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BACKGROUND: Several studies concerning Nordic walking (NW) have been reported on however previous in-
vestigations have usually focused only on physiological variables or on the kinematics of a moving subject with poles.
Until now, only one study that observed the generation of upper limb force acting on a pole has been presented. In our
pilot study NW was observed in a more comprehensive manner by means of physiological and biomechanical methods.

OBJECTIVE: The objective of the pilot study was to compare biomechanical and physiological variables during
walking without and with poles on the different slopes of the ground.

METHODS: One healthy man participated in the study. During treadmill walking, basic temporal, angle, force,
energy expenditure and exercise intensity variables were observed. The subject completed two 9 minute tests (NW,
normal walking) consisting of three periods of three minutes walking on various slopes of the ground (0%, 5%, 10%).

RESULTS: NW on all slopes of the ground, in comparison with walking without poles, the result was lesser hip
flexion, knee flexion and ankle dorsal flexion and greater hip extension. Maximal plantar flexion during NW was not
influenced by the slope of the ground (in contrast to walking without poles).

During NW, frequency decreased on all slopes of the ground. Support impulse and maximal force utilization of
the poles showed various differences for right and left limbs. The values of oxygen consumption and heart rate for
NW were, in comparison with walking without poles, higher in all experimental situations.

CONCLUSIONS: The slope of the ground influences both walking without poles and N'W. The reason is greater
moving of the centre of mass in a vertical direction. During NW the examined person solved increased energy demands
at gentle increases in the slope only by an enhancement of the work of lower limbs, whereas during the overcoming
of a major inclination, to maintain the stated speed, it was necessary to enhance the involvement of the upper limbs.

Keywords: Nordic walking, kinematics, pole force, energy cost, uphill walking.

INTRODUCTION

Nordic walking (NW) has recently become a very
popular physical activity and that not only in Western
European countries. Its popularity has been also increas-
ing in the Czech Republic. Many positive effects are
attributed to NW, due to which it can be used for ac-
tive athletes, for persons with a low fitness level, for the
elderly, or for patients with various disorders.

One of the described effects of NW, among others,
is an increase in stability and a decrease in the mechani-
cal loading of the lower limb joints (Schwameder et
al., 1999), which is still controversial (Hansen et al.,
2008), but the rehabilitation effect is indisputable (Ko-
cur et al., 2009; Fregly et al., 2009). Probably the most
important positive effect of NW is an increase in the
exercise intensity, and therefore an increase in energy
expenditure (Rodgers et al., 1995; Porcari et al., 1997
Church et al., 2002; Schiffer et al., 2006). These effects
are attributed to the involvement of the upper body mus-
culature. An increase in the cardiovascular and meta-

bolic load during NW is associated with “proper poling
technique” (Schiffer et al., 2009), which the majority of
studies did not follow. These papers are mainly focused
on physiological variables, less often, and mostly apart
from the analysis of kinematics of a moving subject with
poles (Hansen et al., 2008; Schwameder et al., 1999;
Willson et al., 2001). Until now, only one study, which
observed the generation of upper limb force acting on
a pole has been presented (Schiffer et al., 2009). These
authors found that surface changes (concrete, lawn,
and artificial track) had no effect on the force impulse
generated by the poles, and the work of the upper ex-
tremities seems to be for them, in terms of propulsion,
only a luxury effort.

Considering these facts, further research is neces-
sary. NW has to be observed more comprehensively.

The aim of this pilot study was to compare biomecha-
nical and physiological variables during walking with-
out and with poles on flat ground and on two different
slopes of the ground (5 and 10%).
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MATERIAL AND METHODS

Tested participant

One healthy man (age 26 years) was tested. The fol-
lowing anthropometric and functional characteristics
were observed: height - 186 cm, weight - 86 kg, fat
mass - 7.8%, skeletal muscles - 53.8%, maximal oxygen
consumption (VO,max) - 65.4 ml/kg/min., maximal
heart rate (HRmax) - 196 beats/min., resting heart rate
(HRrest) - 43 beats/min., maximal static force gene-
rated to pole by left upper limb - 240 N and right upper
limb - 259 N. The subject has sufficient experience with
NW technique and signed an informed consent form.

