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Abstract.
BACKGROUND: Although resistance training adaptations in multiple sclerosis (MS) patients have been described, the detraining
response in this population is largely unknown.
OBJECTIVE: This study was designed to evaluate the effects of a 12-week detraining period on muscle strength (isometric and
endurance) and muscle power of multiple sclerosis (MS) patients that had previously carried out a 12-week resistance training
program (RTP).
METHODS: Forty-two MS patients were randomly assigned into two groups: an exercise group (EG) that performed a 12-week
RTP for the knee extensors muscles; and a control group (CG), that did not perform any specific training. Knee extension maximal
voluntary isometric contraction (MVIC), muscle power and muscle endurance were evaluated before and after the RTP, as well as
12 weeks after training completion. A strain gauge was used to measure the maximal voluntary isometric contraction and muscle
power was assessed with a linear encoder. Muscle endurance was interpreted as the number of repetitions that a patient could
perform in a single set of knee extension exercise.
RESULTS: The EG increased MVIC and muscle power after the training period, although the training did not affect muscle
endurance. After 12 weeks of detraining, MVIC returned to pre-training values but muscle power was still greater than pre-training
values in the EG. The CG did not present any change in the variables measured during the intervention.
CONCLUSIONS: A 12-week RTP improved MVIC and muscle power in MS patients. Additionally, 12 weeks of detraining
blunted strength training adaptations in MS patients, although muscle power training adaptations were still evident after the
detraining period.
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1. Introduction

Multiple sclerosis (MS) is a chronic demyelinat-
ing central nervous system disease that represents
the most common cause of neurological disability in
young adults (Sadovnick, 1988). It is characterized by
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impaired strength and muscle function (Ng, 2004), with
a greater impairment of the lower extremities (Lambert,
2001), which decreases the ambulatory capacity of MS
patients. This decreased ambulatory capacity ultimately
results in a loss of quality of life due to, at least in part,
a reduction in physical activity (Cavanaugh, 2011).

Resistance training has been successfully used to
counteract functional capacity losses in healthy elderly
population, as well as in patients with different mus-
culoskeletal disorders (Fatouros, 2005; Hunter, 2004;
Kristensen, 2012). Consequently, several attempts have
applied this training paradigm to combat muscle
function impairments in MS patients with promis-
ing results, indicating that resistance exercise can be
used as an effective therapeutic tool to increase mus-
cle performance in this population (Broekmans, 2011;
Dodd, 2011; Filipi, 2011; Dalgas, 2009; De Souza-
Teixeira, 2009; Robineau, 2005; Debolt, 2004). Thus,
8 to 12 weeks of resistance training increased mus-
cle performance (e.g. maximal strength, endurance,
power) and functional capacity in the lower limbs of
MS patients (Dodd, 2011; Dalgas, 2009; De Souza-
Teixeira, 2009; Debolt, 2004). In addition, resistance
exercise decreased fatigue perception (White, 2004)
and improved quality of life and mood (Dalgas, 2010a)
in MS patients.

However, low maintenance of activity at follow up
has been reported in the population with multiple scle-
rosis (Kayes, 2011). Therefore, is important to know
how detraining period affects to MS patients after a
training program because it could reduce the training-
induced adaptations (Mujika, 2001).

One of the few studies that have analyzed the detrain-
ing response in MS patients showed a complete loss of
strength gains after 3 months of detraining (Robineau,
2005). Otherwise, after whole body vibration training
improvements in functional mobility were still evident
2 weeks after completing 8 weeks of intervention, sug-
gesting but not checking a residual effect of neural
adaptations after training in this population (Mason,
2012).

