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Some Contributions to the Study of the Effects of Human
Motricities through Nordic Walking

Steluta S&bu and Catalin Spulber

Abstract—The paper aimed to add new knowledge to the
study of Nordic walking. For this purpose, the authors
presented the results of some measurements of pulse and
contrast sensitivity (CS) at the daily walking tour of several
kilometers, in the Nordic walking style. The recorded results
were modeled by interpolation and were displayed in the form
of graphics and processed images. The profile of the optical
modulation transfer (MTF) function was simulated, as a
function necessary to evaluate the contrast sensitivity. To this
end, the authors evaluated the influence of screen brightness and
the random motion due to the effort and fatigue accumulated in
the human body by traveling the walking tour. The authors took
into account the fact that mobility performance can be measured
by the distance traveled, by the time required to cover this
distance or by walking speed and, above all, by the variation of
the contrast sensitivity following the effort of moving.

Index Terms—Contrast sensitivity, Nordic walking, pulse
variation, simulation models.

I. INTRODUCTION

Nordic walking is a branch of human motor skills that
involves aerobic exercise, with significant pulse variations.
Recent research in the field shows that Nordic walking
contributes to more intense motor skills than other styles of
walking, such as brisk walking or jogging [1], [2]. Thus, for
example, when covering a circuit of 0.9 km, after [1] it
consumes 45% more calories than when walking, the pulse
increases more than when walking fast or jogging, usually
varies between 70-160, depending on the speed, from 70 for
a speed of 4.3 km / h to 160 for a speed of 8.5 km / h [3]. The
length of the step increases when it goes with poles.

Also, the work [1] shows that the effort felt is much greater
when walking with poles, which would lead to the conclusion
that visual acuity decreases [4] at a normal pace (when
walking with poles compared to walking without poles), the
increase in heart rate was 14%, the number of calories burned
was 23% higher, at average speed of 6.7 km / h without sticks
and 7 km / h with walking sticks, walking is a way of medical
recovery after trauma or surgery. Among other effects due to
the effort is the change in visual acuity and contrast
sensitivity while walking for a long time after completing the
effort. Thus, in the paper [4] itis shown that, at a walk lasting
5 min. and the travel speed of 1.34 m /s (i.e. 4.8 km / h), the
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contrast sensitivity was reduced. However, at speeds of more
than 5 minutes and at speeds of more than 4.8 km/h, muscle
tension and imperceptible eyeball movements are expected to
influence contrast sensitivity. In this sense, the paper [5]
shows that the tiny movements of the eyeball, unnoticed,
affect the visual sensitivity to contrast. The authors also
mention that the JMU scientists have shown that the
perception is altered during movement [6]. It is important to
note that, as shown in the paper [7], proper lighting while
operating with vision induces relaxation of the eye muscles
and stimulates the function of the retina, increasing visual
acuity; that it is an important conclusion of this research, and
the present paper are trying to bring new evidences in this
direction.

The main objectives of this paper are the following:

-to evaluate (by using concrete data) the influence of the
cumulative effort in Nordic walking for long distances (made
systematically), on cardiac ritme or pulse as sanogenetic
general indicator;

-to evaluate the changes in vision quality variation during
a moderate long-time effort and various light of ambient;

-to find appropriate simulation programs which can
evaluate satisfactorily the changes in vision quality variation.

Because contrast sensitivity evaluates vision quality
better than visual acuity, the work of the authors focuses on
it. In addition, the authors introduced values measured in real
time on the field, unlike other research that tested walking on
treadmills or walking over very short distances.

Consequently, the authors have analyzed 2 specific
indicators that evaluate the sanogenetic effect of the effort:
the pulse variation and the contrast sensitivity during walking.
The muscle strain (ocular and skeletal) is a consequence of
cumulative effort and also an effort indicator.

The innovative ideas of the authors is that the visual
contrast sensitivity is a significant and fast measurable
indicator of physical effort.

The authors appreciated, also, that the results will allow a
better understanding of the specifics of Nordic walking.

