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Effects of classic progressive resistance trainingversus eccentric-enhanced

resistance training in people with multiple scleros

Abstract

Objective: To compare the effects of classic progressivestaste training (PRT)
versus eccentric strength-enhanced training (EST) on pgedormance of functional
tests and different strength manifestations inltveer limb of patients with multiple
sclerosis (PwWMS).

Design: Experimental trial.

Participants: Fifty-Two PwWMS (19 men and 33 women) belongindt8 associations
from the Castilla y Leon/Spain.

Intervention: Participants were assigned to one of two groupsordrol group that
performed PRT or an experimental group that peréorfaST. In both groups, the knee
extensor muscles were trained for 12 weeks.

Main Outcome Measures:Before and after 12 weeks of training, maximalunbéry
iIsometric contraction (MVIC) and one repetition nmaxm (1RM) of the knee
extensors were evaluated, as were the chair st¢shdG@ST) and timed 8-foot up and go
(TUG) functional tests.

Results:No differences were found between the groups inrtiial values for different
tests. For intragroup comparisons found significdiffierences in CST (F= 69.4; p=
0.000), TUG (F=40.0; p=0.000) and 1RM (F=57.8; [©00). For intergroup
comparisons, EST presented better results thaniRRCST (EST: 4.7£2.8%s PRT:
1.9£2.8%; F=13.1; p=0.001) and TUG (EST: -2.9x4</ PRT: -0.4115.6; F=5.6;

p=0.022).
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Conclusion: EST produces similar effects as PRT on the impreare of 1RM, TUG,

and CST for PWMS. However, for patients who pagotted in this study the EST seems

to promote a better transfer of strength adaptattonthe functional tests, which are

closer to daily-living activities.
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List of abbreviations in alphabetical order

1RM: One Repetition Maximum

BMI: Body Mass Index

CST: Chair Stand Test

EDSS: Expanded Disability Status Scale.

EST: Eccentric Strength-Enhanced Training
MS: Multiple Sclerosis

MVIC: Maximal Voluntary Isometric Contraction
OMNI-RES: Resistance Exercise Scale

PRT: Progressive Resistance Training

PwMS: Patient with Multiple Sclerosis

TUG: Timed 8-Foot Up and Go Test
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Introduction

Multiple sclerosis (MS) is an autoimmune diseasarnown etiology that has
inflammatory components and chronic degeneratiiecef on the central nervous
systent: This disease is more prevalent in womemd is the main cause of non-
traumatic neurological disability in the young ptadion (25-40 years old). Those who
are affected often present a progressive reduciiorfunctional capacity and a
consequent increase in the degree of disabithigt has a negative impact on work,
family and social life"

Regular physical exercise may lead to decreaségliétand improvements in
spasticity® in patients with MS (PwMS). This is a therapeutiomplement in
rehabilitation program$,which prioritize mobility, aerobic and strength eesises.
However, classic progressive strength training (PRITPwMS is a relatively new
approach?

Research has shown that whereas healthy peoplegmémactivate between 94
and 100% of their motor units, PWMS activate betwdd and 93%'*® Muscle
strength has been noted to be an important detanniof gait velocity in PwM$?
mainly due to the observable correlations betwedferdnt gait parameters and
quadriceps and hamstring muscle strefgth.

Chronic eccentric stimuli produce rapid and impoirtmuscle adaptatioffsby
requiring the activation of a greater number of aheidibers, which are the producers of
more strengthi’ This type of stimuli is also an effective method feducing the muscle
damage caused by an unaccustomed exéftise.

Some studies have shown the beneficial effectsco¢rdric strength-enhanced

training (EST) on healthy adulfé! andgiven that MS is a neurological disease, this



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

type of training may be advantageous for elicittngigher stimulation of the cerebral
cortex and gains in muscle power and hypertrdpHihas also been shown that this
type of training can be safely used by people wiitne types of chronic diseasé§>?*
However, it has not been clarified whether thisetgb training could produce the same
benefits in PWMS.

Usually, studies comparing the effects of PRRfsus EST are performed on
people with characteristics other than MS. The kiypsis was that the EST had
increases in muscle strength and functional capaaire accentuated than the PRT in
people with MS with at least 1 year of experiennestrength training. Thus, the
objective of this investigation was to compare d#ffects of PRTversus EST on the

performance of functional tests and different gitbnmanifestations in the knee

extensors of PwWMS.

