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Abstract

Purpose:

This study aimed to evaluate feasibility and early effects of moderate intensity bed-cycling
eccentric training on healthy individuals, and establish whether this training modality could be
implemented into bedridden patients' routine care.

Methods:

Longitudinal study with prepost exercise intervention measurements. The development of a
bed-adapted eccentric ergometer allowed to conduct five training sessions during 3 weeks at
increasing intensity on 11 healthy individuals. Force-speed relationship, maximal voluntary
knee extension force and neural activation of subjects were evaluated before and after the
programme.

Results:

Five training sessions were sufficient to decrease the rate of perceived exertion whereas
eccentric power output increased (+40%). After training, maximal voluntary isometric
contraction force measured during knee extension had significantly improved in all subjects,
with a mean increase of 17%. Maximal cycling power was also significantly higher (+7%)
after the training programme.

Conclusion:

Taken together, these results show that moderate load eccentric bed cycling (i) was feasible
and efficient, (ii) did not generate excessive individual perception of effort during exercise
nor develop major muscular or joint pain after training and (iii) allowed early force and power
gains in healthy subjects.

|INTRODUCTION

In sedentary patients, exercise has numerous beneficial effects,maintaining lower limbs
function and functional independency(Brown et al.,1995; Johansen,2008; Painter et al.,2000;
Westhoffet al.,2000). Cycling is the most common practice but concentriccontractions linked
to this activity generate high metabolic demandand extreme caution should be taken in frail
patients like thosesuffering of end-stage renal disease (ESRD), cardio-vascular patholo-gies or
severe sarcopenia. Consequently, eccentric cycling, wherepedals are driven by an engine and
subjects have to brake theirrotation, could be an attainable, efficient and complementary



rehabilitation method. This modality permits to achieve high work-loads at low metabolic cost
(Hoppeler, 2016). Energy required for muscle lengthening is four to six-fold lower than for
shortening (Abbott et al., 1952; Bigland-Ritchie & Woo0ds,1976; Perrey et al.,2001) thanks to
mini-cycles of myosin binding without adenosine triphosphate (ATP) consumption (Vale &
Milligan,2000) and to the wrapping of titin around actin although the exact role of titin in
force generation and transmission is subject to debate (Oranchuk et al., 2019). Series and
parallel elastic components including tendon and other connective tissues like endo, peri and
epimysium are also decisive for the eccentric strength production (Magnusson & Kjaer,2019;
Oranchuk et al.,2019).

