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Video analysis as a biomechanical assessment
tool for Nordic walking techniques
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Objective of the study is to scientifically substantiate the methodology of video filming and analysis of Nordic walking
technique.

Methods and structure of the study. In order to comprehensively study the mechanics of Nordic walking, a study was
organized with the participation of the honored athlete, champion of Russia in competitive sports, Irina Markova. The venue
for the experiment was the track and field arena of the Lesgaft National State University of Physical Education, Sports and
Health. Before the video recording began, contrasting marks with a diameter of 1 centimeter were attached to the key joints
of the subject. This was done to ensure their visibility at different angles and in the necessary projections.

Research results and conclusions. The method of multi-plane high-speed video recording of Nordic walking turned out
to be quite convenient and relatively easy to prepare and set up equipment. The video recording features included high
demands on additional lighting with high light output and the presence of two operators whose actions must be clearly
coordinated.

The video analysis method using the Kinovea program turned out to be quite labor-intensive, given the number of char-
acteristics being studied, but quite accurate, especially for determining kinematic characteristics (when determining time
characteristics, the error was 0.002 s, with spatial characteristics — from 0.01 to 0.02 m).

Using this method, you can easily obtain excellent illustrative material in different planes of an athlete’s movement, which
can then be used both to study the technique of a specific athlete and for demonstration during training of other athletes.

Keywords: analysis of Nordic walking technique, biomechanics of Nordic walking, high-speed video filming, multi-camera video
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Introduction. "Scandinavian™ or "Nordic” walk-
ing refers to walking with poles specially designed for
this purpose. Three main areas can be distinguished:
health-improving, competitive, and "Nordic skills"
(where only the technique of execution is assessed).
Most of both domestic and foreign studies are devot-
ed mainly to the health-improving area [2, 6, 8, 10].

There are much fewer studies in the field of com-
petitive and "Nordic skills" areas. From the point of
view of biomechanics, the technique of Nordic walk-
ing has been very poorly studied, especially the re-
lationship between the kinematic parameters of the
technique and their influence on the result shown
by the athlete. Domestic studies devoted to the bio-
mechanics of Nordic walking mainly consider the in-
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clusion of certain muscles and muscle groups - this
confirms its health-improving effect on the entire
body as a whole [2].

From the results of foreign studies it follows that
the use of poles allows reducing the effort to control
the vibrations of the body and can contribute to higher
productivity of the body relative to its energy expendi-
ture. Electromyography has proven greater involve-
ment and activation of muscles, especially the upper
body, compared to regular walking [9].

Despite the fact that many researchers have prov-
en the differences between Nordic walking and regu-
lar walking, a number of authors have shown the ab-
sence of significant differences in kinematic, kinetic
and dynamic parameters between them. It has been
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revealed that biomechanical gait parameters depend
most strongly on speed, rather than on walking style
[8].

Based on a review of 42 publications devoted to
the biomechanical aspects of Nordic walking, it was
found that when practicing Nordic walking, compared
to regular walking, a number of kinematic character-
istics positively increase, such as: distance traveled
(+14.8%, p<0.05), walking speed (+25.5%, p<0.05)
and step length (+10.4%, p<0.05). However, the walk-
ing pace decreases (-6.2%, p<0.05) [10].

Thus, the overwhelming majority of sources mainly
touch upon the health direction and study the compet-
itive and "Nordic skills" direction much less. In this re-
gard, a study was conducted in which the competitive
version of the Nordic walking technique was studied
from the point of view of biomechanics.

Objective of the study is to scientifically substan-
tiate the methodology of video filming and analysis of
Nordic walking technique.

Methods and structure of the study. For a de-
tailed analysis of the Nordic walking technique, a
study was conducted, in which the Russian champion
in competitive disciplines, Irina Markova, participated.
The study was conducted in the track and field arena
of the NSU named after P.F. Lesgaft. Before filming,
contrasting markers measuring 0.01 m were glued to
the centers of all the subject’s joints so that they were
visible in all the necessary planes (Fig. 1).

