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1  |  INTRODUC TION

Multiple sclerosis (MS) is a chronic, demyelinating disease of the cen-
tral nervous system, which is commonly diagnosed in young adults. 
The worldwide prevalence of MS is estimated around 2.2 million.1 
During the course of the disease, there is a degeneration of myelin 

around the axons, resulting in impaired neural drive. Consequently, 
people with MS develop both motor and sensory deficiencies. The 
severity of these problems depends on the disease progress, which 
can range from minor issues to serious problems that significantly 
increase the disability status of people with MS. Among the many 
symptoms of the disease, muscle weakness is commonly observed 
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Objectives: To analyze the effects of a fast-velocity concentric resistance training 
(FVCRT) program on maximum strength of upper and lower limb, gait speed, walking 
endurance, fatigue, physical self-perception, and catastrophizing pain in people with 
multiple sclerosis (MS).
Materials and Methods: Participants were randomized to either an experimental [EG] 
(n = 18) or a control [CG] (n = 12) group. The EG carried out 10-weeks of lower limb 
FVCRT. The CG did not perform any intervention. The maximum isometric voluntary 
contraction (MVIC) during knee extension, hand-grip strength, gait speed, walking 
endurance, fatigue, physical self-perception, and catastrophizing pain were measured.
Results: Inter-group differences after intervention were found on the right and left 
sides in MVIC (p = .032; ES = -0.7 and p = .009; ES = -0.9), and hand grip strength 
(p = .003; ES = -1.0 and p = .029; ES = -0.7). After FVCRT, there was in increase in 
MVIC (p < .001; ES = -1.7 and p < .001; ES = -1.3) and hand grip strength (p < .001; 
ES = -1.3 and p < .001; ES = -1.3) on both right and left sides, respectively. In addi-
tion, gait speed (p = .023; ES = 1.3), walking endurance (p < .001; ES = -1.0), symp-
tomatic fatigue (p =  .004; ES = 0.6), and catastrophizing pain (p < .001; ES = 1.0) 
improved in EG.
Conclusion: Lower limb FVCRT improved the upper and lower limb strength, walking, 
symptomatic fatigue, and catastrophizing pain in MS participants.
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in persons with MS compared with matched groups without pathol-
ogies.2 One explanation for this is that people with MS have a lower 
capacity to activate motor units of the lower limb muscles.2 Similarly, 
maximum voluntary strength is impaired in this population,2,3 which 
may imply important clinical problems, such as poor balance or im-
paired functional capacity.4 Thus, the neuromuscular disability can 
gravely affect gait and mobility in people with MS.5 Negative effects 
on gait kinematics, gait speed, and walking endurance can lead to a 
significant decrease in the quality of life.6 For this reason, improving 
walking ability in people with MS is a major goal. In addition to neu-
ral and motor problems, people with MS present different psycho-
physiological problems such as a high perception of symptomatic 
fatigue,7 pain catastrophizing, and a low physical self-perception.8

In an effort to reverse the symptomatology of MS, traditional 
resistance training is an effective tool to improve the activation of 
lower limb muscles.9 Different meta-analyses have shown improve-
ment in maximum voluntary contraction (MVIC) following traditional 
resistance training.10 There are also neuromuscular benefits (e.g., 
neural drive) following 3-weeks of maximal strength training9 as 
well as improvements in walking endurance and gait speed in people 
with MS11 compared with control group. Specifically, a meta-analysis 
carried out by Pearson et al.12 demonstrated that resistance train-
ing improved walking endurance and gait speed in MS participants. 
Furthermore, previous studies have concluded that there is a close 
relationship between lower limb strength and walking, which sug-
gests the need to improve neuromuscular performance to achieve 
benefits in overall mobility and quality of life.4

Recently, some studies have examined the benefits of resistance 
training using maximum-velocity contractions during the concentric 
phase of the movement, called fast-velocity concentric resistance 
training (FVCRT), on strength and functional capacity in healthy 
adults13 and in the elderly.14,15 Together, these results suggest that 
FVCRT elicits greater neuromuscular adaptations compared with other 
types of physical training programs.13–15 The intention to produce 
force at maximal velocity during the concentric phase leads to greater 
neural demands.16,17 In addition, these neuromuscular adaptations 
lead to further gains in functional capacity and balance, among oth-
ers.14 However, FVCRT has yet to be investigated in people with MS.

Along with the benefits of resistance training on motor control, 
physical exercise also provides improvements in psychological state 
and fatigue perception in populations with and without pathol-
ogies.18 Resistance training has a positive impact on physical self-
perception in people with MS.19 In addition, catastrophizing pain 
and symptomatic fatigue can also be diminished after a resistance 
training program in the MS population.19

Although recent studies have analyzed the benefits of resistance 
training on maximal strength of trained limbs, there are no studies 
that have investigated improvements in upper limb strength fol-
lowing lower limb focused training. In addition, the neural improve-
ments derived from FVCRT has been studied in other populations,14 
but not in MS. FVCRT may be an appropriate type of training for the 
MS population as it may generate greater increases in rate of force 
development (RFD),20 which in turn can enhance gait and balance.