Recent works reported the feasibility of moderate load eccentric bed cycling during dialysis
and the use of eccentric-overload resistance exercise as a potential treatment to combat
decline in physical function in people with chronic kidney disease (CKD; Pavlin et al.,2022).
(Gollie et al., 2020).Eccentricexercisewasshowntobefeasibleforpatientswithcardiorespiratory
limitations (Besson et al.,2013; P. La Stayo et al.,2014).1n the elderly, higher improvements in
physical function were evidenced following an eccentric training compared to a concentric
mode. This study showed that physical fitness and maximal concentric contraction strength of
the knee extensors increased more after progressive eccentric training than after progressive
concentric training (Chen et al.,2017). In the same population, improvements of strength and
physical function were similar after an eccentric and a high-velocity training, whereas total
work was lower in the eccentric training programme (Leszczak et al., 2013). In a systematic
review, Douglas concluded that eccentric resistance training may be more particularly
beneficial than concentric resistance training to improve strength, power and speed
performance (Douglas et al.,2017).However, eccentric modality is underused in rehabilitation,
because contractions are often associated with micro-damages in fibres structure causing
Delayed Onset Muscle Soreness (DOMS; Proske & Morgan,2001; Vogt & Hoppeler,2014). It
is noteworthy that muscle fibres can be preserved, as progressive workload increase confers
an early protective effect to muscles and tendons (Chen et al., 2017; Lin et
al.,2015;McHugh,2003). When intensity was based on rate of perceived exertion(RPE), no
pain has been reported (Besson et al., 2013; P. La Stayo et al.,2014). Fractioned practice
seems to promote this ‘repeated bouteffect’(RBE), allowing naive subjects to perform
eccentric contractions without DOMS(Steineretal.,2004; VVogt & Hoppeler,2014). Feasibility
and efficiency of eccentric training were evidenced in chronically ill patients but were not
explored in a lying position (Hoppeler,2016;P.C.LaStayo et al.,2010; P. La Stayo et al.,2014;
Steiner et al.,2004).Compared to eccentric exercise performed in the standing, sitting or semi-
recumbent postures, the supine position has several special characteristics. Since the strength
produced by the vastus lateralis, which is part of the Quadriceps muscle, depends on the knee
and hip flexion angle, body position is a crucial parameter for cycle training efficiency
(Bordoni & Varacallo, 2022). During supine exercise where the active musculature is a tor
above the level of the heart, the gravitational assistance to muscle blood flow is absent and
muscle perfusion pressure is reduced resulting in slowed tissues oxygenation (Goulding et
al.,2020;Jones et al.,2006; Macdonald et al.,1998). This posture dependent alteration in active
muscles perfusion could explain why performance on cycle ergometer is improved in the
standing position (Astrand & Saltin,1961). Moreover, during concentric recumbent cycling, it
was highlighted that pedalling effort was more equally distributed between the front and rear
thigh muscle groups compared to standard upright position. It was also evidenced that
cardiovascular response differs between positions, recumbent cycling being associated with
lowers heart rate and systolic blood pressure, resulting in lower perceived exertion. This



difference is probably due to the horizontal leg position, facilitating blood return to the heart
and reducing physiological stress (Wehrle et al., 2021). Given that ESRD disease patients
often suffer from high blood pressure and cardiac issues, supine position seems to be
associated with lower physiological stress and cardiovascular effort at the same work level
than up right position. These results obtained for concentric cycling show that physiological
and psychological responses to recumbent eccentric cycling may differ from those to upright
or semi-recumbent positions. In ERSD patients, dialysis procedure progressively removes
fluid overload accumulated in different cellular compartments, including general blood
circulation. This decrease in circulating volume declines blood pressure as well as cardiac
input and organ perfusion (Flythe et al., 2020), making supine position the only safe enough
for those highly deconditioned patients. By decreasing gravitational vertical force, supine
position facilitates venous blood return and diminishes hypotension risk and its consequences
on heart function during fluid removal. Thus, a better understanding of eccentric cycling in
this lying position is needed for exercise practice during dialysis procedure. Furthermore,
despite the benefits of eccentric cycle training, the great heterogeneity of existing protocols
and the variety of physiological responses in relation to the solicited muscle groups make it
difficult to propose the best training procedures that optimally combine management of
DOMS and muscular beneficial effects in terms of strength, power and coordination.
(Douglaset al., 017; Vogt & Hoppeler, 2014).

Facing an important need for bed practice exercise facilities, we designed a study protocol to
explore the feasibility and the early efficiency of bed-cycling eccentric training, highlighting
the early effects of eccentric cycling on healthy volunteers trained in a lying position similar
to that adopted by bedridden patients. Progressive increment of workload and exercise
duration was planned to practice eccentric cycling safely without DOMS. Power, force and
speed outputs, RPE, DOMS and heart rate frequency were monitored during all sessions
whereas parameters of power-speed relationship, maximal voluntary contraction force and
neural activation during maximal contraction were evaluated before and after training.
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FIGURE 1 Experimental protocol of the study.



