.2
 ±

 1
4.

0
N

R
N

R
/

N
R

N
R

W
M

FT
-F

A
 (

pt
s)

4.
0 

±
 0

.7
N

R
N

R
/

3.
5 

±
 0

.6
N

R
N

R
/

N
R

N
R

A
BI

LH
A

N
D

 (
lo

gi
t)

1.
0 

±
 2

.8
N

R
N

R
/

0.
3 

±
 2

.5
N

R
N

R
/

N
R

N
R

H
ui

jg
en

 e
t 

al
 

(2
00

8)
35

A
A

R
A

T
 (

pt
s)

41
.4

 ±
 1

4.
2

44
.4

 ±
 1

4.
5

N
R

0.
21

45
.6

 ±
 9

.5
49

.3
 ±

 7
.1

N
R

0.
42

N
R

N
R

N
H

PT
 (

s)
65

.1
 ±

 4
4.

8
59

.6
 ±

 4
2.

0
N

R
−

0.
12

59
.0

 ±
 2

2.
2

58
.6

 ±
 2

1.
8

N
R

−
0.

02
N

R
N

R
K

al
ro

n 
et

 a
l 

(2
01

3)
38

F
T

PD
 (

m
m

)
39

.3
 ±

 7
.2

38
.5

 ±
 6

.9
N

S
−

0.
11

40
.1

 ±
 6

.5
39

.3
 ±

 7
.2

N
S

−
0.

11
N

R
N

R
M

on
of

ila
m

en
ts

17
.5

 ±
 6

.3
17

.1
 ±

 4
.7

N
S

−
0.

07
17

.7
 ±

 5
.1

17
.5

 ±
 6

.3
N

S
−

0.
03

N
R

N
R

A
N

H
PT

 (
s)

26
.8

 ±
 3

.5
22

.6
 ±

 3
.2

*
−

1.
23

27
.5

 ±
 3

.1
26

.8
 ±

 3
.5

N
S

−
0.

21
N

R
N

R
FD

T
 (

s)
38

.6
 ±

 4
.4

33
.8

 ±
 4

.9
*

−
1.

01
40

.3
 ±

 5
.2

38
.6

 ±
 4

.4
N

S
−

0.
35

N
R

N
R

K
es

er
 e

t 
al

 
(2

01
1)

40
F

U
pp

er
 li

m
b 

st
re

ng
th

-le
ft 

(k
g)

90
.8

 ±
 2

1.
9

94
.3

 ±
 2

3.
1

*
0.

15
84

.6
 ±

 1
8.

4
92

.0
 ±

 1
8.

1
*

0.
23

*
N

R
U

pp
er

 li
m

b 
st

re
ng

th
-r

ig
ht

 (k
g)

94
.6

 ±
 2

1.
5

98
.5

 ±
 2

2.
0

*
0.

17
88

.0
 ±

 1
5.

2
94

.9
 ±

 1
4.

7
*

0.
45

*
N

R
K

es
er

 e
t 

al
 

(2
01

3)
41

A
N

H
PT

 (
s)

39
.6

 ±
 4

3.
4

37
.2

 ±
 4

3.
1

**
−

0.
05

27
.4

 ±
 3

.5
25

.8
 ±

 4
.3

N
S

−
0.

39
N

S
N

R

Sk
je

rb
ae

k 
et

 a
l 

(2
01

3)
50

F
G

ri
p 

st
re

ng
th

 (
kg

)
2.

0 
±

 0
.9

2.
1 

±
 0

.9
N

R
0.

10
2.

0 
±

 1
.1

2.
1 

±
 1

.1
N

R
0.

08
N

S
N

S
A

N
H

PT
 (

s)
36

.8
 ±

 1
3.

6
36

.6
 ±

 1
3.

5
N

R
−

0.
01

66
.9

 ±
 6

1.
7

63
.6

 ±
 5

9.
6

N
R

−
0.