Methods
Participants

We evaluated 52 PwWMS belonging to six MS rehalbitita centers within the
region of Castilla y Ledn/Spain, that had alreadyerb participating in a strength
training program. After a group meeting where tleads of the investigation were
described to the patients, including possible riaksl discomfort associated to the
intervention, a formal invitation to take part metstudy was offered. All patients had a
confirmed diagnosis of MS according to the McDoriteria?

The inclusion criteria were walking (with or withibassistance) at least 20
meters; ability to perform the proposed exercisggimum experience of one year with

strength training; and attendance of at least 80%he training sessions. All subjects
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provided written informed consent. The study wasdtmted in accordance with the

Helsinki Declaration and approved by the InstitméibEthics Committee.

Research design

Participants were assigned to one of two groupstrobgroup and experimental
group, depending on their geographical locationths they could be assigned to the
training unit closer to their home. The experimémgaup did EST, and the control
group performed PRT. We trained the knee extenseschas in both groups. The
trainings were conducted twice a week for 12 weeksl all assessment procedures
were monitored and supervised in person by a piaysid@ he research design is showed

in the Figure 1.

Evaluation procedures

The degree of disability was determined using tkpaBded Disability Status
Scale (EDSSJ! which was administered by a physician. The fumaticcapacity tests
were the timed 8-foot up and go test (TUG) anddar stand test (CST), which were
carried out according to the Rikli and Jofigsotocol.

All strength evaluations were performed on a midtien maching, bilaterally
exercising the knee extensors.

The evaluation of maximal voluntary isometric cawction (MVIC) was
performed with a strain gauyjend software We used a 90 degree angle of knee
flexion, as determined using a goniomBtefollowing the protocol used in other
studies®>! Two separate attempts were made, with an inteofathree minutes

between each attempt. The highest value obtaineccwamsidered the valid result.
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For maximum dynamic strength evaluation, we used tme repetition
maximum (1RM) protocot? For the four warm-up repetitions, a load correstiong to
50% of the MVIC was used. Under the supervisiorthef trained evaluator and after
indicating the patient's subjective perception loé tffort through the OMNI-RES
(OMNI-Resistance Exercise Scafé)the load was progressively increased between 5
and 8 kg. Two repetitions were performed with elad until the patient was able to
perform only a single repetition; this load molskiz only once was considered the
1RM. In case of not even achieving one repetitem,intermediate load was placed
between the one that had moved twice and the ateh#d not been able to move. A
maximum of five loads was allowed, with an intereélthree minutes between each of

the loads.

Classic progressive resistance training: Control Goup

PRT was conducted using the same multistation mdthin which evaluation
of the knee extension exercise had been perfori@edultaneously, with both legs
between 90° and 180° of extension, patients wecewaged to perform the extension
at maximum speed and slow braking of the load exidin. The training was
personalized and prescribed following the genesabmmendations of the American
College of Sports Mediciffé and according to the load obtained after the 1RM

evaluation. Table 1 shows the PRT program.

Eccentric strength-enhanced training: ExperimentalGroup
EST sessions were conducted on the Multi-gym flgelhdevicé. In each

training session, 4 sets of 8 repetitions were @eel; with an interval of 2 minutes
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between sets. The training was performed as desttity Tesch et & In short, the
subject, from a starting position of 80-90° kneglanpushes against a footplate with
your maximal concentric force. Once the pushingconcentric phase has been
completed at almost full knee extension (160-170®,Yoyo inertial flywheel machine
generate a kinetic energy in an opposite direciiod, thus, returns the footplate. In an
attempt to resist the force produced by the pullthed flywheel, the subject then
performs an eccentric muscle action. The next agcleitiated after the flywheel(s) has
come to a stop.

Initially, the Yoyo inertial flywheel machine wasljusted such that the knee
angle could not exceed 170° during extension. Thdividual setting was kept
throughout the entire series of experiments. Arsgiem was preceded by a standardized
5-min on the stationary bicycle. After, four sefsemght maximal coupled concentric
and eccentric actions were performed from approtaina80 to 170° knee angle using
the Yoyo. Subjects were requested to perform a maxconcentric action through that
range and were then asked to resist gently dutwegiritial 20° of the subsequent
eccentric action, and then aim at bringing the W& a stop at 80° before initiating a
subsequent concentric action. Two minutes of resevallowed between each bout of
eight coupled muscle actions. All repetition wererfprmed with strong, verbal
encouragement.