Test protocol
Maximal exercise test

At first, the tested person underwent the graded
exercise test till he reached his maximum on a motor
driven treadmill LODE Valiant (Netherland). Heart rate
and spiroergometric variables were monitored during
the test. The first 4 minutes were devoted to a warm
up at walking speed of 8 km/hour at the grade of 0%.
The next step was an increase in inclination to 5% and
subsequently, in one minute, the treadmill speed was
increased to 10 km/hour. After a period of one minute,
a gradual increase in speed followed every 30 seconds of
about 1 km/hour up to 15 km/hour. After reaching the
speed of 15 km/hour, the treadmill slope was increased
every 30 seconds for about 2% up to the subject’s voli-
tional maximum.

Walking analysis

The test consists of: 1) 9 minutes of walking at speed
7.6 km per hour (3 minutes at a slope of 0%, 3 minutes
at a slope of 5% and 3 minutes at a slope of 10%, 2) the
same test with poles (two days later). During walking
with poles, the subject was instructed to involve upper
limbs with middle intensity.

METHODS

Kinematic analysis

For walking and NW analysis we used the 3D video-
graphy method (4 digital video cameras with a frequency
of 50 Hz). The recorded sector was 4 x 3 m, and the im-
age had a resolution of 640 x 480 pixels, i.e. a shift of the
cursor by 1 pixel was equivalent to a magnitude differ-
ence of 0.6 cm. Video cameras were synchronized using
a lighting device. Before the measurement, 19 markers
were positioned on the subject: on the 5th metatarsal
head (right, left), calcaneus (right, left), lateral malleo-
lus (right, left), lateral femoral epicondyl (right, left),
greater trochanter (right, left), anterior superior iliac
spine (ASI) (right, left), posterior superior iliac spine
(PSI) (right, left), 7th cervical vertebra (C7), 10th tho-
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racic vertebra (Th10), 5th lumbar vertebra (L5), and the
acromion (right, left). Video recordings from cameras
were processed by using the APAS system (Ariel Dy-
namics Inc., Trabuco Canyon, CA, USA). One gait cycle
was evaluated for each condition. The following kine-
matic variables were evaluated: ankle plantar and dorsal
flexion, knee flexion, hip flexion and extension, pelvic
obliquity, pelvic rotation, shoulder obliquity, shoulder
rotation, lower trunk obliquity (Th10-L5), upper trunk
obliquity (C7-Th10), shoulder flexion and extension
and elbow flexion. Walking frequency was determined
from the recordings.

Measurement of axial force and time variable

The axial force measurements of the poles was ob-
served using the System for Monitoring of the Pole
Axial Force in Nordic Walking (MPAF) that was devel-
oped in the Department of Biomechanics and Engineer-
ing Cybernetics, Faculty of Physical Culture, Palacky
University in Olomouc, the Czech Republic.

A strain-gauge transducer with the possibility of
calibration (BIRKI, Czech Republic) was built into the
poles as close as possible to the handgrips. The strain-
gauge transducer was composed of a circular steel
deformational element of 45 mm in diameter. To this
element four wire strain-gauges were stuck. The strain-
gauges were connected up to the full bridge. Differential
voltage was amplified by means of a measuring ampli-
fier. Its base was composed of the amplifying device
ADG623 (Analog Devices, Norwood, USA). The measur-
ing range of the force transducer was = 1000 N. Output
voltage was sampled by an A/D converter USB-1608FS
(Measurement Computing, Norton, USA) and data
were transported to a personal computer via USB in-
terface. The sampling frequency was 1000 Hz.

Calculations, storage and display of the measured val-
ues were executed using a special programme, which was
done using MATLAB software (MathWorks, Natick,
USA). This programme makes possible the online dis-
play of the time behaviour of the measured forces on
both the right and left poles and the offline calculations
of the observed variables. Mean values during the last
30 seconds of each walking period were determined.
Frequency (frequency of pole impact), support impulse
(force impulse during one support phase - force integral)
and maximal force utilization (maximal force during one
support phase expressed in percentages of maximal force
exerted under static conditions) were determined. Each
frequency represents the sum of values on both the left
and right sides, support impulse and maximal force uti-
lization represent the mean from the right and left sides.

