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Abstract—This study examined the effects of a high-speed 
power training program in peak muscle power and maximal 
voluntary isometric contraction (MVIC) of knee extensors in 
patients with relapsing-remitting multiple sclerosis (MS). Forty 
patients, 20 women (age 42.8 +/– 10.3 yr) and 20 men (age 
44.0 +/– 8.7 yr) diagnosed with relapsing-remitting MS were 
randomly assigned, with respect to sex, to either an exercise 
group or a control group. Participants from the exercise group 
performed 12 wk of supervised muscle power training of knee 
extensors. All subjects were tested for MVIC and peak muscle 
power at baseline and after the training intervention. A strain 
gauge was used to measure the MVIC, and peak muscle power 
was assessed with a linear encoder at five relative loads. The 
training-related effects were assessed using a t-test. The results 
showed no significant changes in the control group from base-
line to postintervention evaluation. In contrast, the exercise 
group significantly increased MVIC (10.8%; p < 0.05) and 
muscle power at 40, 50, 60, 70, and 80% of the MVIC by 21.8, 
14.5, 17.3, 19.4, and 22.3%, respectively (p < 0.01), after the 
training. These findings suggest that 12 wk of high-speed 
power training improve both MVIC and muscle power at five 
different loads in patients with relapsing-remitting MS.

Key words: disability, encoder, exercise prescription, leg per-
formance, lower limb, multiple sclerosis, muscle power, mus-
cle strength, rehabilitation, resistance training.

INTRODUCTION

Patients with multiple sclerosis (MS) experience a 
range of symptoms related to mobility restrictions in the 
lower limbs that often result in impaired mobility [1] and 
high numbers of falls [2], which may lead to a reduction 
in their physical activity [3] and a lowering of their qual-
ity of life [4]. These symptoms are related to neuromus-
cular disorders such as impaired muscle strength [5–6] 
and muscle weakness in the lower limbs [7]. It seems 
these impairments are exacerbated during dynamic con-
tractions at high velocities [7–9] due to the significant 
effect of the MS disease on lower-limb muscle power.

Muscle power is the relationship between the force 
generated and the velocity at which the movement is per-
formed [10]. Patients with MS present reduced lower-limb 
muscle power capacity compared with nondisabled coun-
terparts [5]. This deficit is due to deficient muscle mechani-
cal parameters related to both neural [6,11] and structural 
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[12] mechanisms. Indeed, previous studies have shown loss 
of muscle mass, abnormal distribution of muscle fiber 
types, reduced ability to fully activate motor units, and 
reduced rate of force development in patients with MS 
when compared with nondisabled controls [5,13].

As it occurs in patients with MS, muscle power is 
reduced in the elderly. In this population, muscle power 
is a reliable measure of muscle performance [14] and a 
strong physiological predictor of functional limitations 
[14–16]. Thus, higher muscle power in the legs is usually 
related to preserved physical function [17–18]. Muscle 
power is also important to increase safety during certain 
functional tasks in frail populations (e.g., climbing stairs 
or stabilizing the body after losing balance) [19–21]. 
Hence, increasing the ability to produce power at lower 
or higher external resistances in the lower limbs is a key 
factor in everyday task performance [20].

Resistance training interventions have shown effi-
cacy in improving muscle power performance in the 
elderly and patients with MS [19–20,22–23]. It is 
believed that resistance training based on high velocity 
improves muscle power to a greater extent than high-load 
resistance training [24]. Indeed, using light-to-moderate 
external loads (30%–75% of 1 maximum repetition for 
lower-body exercises) [25–27] and performing move-
ments at maximal velocity [25] increase muscle power to 
a greater extent than other exercise training interventions. 
There are plenty of studies describing the effects of high-
speed resistance exercise on aging populations, and it is 
relatively well known that high-speed power training 
affects the velocity component of peak power production 
[20]. Thus, this training model has become an important 
therapeutic tool for improving lower-limb muscle perfor-
mance and functional capacity in nondisabled elderly 
subjects [26–30]. In contrast, this training methodology 
has not yet been used in patients with MS.