Fig. 1. Subject marking: A — frontal plane, front
view, B — sagittal plane, B — frontal plane, back view

The place where the experiment was conducted
was prepared in advance; the 50 mm thick track sur-
face allowed for the full use of special poles. Markings
were applied to the track at the location of the con-
trol section for the precise placement of cameras and
subsequent determination of the scale. The distance
between the marks was 2 m. Additional equipment
for filming included two tripods and additional lighting

with a total luminous flux of 67,000 lumens. To con-
duct the study, two cameras, SonyRX 100 m5 and So-
nyRX 100 m6, were selected, capable of high-speed
video recording in the required quality for subsequent
video analysis [3, 4].

Based on the results of test video shooting, it was
established that when filming in the frontal plane,
passing behind the athlete, the hands and poles do
not cover the necessary markers, so the video film-
ing of the main attempts was carried out from behind
with the second camera. Video filming was carried out
simultaneously from two cameras with the "quality pri-
ority” settings, mounted on a tripod with a frequency
of 500 fps in the frontal plane (from behind) at a dis-
tance of 5.6 m and in the sagittal plane (from the side,
on the right) at a distance of 8 m from the control lines
that the subject passed [4, 5].

To synchronize the video materials from the two
cameras, a bright flash of a smartphone flashlight was
used, which was visible in the lenses of both cameras.
After the video filming, further video analysis of the ob-
tained materials was carried out.

Research results and conclusions. Calculation of
all kinematic characteristics and video analysis of the
obtained results were performed using the Kinovea
0.9.5 program. based on the experience of our previ-
ous studies [5].

Video analysis included the determination of a
large number of kinematic characteristics of the mo-
tor action in order to understand their relationship with
each other. The following were determined: minimum,
maximum and average speed of the athlete (m/s),
length of a double step (m), angle of forward torso tilt
in the sagittal plane (deg), maximum angle of pelvis tilt
in the frontal plane from behind (deg), duration of sup-
port of the right and left legs (ms), duration of the dou-
ble phase of support (ms), duration of support of the
left and right poles (ms), as well as their total duration
of support, duration of transfer (being not on the sup-
port) of the left and right poles (ms), as well as their
total transfer time, angles of placing the right and left
poles on the support (deg), angles of "removal” from
the support of the right and left poles (deg).

All obtained characteristics were exported to Excel
and subjected to additional calculations, which were
subsequently used to obtain statistical data and the fi-
nal results of the study. The speed of body movement
was calculated by the center of the athlete's ear us-
ing the "Movement” tool of the Kinovea program. The
angle of the torso in the sagittal plane was determined

Theory and Practice of Physical Culture | tpfk.ru | July I No 7-2025



between the vertical and the line drawn from the cent-
er of the ear to the marker glued to the central part of
the torso in the area of the apex of the iliac bone of the
pelvis (Fig. 2).

[
Fig. 2. Methodology for determining the speed of

movement of an athlete and the angle of inclination of
the body in the sagittal plane

In the frontal plane, the angle of tilt (abduction) of
the pelvis was determined by video recording in the
frontal plane, passing behind the athlete, between
the horizontal and the line drawn between the mark-
ers glued to the tops of the iliac bone of the pelvis. Its
value corresponded to the moment of the greatest tilt
of the pelvis, Fig. 3.

Fig. 3. Method for determining the angle of the pel-
vis in the frontal plane: A — frontal plane, front view,
first step, B — frontal plane, rear view, first step, B —
frontal plane, rear view, second step
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The duration of support was determined based
on video recording of the athlete in the sagittal plane
frame by frame for each leg with an accuracy of 0.002
s. Then the total time of support was determined by
adding these indicators.

Conclusions. The method of multi-plane high-
speed video recording of Nordic walking turned out to
be quite convenient and relatively easy to prepare and
set up equipment. The features of video recording in-
clude high demands on additional lighting with high
light output and the presence of two operators whose
actions must be clearly coordinated. The video analy-
sis method using the Kinovea program turned out to be
quite labor-intensive, given the number of characteris-
tics being studied, but quite accurate, especially for de-
termining kinematic characteristics (when determining
time characteristics, the error was 0.002 s, with spatial
characteristics — from 0.01 to 0.02 m). Using this meth-
od, you can easily obtain excellent illustrative material
in different planes of an athlete’s movement, which can
then be used both to study the technique of a specific
athlete and for demonstration during training of other
athletes. An example of such use is shown in Fig. 4.
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