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Summary

Study aim: In alpine skiing, balance is one of the key elements that determine the effectiveness of the ride. Because of ski boots,
the foot and ankle joint complex is excluded from the process of maintaining the stability of the body. The aim of the study was
to determine to what extent a few days of skiing activities and the level of technical skills affect the skiers’ level of postural
stability.

Material and methods: The study involved 10 beginner (20.7 + 1.1 years, 76.4 + 8.7 kg, 184.4 = 6.1 cm) and 10 advanced
(20.5£0.5 years, 80.5 + 13.7 kg, 184.5 9.5 cm) skiers, who participated in a nine-day ski training camp. Measurements of the
postural stability were taken on the first and last days of the camp, on an AccuSway (AMTI, USA) stabilometric platform.
Results: In both groups, a significant (p < 0.05) improvement in stability was observed after the training camp only while stand-
ing in ski boots. While standing on two feet, the participants were more stable barefoot (p < 0.05), and when standing on one
foot they were more stable in the ski boot trial (p < 0.05).

Conclusions: Skiing had a positive effect on the postural stability only in measurement conditions that were similar to those in
which this stability was practiced, i.e. in measurements involving ski boots. The restriction of mobility within the ankle joint

significantly influenced the training-induced changes in the postural stability of both beginner and advanced alpine skiers.
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Introduction

Alpine skiing is an outdoor winter sport in which
movement is generated by external forces, mainly grav-
ity [12]. Unlike most sports, the technique used for move-
ments in skiing is not aimed at generating a progressive or
circular motion, because the lower (locomotive) limbs are
immovably attached to the skis by ski boots and fastened
with bindings. In skiing, maintaining a stable position dur-
ing the descent and changing the direction of movement
is done by balancing the body, i.e. by deliberately losing
balance in the direction of the intended movement. The
skier’s position while moving down the slope can be com-
pared to an inverted pendulum whose anchor point con-
sists of the skis guided on the snow [18]. However, publi-
cations on issues related to the biomechanics of a descent,
with particular emphasis on the balance parameters, are
rare in the literature on alpine skiing [10].

For the body to remain in balance, its centre of mass
must project onto the base of support (BOS), the limits of

which are determined by the contours of the feet in a stand-
ing position. The shape and size of the base of support
depends on the position of the feet, which is why a person
stands more firmly on two feet than on one. Both when
standing and moving, the centre of mass moves in various
directions. The condition of maintaining balance involves
deviations of the centre of mass from the gravity axis
only so much that it constantly remains within the limits
of stability (LOS). The limits of stability of such bodily
sways can be inscribed in a two-dimensional space that
includes the maximum deflections of the centre of mass
from a given base of support of the body while standing
on two feet, on one foot or in another measurement posi-
tion. This means that the centre of mass can move within
the full extent of the limits of stability in tests on the main-
tenance of balance in both static and dynamic conditions
[4, 8,14, 15].

In skiing, there are additional conditions for the main-
tenance of balance. Alpine skis are designed in such a way
that when they are put on their edge, they bend and start
to descend in a curve. In order to turn, the skier must lean
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into the direction of the turn so that the projection of the
centre of mass falls out of the area of the base of support.
In this situation, a torque is created between the force of
gravity and the force of the reaction of the snow on the
skis, which results in a descent in a curve and a loss of bal-
ance. A stable position in a turn (fall prevention) is deter-
mined by a created inertial force which is directed outside
of the turn, and depends on the skier’s speed of movement
and the radius of the turn (which is an apparent force that
has the same value but an opposite sense of the centripetal
force). Therefore, when in a turn, a skier’s body remains in
a condition of constant balance. In alpine skiing, balance
is one of the key elements that determine the effectiveness
of aride [13, 16, 23].