Therefore, the main objectives of this randomized clinical trial 
(RCT) were as follows: (1) to analyze the benefits of a 10-week lower-
limb FVCRT on upper and lower limb maximum strength; (2) to know 
the impact of this training on gait speed and walking endurance; and 
(3) to analyze the benefit of FVCRT on fatigue perception, catastroph-
izing pain, and physical self-perception measured through question-
naires in people with MS. Our hypothesis was that FVCRT will have a 
large effect on lower limb maximum strength and upper-limb strength 
(due to neural gains). In addition, we hypothesized that FVCRT will lead 
to an increase in walking performance and physical self-perception, as 
well as a decrease in symptomatic fatigue and catastrophizing pain.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and testing procedure

A single-blinded, RCT was conducted with two arms (experimental 
[EG] and control [CG] groups) and consisted of a 10-week interven-
tion. All training and testing sessions were carried out in the UCAM 
Sports Center (Murcia, Spain). All participants were evaluated dur-
ing the same time of the day to minimize differing responses due to 
circadian rhythm changes. The temperature (21–22°C) and humidity 
(55%–60%) of the room were controlled during the testing sessions. 
To analyze the benefits of FVCRT on maximum strength, gait speed, 
walking endurance, fatigue perception, physical self-perception, and 
catastrophizing pain, measurements were carried out at pre- and 
post-10 weeks of FVCRT in both EG and CG. The trial was approved 
by the Catholic University of Murcia Ethics Committee and was in 
accordance with the Declaration of Helsinki. The trial design fol-
lowed Consort guidelines for RCT. This study was registered in Clini​
calTr​ials.gov (identifier: NCT04452760).

2.2  |  Participants

Thirty individuals with MS were recruited through the local MS as-
sociation. A board-certified neurologist diagnosed the participants 
with either Relapsing–Remitting MS or Secondary Progressive MS, 
based on the McDonald criteria. Following Kim & Shin,21 a randomi-
zation sequence was created using Excel 2016 (Microsoft, Redmond, 
WA, USA) with a 3:2 (e.g., 3 in EG, 2 in CG) allocation using a random 
number table by one of the research staff member that specialized 
in statistical analysis. People with MS had to be in the stable phase 
of the disease and were ambulatory for more than 100 meters. The 
exclusion criteria were as follows: 1) Expanded Disability Status 
Scale <1 or >6, 2) experienced a relapse in the prior 12 months, 3) 
on corticosteroid treatment 2 months before study inclusion, and 4) 
partook in resistance training in the prior 4 months. The informed 
consent document was read and signed by the participants before 
participating in the study. Participants were excluded if they expe-
rienced an exacerbation that affected pyramidal functions or if they 
incomplete >10% of the planned training sessions.

http://clinicaltrials.gov
http://clinicaltrials.gov
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2.3  |  Procedures

The 10-week lower-limb FVCRT was performed 3 times per week 
with at least 48 h of rest between sessions, in the UCAM Sports 
Center  (Murcia, Spain). Prior to FVCRT, a standardized warm-up 
protocol (5-min on a stationary bicycle, mobility of lower-limbs, 
and 5 repetitions at 40% 1-RM on each machine) was conducted. 
Afterward, the EG performed bilateral leg press, unilateral leg 
extension, unilateral hip extension, and bilateral seated calf raise 
on conventional weight machines (Technogym, Cesena, Italy). 
Intensity, sets, repetitions, and rest between sets are presented in 
Table 1. Participants were told to prevent muscle failure and leave 
two repetitions in reserve. Supervisors instructed participants to 
lower the weight in a controlled manner and have a short pause 
at the end of movement, then to maximally contract the muscle 
as quickly as possible (concentric phase) to maximize the neural 
component. The individualized training load was determined from 
the 1-repetition maximum (1-RM) of each exercise before the start 
of the study. The 1-RM load was estimated using the following pro-
tocol: 1 set of 10 repetitions at 50% of perceived 1-RM, 1 set of 
5 repetitions at 75% of the perceived 1-RM, and 1 set of 1 repeti-
tion at 100% of 1-RM. Five min of rest were given between sets. 
If a participant could complete >1 repetition in the latter set, the 
1-RM was estimated. The load was increased by 2%–5% when the 
participants were able to achieve 2 more repetitions than the pre-
determined ones, always with 2 repetitions in reserve. At the end 
of each session, participants filled-in a log with the details of each 
exercise: weight lifted, repetitions, and sets completed. A group 
of up to 4 participants trained together, and all sessions had the 
same supervisor, specialized in strength and conditioning train-
ing, and certified by NSCA-CPT. The CG did not partake in any 
intervention.

