
Spinal reflex plasticity in response to alpine skiing in the elderly

B. Lauber
1
, M. Keller

2
, A. Gollhofer

1
, E. Müller

3,4
, W. Taube

2

1Department of Sport Science, University of Freiburg, Freiburg, Germany, 2Department of Medicine, Movement and Sport Science,
University of Fribourg, Fribourg, Switzerland, 3Department of Sport Science and Kinesiology, University of Salzburg, Salzburg,
Austria, 4Christian Doppler Laboratory ‘‘Biomechanics in Skiing,’’ Salzburg, Austria
Corresponding author: Benedikt Lauber, Department of Sport Science, University of Freiburg, Schwarzwaldstr 175, 79117
Freiburg, Germany. Tel: 149 761 203 4559, Fax: 149 761 203 4534, E-mail: benedikt.lauber@sport.uni-freiburg.de

The present study was designed to assess the influence of 12
weeks (28.5� 2.6 skiing days) of alpine skiing on spinal
reflex plasticity, strength and postural control in senior
citizens. Therefore, soleus H-reflexes and postural stability
were measured during bipedal quiet and unstable stance in 22
(12 male and 10 female) elderly subjects aged 66.6� 1 years.
Furthermore, the maximal isometric force was determined in
a leg press. The results showed an increased H-reflex excit-
ability after the training (139%; Po0.05) while no changes
occurred in the background EMG. The postural sway

decreased after training (� 6.6 cm; P � 0.05) and the max-
imal force increased (116.1%; Po0.05). No adaptations in
any parameter could be observed in the control group. The
present study demonstrated that skiing training was effective
to alter the spinal reflex activity in elderly individuals. The
increased H-reflexes correspond to adaptations known from
strength training in young subjects. It may be assumed that
alpine skiing induced a functional adaptation in that subjects
have learned to integrate Ia afferent feedbackmore efficiently
to ensure adequate motoneuron output.

There is a rapid increase in the number of senior
citizens in industrialized countries. Therefore, seniors
represent a growing part of nation’s population and
their health and training status is consequently
becoming of increasing interest. In the literature,
the benefits of regular sportive activities on diseases
like obesity or hypertension and on physical and
mental well-being are very well documented (Nelson
et al., 2007; Iwamoto et al., 2009). Furthermore,
although the central nervous system of elderly in-
dividuals seems not to be as adaptable as that of
young subjects (Scaglioni et al., 2002), several studies
have shown that training induces neural plasticity in
this population (Chalmers & Knutzen, 2002; Mynark
& Koceja, 2002; Kamen & Knight, 2004). So far, the
influence of alpine skiing on adaptations of the
neuromuscular system of elderly individuals is un-
known. As skiing requires well-established postural
skills (Müller, 2009; Noé et al., 2009) and strength
capabilities (Neumayr et al., 2003), it was speculated
that the central nervous system would adapt in order
to accomplish the coordinative challenges. The adap-
tations on the spinal level going along with improve-
ments in strength and postural control are well
known: in longitudinal studies with young partici-
pants, diminished H-reflexes after several weeks of
balance training were reported (for a review, see
Taube et al., 2008a, b). The diminished excitability
at the spinal level was speculated to reduce unwanted

reflex initiated/(mediated) joint oscillations (Llewel-
lyn et al., 1990; Aagaard et al., 2002). In contrast,
strength training of the lower leg was shown to
facilitate the reflex response (Aagaard et al., 2002;
Lagerquist et al., 2006; Taube et al., 2007; Duclay
et al., 2008). It was argued that the removal of
inhibition might be beneficial to increase the power
efficiency, which might be explained by an enhanced
level of motoneuronal output (Sale et al., 1983; Voigt
et al., 1998; Aagaard et al., 2002).
Unfortunately, only a few studies were conducted