Due to the peculiarities of the PwWMS and to mamtdoeir security, an
adaptation was made to the original chair, by idicig a back on the chair for support.
Training data were checked and recorded using iiead encodérand softwar& and
with each repetition, the volunteers were verbalyouraged to try to use their

maximum possible strength (all out).

10
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Statistical analysis
Data analyses were performed using the statistcdfwaré. Data were

subjected to the Kolmogorov-Smirnov with Lilliefoorrections normality test; the
logarithmic transformation (base 10) was perforfoediependent variables that did not
show a normal distribution. The descriptive anaysas presented with both mean and
standard deviation (SD). The baseline comparisowanfables between groups was
performed using the Student’s t-test for parametaicables and the Mann-Whitney U-
test for non-parametric variables. The homogeneityariances was determined by
Box's M test. Intragroup (pre x post) and intergrd@RT x EST) comparisons were
performed using general linear models (GLM) multizte analysis of covariance
(MANCOVA). This utilized two factors: the time famt for intragroup comparison and
the group factor for intergroup comparisdm@ control a possible effect of disability
degree on the analyzed variables, EDSS values wgex@ as a covariate in the analysis.

Statistical significance was set at p<0.05.

Results

General sample characteristics can be seen in TabMo differences in the
initial values of any variables were observed betwthe groups. All 52 participants
completed the study. Multivariate analysis of coamace (M value) on the primary
outcomes confirmed the homogeneity of variancewéden the EST and PRT groups
(Table 3).

The results analysis of functional tests and dfierstrength manifestations are

presented in Table 3. It must be noted that no olaskeletal injuries or unpleasant

11
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effects were attributable to training during theemention period in either PRT or EST.
We believed that working with patients who had adie participated in a strength-
training program constituted a safety factor asweee unaware of the possible side

effects of a high intensity (EST) workout on PwWMS.

The results of multivariate test statistics arevatbin Table 4. It is possible to
observe that the time factor and the group facterehsignificant influence on the
functional test CST. In the same line, both factso have significant influence on
TUG. However, the 1RM only show to be affected hg factor time. The MVIC

wasn’t influenced by any factor (time and group).

Thus, seems that the both training types, PRT a8d, Ecan improve the
performance of PwWMS in functional tests and 1RMwwer, it seems that the EST is
more effective than PRT to promote gains in fun@locapacity, as suggested for the
group comparison (Table 4). On the other hand, trathing types seem to produce the

same effect on 1RM and MVIC.

Discussion

Despite an increase in strength following partiiggain a PRT program has
already been demonstrated in Pwf1€'* this study was undertaken for two reasons:
findings in scientific publications regarding thieets of EST improving function in
patients suffering from, e.g., neurological patlgds, age-induced sarcopenia or
muscle-tendinous probleig® and because there is an absence of studiesingrifye
effects of these two training systems in PWMS. miies have also been made to

analyze the effects, not only on strength, but alsdunctional tests—such as CST and

12
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TUG—which are similar to daily life activities arate frequently used in studies of

PWMS?1,37,41—43

As far as we know, the only study that deals withrkneccentrically enhanced in
PWMS is that carried out by Samaei ef'alwho subjected PWMS to 12 weeks of
treadmill training. The individuals were dividedartwo groups, one walking with 10%
inclination (concentric group), and one walkingtwét 10% slope (eccentric group). The
authors observed significant improvements in theeetic group for fatigue, mobility,

functionality, balance, and quadriceps strengtlsegs in the main results for this study.

In the CST, which can be considered an indicatdowér-limb strength/powét
in PWMS, it was observed that both time factor {j@ed post-comparisons) and group
factor (intergroup comparisons) produced significanprovements in this variable.
These findings agree with the study by Dalgas.ef atho state that 12 weeks of PRT
produced increases in the CST in PwWMS. Howeveergnbup comparisons show that
EST induced a greater increase in CST performamam tPRT. One possible
explanation for this finding may lie in the factath while both training types can
promote strength gain, EST can also provide neusomar stimuli induced by
different muscle activation strategies during etgerexercise,’ thereby promoting

more pronounced adaptations and reflecting theamgments in functional capacity.