15
N

S
N

S
 

BB
T

 (
n/

m
in

)
23

.6
 ±

 8
.5

25
.2

 ±
 9

.5
N

R
0.

16
27

.0
 ±

 8
.4

27
.6

 ±
 8

.1
N

R
0.

07
N

S
N

S

A
bb

re
vi

at
io

ns
: I

C
F,

 In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 F
un

ct
io

ni
ng

; P
re

, b
as

el
in

e;
 P

os
t, 

po
st

in
te

rv
en

tio
n;

 E
S,

 e
ffe

ct
 s

iz
e;

 F
, b

od
y 

fu
nc

tio
ns

 a
nd

 s
tr

uc
tu

re
s 

le
ve

l; 
A

, a
ct

iv
ity

 le
ve

l s
tr

en
gt

h 
by

 m
ea

ns
 o

f d
yn

am
om

et
er

 o
r 

ot
he

r 
fo

rc
e 

m
ea

su
re

m
en

t 
sy

st
em

 (
kg

, l
b,

 o
r 

N
); 

A
R

A
T

, A
ct

io
n 

R
es

ea
rc

h 
A

rm
 T

es
t 

(0
-5

7 
pt

s)
; M

A
L,

 M
ot

or
 A

ct
iv

ity
 L

og
 (

pt
s)

; N
H

PT
, N

in
e 

H
ol

e 
Pe

g 
T

es
t 

(0
-3

00
 s

); 
A

BI
LH

A
N

D
, m

ea
su

re
 o

f m
an

ua
l a

bi
lit

y 
fo

r 
ad

ul
ts

 w
ith

 u
pp

er
 li

m
b 

im
pa

ir
m

en
t 

(lo
gi

t)
; T

PD
, T

w
o-

po
in

t 
D

is
cr

im
in

at
io

n 
T

es
t 

(m
m

); 
M

on
of

ila
m

en
ts

, S
em

m
es

-W
ei

ns
te

in
 m

on
of

ila
m

en
ts

; F
D

T
, F

un
ct

io
na

l D
ex

te
ri

ty
 T

es
t 

(s
); 

BB
T

, B
ox

 a
nd

 B
lo

ck
 T

es
t 

(n
/m

in
); 

N
S,

 n
ot

 s
ig

ni
fic

an
t; 

N
R

, n
ot

 r
ep

or
te

d;
 /,

 
in

su
ffi

ci
en

t 
da

ta
 a

va
ila

bl
e 

to
 c

al
cu

la
te

 t
he

 H
ed

ge
s’

 g
 e

ffe
ct

 s
iz

e.
a V

al
ue

s 
ar

e 
m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n 
or

 r
an

ge
 [

 ]
 u

nl
es

s 
ot

he
rw

is
e 

re
po

rt
ed

. ⱡ
M

ed
ia

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

or
 r

an
ge

 [
 ]

; *
Po

si
tiv

e 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 

<
.0

5;
 *

*P
os

iti
ve

 s
ta

tis
tic

al
 s

ig
ni

fic
an

ce
 a

t 
<

.0
1;

 ^ n
eg

at
iv

e 
st

at
is

tic
al

 
si

gn
ifi

ca
nc

e 
at

 <
.0

5.

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


16 

T
ab

le
 7

. 
D

at
a 

Ex
tr

ac
tio

n 
of

 T
ri

al
s 

C
om

pa
ri

ng
 a

n 
Ex

pe
ri

m
en

ta
l G

ro
up

 W
ith

 a
 C

on
tr

ol
 G

ro
up

 R
ec

ei
vi

ng
 N

o 
In

te
rv

en
tio

na .