in the elderly to highlight this topic. Scaglioni et al.
(2002) were the only ones to assess the H-reflex
before and after 16 weeks of strength training in
the elderly. However, they were not able to observe
any training-induced changes of the reflex response.
With respect to balance training, Mynark and
Koceja (2002) demonstrated that elderly subjects
were able to reduce their H-reflex amplitude in the
same way as young subjects when peripheral nerve
stimulation was used as a destabilizing stimulus. In
this study, subjects were accustomed to the measur-
ing device and the destabilizing stimuli on the first
day. On two subsequent days, they were trained to
control posture in the perturbation task. Thus,
Mynark and Koceja demonstrated that elderly sub-
jects could adapt their H-reflex response and their
postural performance in response to a short-term
training in a similar way as young subjects. However,
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when looking at instant adaptations of spinal reflexes
in response to postural changes, it seems that elderly
individuals’s ability to modulate their H-reflex is less
pronounced than that of young subjects (Chalmers &
Knutzen, 2002). Thus, although there might be differ-
ences in the adaptability of the spinal reflex circuits,
these observations have demonstrated that elderly
individuals do not completely lose the ability to
modulate their reflex behavior task specifically. With
respect to alpine skiing, it was hypothesized that both
force and postural control would improve in response
to this kind of intervention. Because of the well-
documented H-reflex adaptations in the elderly after
balance training but not after strength training it was
hypothesized that the 12 weeks of skiing would result
in a reduction of the soleus H-reflex amplitude.
Post-activation (or homosynaptic) depression

(PAD) might be another mechanism that could be
affected by the skiing intervention. PAD reflects an
inhibited Ia afferent transmitter release due to pre-
vious activation and lasts approximately 10 s. The
repetitive excitations cause a transmitter depletion
within the presynaptic terminals and consequently a
reduced postsynaptic excitation (Lev-Tov & Pinco,
1992; Pinco & Lev-Tov, 1993). Thus, PAD can be
induced by a preceding conditioning stimulus, which
activates the same afferents (Crone & Nielsen, 1989;
Lundbye-Jensen & Nielsen, 2008). Based on the
observation of a reduction in homosynaptic PAD
after 2 weeks of immobilization (Lundbye-Jensen &
Nielsen, 2008) and by a study showing an increased
level of PAD following stimulation of the tibial nerve
and during mechanically evoked stretch reflexes of
the soleus muscle (Grey et al., 2008), it was specu-
lated that the increase in activity due to the skiing
intervention may have the reverse effect, i.e. result in
an increased level of PAD.

Methods
Subjects

For a general overview of the participants, please see Müller
et al. (2010). Thirteen subjects were part of the intervention
group (seven men and six women; 66.8 � 2 years;
78.5 � 13.5 kg; 168 � 7 cm) and 10 subjects were part of the
control group (five men and five women; 67.5 � 4 years;
77.4 � 14.5 kg; 169 � 8 cm). The small number of subjects
resulted from the circumstance that it was not possible to
induce H-reflexes in all subjects who took part in the study.

Training

The training included 12 weeks with a total number of
28.5 � 2.6 skiing days, with an average of 3 h 27 � 14min of
skiing per skiing day (for more details regarding the skiing
intervention, see Müller et al. 2010).

Procedures

After the preparation of the skin with sand paper and
disinfectant spray, subjects were asked to rest on a massage

couch with their face downwards. After finding the best spot
for eliciting the H-reflex, an H/M recruitment curve was
obtained. A total number of 30 stimuli with an interstimulus
interval of 4 s were applied while constantly increasing the
intensity until Mmax was obtained (in line with Aagaard et al.,
2002; Zehr, 2002). This procedure was repeated while the
subjects were standing in an upright position on both legs and
while balancing on a spinning top (unstable condition) with
their arms held akimbo. A spinning top is built of a circular,
flat board mounted on top of a half-round ball mounted in the
center of the board. Postural sway was measured for 30 s
without peripheral nerve stimulation. Finally, postural sway
and isometric maximum strength of the leg extensor muscles
were tested in a leg press.

EMG recordings

EMG recordings were obtained from the m. tibialis anterior
(TA), m. gastrocnemius medialis (GM) and the m. soleus
(SOL) of the right leg. After the preparation of the skin,
bipolar surface electrodes (Blue sensor P, Ambu, Bad Nau-
heim, Germany) were attached to the skin with a 2 cm
interelectrode distance. EMG recordings were amplified
( � 1000), bandpass filtered (10–1000Hz) and sampled at
4 kHz. All data were stored in a custom-built software (Lab-
View Based, National Instruments, Austin, Texas, USA) for
off-line analysis. Muscular activity of SOL, TA and GM
activity was quantified by root mean square values. The time
window of analyses was set as 1.5–3.5 s after each stimulus for
the following reasons: (i) the influence of the electric stimulus
should be excluded, (ii) it was considered to be of importance
to assess the muscular activity during the same trial as the
electrophysiological data and (iii) the time window should be
long enough to reveal the possible changes in EMG activity.
EMG recordings were obtained in the prone position, during
bipedal stable and unstable stance, and during measurements
of the postural sway. Muscular activity of the SOL was
expressed to the corresponding Mmax to ensure comparability
of pre- and post-measurements.