Il. MATERIALS AND METHOD

A. Case Presentation

Nordic walking tests were performed by the first author
over several days, through the complete and, depending on
the case, partially, a winding walking tour, with a straight
road, ups and downs, in several laps per day, at almost
constant speed. The specificity of walking (Fig. 1) consisted
of two specially designed poles to work the upper body while
walking. To determine the correct length of poles before
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starting performing the walking demanded to raise one
forearm until was parallel to the ground. The distance
between the hand and the ground or between the elbow and
the ground gave the correct length of the stick, a 90 degree
angle. There are several Nordic walking techniques but the
one used was “single poling” which involved using sticks in
turn. When the front foot touched the ground, the opposite
hand singed forward at the height of the waist, and the end of
the stick in that hand touched the ground at the front heel. The
sticks never exceeded the body; they were directed
backwards and diagonally. It was as if the sticks mimic what
feet were doing. The shoulders were relaxed. The hands were
slightly open to allow the poles to swing a little bit. For
Nordic Walking were used 2 telescopic, aluminium poles,
label Karrimor, with adjustable straps and rubber pads at the
end of the sticks. The telescopic structure allowed to adapt
the length of the sticks. The surface where practiced was
made of asphalt. Depending on the nature of surface (snow,
tarmac, sand) the participant of experiment has the possibility
to attach or not, rubber pads (paws) / rosettes at the end of the
poles. On grass or trail the walker can use the inbuilt spike as
an anchor to the ground.

Flg 1. Example of Nordlc walkmg

B. Methodologies and Equipment Used, Walking Tour
Traveled

Most research protocols are based on statistical
interpretation on a large number of tested participants. The
disadvantage of these protocols, according to us, is that the
participant has his own metabolism and responds distinctly
and differently to the same test. The authors considered that
significantly more accurate results are obtained if it is based
on probability theory thus, instead of N participants, the data
from a single participant are monitored and processed, with
the same number of N tests; the statistical deviation will be
much smaller and more plausible.

The participants of experiment used: an iPhone 7 phone,
with a maximum screen brightness of 705 cd /m?, a pulse
oximeter, a stopwatch, a pedometer. The iPhone 7 had the
Pelli-Robson test [8] displayed on the display, as well as the
"step counter and pedometer" application made by Leap
Fitness Group; the application displayed, in addition to the
walking tour outline, the number of steps, the number of
kilometers traveled and the duration of the walking tour.
Regarding the Pelli-Robson test, it consisted of a drawing
with groups of black letter, with decreasing contrast, whose
values are indicated in Fig. 2. The numbers indicate the value
of the sensitivity to contrast, expressed in units of decimal
logarithm. Thus, for example, the group of letters CKR in Fig.
2 visualized in extremes indicates a contrast sensitivity
expressed in units of decimal logarithm of 0.30, which is
equivalent to contrast sensitivity expressed as a percentage of
2%.
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Fig. 2. Example of a Pelli-Robson test board and related contrast sensitivity

It is also stated that other current research [9]-[11] affirms
that an image with the Pelli-Robson test sheet can also be
used on a tablet or smartphone. It should be noted that, in the
Pelli-Robson test used in optical tests in ophthalmology
medical offices, the brightness on the board is 64... 85 cd /
m?, and the spatial frequencies are 3, 6, 12.15 cycles / degree
[10] or, if these frequencies are expressed in cy/mrad, it
results a variation of these frequencies in the range 1... 2 cy /
mrad.

I11. RESULTS AND DISCUSSION

In this paper, the data and image modeling and simulation
software were used: an image simulation and analysis
software for MTF evaluation (MTF modulation transfer
function [12]), a data processing software Origin 6.0 [13],
respectively image analysis software ImageJ [14]. The
analyzed data were obtained from the main author, who
recorded the specificity of Nordic walking for several days,
on a walking tour (Fig. 3 and 4) repeated in 2 tours during the
same day. It is stated that the same walking tour was repeated
to evaluate and influence the cumulative effort. The walking
tour is shown in Fig. 3, longer walking tour (3a) and shorter
walking tour (3b). The walking tour allowed obtaining good
speeds when walking, without obstacles (Fig. 4). The
recorder results, modeled by interpolation are displayed in
Figs. 5-13.
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Fig. 3. The long walking tour (a) and the short walking tour (b) made in
several tours

Fig. 4. Image taken on Google Earth from he walking tour.
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Fig. 5. The variation of the pulse during walking time.
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Fig. 6. The variation of the pulse on different days, at the average
walking speed of 5.5 km/h.
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Fig. 7. The pulse variation at moderate exertion fitted by using data from

the paper [15].