IC
F 

Le
ve

l

Ex
pe

ri
m

en
ta

l
N

o 
In

te
rv

en
tio

n

P 
Be

tw
ee

n 
G

ro
up

s

G
ro

up
-

by
-T

im
e 

In
te

ra
ct

io
n

R
ef

er
en

ce
C

lin
ic

al
 M

ea
su

re
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES
Pr

e
Po

st
P

H
ed

ge
s’

 
g 

ES

C
uy

pe
rs

 e
t 

al
 

(2
01

0)
30

F
M

on
of

ila
m

en
ts

 t
hu

m
b

N
R

N
R

**
/

N
R

N
R

N
S

/
**

N
R

M
on

of
ila

m
en

ts
 in

de
x 

fin
ge

r
N

R
N

R
**

/
N

R
N

R
N

S
/

**
N

R
M

on
of

ila
m

en
ts

 fi
ft

h 
fin

ge
r

N
R

N
R

**
/

N
R

N
R

N
S

/
*

N
R

M
on

of
ila

m
en

ts
 u

nt
ra

in
ed

 h
an

d
N

R
N

R
N

S
/

N
R

N
R

N
S

/
N

S
N

R
Jo

ne
s 

et
 a

l 
(1

99
6)

37
A

JT
H

F 
(s

)
N

S
N

S
N

S
N

R

Pe
ta

ja
n 

et
 a

l 
(1

99
6)

43
F

H
an

d 
gr

ip
 s

tr
en

gt
h 

(k
g)

16
.7

 ±
 1

.4
†

19
.1

 ±
 1

.7
†

N
S

/
21

.8
 ±

 2
.1

†
23

.4
 ±

 2
.0

†
N

S
/

N
R

N
R

Sh
ou

ld
er

 fl
ex

io
n 

st
re

ng
th

 (
kg

)
15

.9
 ±

 1
.0

†
17

.3
 ±

 1
.1

†
*

/
19

.1
 ±

 1
.1

†
18

.8
 ±

 1
.2

†
^

/
N

R
*

Sh
ou

ld
er

 e
xt

en
si

on
 s

tr
en

gt
h 

(k
g)

16
.8

 ±
 1

.0
†

18
.7

 ±
 1

.2
†

*
/

21
.5

 ±
 1

.3
†

20
.9

 ±
 1

.4
†

^
/

N
R

*
El

bo
w

 fl
ex

io
n 

st
re

ng
th

 (
kg

)
20

.1
 ±

 1
.0

†
21

.1
 ±

 1
.0

†
*

/
23

.2
 ±

 1
.2

†
22

.9
 ±

 1
.4

†
^

/
N

R
*

El
bo

w
 e

xt
en

si
on

 s
tr

en
gt

h 
(k

g)
13

.9
 ±

 6
.0

†
14

.3
 ±

 0
.7

†
N

S
/

15
.8

 ±
 0

.9
†

15
.6

 ±
 0

.9
†

N
S

/
N

R
N

R
T

ot
al

 u
pp

er
 li

m
b 

st
re

ng
th

 (
kg

)
13

3.
5 

±
 6

.9
†

15
6.

2 
±

 9
.4

†
*

/
15

9.
1 

±
 9

.0
†

15
6.

2 
±

 9
.4

†
^

/
*

*
R

om
be

rg
 

et
 a

l 
(2

00
4)

44

F
U

pp
er

 e
xt

re
m

ity
 e

nd
ur

an
ce

-L
ef

t 
(w

ei
gh

tli
ft

in
g 

te
st

, n
)

N
R

N
R

N
R

/
N

R
N

R
N

R
/

**
**

U
pp

er
 e

xt
re

m
ity

 e
nd

ur
an

ce
-R

ig
ht

 
(w

ei
gh

tli
ft

in
g 

te
st

, n
)

N
R

N
R

N
R

/
N

R
N

R
N

R
/

*
*

A
BB

T
-d

om
in

an
t 

(n
/m

in
)

N
R

N
R

N
R

/
N

R
N

R
N

R
/

N
S

N
S

BB
T

-n
on

do
m

in
an

t 
(n

/m
in

N
R

N
R

N
R

/
N

R
N

R
N

R
/

N
S

N
S

R
om

be
rg

 
et

 a
l 

(2
00

5)
45

A
N

H
PT

 (
s)

N
R

N
R

N
S

/
N

R
N

R
N

S
/

*
*

Sa
lh

of
er

-
Po

la
ny

i e
t 

al
 

(2
01

3)
48

A
N

H
PT

-m
ea

n 
of

 b
ot

h 
ha

nd
s 

(s
)

29
.6

 ±
 8

.4
28

.4
 ±

 9
.7

N
S

−
0.