Although some reports have shown that progressive 
resistance exercise and maximal strength training induce 
positive adaptations in muscle power, muscle strength, 
and functional capacity in patients with MS [31], the lim-
ited evidence precludes any firm conclusion. Thus, the 
present study was designed to examine the effects of 12 
wk of muscle power training on peak muscle power and 
maximal voluntary isometric contraction (MVIC) of knee 
extensors in patients with MS. We hypothesized that 12 
wk of high-speed power training would increase MVIC 
and peak muscle power.

METHODS

Participants
The study was approved by the Research Ethics 

Committee at the University of León. Participants were 
recruited among five MS rehabilitation centers within the 
region of Castilla y León, Spain. We contacted 108 
patients (47 men and 61 women) to take part in the study. 
The patient inclusion criteria were age between 18 and 
65 yr, a confirmed disease diagnosis of relapsing-remitting
MS by a neurologist according to McDonald criteria [32], 
Expanded Disability Status Scores between 3.0 and 6.0, 
ability to walk at least 20 m with or without minimal 
assistance (e.g., cane), no previous experience with resis-
tance or muscle power training, and no involvement in 
other structured physical or recreational fitness program 
within the last 12 wk. In addition, patients were excluded 
if they had other conditions that might have affected 
muscle function (e.g., recent bone fractures) or the train-
ing protocol (e.g., herniated discs).

Of the patients contacted, 77 (35 men and 42 women) 
met the inclusion criteria and volunteered to participate 
in this study by signing written informed consent. They 
performed the pretests and were then randomly assigned, 
with respect to sex, to two different groups: the exercise 
group (EG) (n = 38, age 34–64 yr) or the control group 
(CG) (n = 39, age 28–55 yr). During the study, 
18 patients from the EG were excluded because they par-
ticipated in less than 75 percent of the sessions in the 
training program (n = 6), they did not participate in the 
testing session (n = 10), or they dropped out because of 
circumstances unrelated to the training protocol (n = 2). 
In addition, 19 patients from the CG were excluded 
because they participated in a structured physical activity 
program (n = 8) or they did not participate in the testing 
session (n = 11). Hence, 40 patients were included in the 
final analysis (EG = 20; CG = 20). The flow diagram of 
the enrollment procedure is presented in Figure 1.

Study Design
The intervention period lasted 12 wk. Testing was 

performed at baseline and after the intervention. During 
the intervention, the EG performed 12 wk of a high-speed 
power training program for the knee extensors (2 ses-
sions per week). The CG did not follow any structured 
physical activity program. Both groups followed their 
habitual daily activities during the experimental period. 
A muscle power training program, similar to the one 
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described in this study, was offered to the CG after com-
pletion of this intervention.

Muscle Power Training
The training protocol is based on previous studies 

[22,26]. Subjects performed knee extension exercise on a 
weight stack machine (Nevada Pro-T, BH Fitness; Vito-
ria-Gasteiz, Spain) twice per week for 12 wk, with at 
least 48 h of rest between sessions. The load (40%–70% 
of MVIC), number of sets (3–4), and number of repeti-
tions (4–10) were adapted across the training period 
(Table 1). The percentage of load during the training 
period was calculated based on MVIC data obtained at 

baseline. Each training session was supervised by a phys-
ical therapist and started with a standardized warm-up. 
Recovery time between sets was 3 min. Subjects were 
instructed to perform the concentric shortening action “as 
fast as possible.” In contrast, subjects were requested to 
perform the eccentric lengthening action in a slow con-
trolled manner. If a patient missed a training session, the 
session was performed on an alternate day if possible. All 
training sessions took place in MS rehabilitation centers.