H-reflex recording

H-reflexes were elicited (AS 100, Alea Solutions
s

, Zurich,
Switzerland) in the right SOL muscle by stimulating the
posterior tibial nerve in the poplitea fossa. For this purpose,
the cathode (2 cm in diameter) was moved stepwise until the
best position for inducing an H-reflex was found. The anode, a
10 � 5 cm dispersal pad, was fixed right below the patella on
the anterior aspect of the knee. It was ensured that the
electrical stimulation did not activate the TA. Stimulation
intensity was constantly increased to record H/M recruitment
curves. Because the tibial nerve contains both, sensory and
motor axons, the stimulation of this nerve induces a reflectory
response (H-reflex with a latency of approximately 35ms) and
a direct muscle response (M-wave with a latency of � 10ms).
The H-reflex travels mainly on Ia-affarents to the a-moto-
neuron and from there to the muscular junction. The M-wave
travels from the point of stimulation via motor axons straight to
the muscular junction. When stimulating with low intensities, a
small H-reflex can be observed without the presence of the M-
wave due to the larger fiber diameter of the sensory axons. A
constant increase of the stimulus intensity also recruits the
smaller motor axons, resulting in an M-wave. By successively
increasing the intensity from low to high stimuli, the H-reflex
recruitment curve can be obtained (Zehr, 2002). To counteract
the problem of unequal EMG recording conditions before and
after the training, maximal H-reflexes were expressed in relation
to Mmax (Hmax/Mmax ratio). The presented training effects were
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obtained by comparing theHmax/Mmax ratios taken from the H-
reflex recruitment curve recorded in pre- and post-measurement
(in line with Aagaard et al., 2002). H-reflexes and M-waves were
expressed as peak-to-peak amplitudes. To calculate the Hmax/
Mmax ratios, the maximal amplitudes of the H-reflex and the M-
wave were determined in each condition. No significant changes
were observed in PAD.

PAD

In the present study, PAD was tested by applying H-reflexes
with a certain size (20% of Mmax) with two different inter-
stimulus intervals: in the first case, the interstimulus interval
was set to 10 s. As PAD is known to last only for around 10 s
(Crone & Nielsen, 1989; Grey et al., 2008), this condition served
as a control. In the second condition, 10 soleus H-reflexes were
applied with an interstimulus interval of 1 s. In both conditions,
it was analyzed how the preceding stimulus/stimuli affected the
subsequent ones. Thus, the first stimulus of the 10 responses,
which could not be affected by PAD, was excluded and the
remaining nine responses were averaged. The amount of PAD
was quantified as the difference between the averaged reflex-
sizes measured at 10 s (control condition) and 1-s interstimulus
intervals (see also Lundbye-Jensen & Nielsen, 2008).

Postural sway

The postural sway in the normal upright stance was assessed in
pre- and post-measurements using a force plate (GKS 1000

s

,
IMM Holding GmbH, Mittweida, Germany) with a sampling
frequency of 40Hz. For the duration of 30 s, subjects were
instructed to stand as quiet as possible with slightly flexed knees
and arms held akimbo. In total, 21 subjects from the interven-
tion group (13 men and eight female; 67.1 � 2 years;
80.1 � 14.6 kg; 171.1 � 9.0 cm) and 19 subjects from the control
group (10 men and nine women; 67.4 � 4 years; 72.0 � 12kg;
170.2 � 8.0 cm) participated in this experiment. For each sub-
ject, the postural sway was evaluated in a normal upright
bipedal stance. Therefore, the postural sway in the medio-lateral
(x) and the anterior-posterior direction (y) was measured. The
overall postural sway was calculated using the formula:

Sway ¼
Xn
i:1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx1 � x0Þ2 þ ðy1 � y0Þ2

q
:

Maximum isometric strength

The maximal strength of both legs was tested in a leg press
using an Isomed 2000 (R&D, Hemau, Germany). The move-
ment speed (concentric) was adjusted to a concentric speed of
100mm/s and an eccentric speed of 80mm/s. The range of
motion for the knees was from 100 to 1501 to ensure a similar
knee angle as in alpine skiing and was controlled by a
goniometer. The hip and the trunk were fixed. The backrest
was adjusted to 751 and the seat was kept horizontal. Before
the testing started, subjects became familiar with the setup by
performing 10 submaximal isokinetic contractions with a 60-s
rest in between. Thereafter, each subject performed three
isometric contractions in the leg-press with maximal effort
with a joint angle of 1501. During each trial, subjects were
verbally encouraged to achieve a maximum force. The highest
force peak (Fpeak) obtained in one of the three repetitions was
taken as the maximal force parameter and was expressed
relative to the body weight (Fmax_rel).

Statistics

Before a comparison of pre- and post-values was carried out, data
were checked on normality using the Kolmogorov–Smirnov test.

Changes in Hmax/Mmax ratios were analyzed using the
repeated measures analysis of variance (ANOVA) procedure
with factors condition (prone vs standing vs unstable stance),
time (pre vs post) and group (intervention vs control) (3
[condition] � 2 [time] � [group]). Changes in the postural
sway were evaluated by repeated measures of ANOVA with
factors 1 � [postural sway] � 2 [time] � 2 [group]). Altera-
tions in isometric Fmax of both legs were captured by two-way
repeated measures ANOVA with factors 2 [time] � 2 [group].

If the results revealed significant F-values (Po0.05), a
Bonferroni corrected paired two-sided tests (Student’s t-test)
were performed in order to highlight differences in the pre-
and post-values. Changes in the EMG patterns were measured
by repeated ANOVA (3 [condition] � 2 [time] � 3 [muscle]
� 2 [group]).

SPSS
s

17 software was used for all statistical analyses and
results are presented as group mean values � SEM if not
declared differently.

Results
Hmax/Mmax ratios and EMG recordings

Reflex recordings of post-measurements revealed
significant differences when compared with pre-mea-
surement analyses with respect to the group (time
group: F5 3.48; Po0.05). Thereby, the intervention
group showed significant changes over time and
condition (time � condition: F5 3.88; Po0.05),
whereas the analyses of control group showed no
effect (F5 1.2; P5 0.33) (Fig. 1). In detail, for the
training group, the Hmax/Mmax ratios in the unstable

Fig. 1. H/M ratios are displayed for the training (pre: };
post: 4 ) and the control group (pre: ^; post: } ). In all
except the prone condition, an increase in reflex activity can
be seen after the several weeks of skiing. No changes
occurred in the control group. Error bars indicate SEM
(*Po0.05).

ht
tp

://
do

c.
re

ro
.c

h



condition after training increased from 0.34 to 0.46
(F5 4.71; P5 0.05) (Fig. 2). The muscular activity
displayed no differences following the 12-week train-
ing period in any of the groups (non-normalized
EMG: time � group F5 0.68; P5 0.41; normalized:
time � group F5 3.19; P5 0.1). The EMG data of
the soleus were additionally normalized to Mmax.
However, as the results were similar to the non-
normalized data, we do not present them in the
manuscript.

Postural sway

The postural sway in normal upright stance was
decreased after the training regime (24.6 � 2.0 vs
18.0 � 2.0 cm; F5 3.16; P � 0.05) (Fig. 3).

Maximum isometric strength

After the training, maximal strength of both legs was
increased in both groups (Po0.001). However, the
increase in muscular strength was significantly
greater in the intervention group (from 26.2 � 6.6
to 30.2 � 7.1N/kg; 16.1 � 12.8%) compared with
the control subjects (from 27.0 � 6.5 to 28.8 �
6.3N/kg; 7.6 � 11.4%) (Po0.05) (Fig. 4).

Discussion

The aim of the present study was to evaluate the
changes in spinal reflex activity after 12 weeks of
alpine skiing in elderly individuals. The results de-
monstrate that alpine skiing is capable of modulating
neuromuscular and biomechanical parameters like
Hmax/Mmax ratios, muscular strength and body sway
in the elderly.