13
28

.9
 ±

 8
.5

28
.7

 ±
 7

.7
N

S
−

0.
02

N
S

N
R

St
or

r 
et

 a
l 

(2
00

6)
51

A
N

H
PT

-le
ft

 (
s)

27
.0

 [
16

.0
-8

7.
0]

N
R

N
R

/
28

.5
 [

12
.0

-1
33

.0
]

N
R

N
R

/
N

S
N

R
N

H
PT

-r
ig

ht
 (

s)
32

.0
 [

19
.0

-1
15

.0
]

N
R

N
R

/
26

.0
 [

14
.0

-9
8.

0]
N

R
N

R
/

N
S

N
R

V
ik

m
an

 e
t 

al
 

(2
00

8)
54

F
H

an
d 

gr
ip

 s
tr

en
gt

h-
do

m
in

an
t 

(k
g)

23
.3

 ±
 1

1.
7

24
.0

 ±
 1

2.
3

N
S

0.
06

23
.5

 ±
 9

.4
23

.4
 ±

 9
.9

N
S

−
0.

01
N

R
N

R
H

an
d 

gr
ip

 s
tr

en
gt

h-
no

nd
om

in
an

t 
(k

g)
23

.4
 ±

 1
0.

5
23

.8
 ±

 1
1.

3
N

S
0.

03
22

.7
 ±

 9
.0

22
.1

 ±
 1

0.
6

N
S

−
0.

06
N

R
N

R
H

an
d 

gr
ip

 s
tr

en
gt

h 
en

du
ra

nc
e-

do
m

in
an

t 
(k

g)
16

.4
 ±

 7
.8

17
.1

 ±
 8

.7
N

S
0.

08
16

.4
 ±

 8
.6

15
.6

 ±
 8

.9
N

S
−

0.
09

N
R

N
R

H
an

d 
gr

ip
 s

tr
en

gt
h 

en
du

ra
nc

e-
no

nd
om

in
an

t 
(k

g)
16

.4
 ±

 7
.6

17
.1

 ±
 8

.6
N

S
0.

09
15

.7
 ±

 8
.0

14
.7

 ±
 9

.1
N

S
−

0.
11

N
R

N
R

A
BB

T
-d

om
in

an
t 

(n
/m

in
)

49
.6

 ±
 1

2.
4

52
.1

 ±
 1

5.
8

*
0.

17
49

.5
 ±

 9
.5

51
.9

 ±
 1

0.
4

**
0.

24
N

R
N

R
BB

T
-n

on
do

m
in

an
t 

(n
/m

in
)

51
.9

 ±
 1

4.
2

53
.7

 ±
 1

5.
2

*
0.

12
51

.9
 ±

 1
0.

5
53

.1
 ±

 9
.3

N
S

0.
12

N
R

N
R

N
H

PT
-d

om
in

an
t 

(s
)

34
.8

 ±
 1

3.
9

33
.3

 ±
 1

2.
4

N
S

−
0.

11
38

.3
 ±

 2
2.

3
35

.6
 ±

 2
0.

3
**

−
0.

12
N

R
N

R
N

H
PT

-n
on

do
m

in
an

t 
(s

)
35

.4
 ±

 1
6.

4
34

.7
 ±

 1
8.

6
**

−
0.

04
36

.1
 ±

 2
1.

3
34

.3
 ±

 1
2.