2.4  |  Outcomes measures

The same researcher conducted each assessment. Participants were 
not blinded to the intervention due to the peculiarity of the inter-
vention (resistance training program vs. no exercise). Participants 
who were allocated to the CG were invited to complete the 10-
weeks of lower-limb FVCRT after completion of the control post-
measurements. A blinded researcher who was not directly involved 
in the training program and group allocation analyzed all outcome 
measures.

2.5  |  Maximum strength of upper and lower limb

2.5.1  |  Lower limb

Participants sat on the isokinetic dynamometer chair (Biodex 
Medical System, NY) with both legs flexed at 90° and the test-
ing leg's ankle strapped directly to a customized apparatus with 
a load cell (Model SML500, Interface Scottsdale, AZ, USA). To as-
sess maximal torque (MVIC) in each leg, participants were verbally 
encouraged to apply “as much force as possible” throughout the 
2 consecutive maximal contractions. Participants performed two 
5-s MVICs with 3 min of rest between contractions. The right leg 
was always evaluated first, and the trial with the highest MVIC was 
used for analysis.

2.5.2  |  Upper limb

Participants stood with their elbows fully extended and sepa-
rated from the trunk. In this position, isometric handgrip strength 
was measured for 5 s using the electronic hand dynamometer (TL-
LSC100, Trailite, Ahaus, Germany). Participants performed three tri-
als in each hand (right and left) and a 60-s rest interval was given 
between attempts. The highest value was recorded.

2.6  |  Walking variables

2.6.1  |  Gait speed

Gait speed was measured with the 10-meter walk test (10-MWT), 
where 2 photocells (Witty, Microgate, Italy) were placed at 6- and 
10-m to record the time. Participants performed the test as fast 
as possible without running, twice with 2 min of rest in between. 
Participants were encouraged throughout the 10-MWT. The lowest 
walking time (s) was used for analysis.

2.6.2  |  Walking endurance

After the 10-MWT, participants performed the 6-min walk test (6-
MWT) using a self-selected preferred speed to measure walking 
endurance. The testing track was rectangular, and cones defined 
the corners. Rest during the test was allowed if the participant 

TA B L E  1  FVCRT training program

Week 1 2 3 4 5 6 7 8 9 10

Intensity (% 1-RM) 60 65 70 75 60 65 70 75 75 60

Sets for exercise 2 3 3 4 2 3 3 3 4 2

Repetitions 15 13 9 8 15 13 9 8 8 15

Rest between set (s) 120 120 120 120 120 120 120 120 120 120

Note: FVCRT, fast-velocity concentric resistance training. 1-RM, one-repetition maximum.
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needed it, but the time did not stop during the resting period. 
The total distance (m) covered was recorded. The investigator 
accompanied the participants during the test but did not make 
conversation.

2.7  |  Physical self-perception

The physical self-perception consisted of six subscales that assessed 
self-perception in sports competence, physical condition, attrac-
tive body, physical strength, general physical self-perception, and 
general self-perception. The answers were structured on a 5-point 
Likert scale, where each subscale score could range from 6 to 36 
points. A higher score indicated good physical self-perception.

2.8  |  Catastrophizing Pain Scale

The Catastrophizing Pain Scale was utilized to assess catastrophic 
feelings related to pain (e.g., painful experiences). Three subscales 
scores examined rumination and helplessness. Each of the 13 ques-
tions had a scale of 5 scores with the end points were <0 > not at all 
and <4 > all the time. A lower score indicated low or no catastrophiz-
ing pain.

2.9  |  Fatigue Severity Scale

Fatigue perception was measured with the one-dimensional Fatigue 
Severity Scale (FSS), a validated questionnaire for the MS popula-
tion. The test–retest reproducibility of FSS is high. A higher score in 
FSS indicated high level of fatigue.

2.10  |  Statistical analyses

Statistical analysis was performed using the software SPSS 
(v.24.0). Descriptive analyses (mean and standard deviation) 
were calculated. The Shapiro–Wilk test verified the assumption 
of normality before using parametric tests, and the Levene's test 
determined the homogeneity of variance. A two-way, repeated 
measures analysis of variance (ANOVA) analyzed the effects of 
lower-limb resistance training program (general linear model; 2 
time points (pre- and post-intervention) × 2 groups (EG and CG). 
Post-hoc tests (Bonferroni) were performed when significant in-
teraction (group x time) effects were observed. Eta squared partial 
(η2

p) for variance analysis calculated the effect size, and Cohen's d 
(ES) evaluated the standardized difference between two means. 
An η2p of 0.1–0.24 indicated a small effect, 0.25–0.36 a medium 
effect and ≥0.37 a large effect. The Cohen scale was used to de-
marcate effect sizes, where 0.2 represents a small effect, 0.5 a 
moderate effect, and 0.8 a large effect. A level of p < .05 estab-
lished statistical significance.