Measurement of energy expenditure and exercise intensity

Indirect calorimetry, based on the monitoring of
oxygen consumption, was used for the measurement of
energy expenditure. Oxygen consumption, among other
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spiroergometric parameters, was monitored with the use
of breath by a breath gas analyser (ZAN Ergo USB 600,
Germany). To monitor the heart rate, we used the heart
rate monitor Polar (Finland). During the walking test
we evaluated the average values of the last 30 seconds
of each 3 minute long step of the load. We considered
these essential parameters: oxygen consumption - VO,
[ml/kg/min.], and heart rate - HR [beats/min.] of which
we calculated the parameters showing exercise intensity:
oxygen consumption expressed as a percentage of the
maximal value of VO, determined during the graded
exercise test (% VO,max), and heart rate expressed as
a percentage of the maximal heart rate reserve - % HRR
(HRR = HRmax - HRrest).

Other measurements

Resting heart rate was measured in the morning after
waking up by measuring the subject with the monitoring
device Polar (Finland). The level of walking frequency
(without poles) was measured by means of the Acti-
graph device (USA). Maximal static force exerted to the
pole being used by the right or left upper limb (with the

TABLE 1
Values of observed kinematic variables
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pole in a vertical direction in relation to the ground,
with an elbow angle of 90 degrees) was measured three
times for each limb and the maximal value was selected.
The MPAF system was used for these measurements.

Statistics

Only data from the measurement of axial force were
included for statistical analysis. Frequency, support im-
pulse and maximal force utilization under various condi-
tions were compared using the paired t-test.

RESULTS

Walking without poles

In this section the results of uphill walking are com-
pared with level walking. The results indicate that during
uphill walking without poles, maximal hip flexion and
range of the hip movement were bigger and maximal hip
extension smaller (TABLE 1). For both increased slopes
of the ground maximal knee extension increased during
the stance phase. Maximal knee flexion and range of
knee movement were greater than during level walking

Slope [%] 0 5 10
Joint Variable RW NW RW NW RW NW
Max 29.0 -9.1 26.7 3.6 30.5 3.2
Min -26.0 -41.7 -26.5 -39.7 -31.6 -30.2
Shoulder Range 54.9 32.6 53.2 43.3 62.1 335
Max 57.6 86.7 53.1 75.7 53.3 68.8
Min -8.1 3.1 -5.2 1.6 -5.9 8.6
Elbow Range 65.7 83.6 58.3 74.1 59.1 60.1
Max 32.8 277 36.6 30.8 43.4 36.6
Min -21.0 -24.9 -18.3 -25.3 -17.3 -23.5
Hip Range 53.8 52.6 54.8 56.0 60.6 60.1
Max1 34.3 30.0 31.8 30.3 37.0 31.2
Minl 4.8 1.9 4.5 -1.7 1.7 -3.2
Max2 68.8 55.5 65.2 53.5 62.7 54.9
Min2 4.6 4.5 10.4 7.0 15.3 17.5
Range Stance 29.5 28.1 27.3 32.0 353 34.4
Knee Range Swing 64.2 51.0 54.8 46.5 474 37.4
Max1 0.8 2.3 -6.2 -1.8 -15.3 -3.7
Min -12.0 -5.9 -18.4 -10.1 -25.0 -11.6
Max2 22.4 15.8 13.5 19.7 3.2 17.8
Ankle Range 34.4 21.7 31.9 29.8 28.2 29.4

Legend: RW - gait without poles, NW - gait with poles, Shoulder Max - maximal shoulder flexion, Shoulder Min - maximal shoulder
extension, Elbow Max - maximal elbow flexion, Elbow Min - minimal elbow flexion (maximal extension), Hip Max - maximal hip
flexion, Hip Min - maximal hip extension, Knee Max 1 - maximal knee flexion during loading response, Knee Min 1 - minimal knee
flexion (maximal extension) during stance phase, Knee max 2 - maximal knee flexion during swing phase, Knee Min 2 - minimal knee
flexion during swing phase, Ankle Max 1 - maximal plantar flexion during loading response, Ankle Min - maximal dorsal flexion, Ankle

Max 2 - maximal plantar flexion during preswing a initial swing
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only on the biggest slope of the ground (10%). Dur-
ing the swing phase, maximal knee flexion and range of
movement were smaller. In the ankle, an increased slope
of the ground results in a smaller plantar flexion and
a bigger dorsal flexion; the range of the movement was
smaller. With an increased slope of the ground, walk-
ing frequency was increased (0% - 121.1, 5% - 123.0,
10% - 124.7 steps per minute). The influence of the slo-
pe of the ground on upper limb movements (shoulder
and elbow) was not clear (individual variability of the
experienced movement model).