1
N

S
−

0.
10

N
R

N
R

W
ile

s 
et

 a
l 

(2
00

1)
55

A
N

H
PT

-H
os

pi
ta

l (
s)

19
9.

0 
±

 8
6.

0
19

0.
0 

±
 6

9.
0

N
R

−
0.

11
19

4.
0 

±
 6

7.
0

20
7.

0 
±

 8
5.

0
N

R
0.

17
**

N
R

N
H

PT
-H

om
e 

(s
)

20
1.

0 
±

 7
6.

0
19

4.
0 

±
 7

0.
0

N
R

−
0.

09
N

R
N

R
N

R
/

N
S

N
R

A
bb

re
vi

at
io

ns
: I

C
F,

 In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 F
un

ct
io

ni
ng

; P
re

, b
as

el
in

e;
 P

os
t, 

po
st

in
te

rv
en

tio
n;

 E
S,

 e
ffe

ct
 s

iz
e;

 F
, b

od
y 

fu
nc

tio
ns

 a
nd

 s
tr

uc
tu

re
s 

le
ve

l; 
A

, a
ct

iv
ity

 le
ve

l; 
M

on
of

ila
m

en
ts

, S
em

m
es

-W
ei

ns
te

in
 m

on
of

ila
m

en
ts

; N
R

, 
no

t 
re

po
rt

ed
; J

T
H

F,
 Je

bs
en

 T
es

t 
of

 H
an

d 
Fu

nc
tio

n 
(s

); 
n,

 n
um

be
r,

 s
tr

en
gt

h 
by

 m
ea

ns
 o

f d
yn

am
om

et
er

 o
r 

ot
he

r 
fo

rc
e 

m
ea

su
re

m
en

t 
sy

st
em

 (
kg

); 
BB

T
, B

ox
 a

nd
 B

lo
ck

 T
es

t 
(n

/m
in

); 
N

H
PT

, N
in

e 
H

ol
e 

Pe
g 

T
es

t 
(0

-3
00

 s
); 

N
S,

 n
ot

 
si

gn
ifi

ca
nt

; N
R

, n
ot

 r
ep

or
te

d;
 /,

 in
su

ffi
ci

en
t 

da
ta

 a
va

ila
bl

e 
to

 c
al

cu
la

te
 t

he
 H

ed
ge

s’
 g

 e
ffe

ct
 s

iz
e.

a V
al

ue
s 

ar
e 

m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

or
 r

an
ge

 [
 ]

 u
nl

es
s 

ot
he

rw
is

e 
re

po
rt

ed
. † M

ea
n 

±
 s

ta
nd

ar
d 

er
ro

r 
of

 t
he

 m
ea

n;
 ⱡ M

ed
ia

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

or
 r

an
ge

 [
 ]

; *
Po

si
tiv

e 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 

<
.0

5;
 *

*P
os

iti
ve

 s
ta

tis
tic

al
 

si
gn

ifi
ca

nc
e 

at
 <

.0
1;

 ^ N
eg

at
iv

e 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 

<
.0

5.

 at Universiteit Hasselt on January 8, 2016nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


Lamers et al 17

Table 8. Data Extraction of the Uncontrolled Studiesa.

ICF 
Level

Experimental Group

Reference Clinical Measure Pre Post P Hedges’ g ES

Carpinella 
et al 
(2009)28

F TSS-kinetic (treated) (pts) 2.0 ± 0.9 1.8 ± 1.6 NS −0.14
TSS-intention (treated) (pts) 3.0 ± 1.4 2.0 ± 1.3 NS −0.69

A NHPT (treated) (s) 58.4 ± 36.9 46.7 ± 27.6 * −0.34
Gijbels 

et al 
(2011)33

F MI (pts) 72.0 ± 8.0 NR NS /
Hand grip strength (kg) 14.3 ± 9.1 NR NS /

A TEMPA (s) 56.4 ± 44.1 NR * /
ARAT (pts) 45.0 ± 13.0 NR NS /
NHPT (s) 157.1 ± 114.6 NR * /

Mark et al 
(2008)42

A MAL (pts) 1.9 ± 0.5 3.6 ± 0.7 ** 2.52
WMFT-time (s) 2.2 ± 1.0ⱡ 1.4 ± 0.4ⱡ NS −0.95
WMFT-FA (pts) 3.5 ± 0.5 4.1 ± 0.4 * 1.20