2IMETHODS

2.1|Participants, study protocol and design

The study procedures complied with the Declaration of Helsinki and its later amendments on
human experimentation and were approvedby the national ethics committee. 11 healthy
volunteers, including 6males, were recruited and gave written informed consent. They
werenormal active people without medical contraindication to practicephysical activity and he
was asked to participants to keep theirphysical activity, their dietary and sleep habits during
the 3-weekstraining. Participants were evaluated before and after the fivetraining sessions at
increasing intensity during a 3 weeks period.Sample size for before-after study was estimated
by G*Power(G*Power 3.1.9.7, Heinrich-Heine Universitat Dusseldorf, Dlsseldorf,Germany)
in an a priori way by using repeated measures ANOVA

Considering a type | error rate of 0.05, a type Il error rate of 0.2(Cohen,1988), an effect size
of 0.5 (medium size effect, [Cretniket al.,2022; Roig et al.,2009]), the calculated sample size
was 10. Wetook a small margin of 10% to ensure this number of 10measurements and
involved 11 participants.

2.2|Home-made eccentric ergometer

The construction of an ergometer was necessary due to the lack of commercially available
eccentric ergometers. Inspired by a guide previously published (Elmer & Martin,2013), the
ergometer was designed with a direct-drive motor for electric bikes fixed on a patient lift. The
chain was linked to a SRM crankset equipped with bike pedals. To follow the requested target
speed, the participants had a live speed display in front of them. Eccentric workload was
measured by using bicycle SRM power meter (Elmer & Martin,2013; Harrison et al.,2020;
Leong et al.,2014;Lewis,2012; Lewis et al.,2018).

2.3|Training procedure

Before exercise, subjects were equipped with a heart rate transmitter belt and cycling shoes.
They were installed on the eccentric ergometer and asked to avoid arm or trunk movements.
During each session participants were asked to perform passive anti-clock wise cycling (i.e.,
without braking phase) and to keep the speed rotation between 50 and 70 rpm during the five-
min warm-up. The intensity of the effort as well as the workload were not fixed in advance
and the same task of braking to reach the target speed as quickly as possible was asked to
each participant. During the first session, considered as a familiarization session, ergometer
speed was successively set at 50, 60, 70 and 80 rpm and subjects were asked to brake the
pedals movement until the speed decreased by 5 rpm during 15 s, before 30 s of cool-down in
passive cycling. First acclimatization session permitted for everyone to adjust the force
applied to the pedals to achieve the goals previously explained and with the help of the
advisor supervising the training. The RPE value given by the participants was used as
feedback to better understand their feeling about bed-eccentric cycling at different speeds.
Exercise was repeated twice for each speed. During the second session, ergometer speed was
successively set at 50, 60, 70 and 80 rpm and subjects were asked to brake the pedals



movement until the speed decreases by 10 rpm during 15 s, before 30 s of cool-down in
passive cycling. Exercise was repeated three times for each speed. The third session
ergometer speed was successively set at 50, 60, 70 and80 rpm and subjects were asked to
brake the pedals movement until the speed decreases by 10 rpm during 15 s, before 30 s of
cool-down in passive cycling. Exercise was repeated four times for each speed. The fourth
session ergometer speed was successively set at 50, 60,70 and 80 rpm and subjects were asked
to brake the pedals movement until the speed decreases by 10 rpm during 15 s, beforel5 s of
cool-down in passive cycling. Exercise was repeated five times for each speed. The fifth and
last session ergometer speed was successively set at 50, 60, 70 and 80 rpm and subjects were
asked to brake the pedals movement until the speed decreases by 10 rpm during 15 s, before
15 s of cool-down in passive cycling. Exercise was repeated 6 times for each speed. At the
end of each session participants were allowed to cool down in passive cycling for 5 min
(Figurel). In this training procedure, we considered that resistive force to decrease the speed
by 10 rpm was steady whatever the rotating speed. Since the power output is the product of
resistive force and velocity, power output increases with pedalling velocity.

2.4|Eccentric power and speed outputs

Power developed to brake and rotation speed of the pedals were monitored with a SRM 6
power control device (Schoberer Rad Mef technik GmbH; Gardner et al.,2004).

2.5|RPE in training procedure

The RPE was requested for each exercise of each session (Figurel).Participants were asked to
quote their effort using a revised Borgscale (0 to 10 scale [Williams, 2017]) and confirmed
the value with an adjective: zero effort, extremely easy...very hard and extremely hard. The
RPE scale was explained as follow:* Given that O corresponds to any effort, like lying on a
bed, and 10 to the most strenuous exercise close to exhaustion, how would you rate this
exercise’. Rating combined all the sensations and feelings of physical stress.