The values of metabolic load (% VO,max) and load
of circulation (% HRR) were, during walking without
poles on the flat ground, around 30% and 40%, respec-
tively. An increase in the slope of the ground from 0%
to 5% and from 5% to 10% caused approximately the
same increase in absolute and relative values of VO, (by
about 8.5 ml/kg/min. and 13.5%, respectively). The rise
in the load of circulation (% HRR) was smaller with an
increase of slope from 0% to 5% than with an increase
of slope from 5% to 10% (10.7% and 14.2%, respectively)
(TABLE 2).

Comparison of Nordic Walking and walking without poles
at various slopes of the ground

During uphill walking with poles the subject had
greater maximal hip flexion and range of movement in
comparison with walking without poles. Maximal knee
flexion, maximal knee extension and the range of move-
ment during the stance phase were slightly bigger for
NW. In the swing phase, no differences were found in
maximal knee flexion, however maximal knee extension
and the range of movement was smaller for NW than for
walking without poles. In the ankle joint, an increased
slope of the ground during NW results in a greater maxi-
mal dorsal flexion.

NW on all slopes of the ground resulted in smaller
hip flexion and greater hip extension than walking with-

TABLE 2
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out poles. The maximal knee flexion during each stance
was smaller and maximal knee extension greater with
the use of poles. During the swing phase, maximal knee
flexion and the range of movement were smaller for NW.
The results of ankle joints showed greater plantar and
smaller dorsal flexion during NW than during walking
without poles. The difference in dorsal flexion was the
biggest for a slope of 10%. Maximal plantar flexion dur-
ing NW in comparison to walking without poles was not
influenced by the slope of the ground.

Fig. 1

Plantar and dorsal flexion in the ankle joint during
walking without and with poles at various slopes of the
ground
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Legend: W - walking without poles, NW - Nordic walking,
_0 - level walking, _5 - slope 5%, _10 - slope 10%

During NW, a greater slope of the ground results in
a greater maximal shoulder flexion and a smaller maxi-
mal shoulder extension. Movement of the upper arm
moved forward and the range of the movement was big-

Energy expenditure and parameters representing exercise intensity

VO, [ml/kg/min.] % VO, max HR [beats/min. ] % HRR

Slope RW NW | NW-RW | RW NW | NW-RW | RW NW | NW-RW | RW NW | NW-RW
0 19.08 | 24.20 5.12 29.81 | 37.81 8.00 104.80 | 117.71 12.91 40.39 | 48.83 8.44

5 27.84 | 32.11 4.27 43.50 | 50.17 6.67 121.15 | 133.90 12.75 51.08 | 59.41 8.33
10 36.30 |40.23 3.92 56.72 | 62.85 6.13 142.84 | 158.82 15.98 65.26 | 75.43 10.18
5-0 8.76 791 13.69 | 12.36 16.35 | 16.19 10.69 | 10.58