For the TUG, which is an indicator of gait speethvahange of direction, it was
observed that both time and group factors produicgnfovements, reducing the time
needed to carry out the displacement of the markledance; however, this
improvement is greater in EST. Studies presentebDédgouza-Teixeira et af-,Dalgas
1.7

et al.>” and Samaei et 4f',observed improvements in TUG results for PwMS unde

different types of training. In our opinion howeykack of a significant difference in the
13
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PRT is probably due to people having previous imginexperiencé® Likewise,
Pearson, Dieberg, and Snfartonducted a meta-analysis considering four stuttiias
evaluated TUG after different types of trainingglsas strength, aerobic, and combined
training. The decrease in gait speed that is uspadisented by PwWMS may be due to a
loss of muscle strength and increased in lowerdifatigue’® among other factors. In
this sense, the performance of strength trainingetiaer classic or eccentrically
enhanced, can lead to improvements by inducingomeuscular adaptations that have a
reflex in increasing strength levels, muscular eadoe, and coordinatidi>"*’
Therefore, PWMS who undergo a lower-limb strengéming program may benefit
from an improvement in their walking ability regarg muscle strength and power per

incremental means.

We believe that the experienced sample influendedwdcomes as strength
gains in already trained people are smaller thamritrained individualé® The two
types of strength training employed in this stuaypioved 1RM (according to the time
factor), similarly to that of other studies on PwKI$>*° These results may be a
consequence of muscle hypertrophy or the improvémEnervous components, such
as an improvement in the recruitment of motor uwlitsthe reduction of inhibitory

impulses’

No significant differences were seen in MVIC regagdboth time factor and
group factors. Other studies that evaluated thecefif PRT on MVIC>***found that
this type of training increased isometric strengftins is inconsistent with the findings of
the present study. One possible explanation ferdlscrepancy may be the fact that this
research was developed using a sample populatedlivyduals with at least one year’s

experience with strength training; this fact was meported in other studies that found

14
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improvements in MVIC.

Muscle strength can be considered an independedigbor of mortality, since
the hazard ratio between mortality and quadricémmgth is 1.36 for men and 1.56 for
women’. In addition, strength loss is associated withimpairment of functional
capacity by 1.86 timé§ Thus, it is important to emphasize the clinidghiicance,
since increases in the lower limbs strength in PWo4&8 be reflected in improved
walking ability and overall functionality. Althougtve didn't evaluate the minimally
clinically important difference, we infer from otesults that both types of training may
result in improvement of muscle strength. Thesengfth gains could be related to the

functional improvements, especially, in the abitiywalk with changes of directions.

The practical consequences of this study’s findimgsild concern activities
relating to daily life; patients with previous stgth-training experience could benefit

from the implementation of eccentric exercise.

Study limitations

The present findings have a few limitations thatstnbe considered when
interpreting the results. First being that the sempf this study presents mild to
moderate disabilities and is composed of severagyf MS. PWMS with different
clinical features may exhibit different responseghe exercise protocols used in this
intervention. The other possible limitations arethe lack of randomization and the
different proportion in the numbers the males ie troups. Moreover, the results
should be cautiously generalized to other musabeigs and/or other patients who are

affected by this disease. The participants andstigervising investigators were not

15
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341

blinded to the intervention. However, it is difficto blind participants (and trainers) to
an exercise intervention, because a placebo erentisrvention will be revealed by
participantsNonetheless, we conclude that supervised PRT peerin small groups

of patients with MS is effective in improving musdtrength and functional capacity.
Therefore, future studies are needed to confirmefifects of the protocols employed
here in more disabled PwMS, in different muscleugand in those with different

experience levels of strength training.

Conclusions

EST produces similar effects as PRT on the imprargnof 1RM, TUG, and
CST for PWMS. However, for patients who participhie this study the EST seems to
promote a better transfer of strength adaptationibe functional tests, which are closer

to daily-living activities.

Suppliers

A.

A Multistation machine Bfi fitness Nevada Pro-T was employed in the presemtys
for all test procedures and for the training in ¢gineup control. Supplier: EXERCYCLE
S.L. 22 Zurrupitieta, Pol. Ind. Jundiz, Vitoria-@gig 01015. Spain. Telephone: +34
945 290 258; Fax: +34 945 290 049.

B.