Three types of postural reactions to the loss of the
body’s balance can be observed. The first reaction is the
myotatic stretch reflex, which appears in response to
changes in the position of the ankle joints, and is recorded
in the triceps surae muscles. This is the earliest mechanism,
which increases the activity of the muscles surrounding the
joint that is subject to destabilisation. The reflex caused by
a myotatic stretch causes its contraction, which then results
in the stiffening of the surrounding joints as a response to
the stimulus that has disturbed the balance. For example,
changes in the angle of the joints of the lower limbs are
followed by a reflexive tensioning of the adjacent muscles.
The subsequent release of the reaction prevents an exces-
sive mobility of the joints and stabilises the posture once
again. The next reflex in the process of balancing is the
balance-correcting response, which appears in response
to a strongly destabilising stimulus. This reaction has
a multi-muscle range, and occurs almost simultaneously in
the muscles of the lower limbs, torso and neck, while the
mechanisms that initiate the reaction are centrally coordi-
nated. The last of the three types of muscular reactions is
the balance-stabilising response. In a situation of a sudden
loss of balance, a stretch reflex first occurs and then is fol-
lowed by a balance-correcting response, which prevents
a fall. The subsequent stabilising responses then allow the
body to return to a balanced position. In order to control the
balance of the multi-element system which is the posture
of body, the central nervous system must use several types
of reflexive reactions that are controlled by the propriocep-
tors, the vestibular organ and the visual organ, depending
on whether the changes of posture are controlled by correc-
tive or by stabilising reactions [1].

The biomechanics of the human limbs and the human
torso depend on the cooperative actions of various groups
of muscle. The body’s centre of mass (which is located in
the lower part of the torso in a standing position) is sepa-
rated from the feet (which form the base of support) by big
pairs of joints such as the ankle joints, the knee joints and
the hip joints. Therefore, to enable changes in the posi-
tion of all of these elements in relation to each other while

maintaining the balance of the whole posture, the mobility
of each joint is controlled by pairs of muscle groups that
act antagonistically [17].

Wearing ski boots imposes certain mechanical limi-
tations on the level of liberty in the ankle joint [2]. The
mechanisms responsible for the changes in the strategies
of postural control while standing in ski boots can be con-
sidered from three aspects. First, the ski boots change the
postural control of the body because they act as a support
in the process of maintaining balance by stiffening the
foot and the ankle joint, the elements of the biokinematic
chain of the lower limbs that are closest to the base of sup-
port. Second, the ski boots provide an additional tactile
stimulus, which is detected by the cutaneous receptors in
the lower parts of the shins and the feet, as well as a me-
chanical stimulus, which is related to the support of the
shin along the entire length of the tibia in contact with the
ski boot’s tongue. Third, by putting on ski boots, a skier
increases the length of the sole which is in contact with the
ground. In doing this, the skier also increases the length of
the base of support, which can help him or her to maintain
a stable position and to reduce the amplitude of sways in
the sagittal plane [19].

The aim of the study was to examine how the mecha-
nisms described above, which restrict the mobility of the
foot and the ankle joint complex, affect the maintenance
of a stable body posture in people with different levels of
skiing skills. In addition, the study assessed the impact of
participation in a nine-day ski training programme on the
parameters of the stability of the body in beginner and ad-
vanced skiers. Therefore, the aim of the experiment was
to determine to what extent a few days of skiing activities
and the level of technical skills affected the level of pos-
tural stability, and whether the indicators of stability were
different in trials carried out while the participants were
barefoot and in ski boots.

Material and methods

The study involved twenty male students from the
University of Physical Education in Warsaw who par-
ticipated in a nine-day ski training camp. Every day, the
participants spent five hours skiing, and during that time
their feet and ankle joints were immobilized in ski boots.
For comparison purposes, the participants were divided
into two groups of ten: beginners who were on skis for the
first time (age: 20.7 + 1.1 years, body mass: 76.4 + 8.7 kg,
height: 184.4 + 6.1 cm); and advanced skiers with several
years of experience in skiing (age: 20.5 + 0.5 years, body
mass: 80.5 = 13.7 kg, height: 184.5 + 9.5 cm). Both groups
participated in a similar ski training programme without
any extra exercises focused on improving postural stabil-
ity, except for those performed while learning to ski.
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All of the participants were informed about the pur-
pose and methods of the study, as well as the possibility
to withdraw from their participation in the experiment at
any time. The study was approved by the Senate Research
Ethics Committee of the University of Physical Education
in Warsaw.

