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Abstract: The aim of this study was to assess the changes in the balance of healthy, elderly women as a
result of Nordic walking training using of two types of poles: classic poles, and poles with an integrated
resistance shock absorber. Thirty-four women completed the experiment (Age = 66.8 £ 4.1 years).
They were randomly assigned into the experimental group—training with poles with an integrated
resistance shock absorber—EG (1 = 17), and the control active group—training with classic poles—CG
(n =17). Body balance was measured with Romberg sharpened test and using the AccuGait ™ force
platform before and after an intervention lasting for 8 weeks (2 training sessions x 75 min per week).

’

In ANOVA analysis, the Romberg sharpened test showed a statistically significant effect of “time”

(F=18.62, p <0.001, na2._ 0.37). No interaction effect or clear “time” effect was observed in the
ANOVA analysis for the results of posturographic tests (p > 0.05). The lack of pre-post differences
in posturographic tests indicates that further research is necessary, where, e.g., there are extended
intervention times and more difficult examination tasks are performed. In the case of the Romberg
test, both groups improved their results, which may indicate an improvement in perception and
processing of sensory information, regardless of the type of training applied.

Keywords: physical activity; Nordic walking; Romberg sharpened test; posturographic evaluation;
functional training; aging; body balance

1. Introduction

The level of body balance depends on the feedback from the following three systems:
visual, proprioceptive, and vestibular [1,2].

Due to physiological changes linked to the aging process of the body, the deterioration
of all elements influencing the maintenance of proper body balance can be noticed [3].

Deficiencies in maintaining a stable upright posture during daily activities are a major
risk factor contributing to falls in elderly people [4]. Falls, along with their consequences,
pose a serious threat to seniors” health or even life. According to Sample et al. [5] they
occur in up to 33% of the elderly. A serious injury, which is a common aftereffect of a fall,
can result in permanent loss of the senior’s independence from others. With age, the ability
to perform complex motor tasks decreases. This change also applies to the gait. Even in
elderly people with good health and bodily functions a decrease in walking speed and
step length, as well as a shortened transfer phase can occur; thereby, the length of the
double support phase increases [6]. When there is a risk of falling, the elderly limit their
cognitive functions by focusing on keeping their balance [7]. Moderate physical activity
(PA) is highly recommended for seniors, as it is crucial for maintaining good health [8-13].
According to Yorston et al. [14], there is a significant positive link between taking up
physical activity and maintaining fitness and independence in adults. Therefore, various
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forms of PA willingly undertaken by the elderly are still being sought, as they are known
to improve their overall functional efficiency, including body balance.

Previous studies demonstrated positive effects of various forms of physical training
on the gait and body balance [15-17]. One of the frequently examined forms of physi-
cal activity is Nordic Walking (NW). Research confirms that NW can be more effective
than standard walking in preventing changes in gait quality, including reduced walking
speed [18,19]. Some benefits of NW include: an improvement in physical fitness [20],
muscle strength [21-23], and body balance [20,23,24]. Just after 8-12-week cycles of NW
interventions, there was an improvement in static balance in seniors, both in functional
tests [23] and in tests on a posturography platform [24-26]. However, so far, the NW
influence has been examined with the use of standard poles.

A relatively new form of NW is marching with poles containing a resistance shock
absorber (RSA). Such training combines aerobic exercise with strength training of the upper
limbs and upper torso muscles [27]. The American College of Sports Medicine (ACSM)
emphasizes the necessity of strength training in seniors as one of the pivotal elements for
comprehensive management to maintain the appropriate level of physical fitness in the
elderly [28]. People walking with RSA poles do not have stable support. This situation is
similar to exercises on unstable surfaces which are commonly used to improve the balance
of the body in rehabilitation [29]. RSA poles bend when walking, this movement may seem
to be moving on unstable ground. We assumed the dynamics of walking cause sudden
changes in the position of the whole body, including the limbs, necessitating the reflex
stabilization of the joints, which may result in improved proprioception and increased level
of balance in exercisers.

The aim of this study was to assess the changes in the balance of healthy, elderly
women as a result of NW training using of two types of poles: classic and RSA. We hypoth-
esized that training with RSA poles has a much more positive impact on body balance than
training with classic poles.

2. Methods
2.1. Study Design

A randomized parallel-group study design was used with a ratio of 1:1. Two groups
(experimental and control) took part in 8-weeks (twice a week, 75 min) PA intervention.
Nordic walking with two different kinds of poles was used. Before and after intervention
body balance was assessed. The assessors who did measurements were blinded (M.].;
C-WM.; RS.1). The main researcher (K.M.) who performed the intervention and the
researcher calculating the results (R.S.2) were excluded from the measurements.

A detailed study scheme is presented in Figure 1.