Salem et al 
(2011)47

F Hand grip strength-left (kg) 16.3 ± 10.0 20.0 ± 11.0 * 0.34
Hand grip strength-right (kg) 14.6 ± 11.1 18.8 ± 9.0 * 0.40

Sampson 
(2015)49

F Fugl-Meyer proximal arm (pts) 22.4 ± 4.6 28.0 ± 6.1 * 0.36
Fugl-Meyer distal arm (pts) 22.4 ± 2.5 22.8 ± 3.7 NS 0.05
Fugl-Meyer total score (pts) 44.8 ± 5.8 50.8 ± 8.2 NS 0.76

A ARAT (pts) 45.6 ± 10.5 46.2 ± 9.6 NS 1.09
NHPT (s) 145.3 ± 96.4 116.3 ± 87.31 NS 0.11
MAM-36 (logits) 46.8 ± 9.99 50.4 ± 8.1 NS 0.29

Taylor et al 
(2006)52

F Strength arm press (1 RM, kg) 33.0 ± 16.2 40.4 ± 14.5 ** 0.46
Endurance arm press (reps) 32.9 ± 12.3 46.3 ± 17.2 NS 0.85

Abbreviations: ICF, International Classification of Functioning; Pre, baseline; Post, postintervention; ES, effect size; F, body functions and structures 
level; A, activity level; TSS, Tremor Severity Scale (pts); NHPT, Nine Hole Peg Test (0-300 s); MI, Motricity Index (pts), strength by means of 
dynamometer or other force measurement system (kg, lb, or N); TEMPA, Test Évaluant les Membres supérieurs des Personnes Âgées (s); ARAT, 
Action Research Arm Test (0-57 pts); MAL, Motor Ability Log (pts); WMFT-time, Wolf Motor Function Test–performance time (s); WMFT-FA, Wolf 
Motor Function Test–Functional Ability (pts); 1 RM, maximum amount of weight lifted in a single seated arm press; reps, repetition; NS, not significant; 
NR, not reported; /, insufficient data available to calculate the Hedges’ g effect size.
aValues are mean ± standard deviation. ⱡMedian ± standard deviation or range [ ]. *Positive statistical significance at <.05; **Positive statistical 
significance at <.01.

provide guidelines due to the diversity in therapy content 
and dosage, findings and suggestions regarding therapy 
content and therapy dosage are discussed in more detail 
within this discussion.

Therapy Content

This review shows that a large number of different rehabilita-
tion strategies have been applied to improve the upper limb 
function in PwMS ranging from resistance and endurance 
training on body functions and structures level to task-oriented 
training on activity level. Robot-based upper limb training and 
multidisciplinary rehabilitation were the most frequently 
investigated rehabilitation strategies in the literature. Together 
with task-oriented training, the latter rehabilitation strategies 
were also the most recently investigated strategies, which 
matches their popularity in other neurological diseases such as 
stroke.56 The majority of the included studies trained only the 
dominant or the most impaired upper limb despite the fact that 
a large number of ADL are performed bilaterally. Only 

3 studies, with most of them recently published, paid more 
attention toward bilateral training of the upper limbs. Recently, 
evidence for bilateral training in MS was given by Bertoni 
et al, who found that 75% of the PwMS have bilaterally 
impaired manual dexterity, even in an early stage of the dis-
ease.17 In addition to these findings, we found that the majority 
of the reported interventions was given individually and was 
supervised. None of the included studies investigated whether 
this approach had more beneficial effects compared to group 
training or unsupervised training and whether there is a differ-
ence in the cost-effectiveness. Furthermore, it is difficult to 
draw conclusions regarding the setting of the intervention (eg, 
outpatient, inpatient, community or home-based) as the 
approaches varied between the different included studies.