3  |  RESULTS

The inclusion flowchart and the participant's characteristics pre-
sented in Table 2 and Figure 1, respectively. The period of recruit-
ment was between June and July of 2020, and the study trial started 
in July 2020 and ended in November 2020. All participants com-
pleted the intervention and were included in the data analysis. No 
participant showed adverse effects related to resistance training. In 
addition, there were no group differences observed at baseline.

Table 3 shows the strength results. There was a group x time in-
teraction effect in MVIC of both limbs (Right: p < .001; Left: p < .001), 
showing a significant improvement from pre- to post-training in EG 
(Right: p < .001; Left: p < .001) and significant differences between 
EG and CG at the end of the program (Right: p = .032; Left: p = .009). 
Additionally, there was a group x time interaction effect in hand-grip 
strength of both hands (Right: p = .004; Left: p < .004) with a signif-
icant improvement in EG due to training program (Right: p < .001; 
Left: p < .001) and significant differences between EG and CG at the 
end of the program (Right: p = .003; Left: p = .029).

Concerning gait speed and walking endurance (Table 4), no in-
teraction group × time effect was observed in any of the variables. 
There was a main effect of time in 10-MWT (p = .010) and 6-MWT 
(p < .001) walk tests, showing a significant improvement of EG from 
pre- to post-training program (10-MWT: p = .023; 6-MWT: p < .001). 
In addition, significant differences were observed at the end of the 
program in 10-MWT in EG (p = .041).

Finally, Table  5 shows the physical self-perception, fatigue, 
and catastrophizing pain results. The items in the physical self-
perception questionnaire that showed a group x time interaction 
effect were physical condition (p =  .010) and general physical self-
perception (p =  .030). The items in the catastrophizing pain ques-
tionnaire that revealed a group x time interaction were helplessness 
(p =  .003), magnification (p =  .020), and total catastrophizing pain 
scale (p =  .010). A significant impairment in physical condition was 
observed in CG (p  =  .043), while an improvement in helplessness 
(p  =  .001), magnification (p < .001), and total pain catastrophizing 
scale (p < .001) were shown in EG at the end of the program. No 
other group x time interaction effect was observed in any of the 
analyzed variables.

4  |  DISCUSSION

The present RCT demonstrates that lower-limb FVCRT can improve 
not only lower-limb strength, but also upper-limb strength. In ad-
dition, gait speed, walking endurance, and to some extent sympto-
matic fatigue and catastrophizing pain, improved after the FVCRT.

4.1  |  Maximum strength

Our training program focused on lower limb exercises mainly for 
two reasons. The first is based on the greater neuromuscular deficit 
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that people with MS present in the lower limbs compared with the 
upper limbs.3 The second reason is the relationship between lower 
limb strength and other impaired variables in this population, such 
as walking and balance.4 Our study showed that 10 weeks of lower-
limb FVCRT improves knee extensor maximum strength by 31.7% 
in the right leg (differences between groups at post of 69%) and by 
26.7% in the left leg (differences between groups at post of 69%). 
Interestingly, hand-grip strength also increased by 12.53% for 
the right hand (differences between groups at post of 40%) and 
by 32.41% for the left hand (differences between groups at post 
of 9.5%). In line with our results, previous studies have shown in-
creases in maximum strength, mainly in the lower limb muscles, after 
8–12 weeks of traditional resistance training programs in people 
with MS.22,23 A deficit of maximum lower limb strength is one of the 
main problems in people with MS, so improving it is a crucial aspect 
of rehabilitation in this population.3 In addition, enhanced maximum 
strength has been associated with improved gait, increased mobility, 
and reduced risk of falls24 in this population.

Interestingly, maximum hand-grip strength increased significantly 
in both hands after 10 weeks of FVCRT in the EG, even though the 
training program only targeted lower limb muscles. Improvements in 
upper body strength (untrained limb) show adaptations at the neural 
level. Improvements in the untrained limbs in our suggest that there 
were improvements in recruitment and synchronization of motor 
units, higher firing rates, greater spinal motor-neuronal excitability, 
and an increase in efferent motor drive.16,25 There was a large ES 
in hand-grip strength observed, suggesting possible neuromuscular 
adaptation in the untrained upper limbs. Hand-grip strength is an in-
dicator of overall strength and is associated with numerous clinically 
relevant health outcomes.26 Previous research has shown a close 
relationship of hand grip values with mortality, risk of suffering car-
diovascular diseases, quality of life, and functional capacity.27 Even a 
relationship between upper limb strength and walking capacity has 
been established in people with MS.28