10-5 8.46 8.12 13.22 | 12.68 21.69 | 24.92 14.18 | 16.02

10-0 17.22 | 16.03 26.91 | 25.04 38.04 | 4l.11 24.86 | 26.60

Legend: RW - gait without poles, NW - gait with poles, NW-RW - difference between Nordic walking and regular walking, VO, - oxygen
consumption, % VO, max - percentage of VO, from maximal oxygen consumption, HR - heart rate, % HRR - percentage of HR from
maximal heart rate reserve (HRR = HRmax - HRrest), Slope - elevation of hill in percentage (0%, 5% and 10%), 5-0 - difference between
slope 5% and 0%, 10-5 - difference between slope 10% and 5%, 10-0 - difference between slope 10% and 0%
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TABLE 3
Values of observed time and force variables
Slope [%] 0 5 10
Variables Units Mean | SD |[Mean| SD | Mean| SD 0vs5 S5vs 10 0vs 10
Frequency [min-'] | 116.3 | 3.72 | 118.7 | 3.92 |122.8 | 3.26 241 | *** | 410 **E6.50 ok
Support impulse [N.s] 14.7 | 2.63 13.9 | 2.68 16.7 | 2.87 |-1.62 wE 3.82 *xE02.20 ok
Maximal force utilization [%] 25.8 | 3.34 | 24.8 | 3.39 31.1 | 3.95 |-2.89 o 7.41 *xk | 4.51 ok

Legend: Frequency - frequency of pole impact, Support impulse - force impulse (force integral) during one support phase, Maximal
force utilization - maximal force during one support phase expressed in percentages of maximal force exerted during static conditions,

** - p<0.01, *** - p <0.001

ger. By comparison of NW with normal walking, maxi-
mal shoulder flexion and range of the movement were
smaller, the maximal shoulder extension was bigger.
Maximal elbow flexion and the range of movement were
bigger and maximal elbow extension smaller for NW
than walking without poles on all slopes of the ground.
In cases of increased degrees of the slope, differences
between walking with and without poles were smaller.

During NW, frequency decreased on all slopes of
the ground. Support impulse and maximal force utiliza-
tion showed various differences for right and left limbs
(TABLE 3).

The increase in VO, and % VO,max was approxima-
tely the same with both increases in the degree of the
slope (8.5 ml/kg/min. and 12.5% VO, max, respectively),
an increase in HR and in the % of HRR was smaller with
an increase in the degree of the slope from 0% to 5%
than with an increase in the degree of the slope from
5% to 10% (16 vs. 25 beats/min. and 11 vs. 16% HRR,
respectively) (TABLE 2).

The values of VO2 and HR for NW were, in compari-
son with walking without poles, higher in all experi-
mental situations (0%, 5% and 10% of inclination). The
metabolic load during walking at a 0% inclination for
NW was, in comparison with walking without poles,
higher by about 8%; at 5% the inclination was higher
by about 7%, and at a 10% inclination, the metabolic
load was about 6% higher. In comparison with walking
without poles, the load of circulation (% of HRR) dur-
ing NW at the 0% and 5% inclination level was higher
by about 8% and at the level of 10%, the inclination was
higher by about 10%.

DISCUSSION

The results of this study show a greater walking fre-
quency in connection with an increased slope of the
ground. Increasing the frequency, at a constant treadmill
walking speed (7.6 km/hour), means a shorter step length.

During uphill walking, a subject has to make some
changes to walking performance. Leroux et al. (1999)

presented the information that normal subjects perform
the same kinematic and motor strategy for adapting to
uphill walking.

The main kinematic changes are consistent with
the need to raise the swing limb (Lay et al., 2006) and
the necessity of the centre of mass moving not only in
a horizontal, but also in a vertical direction. Among
the main adapt mechanisms are ranked increased hip
flexion, increased ankle dorsal flexion and decreased
knee flexion during the second half of the stance phase
(Leroux et al., 1999).

The shortening of the step length has its base in
a reduction of ankle plantar flexion. This reduction
in ankle movement during uphill walking could be ex-
plained by a greater requirement of ankle flexor forces
that are needed for greater movement in a vertical direc-
tion. It results in greater energetic demands.

The subject’s values of metabolic load (ML) and
load of circulation (CL) at the same speed of walking
without poles during all experimental situations (except
for CL on a higher slope) reflected a very low intensity
of exercise. Even if we prolonged the duration of the
exercise and a gradual increase in ML and a primary
level in CL would happen to occur (by reason of car-
diovascular drift), it is likely that walking at a speed of
7.6 km/hour even at the 10% inclination level wouldn’t
be a sufficient training factor for maintaining or en-
hancement in aerobic capacity for the tested subject.