H-reflex recruitment curves

So far, there exists no study highlighting neurophy-
siological adaptations in response to alpine ski train-

ing. In the present approach, it was therefore difficult
to predict whether any adaptation of the soleus H-
reflex might be apparent and, if so, in which direction
this adaptation may go. Previous studies have
pointed out that the spinal reflex system adapts in a
very specific manner depending on the exercise.
Taube et al. (2007) reported decreased Hmax/Mmax

ratios after balance exercise but increased Hmax/
Mmax ratios after strength training. As skiing de-
mands postural skills as well as sufficient and well-
timed muscular force, it was speculated that skiing
may improve balance control and strength capabil-
ities in elderly subjects. However, with respect to
the neural adaptations, it was speculated that the
neural adaptations associated with balance training
would be most prominent as the H-reflex of elderly

Fig. 2. H/M ratios obtained when subjects were standing on
a spinning top (unstable condition). A distinct overall
increase in reflex activity became clear after the training
intervention (dashed line) (*Po0.05).

Fig. 3. Postural sway in the bipedal stance was decreased
after the 12-weeks lasting training regime. The control group
showed a slight increase after the training that was statisti-
cally not significant. Error bars indicate SEM (*Po0.05).

Fig. 4. Maximal isometric strength was increased after sev-
eral weeks of alpine skiing in both groups. However, in
comparison with the control group (white bar), a greater
increase in Fmax was present in the subjects who underwent
the ski training (black bar). Error bars indicate SEM
(*Po0.05).

ht
tp

://
do

c.
re

ro
.c

h



individuals was shown to be reduced in response to
balance exercises (Mynark & Koceja, 2002) but
remained unchanged following strength training
(Scaglioni et al., 2002). Surprisingly, the present
results revealed a different picture. Although both
balance skills and strength capabilities were im-
proved, there was a clear increase in the H-reflex
amplitude after skiing training. The increase in H-
reflex excitability may suggest an increase in a-
motoneuron output. In analogy to strength training,
it might be proposed that the facilitation of spinal
reflex circuits after skiing helps the subjects to
produce force in a more powerful way (Aagaard et
al., 2002; Taube et al., 2007). Thus, counterproduc-
tive inhibitory mechanisms reducing the excitatory
drive may be restrained in order to make use of the
afferent feedback in a more efficient way (Earles et
al., 2002). As the background EMG activity re-
mained unchanged in all conditions (prone, stable
and unstable stance) following the 12 weeks of alpine
skiing, postsynaptic mechanisms like changes in
reciprocal inhibition seem to be very unlikely. One
could argue that the repetitive wearing of ski-boots
flexing the knee approximately 1001 during skiing
(Berg & Eiken, 1999) may have shifted the overall
body position in the anterior direction and therefore
caused lengthening of the triceps surae complex,
which is known to facilitate the soleus H-reflex
(Nordlund et al., 2002). However, this seems to be
very unlikely because it was shown that even highly
experienced alpine-skiers who wear their ski-boots
quite often do not alter their postural strategies when
wearing no ski-boots (Noé & Paillard, 2005; Noé
et al., 2009).
Initially, we assumed that PAD would increase in

response to the skiing activity as it was previously
shown that immobilization resulted in reduced PAD
(Lundbye-Jensen & Nielsen, 2008) and skillful activ-
ity (cycle training) in an enhanced PAD (Meunier et
al., 2007). The point that no changes in PAD were
observed in this study might be related to the
different training program or the different age group
in our study compared with the previous studies. A
change in PAD could have also influenced the H-
reflex size during the recording of H/M-recruitment
curves due to the relatively short interstimulus inter-
vals (4 s). However, as we could not find changes in
PAD while testing with an interstimulus interval of
1 s, it is unlikely that this mechanism influenced the
increase in the H-reflex response. Based on our
observations, it seems therefore more likely that
a decrease in presynaptic inhibition (PSI) of Ia-
afferents may have accounted for the increased
Hmax/Mmax ratios. Former studies speculated that
PSI of Ia-afferents has a strong influence on spinal
reflex behavior during movements like walking and
running (Faist et al., 1996; Hodapp et al., 2007) and

that PSI can probably be modulated by training
(Aagaard et al., 2002). Based on those previous
findings, it might be speculated that the increased
Hmax/Mmax ratios following the 12 weeks of alpine
skiing are the result of a reduced PSI.