Tests of postural stability were conducted on the first
and last day of the camp, in the same measurement condi-
tions and at the same time of day. Measurements of the bal-
ance of the body were conducted on an AccuSway (AMTI,
USA) stabilometric platform with a stable surface. the test
protocols were carried out with the participants’ eyes open
and closed, while standing on two feet (30 s) and on each
of the left and right lower limb (10 s each), in barefoot tri-
als and in ski boots. The anterior-posterior (A/P) and the
medial-lateral (M/L) sway indicators, as well as the length
of the sway path of the COP (Centre of Pressure), were
used in the analysis (Fig. 1). Lower values of the length
of the COP path and body sways indicate a better degree
of balance.

The base of support is an important parameter for de-
termining a stable body posture. To compare the measure-
ments carried out while standing barefoot and in ski boots,
the participants were positioned within the same footprints
in each trial. When standing on one foot, the base of sup-
port was formed by the contour of the foot or the sole of

b)

the ski boot, and its length and width was the length and
width of the foot or the sole of the boot. When standing on
two feet, the base of support was the entire space between
the contours of both feet or ski boots. In this case, the
length of the base of support was the same as the length of
the foot or the boot, and its width was limited by the outer
contours of both feet or the soles of both boots.

A statistical analysis was conducted using the Statisti-
ca Ver. 10 package. The normality of the value distribution
was evaluated using the Shapiro-Wilk W test. As the val-
ues did not meet the conditions of a normal distribution,
the significance of differences between the groups and
the trials in boots and barefoot were evaluated using the
Mann-Whitney U test and the Wilcoxon signed-rank test
between successive measurements. The probability level
p <0.05 was adopted as the boundary for the evaluation of
the difference relevance.

Results

The study did not show any significant differences re-
lated to the sizes of the base of support between the groups
of advanced and beginner skiers (Table 1). The shape
of the sole of a ski boot was unified, which allowed for
combinations of ski boots and bindings made by various

M/L

Centre of Pressure

Fig. 1. a) The contour of the base of support in the measurements taken while the participants were barefoot and wearing ski
boots; b) An example of the path of the centre of pressure (COP) of the feet on the ground

Table 1. The length and the width of the base of support while standing on one foot and two feet, barefoot and in ski boots

(mean + SD)
Base of support on one foot Base of support on two feet ¢
Grou, : .
P Barefoot length Boot length Barefoot width Boot width [cm] Barefoot width Boot width [em]
[em] [cm] [em] [cm]
Advanced 284+ 1.1 33.7+1.6% 10.0+0.5 7.0£0.0P 37.0+2.0 36.6+2.1
Beginners 279+ 1.3 329+14¢7 9.8+£0.5 7.0+0.0° 36.4+3.3 35.6+3.0

a base of support significantly longer than the barefoot base of support (p < 0.001); b base of support significantly narrower than the barefoot base
of support (p < 0.001); ¢ The length of the base of support while standing on two feet is the same as that of standing on one foot.
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manufacturers. The width of the sole was constant (7 cm),
and the length was adjusted to the length of the skier’s
foot. Such a construction made the size of the base of sup-
port of the ski boot on average 5 cm (A = 18%) longer
and 3 cm (A = 30%) narrower than a foot. In the trials that
involved standing on two feet, a difference was observed
only in the length, which was the same as the length of the
base of support while standing on one foot.

In none of the tests conducted on both feet were sig-
nificant differences in the length of the COP path ob-
served between the group of beginners and the group of
advanced skiers. In both groups, a statistically significant
improvement in stability was observed after the training
camp only while standing in ski boots, both with the eyes
open and the eyes closed (Fig. 2). In the trials involving
standing barefoot, there were no significant differences
between the measurements taken at the beginning and at
the end of the training programme. When maintaining the
balance of the body while standing on two feet with their
eyes open, the participants in both groups obtained better
results in the trials that involved standing barefoot, both
before and after the training camp. With the eyes closed,
there was a significant difference in the stability between

standing barefoot and in ski boots only in the group of
beginners.