A Globus Ergometer® strain gauge with a sampliregdiency of 1000 Hertz was

employed in the present study for the evaluationmaximal voluntary isometric
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contraction of all participants. Supplier: Domind $2 Via Vittorio Veneto, Codogné

31013. Italia. Telephone: 0039 0438 7933; Fax 793363.

C.

A Globus Ergo Tester v1.5 software was used foomsing and transcribing the

evaluation of maximal voluntary isometric contraatitest data of all participants.
Supplier: Domino srl. 52 Via Vittorio Veneto, Coduag31013. Italia. Telephone: 0039
0438 7933; Fax 0039 0438 793363.

D.

A goniometer TEC® was used to determine a kneediteaf 90 degree angle. Supplier:
Sport-Tec Physio & Fitness. 255 Lemberger Stral@955 Pirmasens. Germany.
Telephone: +49 (0) 63 31/14 80-0; Fax: +49 (0) 6.3 80-220.

E.

The Multi-gym flywheel device YoYo™ Technology Imeas employed for the training

sessions of the experimental group. Supplier: Y@¥chnology AB (Inc) Pryssgrand

10 B, 118 20 Stockholm, Sweden. Telephone: +4G@019 31 10.

F.

A SmartCoach® optical encoder was used for andrdecbexperimental group training
data. Supplier: SmartCoach Europe AB. Pryssgramdl 12820 Stockholm, Sweden.
Telephone: +46 (0) 70 819 31 10.

G.

A SmartCoach® software v3.1.3.0. was employed toonte and transcribe the
experimental group training data. Supplier: SmaarloEurope AB. Pryssgrand 10B.
11820 Stockholm, Sweden. Telephone: +46 (0) 7033190.
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A statistical software IBM SPSS (Statistical Paekég the Social Sciences) version 21
was used to make the statistical analysis. Supphi#i Corporation, 1 New Orchard

Road, Armonk, New York, 10504-1722, USA. Telephori914 499 1900
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539  Figure 1. Experimental design.

540 Legend: PRT: classic progressive resistance trgyrisT: eccentric strength-enhanced
541 training; EDSS: Expanded Disability Status Scale.
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Table 1. Classic progressive resistance training program.

Weeks L oad L oad L oad

(% 1RM) reps (% 1RM) res (% 1RM) res
1-2 35 10-12 50 8-10 35 10-12
34 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

1RM: one repetition maximum; reps: repetitions



Table 2. General sample characteristics.

Normality  Baseline comparisons

Characteristics PRT EST
(p-value) (p-value)

Number ¢/9) 21(6/15) 31(13/18) - -
Age (yars) 50.€(9.3) 46.0(11.7) 0.737 0.164
Body weight (kg) 65.1(11.1) 68.8(13.3) 0.754 0.269
Heigth (m) 1.64(0.9) 1.67(0.9) 0.499 0.141
BMI (kg/m?2) 24.((2.9) 24.3(4.0) 0.807 0.802
EDSS (a.u.) 3.€(1.2) 3.3(1.4) 0.099 0.085
Type of ME 14 RR/6 CP/1 ND 20 RR/6 PP/2 CP/3 NC - -
Disease duration 11.7(8.5) 11.¢(7.6) 0.241 0.829
CST (rep.) 14.€(4.1) 14.2(5.0) 0.181 0.667
TUG (s) 9.2(3.4) 9.5(6.1) 0.005 0.484
MVC (kg) 79.1(27.1) 89.4(31.8) 0.496 0.234
1RM (kg) 72.((22.9) 80.€(27.0) 0.476 0.224

PRT: Progressive Resistance Training; EST: Eccentren@tin-Enhanced Training; BMI: Body Mass Index; EDSS:
Expanded Disability Status Scale; RR: relapsing-remittirfg; €hronic progressive; PP: primary progressive; ND:
not determined; CST: chair stand test; TUG: timed 8-foot up anckegip MVC: maximal voluntary isometric
contraction; 1RM: one repetition maximum; a.u.: arbitrary units; rep.: repetjts: seconds; kg: kilograms.



Table 3. Chair stand test, timed 8-foot up and go test and muscle stgegytial and posttrial and comparison of the
results of the variables between PRT and EST. Mean £SD.