However, data describing the effects of detraining
in MS patients after a traditional combined concentric-
eccentric resistance training program are very limited.
Dalgas (2009) showed that 12 weeks of intense progres-
sive resistance training of the lower extremities lead to
improvements of muscle strength and functional capac-
ity in patients with multiple sclerosis and the effects
persisting after 12 weeks of “follow up period” (non
supervised training). Lately, the cited author reported a
similar outcome that previously cited on knee extensor

muscle strength and the research added that maximal
neural drive of knee extensors and knee flexors dur-
ing maximal isometric contractions in MS patients is
increased after 12 weeks of resistance training program
and neural plasticity is preserved in those patients after a
“follow up period” (Dalgas, 2013). This may seem sur-
prising since this information could potentially help to
design better training protocols to increase or maintain,
muscle function in MS patients.

In healthy subjects detraining usually induces a
loss of training adaptations and muscle performance
(Mujika, 2001), although the specific responses depend
on the detraining period and the frequency, intensity
and duration of the training protocol. Additionally, it
has been suggested that both age (Toraman, 2005) and
subjects’ physical fitness play an important role on
detraining responses (Andersen, 2005; Häkkinen, 2000;
Henwood, 2008; Izquierdo, 2007; Kalapotharakos,
2010; Tokmakidis, 2009; Bosquet, 2013). For example,
resistance-trained men did not lose any strength gains
after 6 weeks of detraining (Kraemer, 2002). However,
detraining induced a complete loss of strength adapta-
tions in sedentary subjects (Andersen, 2005).

Therefore, this study aimed to evaluate the effects
of 12 weeks of detraining following 12 weeks of knee
extension resistance training in MS patients. It was
hypothesized that functional variables (e.g. maximal
strength, muscle power and muscle endurance) would
increase after the training intervention. Furthermore,
and given that Robineau (2005) showed that strength
gains induced by an eccentric training program were
completely lost after 3 months of detraining in MS
patients, it was also hypothesized that functional vari-
ables would decrease to pre-training levels after 12
weeks of detraining.

2. Methods

2.1. Participants

Forty-two relapsing-remitting MS patients (23
women and 19 men) volunteered to participate in the
study. All participants were recruited among six MS
rehabilitation centers within the region of Castilla y
León (Spain). After a group meeting where the details of
the investigation were described to the patients, includ-
ing possible risks and discomfort associated to the
intervention, a formal invitation to take part in the study
was offered. The patient inclusion criteria included a
confirmed disease diagnosis by a neurologist, accord-
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Table 1
Demographic data at baseline

Exercise group Control group P-values
(n = 30) (n = 12)

Age (yr) 49.6 ± 11.0 46.2 ± 7.5 0.395
Weight (Kg) 68.1 ± 11.4 63.3 ± 12.0 0.177
Height (cm) 165.0 ± 8.3 162.8 ± 6.0 0.485
BMI (Kg/m2) 25.0 ± 4.1 24.0 ± 4.9 0.200
EDSS 4.5 ± 2.1 4.1 ± 0.5 0.380
Time since diagnosis (yr) 11.3 ± 6.1 12.2 ± 4.5 0.570

Data are given as mean ± SD. P-values: EG vs. CG at baseline. EDSS:
Expanded Disability Status Scale.

ing to Mc-Donald criteria (McDonald, 2001); ability
to walk (with or without aid) at least 20 m without rest;
absence of other diseases that might have affected mus-
cle function. After a medical evaluation that confirmed
patients’ aptitude and absence of contraindications to
carry out the procedures involved in the study, subjects
signed a written informed consent form to participate.

Participants were randomly assigned to two differ-
ent groups, the exercise group (EG) or the control
group (CG). The EG, which included 16 women and
14 men (49.6 ± 11.0 yr), performed 12 weeks of resis-
tance training followed by a detraining period where
resistance exercise or other structured physical activ-
ity was avoided. The CG, which did not follow any
resistance training during the study period, included
7 women and 5 men (46.2 ± 7.5 yr). A neurological
evaluation assessing the Expanded Disability Status
Scale (EDSS; from 0, normal neurological exam, to
10, death caused by MS) ranged the patients between 1
and 6 (EG = 4.5 ± 2.1; CG = 4.1 ± 0.5) (Table 1). None
of the patients had previous experience with resistance
training.