It is suggested that FVCRT elicits greater neural adaptations 
than resistance training at low-moderate concentric velocities.29 

Characteristics All (n = 30)
Experimental 
group (n = 18)

Control group 
(n = 12) P

Sex (men: women) 15:15 10:8 5:7

MS phenotype (RR:SP) 27:3 16:2 11:1

Age (years) 46.21 ± 10.43 44.89 ± 10.62 48.36 ± 10.23 .394

EDSS 3.21 ± 1.51 3.17 ± 1.65 3.27 ± 1.33 .858

Weight (kg) 68.51 ± 11.55 67.19 ± 10.63 70.67 ± 13.17 .442

Height (cm) 166.86 ± 6.95 166.44 ± 7.32 167.54 ± 6.58 .687

BMI (kg⋅m−2) 24.56 ± 3.29 24.26 ± 3.12 25.06 ± 3.64 .534

Fat mass (%) 26.47 ± 8.72 25.92 ± 8.28 27.34 ± 9.69 .680

Abbreviations: Data are presented as mean ± standard deviation. Significance was set at p = .05. 
BMI, body mass index. EDSS, expanded disability status scale. MS, multiple sclerosis. RR, 
relapsing–remitting. SP, secondary-progressive.

TA B L E  2  Participant characteristic

F I G U R E  1  Participant enrollment, 
allocation, and analysis flowchart



    |  657ANDREU-­CARAVACA et al.

TA
B

LE
 3

 
Ri

gh
t a

nd
 le

ft
 m

ax
im

um
 u

pp
er

 a
nd

 lo
w

er
 li

m
b 

st
re

ng
th A
N

O
VA

 (F
, p

, η
2 p)

Po
st

 H
oc

 (B
on

fe
rr

on
i)

PR
E-

tr
ai

ni
ng

PO
ST

-t
ra

in
in

g
Ti

m
e 

ef
fe

ct
G

ro
up

 e
ff

ec
t

Ti
m

e 
x 

G
ro

up
 e

ff
ec

t
In

tr
a

In
te

r

O
ut

co
m

e
G

ro
up

M
ea

n
SD

M
ea

n
SD

F
p

η2
p

F
p

η2
p

F
p

η2
p

p
ES

M
p

ES

Ri
gh

t S
id

e

M
V

IC
 (N

)
CG

36
6.

9
12

5.
0

37
3.

6
13

1.
5

29
.7

<
.0

01
*

0.
54

2.
4

.1
37

0.
09

23
.9

<
.0

01
*

0.
49

.7
11

−0
.2

Pr
e

.5
80

−0
.0

67

EG
39

5.
6

13
4.

3
51

9.
3

18
2.

1
<

.0
01

*
−1

.7
Po

st
.0

32
−0

.7
24

H
an

d-
gr

ip
 (k

g)
CG

26
.3

8.
6

26
.9

8.
3

18
.8

<
.0

01
*

0.
43

7.
4

.0
12

*
0.

23
9.

9
.0

04
*

0.
28

.4
36

−0
.3

Pr
e

.0
43

−0
.6

94

EG
33

.5
8.

7
37

.7
8.

6
<

.0
01

*
−1

.3
Po

st
.0

03
−1

.0
75

Le
ft

 S
id

e

M
V

IC
 (N

)
CG

28
3.

5
14

3.
6

28
4.

1
14

3.
6

20
.5

<
.0

01
*

0.
45

5.
5

.0
27

*
0.

18
20

.0
<

.0
01

*
0.

44
.9

73
0.

0
Pr

e
.1

06
−0

.5
35

EG
37

6.
6

14
0.

5
48

0.
1

19
5.

5
<

.0
01

*
−1

.3
Po

st
.0

09
−0

.9
41

H
an

d-
gr

ip
 (k

g)
CG

25
.2

7.
8

30
.6

9.
3

12
.3

.0
02

*
0.

33
3.

9
.0

59
0.

14
10

.0
.0

04
*

0.
29

.8
23

−0
.1

Pr
e

.1
23

−0
.4

70

EG
25

.3
7.

7
33

.5
9.

7
<

.0
01

*
−1

.3
Po

st
.0

29
−0

.7
40

A
bb

re
vi

at
io

ns
: C

G
, c

on
tr

ol
 g

ro
up

. E
G

, e
xp

er
im

en
ta

l g
ro

up
. M

V
IC

, m
ax

im
al

 v
ol

un
ta

ry
 is

om
et

ric
 c

on
tr

ac
tio

n.
 S

D
, s

ta
nd

ar
d 

de
vi

at
io

n.
 6

-M
W

T,
 6

-m
in

 w
al

k 
te

st
. 1

0-
M

W
T,

 1
0-

m
et

er
s 

w
al

k 
te

st
.