Measurement of Outcomes
Dependent variables included MVIC, maximal torque, 

and peak muscle power. Outcome measures were assessed 

Figure 1.
Flow diagram of enrollment procedure. EDSS = Expanded Disability Status Scale, MS = multiple sclerosis, PA = physical activity.
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Protocol Week 1–2 Week 3–4 Week 5–6 Week 7–8 Week 9–10 Week 11–12
Load (% of MVIC) 40 50 50 60 60 70
Sets per Session (n) 3 3 4 3 4 3
Repetitions per Set (n) 10 10 6 6 4 4

by researchers who were blind to the patients’ group. Each 
participant was individually informed about the test proce-
dures before initiating them. The testing session was per-
formed in a single session: first, the patient performed the 
MVIC test, followed by a recovery period of 10 min. Sec-
ond, each participant carried out the peak power test. 
Researches gave verbal standard encouragement to maxi-
mize motivation in the patients during both tests.

Maximal Voluntary Isometric Contraction Measurement
The MVIC test was performed with a similar device 

described for the training program. The test procedure 
was performed following previous reports [22–23,33]. 
Isometric leg extension force was measured by a load cell 
(Globus; Codognè, Italy; sample rate 1,000 Hz) during 
5 s with a knee flexion of 90°. Data were collected and 
analyzed with associated software (Globus Ergo Tester 
v1.5). During the test, patients were instructed to push as 
hard as possible from the beginning of the test and then 
maintain maximal strength against the fixed lever arm of 
the device for 5 s. Two attempts, separated by 3 min, 
were carried out by each participant. Only the higher 
value of both attempts was considered for further analy-
sis. Torque (Newtonmeter) was calculated as the product 
between the force produced and the individual distance 
between the axis of rotation of the knee joint and the tib-
ial pad for each participant.

Peak Muscle Power Measurement
Peak muscle power tests were carried out in the knee 

extension machine described previously. Peak concentric 
knee extension power was determined across a spectrum 
of five submaximal loads relative to MVIC [34], i.e., 
weight stack loads providing resistance forces equal to 40, 
50, 60, 70, and 80 percent of the pretraining MVIC. Sub-
jects completed one set of three full range-of-motion knee 
extension actions with each load. Subjects rested 2 min 
between each set. Subjects were instructed to push the 
load during the concentric phase “as fast as possible,” 
while the eccentric action was performed slowly. Peak 

power was calculated from electronic measures of force, 
displacement, and duration using a linear encoder (Globus 
Real Power, sample rate 300 Hz). Associated software 
(Globus Real Power v3.11) was used to control for suc-
cessful trials and to calculate peak power for every repeti-
tion. At each load, the repetition showing higher peak 
power values was used for data analysis. Order of the five 
loads used was randomized within subjects prior to test-
ing and maintained from pre- to posttesting sessions.

Statistical Analysis
Data were analyzed using SPSS version 21.0 (IBM 

Corporation; Armonk, New York). Results are presented 
as mean (95% confidence interval [CI]). A Shapiro-Wilk 
normality test was used to assess normal data distribu-
tion. Time effects within groups for MVIC and peak 
muscle power were evaluated with a paired t-test. After 
the intervention, relative changes (percentages) between 
groups were compared with an independent t-test. The 
level of significance was set at p < 0.05. The effect size 
statistic was calculated for the measures of the primary 
outcomes in the experimental group and for outcome 
measures comparing the EG and CG. To interpret effect 
sizes, we used Cohen classification, where a value of 0.2 
is small, 0.5 is medium, and 0.8 or higher is large [35].

RESULTS

Subject Characteristics at Baseline
Descriptive characteristics are shown in Table 2. No 

significant differences in descriptive characteristics were 
found between experimental and control groups.

Adherence
Overall adherence to the training intervention (e.g., 

exercise group) averaged 22.8 (22.1 to 23.5) sessions 
from a total of 24 planned sessions. Participants analyzed 
in the exercise group had to complete more than 75 per-
cent of the sessions included in the training program. 