In the case of standing on one foot, a significant im-
provement in the stability of the body was observed af-
ter the training camp for those participants with their eyes
open, in the measurements in ski boots while standing on
the right lower limb (Fig. 3). It is noteworthy that a sig-
nificant difference between standing barefoot and in ski
boots was observed only for the participants with their
eyes closed in the group of beginners (Fig. 4).

Table 2 shows the mean values of the sways of the
body in the frontal (M/L) and sagittal (A/P) planes while
standing on two feet. Significant differences between the
sway ranges were observed only in the group of beginners.
What is interesting is that in the measurements involving
the participants standing barefoot with their eyes open,
significantly greater sways in the sagittal plane were ob-
served after the training camp than before it.

In the case of standing on one foot, no significant dif-
ferences were observed in the sway range in the frontal
and sagittal planes between the measurements taken be-
fore and after the training camp (Table 3). In both study
groups, a better stabilisation was observed while the
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Fig. 2. The length of the COP path (mean + SD) of the advanced and beginner skiers standing on two feet, with their eyes open

and closed. * p <0.05, ** p<0.01
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Fig. 3. The length of the COP path (mean + SD) of the advanced and beginner skiers standing on one foot with their eyes open.
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Fig. 4. The length of the COP path (mean + SD) of the advanced and beginner skiers standing on one foot with their eyes

closed. * p<0.05, ** p <0.01

Table 2. Mean sway range (mean = SD [cm]) in the frontal (M/L) and sagittal (A/P) planes while standing on two feet

. L Advanced Beginners
Position Direction Measurement - -
Barefoot Ski boots Barefoot Ski boots
MIL before 0.55+0.23 0.40+0.14 0.39+0.11 0.50+0.20
after 0.53+0.13 0.51+0.13 0.49 +0.09 0.37+0.122
eyes open
AP before 0.85+0.26 0.73+£0.17 0.70 £ 0.31 0.90 +£0.51
after 0.83 £0.35 0.71 £0.22 1.02+0.30¢ 0.75+0.212
ML before 0.62+0.29 0.49 £0.21 0.53+0.19 0.55+0.24
after 0.55+0.22 0.41+0.23 0.51+0.13 0.38 + 0.092b
eyes closed
AP before 1.25+0.38 1.27 £0.55 1.14+0.47 1.24 + 0.54
after 1.32 £ 0.64 1.23+0.79 1.26 +£0.37 1.03 £ 0.44

a sway range significantly (p < 0.05) lower in ski boots than without boots; ® sway range significantly (p < 0.05) lower than before the training
programme; © sway range significantly (p < 0.05) higher than before the training programme

participants were standing in ski boots than barefoot,
mainly in the sagittal plane (A/P) and in the trials with
their eyes closed.

Discussion

The purpose of the design of a ski boot is to restrict the
mobility within the ankle joint, especially in the frontal
plane, which results in the exclusion of a significant el-
ement from the process of maintaining balance. A larger
base of support while standing in ski boots should have
a positive effect on the stability of the body. However, re-
gardless of their skiing skills, while the participants were
standing on two feet with their eyes open, the ski boots
significantly worsened the conditions of maintaining a sta-
ble body posture. Therefore, it can be assumed that stiffen-
ing the ankle joint impedes a stable posture, because the
other stabilising muscles must take over the functions that
control the sways of the body. With the eyes closed, this