A 12-week resistance training program similar to the
one described in this study was offered to CG after
completion of the intervention. The study was approved
by the Research Ethics Committee of the University of
Leon.

2.2. Study design

The experimental period lasted 24 weeks. During the
first 12 weeks, the EG performed a resistance train-
ing program for the knee extensors (2 sessions per
week), followed by 12 weeks of detraining (e.g. no
resistance exercise at all). The CG followed their habit-
ual daily activities during the study period and they
did not follow any kind of structured physical activ-
ity. Dependent variables included maximal voluntary
isometric contraction (MVIC), maximal torque, aver-

Table 2
Progressive resistance training

Weeks Set 1 Set 2 Set 3
Load reps Load reps Load reps

1–2 35 10–12 50 8–10 35 10–12
3–4 40 10–12 55 8–10 40 10–12
5–6 45 10–12 60 8–10 45 10–12
7–8 50 10–12 65 8–10 50 10–12
9–10 55 10–12 70 8–10 55 10–12
11–12 55 10–12 70 8–10 55 10–12

Note: Load = percentage of MVIC; reps = repetitions.

age muscle power and muscle endurance. Testing was
performed on three different occasions: before (week
0) and after (week 12) the training program, and after
the detraining period (week 24). All testing procedures
were selected according to previous studies (De Souza-
Teixeira, 2009). Regardless disability status, all the
subjects involved in the study were able to perform
all the tests. Each participant completed the tests in
a single session. Subjects were individually informed
about the test procedures before initiating them. Firstly,
MVIC test was performed and after a 10-minute recov-
ery period average power and muscle endurance tests
were carried out. The participants were not familiar-
ized with the testing. Verbal standard encouragement
was given throughout both tests in order to maximize
motivation.

2.3. Resistance training

Subjects performed coupled concentric-eccentric
bilateral seated knee extension training using a weight
stack machine (BH® Fitness Nevada Pro-T, Spain)
twice per week during 12 weeks, with at least 48 h
of rest between sessions. After a standardized cycling
warm-up, and one set of 5 repetitions (reps) with a light
load, participants performed 3 sets of 8–12 reps with a
load that was progressively increased from 35 to 70%
of MVIC through the training period (Table 2). Recov-
ery time between sets was 3 minutes. Subjects were
requested to push with maximal effort during the con-
centric phase of the movement (90–180◦) and to lower
the load (eccentric action; 180–90◦) in a controlled
manner. All training sessions took place in MS reha-
bilitation centers and the patients were continuously
supervised by physical therapists.

2.4. Measurements

Maximal voluntary isometric contraction: MVIC test
was performed in the same knee extension device
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described for the training program. It consisted of push-
ing against the fixed lever arm of the knee extension
machine as hard as possible for 5 seconds with a
knee flexion of 90◦ under strong verbal encouragement.
Before the test, the lever arm of the knee extension
machine was aligned with the center of rotation of the
knee joint. A strain gauge (Globus Ergometer®, Italy;
sample rate 1000 Hz) was placed in between the chains
used to fix the lever arm of the machine, to measure
the isometric strength of both legs. Data were recorded
and analyzed with associated software (Globus Ergo
Tester® v1.5, Italy). The tibial pad was individually
adjusted proximal to the medial malleoulus on the lower
extremity for every subject. The distance between the
axis of rotation of the knee joint and the tibial pad
was measured for all participants, and torque (N·m)
was then determined. Each participant performed two
attempts interspersed with 3 minutes recovery, and the
best attempt was considered for further data analysis.