Similarities between skiing and strength training

Based on the neural adaptations presented in this study,
it can be assumed that skiing training acts in a similar
way as strength training. The Fmax measurements con-
firm this assumption and demonstrate significantly
increased force levels after the skiing intervention.
This seems reasonable as skiing is characterized by
constant alterations of concentric and eccentric contrac-
tions of the leg muscles as well as phases of prolonged
co-contraction (Hintermeister et al., 1995). Dependent
on the skiing discipline and the skiing intensity, varia-
tions in the contraction strength and contraction time
occur. Previously, it was shown that during giant slalom
and slalom, EMG activity in the calf muscles is very
high (Berg et al., 1995; Hintermeister et al., 1995; Berg
& Eiken, 1999). Thus, it seems rational that skiing
incorporates sufficient neuromuscular stimuli to ame-
liorate the force capabilities.

Changes in postural control

The influence of alpine skiing on balance parameters
is poorly understood. To our knowledge, the present
intervention is the first one to directly indicate that
balance control can be improved in response to
skiing training in elderly individuals. However, it
has to be admitted that the reduced postural sway
does not consequently indicate enhanced postural
control. Studies on patients with Parkinson’s disease
also reported decreased body sway when subjects
were investigated in an upright stance on a stable
surface (Horak et al., 1992; Schieppati et al., 1994;
Smithson et al., 1998). However, when postural
demands were increased and the patients had to
perform a single-leg stance, significant problems in
maintaining balance control were observed. The
present study did not test postural stability in more
challenging situations and therefore cannot make
any assumptions about the functionality of the ob-
served adaptations in postural sway displacement.
However, it seems rational that skiing can improve
postural control as it demands to keep the center of
mass over the support surface (skis) despite constant
variations in terms of loading, contraction velocity
and contraction time. The subjects who participated
in this study were divided into groups according to
their skiing abilities but were allowed to ski at their
own speed within their group.
We were not able to detect any correlation be-

tween changes in postural control and maximal leg
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strength. One reason might be that improvements in
balance control were demonstrated to be more clo-
sely related to improvements in power than to
muscular strength (Orr et al., 2006). Unfortunately,
no power measurements were performed in the pre-
sent study to clarify this point.

H-reflex and postural sway

The present study showed that the postural sway was
reduced despite increases in the H-reflex amplitude.
This is highly interesting as all previous balance
training studies reported decreases or non-adapta-
tions in the H-reflex going along with improved
postural control (Chalmers & Knutzen, 2002;
Mynark & Koceja, 2002; Taube et al., 2008a).
Similarly, H-reflex excitability was lower when sub-
jects were tested in more challenging situations like
tandem stance (Chalmers & Knutzen, 2002), stance
on elevated platforms or when standing with the eyes
closed (Hoffman & Koceja, 1995; Earles et al., 2000).
In contrast, when the demands were lowered by
utilizing additional feedback by means of a laser
pointer (Taube et al., 2008b) or additional mechan-
ical support (Tokuno et al., 2009), the H-reflex
amplitudes were increased. Thus, the central nervous
system seems to respond instantly to the demands
of the postural task. As the demands of the postural
test situation were not seriously challenging and
did not change in the present study but subjects
showed enhanced H-reflexes in the post-measure-
ment, it might be speculated that they perceived the

task to be less challenging after the skiing interven-
tion. As with maximal strength of the leg muscles,
we were not able to find significant correlations
between the increased H-reflex excitability and a
reduced postural sway following the alpine skiing.
One explanation could be that it seems that the
control of human standing is at least partly related
to changes in the excitability of the motor cortex
(Tokuno et al., 2009). In this context, Taube et al.
(2007) showed that balance-training induced adapta-
tions of the cortical excitability were correlated to
changes in stance stability but not to changes of the
H-reflex.

Conclusion and perspectives

In summary, this study showed that several weeks of
alpine skiing increased H-reflex excitability and mus-
cular strength and decreased the amount of postural
sway. The neural adaptations at the spinal level are
similar to those observed in young subjects after
strength training and may serve to enhance power
by disinhibiting motoneuron output.

Key words: peripheral nerve stimulation, balance,
alpine skiing, maximal isometric strength, seniors.
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