2.6|Delayed onset muscle soreness

A general rating of muscle soreness was assessed using a 10-pointscale. A score of 0
corresponded to a rating of no pain, while a score of 9 corresponded to a rating of unbearable
pain (McCormack et al., 1988). Subjects were requested to rate discomfort in quadriceps and
calf regions of the legs, particular attention was paid concerning joint pains. Patients were
asked to report any pain in the hip, knee and ankle joints. Soreness measures were collected
48 h following the session.

2.7|Concentric power-speed relationship

Before and immediately after the end of the training programme, subjects performed sprints
on an instrumented ergometer (Monark818E, Monark Exercise AB). After 5 min of warm-up,
five consecutive sprints were recorded during 4 s with a sampling frequency o0f200 Hz.
Increasing loads were set successively at 0.2, 0.4, 0.6, 0.8 andl N.kg—1. Maximal power
output was extracted from the power-speed relationship with a third-order polynomial
regression according to the method previously published (Arsac et al., 1996).
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TABLE 1 Characteristics of subjects at the beginning of the study

Subject Gender Age (years) Height (m) Weight (kg) BMI
1 Male 53 172 77 260
2 Male 24 174 70 231
3 Male 53 1.72 67 226
4 Male 32 1.76 85 274
5 Male 24 1.85 82 240
6 Male 51 1.76 73 23.6
7 Female 24 1.77 70 223
8 Female 51 157 48 195
9 Female 55 1.74 67 221
10 Female 31 1.60 53 20.7
11 Female 44 1.65 58 213
Mean + SEM 40.2+4.0 1.72+0.02 682+35 23.0+0.7

Abbreviation: SEM, standard error of the mean.

2.8|Maximal voluntary isometric contraction force

Before and immediately after the end of the training programme, maximal voluntary isometric
contraction force (MVC) was measured during knee extension with a handheld dynamometer
(Microfet2,Hoggan Health). Dynamometer was fixed behind the subject and an inelastic strap
was used to link the leg, according to the method previously published (Souweine et al.,



2017). MVC of quadriceps of dominant leg was measured seated, hanging legs, without
dorsal support with the knee held at 90° from extension, and arms crossed in front of chest.
Before measurements, subjects were allowed toper form two trial contractions. After 1 min
rest, subjects performed three maximal contractions of 4 s separated by 1 min rest. The
maximal value was retained as MVC (100%). During MVC measurement, participants are
seated with the hip angle near 90°. Supervisor ensured that the subjects are sitting naturally
with a hip angle close to 90°, without any particular constraint, and does not make any upper
body movement that could alter their postures (Garnieret al., 2022).

2.9|Neural activation during maximal isometric contraction

Skin on the quadriceps muscles of the left leg was shaved and prepared to ensure that skin
impedance was lower than 5 kQ.Disposable surface electrodes (EL501, Biopac Systems Inc.)
were positioned on the vastus medialis, rectus femoris and vastus lateralis with an intra pair
distance of 20 mm, according to the method previously published (Rainoldi et al., 2004).
Subjects performed two contractions at 25%, two contractions at 50% and two contractions at
75% of MVC (Drechsler et al., 2006) and electromyography (EMG)was assessed during
maximal isometric knee extension. Surface electromyography was recorded with a three-ways
research system (MP150, Biopac Systems Inc.). The root mean square (RMS) method was
used for smoothing with the Acq Knowledge software. EMGi—-force relationships were
obtained from the values of the four contraction forces, using a linear regression model.