*p
 <

 .0
5.

TA
B

LE
 4

 
G

ai
t s

pe
ed

 a
nd

 w
al

ki
ng

 e
nd

ur
an

ce

A
N

O
VA

 (F
, p

, η
2 p)

Po
st

 H
oc

 (B
on

fe
rr

on
i)

PR
E-

tr
ai

ni
ng

PO
ST

-t
ra

in
in

g
Ti

m
e 

ef
fe

ct
G

ro
up

 e
ff

ec
t

Ti
m

e 
x 

G
ro

up
 e

ff
ec

t
In

tr
a

In
te

r

O
ut

co
m

e
G

ro
up

M
ea

n
SD

M
ea

n
SD

F
p

η2 p
F

p
η2 p

F
p

η2 p
p

ES
M

p
ES

10
-M

W
T 

(s
)

CG
8.

7
7.

7
7.

96
7.

2
8.

9
.0

10
*

0.
26

4.
36

.0
5

0.
14

0
.9

7
0

.0
71

0.
4

Pr
e

.0
56

0.
8

EG
4.

5
3.

0
3.

8
2.

8
.0

23
*

1.
3

Po
st

.0
41

*
0.

8

6-
M

W
T 

(m
)

CG
35

6.
2

24
6.

7
39

3.
9

31
0.

6
13

.7
.0

10
*

0.
35

1.
82

.1
9

0.
07

3.
45

.0
8

0.
12

.2
48

−0
.4

Pr
e

.3
24

−0
.4

EG
44

5.
7

21
8.

8
55

9.
3

23
7.

5
<

.0
01

*
−1

.0
Po

st
.1

23
−0

.6

A
bb

re
vi

at
io

ns
: C

G
, c

on
tr

ol
 g

ro
up

; E
G

, e
xp

er
im

en
ta

l g
ro

up
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 6

-M
W

T,
 6

-m
in

 w
al

k 
te

st
; 1

0-
M

W
T,

 1
0-

m
et

er
s 

w
al

k 
te

st
.

*p
 <

 .0
5.



658  |    ANDREU-­CARAVACA et al.

TA
B

LE
 5

 
Ph

ys
ic

al
 s

el
f-

pe
rc

ep
tio

n,
 fa

tig
ue

 s
ev

er
ity

, a
nd

 c
at

as
tr

op
hi

zi
ng

 p
ai

n 
qu

es
tio

nn
ai

re
s

A
N

O
VA

 (F
, p

, η
2 p)

Po
st

 H
oc

 (B
on

fe
rr

on
i)

PR
E-

tr
ai

ni
ng

PO
ST

-t
ra

in
in

g
Ti

m
e 

ef
fe

ct
G

ro
up

 e
ff

ec
t

Ti
m

e 
x 

G
ro

up
 e

ff
ec

t
In

tr
a

In
te

r

O
ut

co
m

e
G

ro
up

M
ea

n
SD

M
ea

n
SD

F
p

η2 p
F

p
η2 p

F
p

η2 p
p

ES
M

p
ES

Ph
ys

ic
al

 S
el

f-
Pe

rc
ep

tio
n

Sp
or

ts
 

co
m

pe
te

nc
e

CG
16

.9
1.

7
15

.8
2.

3
0.

3
.6

10
0.

01
0.

7
.4

20
0.

02
0.

7
.4

00
0.

03
.3

91
0.

44
9

Pr
e

.6
71

-0
.1

64

EG
17

.9
7.

8
18

.2
6.

7
.7

78
-0

.0
57

Po
st

.2
64

-0
.4

37

Ph
ys

ic
al

 c
on

di
tio

n
CG

16
.3

3.
3

14
.4

2.
5

0.
4

.5
20

0.
02

0.
3

.5
90

0.
01

7.
3

.0
10

*
0.

21
.0

43
*

1.
05

2
Pr

e
.2

09
0.

49
2

EG
13

.6
6.

5
14

.7
7.

4
.1

08
-0

.3
35

Po
st

.8
78

-0
.0

59

A
tt

ra
ct

iv
e 

bo
dy

CG
18

.9
3.

1
18

.0
3.

4
0.

4
.5

40
0.

01
0.

9
.3

70
0.

03
0.

5
.4

90
0.

02
.4

04
0.

29
2

Pr
e

.5
16

-0
.2

52

EG
20

.4
7.

0
20

.4
6.

8
.9

48
-0

.0
15

Po
st

.2
81

-0
.4

21

Ph
ys

ic
al

 s
tr

en
gt

h
CG

16
.2

3.
3

15
.6

3.
4

0.
2

.6
30

0.
01

<
0.

1
.8

70
<

0.
01

0.
2

.6
30

0.
01

.5
38

0.
39

9
Pr

e
.9

93
0.

00
4

EG
16

.2
4.