Regarding the effects of the rehabilitation strategies, we 
saw that the majority of the intervention studies reported 
improvement of the upper limb function on the same ICF 
level as the rehabilitation strategy that it focused on. For 
example, resistance and/or endurance training seem to 
improve upper limb strength43,52 and endurance44 on body 
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functions and structures level, while task-oriented train-
ing,27,32 constraint-induced movement therapy,42 and some 
types of robot-supported training28,29,33 focused on activity 
level and thus improved capacity and performance on activ-
ity level. Sensory training30,38 in turn seemed to improve sen-
sory function in the hand on body functions and structures 
level and upper limb capacity on activity level. In summary, 
these findings indicate the importance of selecting a training 
program in function of the desired improvements (eg, resis-
tance training to improve strength or task-oriented training to 
improve upper limb capacity and performance in daily life). 
Remarkably, only 3 studies reported upper limb improve-
ments after conventional40 and multidisciplinary54,55 treat-
ment. The lack of sufficient evidence for conventional and/or 
multidisciplinary treatment may be due to the fact that it does 
not target the upper limbs exclusively. Furthermore, the con-
tent of these types of treatment was in the majority of included 
studies poorly described and there was no information avail-
able on how much attention was given toward the upper 
limbs. Therefore, it is difficult to draw conclusions regarding 
the effects of experimental interventions over conventional 
treatment in PwMS. Furthermore, based on the rather limited 
amount of well-designed studies with small sample sizes, it is 
difficult to give recommendations regarding the optimal ther-
apy content for PwMS.

Furthermore, the variety of patient characteristics, the 
different upper limb disability levels of the included patients 
and the use of the different outcome measures makes it dif-
ficult to compare the results between the included studies. 
The current rehabilitation studies included PwMS with a 
variety of upper limb disability or mainly PwMS with a 
relatively preserved upper limb function as suggested by 
the different baseline values reported in Tables 5 to 8. In our 
opinion, it is important to differentiate between PwMS with 
different disability levels as they present with different 
impairments and report other limitations on activity level.17 
It is, for example, unlikely that PwMS with different upper 
limb disability levels will improve to a similar extent after 
the same rehabilitation intervention.

In summary, more studies comparing the effects of different 
upper limb rehabilitation strategies in PwMS with different 
upper limb disability levels are needed to specify clear recom-
mendations regarding upper limb rehabilitation in PwMS.

Therapy Dosage

The importance of therapy dosage, including training dura-
tion, frequency of training sessions, duration of a single 
training session, and intensity of training, has been indi-
cated in people after a stroke. A recent literature study con-
cluded that there is a positive relationship between the total 
therapy time and therapy outcomes.57 In MS, there is cur-
rently no attention for the therapy dosage of upper limb 
rehabilitation. The majority of the included studies had an 

intervention duration of 8 weeks or more. The frequency of 
training ranged from 2 to 5 days per week while the dura-
tion of a training session ranged from 30 to 60 minutes. 
Intensity of training was rarely reported, except in the stud-
ies using robot-supported training, strength, and/or endur-
ance training as these types of intervention allowed 
controlling of and documentation of the number of repeti-
tions and training intensity. However, as shown in stroke, 
also the intensity of task-oriented upper limb training or 
home-based training could be monitored and controlled in 
future research by using accelerometers.58