difference was significant only in the group of beginners
and only in the measurements taken before the training
camp. An inverse relationship, although it was statistically
confirmed only for the beginners with their eyes closed,
was observed while they were standing on one foot. This
time, the length of the COP path, which indicated the level
of balance, was lower in the measurements of the partici-
pants in ski boots. When standing on one foot, the base of
support is reduced several times when compared to stand-
ing on two feet, while the body mass remains the same.
Due to its anatomical structure, the musculoskeletal sys-
tem of the ankle joint is the weakest element in maintain-
ing a stable erect posture because the torques of the plantar
flexors of the foot that are normalised for the body weight
oscillate within a few newton metres [7]. The majority of
studies represented in the literature also indicate the lack
of asymmetry in the strength of the groups of muscles that
flex and straighten the foot [6]. Therefore, stiffening the
ankle joint had a positive effect on the balance parameters
while standing on one foot.
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Table 3. Mean sway range (mean = SD [cm]) in the frontal (M/L) and sagittal (A/P) planes while standing on one foot

o o Advanced Beginners
Position Direction Measurement - -
Barefoot Ski boots Barefoot Ski boots
ML before 0.97+0.25 1.06 £ 0.49 1.00 +0.24 0.88+0.29
Left leg eyes after 1.16 £ 0.21 1.08 +£0.40 0.92+0.19 1.13+0.61
open AP before 1.41+0.84 0.99 +£0.39 1.16 £0.40 0.86+0.26
after 1.12+0.14 1.06 £0.36 1.40 +£0.40 0.78+£0.142
ML before 2.18£0.35 2.50+£0.63 2.21+0.37 2.07+£0.49
Left leg eyes after 2.12+£0.27 2.30=0.62 2.43+£0.72 1.92+0.59
closed AP before 3.924+1.65 2.52+0.812 4.02+1.43 249+0.742
after 3.44 +1.41 2.14+0.672 4.04 +1.63 2.11+0.642
ML before 0.87+0.28 1.02£0.38 0.85+0.20 0.90+0.34
Right leg after 0.95+0.34 0.89+£0.24 1.00 £0.23 0.80+0.19
€yes open AP before 0.95+0.26 1.37£0.62 1.32+£0.35 1.11 £0.29
after 1.20+£0.25 1.07 £0.27 1.27+0.42 1.16 £ 0.83
ML before 2.20+£0.45 1.82+0.432 2.74£0.47 1.90+0.432
Right leg after 2.44+£0.86 2.10+0.90 2.74 £ 0.58 1.79+£0.302
eyes closed AP before 3.71+1.30 229+0.538 4.41+0.97 2.27+0.682
after 3.47+1.54 1.97+£0.532 4.19+1.45 241+0.802

3 sway range significantly (p < 0.05) lower in ski boots than barefoot

When analysing the range of forward/backward and
sideways body sways while standing on two feet, inter-
esting dependencies can be observed in the group of be-
ginners. Before the beginning of the training programme,
the participants demonstrated a lower sway range in both
the frontal and sagittal planes when standing in a natural
position on both feet. However, after nine days of the ski
training programme, a lower sway range was observed in
the measurements performed while in ski boots. This may
indicate that a specific adaptation of the neuromuscular
system to the stiffening of the ankle joint caused by the ski
boots had occurred, which is positive for the function of
maintaining balance in skiing.

A similar phenomenon was observed by No¢ and Pail-
lard [20], who studied the postural stability of amateur skiers
and members of a national ski team by taking their measure-
ments with and without ski boots. It turned out that the ama-
teur skiers demonstrated better parameters for postural sta-
bilography than the professional skiers in the measurements
performed without boots. However, when wearing ski boots,
the professional skiers obtained significantly better balance
values, which may indicate an impact of the long-term use
of ski boots on the emergence of balancing habits, but only
in the proper conditions for the sport. Similarly, in a study
by Zemkova [26], the skiers demonstrated a better stability
than fit non-skiers while standing in ski boots.

In the conducted study, no statistically significant dif-
ferences in the balance parameters were observed between
the beginners and advanced skiers. Several years of expe-
rience in practicing a certain physical activity may have
a positive effect in terms of improvements in coordination,
strength or the range of movement, which should increase
that person’s balance skills. In many sports, such as shoot-
ing, football or golf, training experience has been shown
to have a positive effect on the process of maintaining bal-
ance. However, there are sports in which the level of tech-
nical advancement does not determine the body’s level of
stability. These include surfing, judo, snowboarding and
alpine skiing [11, 21].