Timefactor  Group factor

Pre x Post PRT x EST
PRE POST PRE POST M p F p F p

CST (rep) 14.844.1 16.6x54  14.2+5.0 18.946.2 0.820 0.854 355 0.000 9.3 0.004

PRT (n=21) EST (n=31) Homoscedasticity

TUG (s) 9.3+3.4 8.4%7.6 9.5+6.1 6.6+2.3 14.241 0.004 4.3 0.043 5.3 0.026

MVIC 79.1+27.1 79.7+28.3 89.4+31.8 95.6%31.5 1.712 0.652 53 0.135 1.7 0.192
(kg) '

1RM (kg) 72.0£22.9 79.7+27.7 80.8+27.0 94.5+25.8 6.446 0.104 9.3 0.004 3.7 0.061

CST: chair stand test; TUG: timed 8-foot up and go test; M¥fi@imal voluntary isometric contraction; 1RM: one
repetition maximum; rep: repetitions; s: seconds, kg: kilograms; M: Box's tWdkse.



Table 4. Results of multivariate test statistics for MANCOVA analysispgisime and group factors.

Variable Effect Value F Hypothesis df  Error df Sig.
Pillai’'s Trace 0.440  38.546 1.000 49.000 0.000
. Wilks’ Lambda 0.560  38.546 1.000 49.000 0.000
Time Hotelling’s Trace 0.787  38.546 1.000 49.000 0.000
s Roy’s Largest Root 0.787  38.546 1.000 49.000 0.000
T
Pillai's Trace 0.160 9.302 1.000 49.000 0.004
Time * Group Wilks’ Lambda 0.840 9.302 1.000 49.000 0.004
Hotelling’s Trace 0.190 9.302 1.000 49.000 0.004
Roy’s Largest Root 0.190 9.302 1.000 49.000 0.004
Pillai’'s Trace 0.081 4.335 1.000 49.000 0.043
_ Wilks’ Lambda 0.919 4.335 1.000 49.000 0.043
Time Hotelling’s Trace 0.088  4.335 1.000 49.000 0.043
UG Roy’s Largest Root 0.088 4.335 1.000 49.000 0.043
Pillai’'s Trace 0.097 5.261 1.000 49.000 0.026
Time * Group Wilks’ Lambda 0.903 5.261 1.000 49.000 0.026
Hotelling’s Trace 0.107 5.261 1.000 49.000 0.026
Roy’s Largest Root 0.107 5.261 1.000 49.000 0.026
Pillai’'s Trace 0.045 2.305 1.000 49.000 0.135
_ Wilks’ Lambda 0.955 2.305 1.000 49.000 0.135
Time Hotelling's Trace 0.047  2.305 1.000 49.000 0.135
VIC Roy’s Largest Root 0.047 2.305 1.000 49.000 0.135
Pillai’'s Trace 0.034 1.748 1.000 49.000 0.192
Time * Group Wilks’ Lambda 0.966 1.748 1.000 49.000 0.192
Hotelling’s Trace 0.036 1.748 1.000 49.000 0.192
Roy’s Largest Root 0.036 1.748 1.000 49.000 0.192
Pillai's Trace 0.159 9.261 1.000 49.000 0.004
_ Wilks’ Lambda 0.841 9.261 1.000 49.000 0.004
Time Hotelling’s Trace 0.189  9.261 1.000 49.000  0.004
L RM Roy’s Largest Root 0.189 9.261 1.000 49.000 0.004
Pillai’'s Trace 0.070 3.684 1.000 49.000 0.061
Time * Group Wilks’ Lambda 0.930 3.684 1.000 49.000 0.061
Hotelling’'s Trace 0.075 3.684 1.000 49.000 0.061
Roy’s Largest Root 0.075 3.684 1.000 49.000 0.061

CST: chair stand test; TUG: timed 8-foot up and go test; M¥fi@imal voluntary isometric contraction; 1RM: one
repetition maximum.



Evaluation
Pre training

Medical history, EDSS, chair stand test,
timed 8-foot up and go test, maximal
voluntary isometric contraction and
one repetition maximum.

Research design

Training: 24 sets

PRT: classic progressive resistance training
EST: eccentric strength-enhanced training

1 week

12 weeks

Y

Evaluation
Post training

Medical history, EDSS, chair stand test,
timed 8-foot up and go test, maximal
voluntary isometric contraction and
one repetition maximum.

1 week

Total time of study: 14 weeks