2.10|Statistical analysis

Statistical analyses were performed using StatView®. Each quantitative parameter was
presented as mean + standard error of the mean(SEM) or as median and quartiles if normality
was not verified. Descriptive analyses were carried out for subjects’ characteristics and
DOMS values. When appropriate, a repeated measures ANOVA or a Friedman ANOVA was
performed. When tests found a significant interaction effect, a Tukey's or a pairwise
Wilcoxon post hoc test was performed. A result was considered as significant when p value
was lower than *0.05, **0.01 and ***0.001. To determine the meaning-fulness of the effect
of eccentric exercise, effect size (ES, Cohen'sd) was calculated as the difference between pre-
and post-exercise divided by the pooled standard deviation for maximal voluntary contraction
force, maximal power output and integrated EMG signal (Cohen, 1988). According to the
original Cohen's scale, effect sizes 0f0.2, 0.5 and 0.8 were considered to be small, moderate
and large effects.

3JRESULTS

3.1|Subjects

Characteristics of the 11 subjects are presented in Tablel. Briefly, mean age was 40.2 £ 4.0
years and mean body mass index (BMI) was23.0 = 0.7 kg.m—2.

3.2|Tolerance to training: Heart rate frequency, RPE, delayed onset muscle soreness

Subjects were highly compliant with training procedures, easily performed reverse pedalling
and all exercises were well-tolerated. Heart rate (HR) at rest was 67 = 1 bpm and during
exercise, peak HR increased to 97 £ 1 bpm (Figure2). Peak HR did not exceed 100 bpm.
Mean increase was about 29 £+ 1 bpm between resting and exercise.



The RPE is depicted on Figure3a, and the familiarization session (Session 1) was not taken
into account for data analysis. Inter-individual variability of perceived exertion was high for
the same exercise, but values were consistent between sessions for the same subject. RPE
significantly increased with speed in every training session. It remained low (<5/10) but
increased when subjects had to brake to 70 rpm, the hardest task. No effect of training was
observed on subjects’ RPE under 60 rpm, but training significantly decreased RPE by
approximately 17.5% when braking to 70 rpm. Moreover, global RPE for one entire session,
including all exercise speeds, was significantly lower with training.

Mean power outputs (PO) are presented in Figure3b. Workloads achieved during eccentric
cycling were high no matter the exercise and study time-point, and significantly increased
with speed. At the beginning of the study, mean value obtained was about 50 W and maximal
value plateaued at 540 W. At the end of training, minimal value was close t0100 W and
maximal value reached 700 W. Workload was significantly different in-between the sessions
at 60 rpm (210.1 + 38.5 W compared t0293.8 + 19.7 W). No significant change was found at
other speeds. Lower work reproducibility corresponded to the fastest speed. The relationships
between PO and RPE during session 2 and 5 are depicted in Figure3c.Slope of linear fitting
curve significantly increased (p< 0.001, +139%) after training programme.

Six subjects experienced DOMS. As presented in Table2, all sessions generated DOMS for 1
to 3 subjects. DOMS values remained low, as maximal score was 3. For each session, mean
DOMS value was very low (<1), because most of the subjects did not feel any muscular or
joint pain.
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TABLE 2 Delayed Onset Muscle Soreness (DOMS) expressed in number of subjects with pain and minimal/maximal pain values

Session 1 Session 2 Session 3 Session 4 Session 5
Subjects with DOMS 6

2 3 1 2 1
Minimum pain value 1 1 2 1 1
Maximum pain value 1 3 2 3 1

3.3|Effects on concentric sprint-cycling performance

Maximal power output was extracted from power-speed relationship (Figure4a). A third-order
polynomial regression was used to fit all power-speed relationship curves. Training
significantly increased maximal power output (Figure4b). Mean improvement was
about8.5%, corresponding to a 74W increase in the maximal power developed during sprints
and a small effect size (ES = 0.25).
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3.4|Effects on isometric contraction force

Results of MVC presented on Figure4c,dshow that MVC significantly improved after
training. Mean improvement was about78N, corresponding to a 17% increase in force from
baseline. Integrated EMG during MVC shows a significant increase (+22%)after training and
a moderate effect size (ES = 0.59).