2.5. Average power

Average power test was also carried out in the knee
extension machine described for the training program.
Participants were evaluated during a single set to voli-
tional exhaustion with a load corresponding to the
40% of the pre-training MVIC (De Souza-Teixeira,
2009). Subjects were requested to perform the concen-
tric phase of every repetition with a ROM of ∼90–180
degrees, as fast as possible, and to lower the load (eccen-
tric action; ∼180–90◦) in a control manner. The test
was discontinued when the participant could not per-
form two consecutive repetitions over 75% of the target
ROM. A linear encoder (Globus Real Power®, Italy;
sample rate 300 Hz) adapted to the machine was used to
measure the displacement of the load-plates across the
knee’s range of movement (90◦ to 180◦), and associated
software (Globus Real Power® v3.11, Italy) was used
to control for successful trials and to calculate aver-
age power for every repetition. Average power from

the first five repetitions was considered for further data
analysis.

2.6. Muscle endurance

Muscle endurance data were obtained in the same
set to volitional exhaustion described for the average
power test. Thus, muscle endurance was interpreted as
the maximal number of repetitions that a patient could
perform in a single set of knee extension exercise with
a load corresponding to the 40% of MVIC.

2.7. Statistical analysis

Data were analyzed using SPSS®17.0 (SPSS Inc.,
USA). Results are presented as mean ± standard devi-
ation (SD). Shapiro-Wilk normality test was used to
assess normal data distribution. To assess any training
or detraining effect, as well as any difference between
groups, MVIC, torque, average power and muscle
endurance raw values were examined using two-way
ANOVA with repeated measurements for group and
time. Significant interactions and main effects were fur-
ther analyzed using Bonferroni post-hoc comparisons.
The level of significance was set at P < 0.05.

3. Results

All subjects taking part in the study (n = 42) com-
pleted all the scheduled testing protocols. Adherence to
the training intervention (e.g. EG) averaged 22.9 ± 1.5
sessions from a total of 24 planned sessions. All par-
ticipants from the EG completed more than 75% of the
sessions included in the resistance training program.
Missing sessions were caused by medical examina-
tion (n = 5), side effects of drugs (n = 3) and injuries
not related to the training sessions (n = 2). No adverse
effects or health problems attributable to the testing and
training sessions from the present investigation were

Table 3
Muscular performance at baseline, week-12 and week-24

Exercise group Control group
Baseline Week-12 Week-24 Baseline Week-12 Week-24

MVIC (N) 754 ± 235 811 ± 283#� 755 ± 234$� 615 ± 109 606 ± 116 604 ± 126
Torque (N.m) 300 ± 106 323 ± 127#� 300 ± 107$� 238 ± 41 235 ± 45 234 ± 46
Power (W) 173 ± 72 200 ± 80#� 193 ± 78# 149 ± 34 148 ± 29 155 ± 43
Endurance (reps) 21 ± 5 22 ± 7 20 ± 5 18 ± 4 19 ± 5 19 ± 5

Data are given as mean ± SD. #: Denotes difference to baseline within a group. $: Denotes week-12 to week-24 difference within a group.
�: Denotes exercise group to control group difference.
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noted. No differences in descriptive characteristics were
found between groups.

The EG improved MVIC (P = 0.004), torque
(P = 0.004) and average power (P < 0.001) after the
resistance training period (Table 3). Furthermore,
the EG presented greater MVIC (P = 0.02), torque
(P = 0.025) and average power (P = 0.035) than CG after
the training period. No significant changes in muscle
endurance were found within or between groups. All
variables remained unchanged in CG after the training
period (Table 3).

The detraining period reduced MVIC (P = 0.014) and
torque (P = 0.014) in the EG, although these values were
still higher than those achieved by the CG (P = 0.042
for MVIC, and P = 0.046 for torque). However, aver-
age power did not decrease after detraining in the EG,
remaining significantly higher than the values obtained
before training (P = 0.001). The CG did not show any
significant change in any measurement after the detrain-
ing period.

4. Discussion

This study was designed to assess detraining func-
tional responses in MS patients that had previously
performed a 12-week resistance training program. The
resistance training protocol improved maximal strength
and muscle power, but not muscle endurance. How-
ever, the main finding of the present investigation was
that muscle power training adaptations were main-
tained after 12 weeks of detraining in MS patients.
Although the increase in strength and power after a
resistance training program has been already shown in
MS patients (Broekmans, 2011; Filipi, 2011; Dalgas,
2009; De Souza-Teixeira, 2009; Debolt, 2004), this is
the first investigation describing the detraining response
in this population after coupled concentric-eccentric
resistance training.