7
16

.2
4.

6
1.

00
0

0.
00

0
Po

st
.7

46
-0

.1
25

G
en

er
al

 P
hy

si
ca

l-
Se

lf 
Pe

rc
ep

tio
n

CG
16

.5
2.

8
15

.3
2.

9
0.

1
.8

50
0.

01
3.

5
.0

70
0.

12
5.

2
.0

30
*

0.
16

.7
56

0.
60

9
Pr

e
.2

07
-0

.4
95

EG
19

.1
6.

3
20

.1
6.

3
.5

91
-0

.3
59

Po
st

.0
26

*
-0

.8
98

G
en

er
al

 
Se

lf-
Pe

rc
ep

tio
n

CG
16

.1
*

2.
2

16
.4

2.
2

0.
4

.5
40

0.
01

6.
0

.0
20

*
0.

18
<

0.
1

.9
10

0.
01

.7
45

-0
.1

40
Pr

e
.0

24
*

-0
.9

15

EG
19

.6
4.

5
19

.9
5.

1
.5

54
-0

.1
24

Po
st

.0
35

*
-0

.8
48

Fa
tig

ue
 S

ev
er

ity
 S

ca
le

Fa
tig

ue
 P

er
ce

pt
io

n
CG

42
.9

10
.9

42
.1

10
.0

0.
8

.0
40

*
0.

14
1.

9
.1

80
0.

06
3.

0
.0

90
0.

10
.8

11
0.

16
2

Pr
e

.5
68

0.
22

1

EG
39

.4
17

.9
31

.1
16

.1
.0

04
0.

61
0

Po
st

.0
53

0.
77

4

C
at

as
tr

op
hi

zi
ng

 P
ai

n 
Sc

al
e

Ru
m

in
at

io
n

CG
5.

6
4.

4
5.

4
4.

8
6.

8
.0

20
*

0.
2

0.
8

.3
80

0.
03

3.
4

.0
80

0.
11

.5
52

0.
18

3
Pr

e
.6

59
0.

17
1

EG
4.

9
4.

4
3.

3
3.

5
.0

01
0.

77
5

Po
st

.1
98

0.
50

5

H
el

pl
es

sn
es

s
CG

6.
0

5.
3

6.
8

5.
5

1.
9

.1
80

0.
07

1.
0

.3
30

0.
04

10
.4

.0
10

*
0.

28
.2

54
-0

.3
02

Pr
e

.9
49

0.
02

4

EG
5.

9
4.

0
3.

8
2.

6
.0

01
*

0.
99

2
Po

st
.0

57
0.

76
0

M
ag

ni
fic

at
io

n
CG

3.
8

3.
0

3.
8

3.
3

6.
6

.0
20

*
0.

20
1.

5
.2

30
0.

05
6.

6
.0

20
*

0.
20

1.
00

0
0.

00
0

Pr
e

.6
00

0.
20

3

EG
3.

2
2.

9
1.

9
2.

0
<

.0
01

*
0.

97
2

Po
st

.0
57

0.
76

1

To
ta

l
CG

15
.5

12
.4

16
.0

13
.2

5.
9

.0
20

*
0.

18
1.

2
.2

90
0.

04
9.

1
.0

10
*

0.
25

.7
06

-1
.2

00
Pr

e
.7

38
0.

12
9

EG
14

.0
10

.5
9.

1
6.

9
<

.0
01

*
1.

01
8

Po
st

.0
73

0.
71

5

A
bb

re
vi

at
io

ns
: C

G
, c

on
tr

ol
 g

ro
up

; E
G

, e
xp

er
im

en
ta

l g
ro

up
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 S

TA
I, 

st
at

e–
tr

ai
t a

nx
ie

ty
 in

ve
nt

or
y.

*p
 <

 .0
5 

co
m

pa
re

d 
to

 e
xp

er
im

en
ta

l g
ro

up
 p

os
t-t

ra
in

in
g.



    |  659ANDREU-­CARAVACA et al.

The intention to produce force at maximal velocity during the 
concentric phase leads to greater synchronization and recruit-
ment of motor units,16 higher firing rates, greater spinal motor-
neuronal excitability and higher efferent motor drive.17 These 
factors may be the underlying mechanisms that explain the 
greater neural adaptations of this type of training. Thus, in our 
study, even though we only trained the lower limb muscles, it ap-
pears that the neural adaptations achieved during the 10-week 
of FVCRT improved strength in the untrained upper limb as well. 
This improvement in strength in the untrained limbs may be a 
promising alternative for people with MS who present with high 
levels of lower limb disability, as they could perform upper limb 
FVCRT and could increase lower limb muscle strength through 
neural adaptation.