In none of the included studies, background reasons 
regarding the selection of the therapy dosage was given. It 
is, however, unclear whether the interventions would have 
the same results with a lower therapy dosages or better 
results if the PwMS had received a higher therapy dosage. 
Furthermore, it is unknown whether the relationship 
between therapy dosage and therapy outcome would be the 
same in all disability levels and which therapy dosage 
parameters are important (eg, training duration, frequency 
of training, intensity of training). It could be, for example, 
that PwMS in a more advance disease stage and with 
marked upper limb dysfunction or PwMS with a progres-
sive type of MS cannot perform a high-intensity training 
due to decreased physical fitness, potential presence of 
motor fatigue, and reduced neural reserves. In addition, one 
may hypothesize that those PwMS may benefit from a lon-
ger training duration at low intensity to obtain some effects. 
Future research should aim to investigate the effects of ther-
apy dosage parameters in PwMS with different upper limb 
disability levels and different types of MS as it is already 
shown to play an important role in other neurological 
diseases.57

Recommendations for Future Research

Besides the need for RCTs with large sample sizes investi-
gating therapy content and dosage in PwMS, there is a need 
for studies investigating whether reported improvements by 
the current intervention studies are caused by improve-
ments of disuse or neuroplasticity or by a combination of 
both factors. It is sometimes difficult to decide whether to 
focus on preventive, restorative, or compensatory treatment 
strategies or to provide a combination in PwMS. One may 
inquire which type of the latter strategies would be more 
beneficial in PwMS at different stages of the disease. To 
answer this question, it is important that future RCTs cate-
gorize their included PwMS according to their upper limb 
disability level and include appropriate clinical, self-
reported, physiological, and neuroimaging outcome mea-
sures. Recommendations regarding the use of clinical and 
self-reported upper limb outcome measures were recently 
published and may help in the selection of appropriate out-
come measure for future RCTs.59,60 Guidelines regarding 
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the use of physiological and neuroimaging outcome mea-
sures are currently lacking. To date, only one study has 
already included neuroimaging measures and found that 
task-oriented upper limb training positively affected the 
white matter architecture in PwMS.27 Furthermore, there is 
a need for studies investigating the effects of upper limb 
rehabilitation in PwMS with a progressive type of MS, as 
effective disease-modifying drugs are not available for 
them.61 In this review, we only found 4 studies32,33,42,50 
investigating specifically the effects of upper limb rehabili-
tation in PwMS with progressive type of MS. In addition, 
besides interventions studies targeting the upper limbs in 
MS, well-designed longitudinal studies describing the natu-
ral course of upper limb dysfunction in MS are lacking. 
These studies may probably provide new and more insights 
regarding upper limb dysfunction in MS, which can be used 
to further improve rehabilitation strategies. Last, we recom-
mend using the Template for Intervention Description and 
Replication checklist and guide when reporting the results 
of interventions studies.62 The use of the checklist and guide 
will improve the completeness of reporting and ultimately 
the replicability of interventions as sometimes important 
information was missing in the published intervention 
studies.

Study Limitations

No meta-analysis was performed as the methodological 
quality of the included studies varied from low to high with 
only 11 RCTs out of the 30 included studies. The other 
included studies were controlled trials, crossover studies, or 
cases series that received lower scores on the PEDro check-
list and thus a lower level of evidence. The criteria of the 
PEDro checklist such as concealment of allocation and 
blinding of subjects and therapist were in most of the stud-
ies not satisfied. The latter is often not feasible in rehabilita-
tion studies. Despite the low methodological quality and the 
relatively low sample sizes of some of the included studies, 
we decided to include them for the data extraction per-
formed in this systematic review as they still provided 
information and insights in the effects of upper limb reha-
bilitation in MS. A second reason why no meta-analysis was 
performed was that the included studies used different out-
come measures, different type of intervention strategies, 
and included patients with different disability level, which 
makes it difficult to cluster and compare the studies. 
However, we provided ES to indicate the magnitude of 
change in the different studies.

Conclusions

The results of this systematic review indicated that different 
types of upper limb rehabilitation strategies can improve 
upper limb function in MS. Further research is necessary to 

compare directly the effects of different rehabilitation strat-
egies and to investigate the optimal therapy dosage taken 
for the upper limb disability of the PwMS into account.
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