The maximal strength gains found in the EG after
training support data from previous studies with MS
patients (Dalgas, 2013; Broekmans, 2011; Filipi, 2011;
Dalgas, 2009; De Souza-Teixeira, 2009). Although this
study was not designed to assess the factors behind
the strength increments induced by the resistance train-
ing in MS patients, they are often attributed to neural
adaptations, rather than to an increase in muscle mass
(Dalgas, 2013; Broekmans, 2011; Dalgas, 2010 b; De
Souza-Teixeira, 2009).

After detraining, maximal strength returned to pre-
training values in the EG. Dalgas reported knee

extensors MVIC did not differ significantly from pre-
training values after 12 weeks of self-guided physical
activity (Dalgas, 2013). In contrast, same author found
preserved MVIC in MS patients after 12 weeks of
self-guided physical activity (Dalgas, 2009). In that
research, they argued that the effect could be maintained
partly due to a more active lifestyle in the exercise group
during self-guided physical activity -follow up period-
(Dalgas, 2009). However, is important to note that it did
not involve a complete cessation of exercise by some
patients, which may explain the different results. In
healthy population, several studies showed that detrain-
ing after resistance training triggered a decrease in
maximal dynamic strength (1RM) in both, middle age
and older adults (Pereira, 2012; Kalapotharakos, 2010;
Harris, 2007). A recent review showed that decrease in
maximal force after detraining became significant from
the third week of inactivity (Bosquet, 2013). According
to data published by Hakkinen (Hakkinen, 2000; Hakki-
nen, 1983) it is hypothesize that central and peripheral
adaptations involved in training process could decrease
during detraining period (Bosquet, 2013). Also, differ-
ences in maintenance of training induced strength gains
after a detraining period are likely to be related to train-
ing mode. Thus, it has been proposed that strength gains
induced by high-intensity resistance training are better
preserved than gains associated to middle-to-low inten-
sity training (Tokmakidis, 2009; Hunter, 2004), which
may be the case of the present investigation.

The EG improved average power after the training
protocol. These data support previous investigations
from our group (De Souza-Teixeira, 2009), that showed
increased peak power values in MS patients after a
resistance training program. Since several studies have
failed to show a clear relationship between the incre-
ments in muscle cross sectional area and power gains in
MS patients (Dalgas, 2010b; De Souza-Teixeira, 2009),
power adaptations after resistance training are often
associated to neural mechanisms. However, the mus-
cle power increments described in the present study
are smaller than those described in healthy popula-
tion (Henwood, 2008). Several factors including neural
and muscular impairments caused by the MS disease
(Kent-Braun, 2004), such as important strength deficits
during dynamic muscle action (Chung, 2008), may
account for these differences. Despite the magnitude
of the adaptations, the power increments found in the
EG may positively affect every-day tasks such as ris-
ing form a chair or climbing stairs (Pereira, 2012;
Caserotti, 2008), improving the quality of life of MS
patients.
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The most surprising and novel finding of the present
investigation was that MS patients were able to pre-
serve, at least for 12 weeks, the power training
adaptations. These results resemble data from previous
studies where power gains following a training period
were maintained by healthy elderly subjects (Pereira,
2012; Toraman, 2005) or recreationally-trained popu-
lation (Kraemer, 2002). In contrast, detraining led to a
significant loss of power in trained subjects (Izquierdo,
2007). Considering available data, daily living activities
such as walking or standing may represent a stimu-
lus strong enough to preserve power gains following
resistance training in weak or untrained subject (Hen-
wood, 2008; Harris, 2007), including the MS patients
from the present investigation, while it would not be
enough to maintain such adaptations in trained individ-
uals. Given the limitations of the present investigation,
it is difficult to elucidate the mechanisms behind the
power response after detraining. However, it is tempting
to hypothesize that neuromuscular adaptations induced
by the training protocol played a key role in this
response (Häkkinen, 2000). Although studies regarding
neuromuscular adaptations in MS patients are scarce
(Kjølhede, 2012), it has been showed that resistance
training increased the maximal neural drive in lower
limb muscles (Dalgas, 2013; Fimland, 2010) and the
effect persisted after 12 weeks of self-guided physical
activity (Dalgas, 2013), so that, the neural plasticity in
response to resistance training may be preserved in MS
patients (Dalgas, 2013). Therefore this finding may help
to explain the preserved training-induced power gains
after detraining described in the present study.