It can be seen that regular daily walking increases the effort
performance and moderates the variation of the pulse, as
shown in the paper [16], too.
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Fig. 8. The variation of walking speed over a period of 3 days
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Fig. 9. The variation of contrast sensitivity during two consecutive tours on
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Fig. 10. The variation of contrast sensitivity on 2 days.
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Fig. 11. The variation of the contrast sensitivity during 3 days,
depending on the distance traveled daily. It is noticeable how the walking
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two distinct brightnesses of the iPhone 7 screen

The influence of ambient lighting on a classic Pelli-

Robson test can be

similar to the variation of the screen

brightness of the iPhone 7. So, it can be seen from the
histograms in Fig.14 that the gray level at maximum

brightness is much |

ower than at medium brightness, which

leads to a lower contrast, as evidenced by the field contrast

sensitivity test.
From Fig. 13 an

d Fig. 14 it can see that the contrast

sensitivity at 350 cd/m? is much higher than the the contrast
sensitivity at 700 cd/m? .
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Fig. 14. The Pelli-Robson test and the histograms corresponding to the
average brightness (left), respectively the maximum (right) of the screen on
the iPhone7 (350 cd / m? and, respectively 700 cd / m?)

IV. SIMULATION OF THE INFLUENCE OF THE WALKING
EFFORT ON CONTRAST SENSITIVITY

From Fig. 9-11 it could be seen that the contrast sensitivity
(CS) is substantial influenced by the effort made during the
walking. The inherent tremor and the fatigue of the eye
muscles contribute to this, so the contrast sensitivity test is
also an indicator of walking fatigue. It is well known that the
visual acuity (and contrast sensitivity, too) is influenced by
physical fatigue (due to cumulative effort during walking)
and by environmental factors [17]. Eye strain can be
simulated by determining the influence of random movement
in the MAVIISS 1.5 program. The figures bellow show such
a simulation, with a priori selected values of 32 um. In this
simulation the authors considered the the following working
hypothesis: the eye can be compared with a camera, made of
a lens (corresponding to the natural human lens) and detection
matrix (represented by the retinal photoreceptors). In this
hypothesis, MAVIISS 1.5 program allows simulation of the
modulation transfer function (MTF) related to visual acuity
and lens parameters, detection matrix and medium between
the lens and the detection matrix (aqueous humor) and the
retina. The authors considered the following data: focal
length of the lens =18 mm from the retina, maximum eye
resolution [mrad] = 0.3 mrad, retinal diameter = 22 mm (the
authors analyzed a small retinal area, 1 mm in diameter)
corresponding to the possibilities of MAVIISS 1.5 program,
512 photoreceptor cells analyzed in the fovea; it is known that
the number of detection elements (photoreceptor cells) = 125
mil.

Subsequent research expected by the authors will establish
the limits of variation on different tours and specifically
Nordic walking.It is specified that the contrast sensitivity can
be evaluated from the MTF curve (the modulation transfer
function), based on the relation [18]:

CS(f) = RTF - MTF @)

where RTF is retinal test function and f the frequency or,
based on the relation described in the paper [19], the relation
(1) can be written as follows:

c(

MTE(f) = ?Q - 100% @
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where C (f) is the contrast corresponding to the frequency f
[cycles/mrad], and C (O is the contrast corresponding to the

frequency f=0.
So that, taking into account the paper [20], can be written:
CS(f) = const - MTF (3)

and more, taking account the fig.13, it can be written:

CS90—-CS40 MTF90—MTF40 90—-40 ..
= = =~ 0,5, value similar to the
€$90 MTF90 90 L
ratio between maximum and minimum contrasts sensitivities

as seen from fig.12. Graphically, it can be seen, in fig.15, this
difference from the MTF simulation with the program
MAVISS 1.5.
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Fig. 15. MTF simulated at maximum brightness of the iPhone 7 during
off-road tours.