In the comparison of the parameters of the stability of
the body before and after the training camp, significant
changes were observed only in the length of the path of
the pressure of the feet on the ground, and only in a stand-
ing position in ski boots. It can therefore be assumed that
the improvement in balance occurred only in the trials
where the ankle joint was stiffened, which was practised
during the nine-day training programme. One should bear
in mind that in this study, the measurements of postural
stability were taken on a stable surface. In a very similar
experiment involving a seven-day training camp, Wojty-
czek et al. [25] demonstrated a significant improvement
in the participants’ balance after the end of a ski training
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programme, but their evaluation of balance was carried
out on an unstable surface.

Wearing ski boots for a few hours can lead to a weak-
ening of the muscles that operate within the ankle joint.
This works as though one joint was excluded from the lo-
comotive function. Dudek et al. [5] demonstrated that the
stabilising function in the process of maintaining balance
was significantly weakened after an injury to the ankle
joint which excluded it from locomotion for some time.
Also, according to Caplan et al. [3], the muscle groups that
determine strength and are responsible for the function of
stability in the ankle joint are very sensitive to changes
caused by immobilisation. They found that immediately
after immobilising the ankle joint for a week, the balance
parameters were 50% lower than before the immobilisa-
tion. However, these parameters returned to the baseline
values in just two days after the immobilisation ended. It
should be noted that when the participants were standing
on one foot in a ski boot in the conducted study, their M/L
sways were lower than while standing barefoot, despite
having a significantly narrower base of support. There-
fore, the stiffening of the ankle joint had a positive effect
on the sideways sway range.

Given the stiffness of ski boots, part of the strain re-
sulting from maintaining a stable body posture is trans-
ferred from the ankle joint to the boot. Thus, when skiing,
the role of the ankle joint in the process of controlling bal-
ance is greatly limited, and the knee joints became the last
moving element in the biokinematic chain of the lower
limbs that controls the position of the body [12]. As a re-
sult of immobilising the foot in a ski boot, the majority of
the functions that determine the movement of the centre
of mass are taken over by the muscles that operate within
the knee and hip joints. Scott et al. [22] demonstrated that
during ski turns, the angular changes in the knee and hip
joints can reach 50°, while in the ankle joint the oscillation
is only a few degrees.

In the present study, significantly more differences and
changes in the parameters of the stability of the body were
observed in the group of beginner skiers. Two mecha-
nisms for these changes can be observed: first, there was
an adaptation of the musculoskeletal system to new con-
ditions, i.e. putting on ski boots; and second, there was
a weakening of the foot and ankle joint complex caused by
hours of its stiffening and exclusion from the function of
balancing the body. Hence, there was an improvement in
balance while wearing boots, and a worsening of balance
while standing barefoot. Some of these changes and dif-
ferences were on the borderline of statistical significance
and must be confirmed on a more numerous study group.
This is especially true given that in a study by Tchérzewski
et al. [24], the restriction in the mobility of the ankle joint
in beginner skiers that resulted from wearing ski boots
caused a decrease in the stability of the body. Another

study demonstrated that measurements in ski boots with
skis attached had a positive effect on the postural stability
indicators [9].

In summary, it can be stated that the restriction on the
mobility within the ankle joints had a significant impact on
the training-induced changes in postural stability while the
participants were standing on two feet, in both beginner
and advanced alpine skiers. However, in the trials where
the participants stood on one lower limb, balance improved
mainly in the beginners. This may indicate the need for the
body to adapt to wearing ski boots and to learning the new
activity of alpine skiing. Nine days of skiing had a posi-
tive effect on the postural stability only in measurement
conditions that were similar to those in which this stabil-
ity was practiced, i.e. in the measurements that involved
wearing ski boots.
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