Table 1.
Power training protocol.

MVIC = maximal voluntary isometric contraction.
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Characteristic EG CG p-Value (EG vs CG)
Participants (male/female) 20 (10/10) 20 (10/10) —
Age (yr) 45.6 (41.5–49.6) 41.3 (36.6–46.0) 0.16
Weight (kg) 70.2 (64.5–75.9) 72.3 (67.3–77.2) 0.58
Height (cm) 170.1 (166.6–173.5) 168.1 (164.7–171.5) 0.40
BMI (kg/m2) 24.3 (22.4–26.1) 25.6 (23.7–27.5) 0.29
EDSS 3.9 (3.5–4.3) 4.2 (3.6–4.7) 0.40
Time Since Diagnosis (yr) 10.9 (7.9–14.0) 10.4 (7–13.7) 0.79
Treatment (n)
   IFN-β 1a 10 6 —
   Glatiramer Acetate 5 4 —
   Natalizumab 3 9 —
   Fingolimod 2 1 —
   Fampridina 0 0 —
   Currently No Treatment 0 0 —
Any Technical Help (n) 11 10 —
Cane/One Crutch (n) 8 7 —
Crutches (n) 2 3 —

Missed sessions were caused by medical examination 
(n = 2) and injuries not related to the training sessions 
(n = 1). No adverse effects or health problems attribut-
able to the testing and training sessions from the present 
investigation were noted.

Maximal Voluntary Isometric Contraction and 
Torque in the Exercise Group

The EG improved MVIC after the muscle power 
training period (pretest: 866.4 [95% CI = 727.1 to 
1,005.6], posttest: 943.1 [95% CI = 798.1 to 1,088.2], p < 
0.01), although the effect size was small (0.259). In addi-
tion, torque increased in the EG after the training period 
(pretest: 360.2 [95% CI = 295.8 to 424.6], posttest: 392.9 
[95% CI = 232.8 to 461.9], p < 0.01). These variables did 
not change during the study period in the CG (Table 3).

Comparison of Exercise and Control Groups at
Baseline and After Intervention

No significant differences were found in MVIC, 
torque, and peak muscle power between the EG and CG 
at baseline. After the intervention, the EG increased 
MVIC by 10.8 percent (95% CI = 4.1 to 17.5) versus 
2.6 percent (95% CI = –1.3 to 6.6) in the CG (p < 0.05). 
The EG increased muscle power at 40 percent of 
the MVIC by 21.8 percent (95% CI = 7.9 to 35.7) versus 
–4.7 percent (95% CI = –12.6 to 3.2) in the CG (p < 

0.01). Similarly, muscle power at 50 percent of the 
MVIC increased in the EG by 14.5 percent (95% CI = 5.0 
to 24.0) versus –4.7 percent (95% CI = –11.6 to 2.2) in 
the CG (p < 0.01). The EG increased muscle power at 
60 percent of the MVIC by 17.3 percent (95% CI = 8.9 to 
25.6) versus –3.4 percent (95% CI = –12.2 to 5.4) in the 
CG (p < 0.01). Muscle power at 70 percent of the MVIC 
was significantly higher in the EG (19.4% [95% CI = 3.9 
to 34.8]) versus CG (–10.9% [95% CI = –20.8 to –1.0]) 
(p < 0.01). Finally, the EG increased muscle power at 
80 percent of the MVIC by 22.3 percent (95% CI = –2.9 
to 47.5) versus –14.2 percent (95% CI = –28.7 to 0.4) in 
the CG (p < 0.01) (Figure 2). The effect sizes of 0.711, 
0.49, 0.58, 0.62, and 0.44 were medium to large for the 
changes in peak muscle power, with corresponding per-
cent improvements of 21.8, 14.5, 17.3, 19.4, and 
22.3 percent, respectively, relative to baseline scores for 
the five measures (Table 3).