Regarding the Fig. 15, it is specified that the value of
MTF=MTF comp is given by the product between MTF, and
MTFge, in which the abbreviations opt. and det. refer,
respectively, to the vision simulation of the optical and,
respectively of detectors systems.

To assess the influence of fatigue during walking, the
authors simulated (with MAVIISS 1.5), the MTF variation
between extremely similar values of CS presented in fig.12,
Day 3.

The results are shown graphically in the Fig.16.
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Fig. 16. The influence of random motion in walking on MTF when
simulating a random motion sigma 0.911 mrad for a square scene and for
the Pelli-Robson test, too.

The random motion is expressed from the relation [11]:

IVITFRandom = 6_2(”0-”2 (4)
where ¢ (sigma) indicates the amplitude of the random motion
and can simulate the small eye movements.

V. CONCLUSIONS

1. Due to the complexity of the movements in the Nordic
walking performed systematically, the speed of movement is
almost constant, and the length of the step is long, which leads
to much lower pulse peaks compared to the typical average
effort.

2. The contrast sensitivity is, really, a significant indicator
of cumulative physical effort, is predictable, and can be
assessed by appropriate calculation programs, as MAVIISS
1.5.
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3. The results showed a strong correlation between the
contrast sensitivity, the effort during walking, and the
ambient light.

4. The quality of vision can be improved in the effort made
while walking by using glasses that reduce the degree of
ambient light.

5. It is important that this research continues with new
experiments.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

The contributions of each author are as followings: Steluta
Sabu (as an effective participant) collected measurements for
Nordic walking, chapter I-111 and collaborated in the final
writing. Catalin Spulber performed the simulations in
Chapter IV and contributed to the final writing. All authors
had approved the final version.

REFERENCES

Nordic walking vs ordinary walking: research results - Bristol Nordic
Walking. [Online] Auvailable:
https://bristolnordicwalking.co.uk/blog/nordic-walking-vs-ordinary-
walking-flat-research-results/

P. P. Soriano, A. E. Martinez, I. A. Aparicio, J. V. Gimenez, and S. L.
Belloch, “Nordic walking:a sistematic review,” European Journal of
Human Movement, vol.33, 2014.

T. Schiffer, A. Knicker, and U. Hoffman, “Physiological responses to
nordic walking, walking and jogging,” Eur J Appl Physiol, vol. 98, pp.
56-61, 2006.

[4] B. Shankar, B. Szekely, and P. R. Macneilage, “Dynamic contrast
sensitivity during human locomotion,” presented at the Conference:
Society for Neuroscience, October 2019.

[1]

[2]

[3]

[5] Small eye movements affect contrast sensitivity, shows research.
([Online] Auvailable: https://www.news-
medical.net/news/20190129/Small-eye-movements-affect-contrast-
sensitivity-shows-research.aspx

[6] Walking changes vision. [Online] Available: http://

neurosciencenews.com/walking-vision-15238/
[7] T.Mikotajczyk, M. Skornia, I. Ciobanu, and M. Berteanu, “An idea of
computer aided eye exercises system based on bates method,” Applied
Mechanics and Materials, 2017, vol. 859, pp 225-230.
M. Méatyj&avi and T. Laitinen, “Normal values for the Pelli-Robson

(8]

contrast sensitivity test,” Journal of Cataract & Refractive Surgery, vol.

27,2001, pp. 261-266.

M. Dorr, "Evaluation of the precision of contrast sensitivity function
assessment on a tablet device,” Scientific Reports, 2017, pp. 1-11.

P. S. Kollbaum, M. E. Jansen, E. J. Kollbaum, and M. A. Bullimore,
“Validation of an iPad test of letter contrast sensitivity,” Optometry and
Vision Science, 2014.