Walking on a slope with a 10% inclination in com-
parison with walking on the flat ground, caused a nearly
two-times higher increase in energy output (ML), while
a relatively higher level of CL increased by about less
than two-thirds. The same increase in inclination by 5%
(from 0 to 5%, and from 5 to 10%) caused the same in-
crease in energy output (ML), while the cardiovascular
system responded to an increase in inclination from 5 to
10% by a higher increase in HR than during an increase
from 0 to 5%. This finding corresponds to the common
knowledge that during very low exercise intensity the
values of ML are always lower than the values of CL;
which is why increasing the exercise intensity slowly
equalizes the values of both parameters (Swain et al.,
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1998). This difference between the dynamics of ML and
CL with increasing exercise intensity was obviously not
changed even during NW.

Compared with walking, NW exhibits a longer step
length (Hansen et al., 2008). In this case the knee joint
has to be in slight flexion, because a knee hyperexten-
sion would cause the overloading of the front part of
the knee joint.

Some similar tendencies were found for the move-
ment of lower limbs during NW and walking without
poles (greater maximal hip flexion, walking frequency,
step length, smaller maximal knee extension).

The use of walking poles enables subjects to walk
at a faster speed with reduced vertical ground reaction
forces, vertical knee joint reaction forces, and reduction
in the knee extensor angular impulse and support mo-
ment, depending on the poling condition used (Willson
et al., 2001).

Using the poles at all applied levels of the slope of
the ground caused an increase in oxygen consumption.
The reason for this increase in energy demands is an
additional involvement of the upper body musculature.
Knight and Caldewel (2000) found a decrease in the
activity of some of the muscles of the lower limbs while
walking with poles. That means that the involvement
of upper body musculature allows for a reduction in
demands made on the musculature of the lower limbs.
However, the muscles of the upper limbs make relatively
higher metabolic demands and produce a lower work
efficiency. This finding indirectly comes from the study
of Glasheen and MacMahon (1995) who described
that the metabolic costs of the upper extremities is four
to five times higher on the arms during running com-
pared with running on the limbs of running quadrupeds.
Hence, although there is a decrease in the energetic
output of the musculature of the lower limbs, the total
energetic output is increased.

The metabolic loading of our proband during NW at
a higher slope reached approximately 63% of VO,max
and the cardiovascular load reached approximately 75%
of HRR. This meant that exercise intensity during NW
is markedly higher in comparison with walking without
poles (on applied slopes this makes up about 6-8% of
the VOzmax and 8-10% of HRR), nevertheless the exer-
cise intensity was still not high enough. However, with
the exercise prolongation, our proband could use NW at
the speed of 7.6 km/hour and at a slope of 10% as a tool
for the maintenance of his aerobic capacity (Gormley
et al., 2008). Involvement of the upper limbs during
NW on particular slopes of the ground varied. The data
showed that axial force generated to the pole decreased
during uphill walking with a 5% slope. A considerable
increase was found only in uphill walking with a slope of
10%. This implies that an increase in energy expenditure
during walking up a slight slope was not caused by the
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upper limb muscles (the smallest difference between
shoulder movement while walking with and without po-
les), but almost exclusively by the lower limb muscles.
In this case an increase of forces during the heel off is
associated with an increase in the range of the knee
movement during the stance phase, plantar flexion at
the beginning of the swing phase and the range of the
ankles’ movement.

During walking up a greater slope on the ground
(10%) no increase of plantar and dorsal flexion was
shown. Thus maintenance of walking speed demands
the involvement of the upper limb muscles. A simi-
lar conclusion was also presented by Jacobson et al.
(2000). They demonstrated that an increased slope of
the ground increases the efficiency of forces that are
generated by the upper limbs. It is possible that greater
energetic requirements were spontaneously covered by
an increase in lower limb force. A further increase in
the energetic cost of uphill walking (slope 10%) requires
involvement of the upper limbs.

From the propulsion point of view (forward move-
ment), Shiffer et al. (2008) consider walking with poles
as a ,luxury effort“. Lower limbs work is the most domi-
nant. However, the above mentioned results of our study
showed that, at 10% inclination, the proband has to
spontaneously increase the involvement of the upper
limb muscles to maintain walking speed. Under these
conditions, the “luxury effort” of walking with poles is
reduced.