Relative EMG-Force relationship shifts above the curve obtained before the programme of
eccentric cycling and the area under the EMGi-Force curve was significantly increased by 5%
after training(p< 0.05, ES = 0.55) (Figureb).
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4|DISCUSSION

The ergometer was designed for hospital bed-cycling. Previously developed eccentric
ergometers were developed for semi-recumbent practice (EImer & Martin, 2013; Elmer et al.,
2013; Hoppeler,2016;Lewis, 2012; Rocha Vieira et al., 2011). Due to the stabilized position
of the subjects in the bed, they had no difficulty to stay in a lying position with a minimal
action of arms and trunk. Whereas in our study, healthy subjects could develop an intense
mean power output near of 500W, in the literature patients with reduced physical capacity
will develop noticeable lower power (Aagaard et al., 2010;Green et al., 2018; Hoppeler, 2016;
Meyer et al., 2003), thus limiting upper body movement. With most of patients carrying a
high cardiovascular risk as end-stage renal disease patients undergoing haemo-dialyses, the
HR frequency increase during exercise must be limited. We report a modest 30 bpm increase,
and peak HR did not exceed 100 bpm. Our results are in accordance with Chasland's study
(Chasland et al., 2017), and consistent with previous observations (Lewis, 2012; Perrey et al.,
2001). Power outputs reached in the present study were relatively high compared to classical
concentric cycling exercise, extending the results of previous studies performed in a semi-
recumbent position (P. C. Lastayo et al.,2000,2003).Eccentric power outputs are rarely
measured, workload being usually estimated from oxygen consumption or from a concentric
performance (Laroche et al.,2013; Steiner et al.,2004). Compared to our data, power outputs
were lower during familiarization sessions, due to lower rotation speeds

After five training sessions, participants achieved higher work-load for a given RPE. The
relationship between PO and RPE was improved and gains were higher in eccentric (+29.6%
in maximal eccentric PO) compared to isometric conditions (+17% in MVC) and were even
greater compared to concentric type exercises (+8% in maximal concentric power). It was
previously suggested that gains were specific to contraction mode and movement velocity
(Roig et al., 2009). These functional gains specific to the eccentric type appear valuable in a
clinical context since eccentric movements are required to support body weight, particularly
during downhill activities to ensure balance and slow down. It was demonstrated that
efficiency of eccentric training to decrease fall risk was at least equal (P. Lastayoet al., 2017)



or higher (P. C. Lastayo et al., 2003) to traditional concentric training by specifically
improving eccentric strength. The transferability of strength gains after eccentric training is of
major importance for frail patients. Major isometric strength gains following eccentric
training were demonstrated (Julian et al., 2019; Roig et al., 2009) but to our knowledge, this is
the first report of an increased MVC from the third week after only five training sessions in
non-athletes. Similar values were found in a recumbent position with longer programmes
(Lastayo et al., 2003, 2010, 2014). However, leg muscle power was shown to be a better
determinant of physical performance than isometric strength (Bean et al., 2003; Reid
&Fielding,2012). Eccentric training in young individuals improved maximal cycling power
after 8 weeks of training (Leong et al., 2014).In our study, maximal PO during sprints was
significantly improved, extending previous results that early adaptive responses occur
following eccentric exercise in a healthy population.

The force-EMGi relationship curve shifted above pretraining curve. As a 5% higher neural
activation is involved to develop the same MVC after training, it indicates that a slight
impairment in neuromuscular efficiency occurs during isometric contractions. Excitation-
contraction coupling efficiency was previously shown to be transitorily altered after training
in eccentric condition, probably due to changes in membrane excitability, conduction velocity
or impaired release of Ca2+(Clos et al.,2021; Nasrabadi et al.,2018).However, here, the great
iIsometric strength gains suggest that local nervous adaptations like an improved muscular
recruitment exceed contractile function impairment. These results also mean that strength
gains result in part from a neural drive optimization through a better motor units recruitment/a
higher discharge rate of active motor units or from diminished inhibitory reflex loops.
According to Kraemer, these improvements could also be related to the synchronized
activation of agonistic, synergistic and antagonistic muscles (Kraemer et al.,1996). Motor
learning could have improved neural drive of leg muscles to resist against the dynamometer,
increasing production force capacity through an efficient activation of muscle sinvolved in
movement execution (Brueckner et al., 2018; Waulfet al., 2010).