[9]
[10]

113

[11] J. Rabin. Measurement of contrast sensitivity on portable tablet displays,
American  Academy of Optometry. [Online], Available:
https://www.aaopt.org/detail/knowledge-base-article/measurement-
contrast-sensitivity-portable-tablet-displays

Mtf-bAsed Visible Imaging and Infrared System Simulation (MAVIISS
Version 1.5, JCD Publishing Co.
Microcal(TM) Origin ®, Version
http://www.microcal.com

[14] ImageJ 1.39u. [Online], Available: https://imagej.nih.gov/ij/
[15] D. Stratulat. Note curs kinetoterapie si motricitate speciala. [Online]
Auvailable: https://www.studocu.com/ro/document/universitatea-
alexandru-ioan-cuza-din-iasi’/human-fiziology/note-curs-
kinetoterapie-si-motricitate-speciala/15652809

Running dynamics and physiological measurements. [Onling],
Auvailable: https://discover.garmin.com/ro-RO/performance-
data/running/

[17] A. Buznean. Testarea sensibilitatii la contrast. [Online], Available:
https://novaoptic.ro/testarea-sensibilitatii-la-contrast].

M.  Yanoff. Clinical Refraction, [Online], Available:
https://www.sciencedirect.com/topics/biochemistry-genetics-and-
molecular-biology/contrast-sensitivity]

N. Koren. Understating image sharpness, part 1, Introduction to
resolution and MTF curves. [Online], Available:
http://www.normankoren.com/Tutorials/MTF.html

C. E. Leroux, E. Bouchet, P. Espinasse, C. Fontvieille, and F. Bardin,
“Correlation between contrast sensitivity and modulation transfer
functions optom,” Vis Sci., 2021.

[12]

[13] 6.0. [Online], Auvailable:

[16]

[18]

[19]

[20]

Copyright © 2022 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits unrestricted
use, distribution, and reproduction in any medium, provided the original
work is properly cited (CC BY 4.0).

Steluta Sarbu graduated the Public Relations and
Social Communication University, from the National
School of Political and Administrative Studies in
Bucharest. During the years, she worked in the field of
Customer Relations for several public and private
companies. Her interest for people, different cultures
and visual arts finds her today as social media
Manager at Bucharest Cultural Events

Catalin Spulber is a scientific researcher. He has the
scientific title of doctor of Engineering. He is a
coauthor of 5 books, 10 patents and more 50 scientific
papers. His areas of expertise relate to the
optoelectronic devices, optoelectronic image quality,
modeling and simulation day/night vision systems,
and image analysis. Catalin has experience as
scientific director in the Institute of Optoelectronics
from Bucharest, as Ph.D. Referent at University Politehnica of Bucharest
and at Military Technical Academy of Bucharest, as president of
Romanian branch of European Robotics Platform EUROP-RO and as
international and national research projects manager.

Dr. Spulber is at present titular member of the Academy of Romanian
Scientists



https://bristolnordicwalking.co.uk/blog/nordic-walking-vs-ordinary-walking-flat-research-results/
https://bristolnordicwalking.co.uk/blog/nordic-walking-vs-ordinary-walking-flat-research-results/
https://www.news-medical.net/news/20190129/Small-eye-movements-affect-contrast-sensitivity-shows-research.aspx
https://www.news-medical.net/news/20190129/Small-eye-movements-affect-contrast-sensitivity-shows-research.aspx
https://www.news-medical.net/news/20190129/Small-eye-movements-affect-contrast-sensitivity-shows-research.aspx
https://www.sciencedirect.com/science/article/pii/S0886335000005629
https://www.sciencedirect.com/science/article/pii/S0886335000005629
https://www.sciencedirect.com/science/journal/08863350
https://imagej.nih.gov/ij/
https://www.studocu.com/ro/document/universitatea-alexandru-ioan-cuza-din-iasi/human-fiziology/note-curs-kinetoterapie-si-motricitate-speciala/15652809
https://www.studocu.com/ro/document/universitatea-alexandru-ioan-cuza-din-iasi/human-fiziology/note-curs-kinetoterapie-si-motricitate-speciala/15652809
https://www.studocu.com/ro/document/universitatea-alexandru-ioan-cuza-din-iasi/human-fiziology/note-curs-kinetoterapie-si-motricitate-speciala/15652809
https://novaoptic.ro/testarea-sensibilitatii-la-contrast
http://www.normankoren.com/Tutorials/MTF.html
https://creativecommons.org/licenses/by/4.0/