For future research there are many possibilities. NW
could be observed more comprehensively. There are also
many various possibilities of data processing, which can
bring new findings to light. For example, the application
of angle-angle diagrams in kinematics can be useful for
predicting the motion of lower extremities (Kutilek &
Farkasova, 2011) or for better understanding of relation-
ships between segments under different conditions.

The main limits of the study correspond to the fact
that only one person was measured. The obtained data
can be influenced by the measurement conditions or the
individual movement stereotype of the observed subject.
The main advantage of our pilot study was that NW
was observed more comprehensively by means of several
physiological and biomechanical methods.

CONCLUSION

The slope of the ground influences both walking wit-
hout poles and NW. This influence is associated with
the moving centre of mass more in a vertical direction,
which is demonstrated by a greater raising of the swing
limb. It results in a greater energy cost and circulation
load.
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NW at a 5% level of inclination was energetically
more demanding than NW on the flat ground, despite of
no increase in the forces generated by the upper limbs.
On the contrary, the forces even decreased. Obviously,
the increased energetic demands resulted from the in-
crease in the work of the lower limbs. The increased
inclination of 10% caused an increase in both energy
demands and the power generated by the upper limbs.
From that we could deduce that the examined person
solved increased energy demands as a response to the
gentle increase in the slope only by enhancement of the
work of the lower limbs, whereas during the negotiation
of a major inclination, to maintain the stated speed, it
was necessary to enhance the involvement of the upper
limbs.

Our data can not be generalized to the whole popu-
lation. Future research with the observation of a large
sample is necessary.
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KINEMATICKA ANALYZA, SILA HOLI
A SPOTREBA ENERGIE U SEVERSKE CHUZE -
VLIV SKLONU PODLOZKY
(Souhrn anglického textu)

VYCHODISKA: Nékolik studii, které se tykaji sever-
ské chiize, bylo jiZ publikovano, avS§ak obvykle byly za-
meéfeny na fyziologické nebo kinematické parametry. Az
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do soucasnosti byla prezentovana pouze jedna studie,
ktera zkoumala velikost sily, kterou pfi severské chiizi
plsobi subjekt na hole. V nasi pilotni studii je severska
chlize posuzovana komplexnéji prostfednictvim fyziolo-
gickych a biomechanickych metod.

CILE: Cilem pilotni studie bylo porovnat biomecha-
nické a fyziologické parametry pfi chlizi s a bez holi pri
rizném sklonu podlozky.

METODIKA: Studie se zucastnil jeden muz. Pri chii-
zi na béhatku byly sledovany zakladni casové, uhlové
a silové parametry, spotfeba energie a intenzita zatiZe-
ni. Subjekt absolvoval devitiminutové méfeni (severska
chiize, chiize), které se skladalo ze tfi tfiminutovych
intervald s riznym sklonem podlozky (0%, 5%, 10 %).

VYSLEDKY: Severska chiize se vzhledem k chiizi
bez holi vyznacovala pfi vSech sklonech podlozky mensi
flexi v kyCelnim a kolennim kloubu, mensi dorzalni flexi
v hlezennim kloubu a vétsi extenzi v kyCelnim kloubu.
Maximum plantarni flexe pfi severské chiizi nebylo ovliv-
néno sklonem povrchu (na rozdil od chiize bez holi).
Pfi severské chlizi doSlo ve vSech sklonech podlozky
ke sniZeni frekvence kroku. Parametry velikost impulsu
sily a maximalni vyuZziti sily odvozené ze sily naméiené
na holich vykazoval rozdily mezi pravou a levou konce-
tinou. Spotfeba kysliku a srde¢ni frekvence pfi severské
chiizi byly pfi srovnani s chiizi bez holi vétsi ve vSech
sledovanych podminkach.

ZAVERY: Sklon podlozky ovliviuje jak chiizi bez
holi, tak chiizi s holemi. Dlivodem je vétSi pohyb tézis-
té ve vertikalnim sméru. Pfi severské chlizi a mirném
sklonu podloZky vySetfovana osoba reagovala na vyssi
energetické pozadavky pouze zvySenim prace dolnich
koncetin, zatimco pfi vétsim sklonu bylo nezbytné za-
pojeni hornich koncetin.

Klicova slova: severskd chiize, kinematika, sila holi, spo-
treba energie, chiize do kopce.
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