DISCUSSION

This novel study assessed the influence of a muscle 
power training program on muscle strength and power in 
patients with relapsing-remitting MS. The main finding 
of the present investigation was that MVIC and muscle 
power at five submaximal loads was improved after 

Table 2.
Subject characteristics at baseline. Data given as mean (95% confidence interval) unless otherwise noted.

BMI = body mass index, CG = control group, EDSS = Expanded Disability Status Scale, EG = exercise group, IFN-β 1a = interferon beta 1a.
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Measure

Exercise Group Change 
Baseline-

Posttraining 
(%)

Control Group Change
Baseline-

Posttraining
(%)

ES
Baseline Posttraining Baseline Posttraining

MVIC (N) 866.4 943.1 10.8 858.5 871.0 2.6 0.714
727.1 to 1,005.6 798.1 to 1,088.2* 4.1 to 17.5† 734.2 to 982.9 759.4 to 982.6 –1.3 to 6.6

Torque (N·m) 360.2 392.9 10.8 353.8 358.3 2.6 0.714
295.8 to 424.6 323.8 to 461.9* 4.1 to 17.5† 296.6 to 411.1 307.3 to 409.3 –1.3 to 6.6

% Peak Power Level of MVIC (W)
40 266.2 317.5 21.8 278.5 269.1 –4.7 1.127

234.5 to 297.9 280.1 to 354.9* 7.9 to 35.7† 248.6 to 308.4 228.2 to 310.0 –12.6 to 3.2
50 288.0 324.8 14.5 291.9 279.8 –4.7 1.109

252.2 to 323.8 288.6 to 361.0* 5.0 to 24.0† 257.0 to 326.7 236.8 to 322.8 –1.6 to 2.2
60 276.3 321.8 17.3 287.5 278.9 –3.4 1.160

241.8 to 310.7 280.5 to 363.1* 8.9 to 25.6† 246.8 to 328.1 227.4 to 330.4 –12.2 to 5.4
70 237.1 274.3 19.4 267.8 240.2 –10.9 1.228

205.0 to 269.2 243.2 to 305.4* 3.9 to 34.8† 227.5 to 308.1 191.0 to 289.3 –20.8 to –1.0
80 211.5 242.0 22.3 223.8 189.2 –14.2 1.071

176.6 to 246.5 195.1 to 288.9* –2.9 to 47.5† 171.4 to 276.2 136 to 242.4 –28.7 to 0.4

12 wk of muscle power training in

Figure 2.
Knee extension load power curves. Exercise group (EG) and control group (CG) peak power values at loads corresponding to 40%–

80% of maximum voluntary isometric knee extension contraction (a) before and (b) after 12 wk of muscle power training. Values are 

means ± standard deviation expressed in watts. *Change baseline to postintervention (%) in EG vs CG difference. p < 0.05. MVIC = 

maximum voluntary isometric contraction.

 patients with relaps-
ing-remitting MS. Although increments in strength and 
muscle power after a resistance training program have 
already been shown in patients with MS [36–39], training 
adaptations to muscle power training in patients with MS 
had not yet been studied. In addition, this is the first study 
that provides muscle power values at five different rela-

tive loads in patients with MS that had previously carried 
out a muscle power training program.

The increments reported in the current investigation 
in MVIC after the intervention, i.e., EG , support data 
from previous studies in elderly nondisabled subjects that 
showed relevant increases in knee extensors muscle 
strength following high-speed power training [27]. That 

Table 3. 
Muscular performance at baseline and after intervention. Data are given as mean (95% confidence interval).