Studies assessing healthy population (Lexell, 1995;
Kannus, 1992) can also contribute to explain our data.
Thus, a more efficient patter of motor unit recruitment,
a more economical use of motor units, a reduction of
the inhibitory inputs to the alpha motor neurons (Kan-
nus, 1992) or the recruitment of fast twitch fibers of the
trained muscles (Lexell, 1995) induced by the training
program may have persisted after the detraining period
(Pereira, 2012).

However, further research is warranted to specifi-
cally assess the physiological mechanisms that control
detraining responses in MS patients. Despite the lack of
a solid explanation for the findings herein described, it
can be summarized that the resistance training paradigm
used in the present investigation induced a preservation
of power training adaptations but not other functional
capacities (e.g. MVIC). Consequently, it is according to
similar findings reported in healthy population (Pereira,
2012; Bosquet, 2013).

Since muscle power has been defined as an adequate
predictor of functional independence in frail elderly
people (Reid, 2008), the preservation of power perfor-
mance during detraining may contribute to maintain
functional capacity even after cessation of training.
Therefore, this finding supports the effectiveness of
resistance training as a therapeutic intervention for MS
patients, since it may overcome, at least partly, the vol-
untary or enforced training disruptions in the training
schedule.

Muscle endurance did not change in the EG through-
out the intervention in the present study. In contrast, De
Souza-Teixeira found that muscle endurance increased
84% after an 8-week resistance training period in thir-
teen MS patients (De Souza-Teixeira, 2009). Despite
the lack of studies about this topic in MS popula-
tion and a certain explanation of this phenomenon
in previously research, we hypothesize that these
discrepancies may be a result of the smaller and homo-
geneous simple size recruited by De Souza-Teixeira,
the specific response at resistance training or/and the
inter-subject variability commonly seen in MS patients
(e.g. fatigue). Moreover, studies in healthy population
can lead to physiological factors related to oxygen
transport an energy production, which are involved
in submaximal strength adaptation (Bosquet, 2013).
Therefore, since similar training interventions may
induce divergent adaptations in MS patients, it is
crucial to adapt the resistance training protocol to
the specific MS population to obtain the expected
outcomes.

5. Limitations

There are several issues that might have limited our
findings. First, the small sample size used. It would
have been desirable to provide a larger control group,
which would have had the same number of patients
as the experimental group. Second, some patients did
not complete all training sessions. Third, all partici-
pants were recruited among MS rehabilitation centers
and they may not represent all MS patients, in partic-
ular those who are physically independent or who are
severely impaired MS disease. Finally, the participants
were not blinded to the intervention.

Future studies should address the precise physio-
logical and neurological components responsible for
response in muscular strength from detraining and dis-
cuss the effects based on duration of training cessation,
age or training status in this population.
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6. Conclusion

A resistance training protocol of 12 weeks increased
maximal strength and power in a group of MS patients.
However, it did not induce any change in muscle
endurance. Additionally, this is the first study describ-
ing the detraining responses of MS patients after
coupled concentric-eccentric resistance training. Data
showed that 12 weeks of detraining were enough
to reduce maximal strength to pre-training levels,
although power gains were preserved. The present
findings support the use of resistance exercise in MS
patients.
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