In this study direct fatigue-related markers were not evaluated or measured, we used heart rate
and RPE to evaluate exhaustion. RPE and neuromuscular fatigue were shown to be strongly
correlated during endurance test (Cruz-Montecinos et al., 2019). Lastly, Zhao et al. (2022)
provide evidence that RPE measure was efficient for muscle fatigue evaluation during
resistance exercises (Zhao et al.,2 022). As RPE provides perceptual difficulty, it was
previously successfully used in frail population like elderly to assess indirect fatigue through
perceptual training intensity (Morishita et al., 2018).Workload was progressively increased,
but 6 subjects out of 1lsubjects experienced moderated DOMS. They reported pain felt
during daily eccentric movements like going downstairs. Subjects are differently sensitive to
DOMS, and immobilized patients might be more fragile. There is no evidence that gender or
age are determinants of DOMS sensitivity, but subjects performing downhill running and
regular cycling did not report any pain whereas less active people were subjected to DOMS.
These practices can induce a RBE and may explain the differential subjects’ sensitivity. Some
factors seem to promote DOMS and importance of speed was previously suggested
(Hoppeler, 2016). Low velocity could bead vised to facilitate coordination and avoid damage.
High velocities induce a disorganized muscular work in favour of a greater elastic component
and joint solicitation (Elmer et al., 2010). Nevertheless, in other studies, subjects also
experienced DOMS after the first session in a comparable extent of our group whereas
rotation speed was below 60 rpm (Besson et al.,2 013; Leong et al., 2014).



Workload has a major role and must be measured to ensure proper intensity and even though
DOMS pain values were low, our programme can be improved. Our training procedures
emerged from current recommendations, but most of the procedures are poorly described
(Roig et al.,2 008). As familiarization sessions are key steps to confer RBE, a periodization
model was suggested to safely introduce eccentric (Harris-Love et al., 2017). Further studies
conducted on healthy volunteers including these recommendations, controlling precisely
workload and specially focused on DOMS, are needed to establish the mechanisms
underpinning RBE and adequate eccentric intensity to avoid DOMS (Hyldahl et al. , 2017).
Although our study demonstrated the feasibility and effectiveness of eccentric exercise in the
lying position, the application of such protocols on patients suffering from pathologies such as
renal failure will require adaptations and further studies (Hoppeler, 2016; P. LaStayo et al.,
2014). Indeed, the tolerance to exercise being strongly dependent on the concerned
population, physiotherapy prescriptions will require a personalization of the physical training
programmes with adapted familiarization sessions. The parameters to be adjusted may
concern the intensity of the exercise, its duration or the number of repetitions per session.
Another simple way to individualize exercise intensity would be to recommend an RPE to be
achieved during exercise phases on the Borg scale.

5|CONCLUSION

In summary, our study shows that bed-cycling eccentric training is feasible, that adaptations
to bed-cycling eccentric training occur in the early stage of practice and that strength and
power gains following eccentric cycling are transferable to others contraction modalities, that
is, concentric and isometric. Interestingly, most of the daily movements include an eccentric,
a concentric and an isometric phase, and daily falls in frail people are most of the time
attributable to a lack of balance during the eccentric phase. Eccentric movements are also
prominent during downhill exercises like going down the stairs or sit on a seat, and the
inability to brake the body weight considerably limits functional independence and quality of
life. Thus, the specificity of eccentric regimen might constitute a promising exercise mode not
only to fight against muscle atrophy linked to end-stage renal disease but also for many
clinical applications as haemo-dialyses since training can be safely perform in a lying position
and is efficient on muscle function improvement. Transferability of gains to concentric and
isometric modalities will allow to improve whole leg function and positively impacts physical
abilities in healthy and frail populations.
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