Note: ES was calculated for change baseline posttraining values between exercise group and control group.
*Difference to baseline within group.
†Exercise group to control group difference.
ES = effect size, MVIC = maximal voluntary isometric contraction.
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study reported greater increases in muscle power than 
those described in the current study (25% vs 11%). Dis-
parity between studies may be explained by characteris-
tics of subjects since functional exercise capacity of 
patients with MS is reduced compared with nondisabled 
controls [40]. In addition, the training protocol employed 
by Henwood et al. [27] was longer than the one used in 
this investigation (16 wk vs 12 wk). Notwithstanding, our 
data support previous studies that reported significant 
increases in isometric muscle strength after progressive 
resistance training in patients with MS [22–23,36–
37,39,41]. Hence, both training protocols (high-speed 
power training and progressive resistance training) seem 
to induce similar isometric strength adaptations in 
patients with MS (from 11% to 17%). It is generally 
believed that MVIC increases after resistance exercise 
training in patients with MS are caused by neural adapta-
tions rather than by increased muscle mass [22,34,36,42]. 
This notion seems to explain isometric force gains in 
other populations as well, such as in adult nondisabled 
subjects [43–45].

The EG improved peak muscle power after the train-
ing protocol in the five submaximal loads analyzed. 
These adaptations resemble those reported by others in a 
nondisabled population [26–27,46–47]. However, power 
increments in the nondisabled population are usually 
greater than the changes reported here. Several factors, 
including neural and muscular impairments such as 
important strength deficits during dynamic muscle action 
[5] caused by the MS disease [48], may account for these 
differences. In addition, potential methodological differ-
ences during testing protocols should also be considered. 
Given that this is the first study analyzing power adapta-
tions at different loads in patients with MS, it is difficult 
to elucidate the mechanisms behind such adaptations. 
Studies assessing nondisabled populations suggest that 
early rises in muscle power are primarily independent of 
muscle mass [34,49]. If this holds true for patients with 
MS, the mechanisms behind the muscle power adapta-
tions described in the current investigation would have a 
neuromuscular origin [47]. Indeed, and although studies 
regarding neuromuscular adaptations in patients with MS 
are scarce [31], it has been suggested that resistance 
training increases the maximal neural drive in lower-limb 
muscles of patients with MS [34,50]. Moreover, some 
studies have failed to show a clear relationship between 
the increments in muscle cross-sectional area and muscle 
strength gains in patients with MS after progressive resis-

tance training [22,41]. Hence, muscle strength adapta-
tions after progressive resistance training in patients with 
MS are often associated with neural mechanisms [22].

Despite the mechanisms controlling the adaptations, 
the enhancement of muscle power after training may con-
tribute to maintaining or improving function during 
everyday tasks in patients with MS, as it has been 
described in elderly, nondisabled subjects [22,26,51]. 
Indeed, muscle power, or the maximum capacity to per-
form work per unit of time in muscles of the lower limbs, 
has been defined as an adequate predictor of functional 
independence in frail elderly people [51]. Therefore, the 
power training paradigm used in the present investigation 
supports the efficacy and safety of muscle power training 
programs as a therapeutic tool for patients with relapsing-
remitting MS.

There are some aspects that may limit the findings 
reported in this investigation. First, all participants were 
recruited among MS rehabilitation centers and may not 
represent all patients with MS, in particular those who are 
physically independent or who are severely impaired. 
Second, the participants were not blinded to the interven-
tion. Third, functional tasks were not assessed. Thus, 
future studies should address the physiological and neuro-
logical mechanisms responsible for adaptations induced 
by muscular power training programs and discuss such 
effects based on duration of training (short-term and long-
term), age, sex, or training status in patients with MS. In 
addition, there is a need to compare different resistance 
training programs to evaluate the specificity of each type 
of training. Finally, the potential relationship between 
peak muscle power increments and functional capacity 
needs to be addressed.

CONCLUSIONS

This study showed for the first time that a muscle 
power training protocol of 12 wk increased maximal 
strength and muscle power in patients with relapsing-
remitting MS. Despite some limitations, this novel inves-
tigation describes the training responses of patients with 
relapsing-remitting MS after a muscle power training 
program, with results supporting the use of muscle power 
training protocols in these patients to increase muscle 
force and power.
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