4.2  |  Gait speed and walking endurance

Both gait speed (10-MWT; Δ −15.6% and large ES) and walking en-
durance (6-MWT; Δ 25.5% and large ES) significantly improved in EG 
after 10 weeks of lower-limb resistance training. Gait improvements 
are one of the targeted goals in MS rehabilitation, mainly due to the 
high prevalence of gait deficits present in people with MS.30 Physical 
therapy,31 aerobic training,32 and robot-assisted gait training33 have 
been extensively examined by others and have found moderate im-
provements in gait performance. Also, in accordance with our re-
sults, resistance training has also been shown to be an effective tool 
in improving both gait speed and walking endurance in people with 
moderate MS disability.22 A meta-analysis carried out by Pearson 
et al.12 established that resistance training would have a greater im-
pact on walking endurance than aerobic training or other types of 
training. These authors affirm that combined training (endurance 
and resistance training) was the type of training with the greatest ef-
fect on gait speed. The underlying mechanism for improvements in 
walking may be due to the increases in lower body strength (MVIC), 
as well as neural adaptations evidenced by improved upper limb 
strength found in EG.

According to the previous studies, a 12%34 to 20%35 change 
in walking tests is generally considered to be clinically significant 
in people with moderate MS disability. In our study, EG improved 
gait speed by 16.9% (differences between groups at post of 47%) 
and walking endurance by 25.5% (differences between groups at 
post of 42%) after FVCRT, which is within the aforementioned 
range. A previous meta-analysis establishes that training programs 
of less than 3 months are effective in improving walking perfor-
mance.36 Therefore, our results suggest that lower-limb FVCRT 
may lead to greater effects, in a shorter period of time, on gait 
speed and walking endurance than other exercise protocols pro-
posed for this population, because of greater neural adaptations 
compared with other types or resistance training. However, more 
studies are needed to examine the effect of different durations 
and types of resistance training programs on gait variables in the 
MS population.

4.3  |  Pain catastrophizing, physical self-
perception, and fatigue perception

The EG significantly decreased the levels of fatigue perception and 
all subscales of the Catastrophizing Pain Scale (rumination, help-
lessness, magnification, and total) after the intervention with mod-
erate and large effects. The CG experienced no pre-post changes. 
However, the levels of physical self-perception did not change in 
either group. A decrease in fatigue perception is a crucial objective 
in MS rehabilitation, since there is a high prevalence of symptomatic 
fatigue in 64%–81% of people with this disease and, thus, being one 
of the most disabling factors in this population.37 Fatigue percep-
tion is correlated with other important factors, such as quality of 
life, sleep quality, anxiety, depression, and cognition.37 A previous 
study associates physical inactivity and sedentary behavior to fa-
tigue perception in people with MS.38 Therefore, implementing a 
training program in this population should be a fundamental pillar 
in their rehabilitation process. In agreement with our results, several 
studies have found improvements in symptomatic fatigue percep-
tion after resistance training programs with intensities ranging from 
40% to 80% 1-RM and durations ranging from 4 to 16 weeks.19,39,40 
However, to the best of our knowledge, only one study has reported 
a trend towards increasing fatigue perception after an 8-week resist-
ance training intervention using 85%–90% 1-RM in a sample of 7 
people with moderate MS disability.41 The discrepancy may be due 
to the low sample size and the high intensity used in the program. 
Therefore, it is important to consider that resistance-training pro-
grams, in addition to the neuromuscular improvement, have a large 
impact on psycho-physiological variables, such as fatigue percep-
tion, and participation adherence to training programs.

All subscales of Catastrophizing Pain Scale also decreased after 
FVCRT in EG. The catastrophizing pain, together with the aforemen-
tioned variables, strongly affects quality of life. Reducing catastro-
phizing pain in the MS population would lead to improvements in 
the psychological component, a fundamental aspect in the manage-
ment of a progressive disease.42 Finally, no changes in either EG or 
CG after FVCRT were found in our study, which contrasts findings 
from Dalgas et al.19 that have found improvements in physical self-
perception after progressive resistance training. Nevertheless, other 
authors found no improvement in the self-concept of physical health 
after a 6-week resistance training program.43

5  |  LIMITATIONS OF THE STUDY

The present study has some limitations. The first is the heteroge-
neity of the sample, composed of different disease phenotypes 
(relapsing–remitting and secondary progressive) and of both sexes 
(men and women). In addition, variables such as motor unit firing rate, 
which could have provided us with more direct information regard-
ing neuromuscular activation, were not measured. Future lines of re-
search should compare the effects of traditional resistance training 
vs FVCRT on structural and neural adaptations in people with MS.
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6  |  CONCLUSIONS

The FVCRT is an effective tool in improving strength, gait, percep-
tion of fatigue and catastrophizing pain. In addition, improvements 
in upper limb strength, which was not trained, provide evidence of 
substantial neural gains caused by this new type of training.
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