Post-intervention

measurements

Initial Pre-intervention Intervention
measurements measurements
Medical Body balance
Interview; (random order) 8-weeks
Basic somatic
characteristics E:) Romberg test
2 x 75 min

Posturograhic test
(EO,EC, DT)

twice a week

Body balance

(random order)

Romberg test
Posturograhic test
(EO,EC, DT)

Figure 1. General overview of the experiment. Note: EO—Eyes Open, EC—Eyes Open, DT —Dual Task.
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2.2. Participants

Initially, 50 women aged 60-75 were recruited for the study. Potential participants
were recruited from local senior centers, through ads in the local press and via social media.
The following inclusion criteria were taken into account: age over 60; good verbal and
intellectual contact; lack of contraindications to moderate exercise. Subjects were qualified
to participate in the project based on medical history and cardiology examination. Each per-
son was free from diseases that could directly affect the gait stereotype (e.g. vestibular
neuritis, multiple sclerosis). Persons who had one of the factors were excluded: dizziness,
diabetes 2, obesity, and drugs that lower blood pressure, disease of the musculoskeletal
system of the lower limbs and spine. Finally, 40 women over 60 years of age participated
in the experiment (Age = 66.8 years, age range: 60-75years).

The study was approved by the local Bioethics Committee in Poznari No. 1041/18.
in line with the Declaration of Helsinki, and the participants were asked to give their
informed written consent to take part in the research. All precautionary measures were
taken to protect the participants’ privacy and the confidentiality of their personal data.
Furthermore, each participant was notified of their right to refuse to participate in the
study or to withdraw their consent at any time, without any consequences. The subjects
familiarized themselves with the experimental procedure along with all aspects of the
study, such as: objectives of the experiment, methods, test sequence, risks associated with
the experiment and expected benefits, as well as inconveniences it may cause.

2.3. Intervention

The experiment lasted 8 weeks, with sessions twice a week (16 sessions), which was
sufficient to notice improvement in motor abilities [30]. All the women participated
in the training sessions at the same time. The women from the EG group used poles
with an integrated shock absorber with a resistance force of 4 kg (Slimline BungyPump,
Sport Progress International AB, Vasternorrland, Sweden), while women from the CG
group walked with classic NW poles. Before the intervention, the participants familiarized
themselves with the equipment and the correct marching technique during the 60-min
training session. The training took place in a city park, in the morning time.

After 10-15min of warm-up, both groups (EG, CG) walked along the inside lanes
of the park, on the varied ground. During the whole intervention, the distance was
gradually increased (from 3.5 to 4.5 km) with a speed of about 6 km/h. The length and
time of the route was measured using the Endomondo app [31]. After half of the planned
distance of walking participants did resistance exercises and balance training (15 min).
The training plan was compliant with the American College of Sports Medicine (ACSM)
recommendations for adults and healthy people: one set of 8-10 exercises for major muscle
groups at least 2 days a week with 8-12 repetitions for each exercise [32].

During each session, the participants performed a set of exercises, which consisted
of: exercises of the main muscles (warm-up), during which vigorous swings of arms, legs,
torso twists, bends, squats, etc., were performed (pace was adapted to the participants’
abilities). Then, in the main part, after half of the distance, everyone performed equivalent
exercises, where the position for exercises was standing on one leg with different variants
of body position and movement, e.g., tilting the torso, bending and moving the raised leg
forward, sideways, etc. In the end, static stretching of the main muscles was performed, i.e.,
the quadriceps muscle of the thigh, gluteal muscles, calves with stretching of the Achilles
tendons, as well as the muscles of the neck and upper limbs.

The minimum attendance was assumed at the level of 80%, which required participa-
tion in at least 13 training sessions [27]. The trainer (K.M.) had the required qualifications
as an instructor and trainer (International Nordic Walking Association).

2.4. Walking Technique with the Use of Poles

The technique of walking with poles (classic and RSA) consists of a cyclical, repetitive
and alternating movement of the whole body. During the walk, not only the muscles of the
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limbs are activated, but also the muscles of the torso. Locomotion with the use of poles
begins with coordinated movement of one hand being stretched forward, with the heel
of the opposite foot placed on the ground at the same time. The hand of the upper limb
stretched forward is clamped on the handle of the pole gripping it with all the fingers (from
I to V), which automatically positions the pole obliquely to the ground (about 45°). In this
phase, not only the upper limb is engaged, but also the entire shoulder girdle, because the
forward move of the hand takes place while the scapula is extended forward causing the
torso to be placed in a rotating position.

The next move is bouncing off the ground using the pole with the simultaneous rolling
of the foot from the heel to the toes (propulsion) and pushing the lower limb from the
forefoot, followed by the transfer of the prop to the opposite side with the accompanying
rotation of the torso to the opposite side. As a result of acceleration, there is a noticeable
increase in the work of the limbs and torso, and the body is tilted forward with the center
of gravity being shifted forward.

The whole process is alternating concentric and eccentric work of the opposing muscle
groups of the upper limbs, lower limbs and torso.

RSA poles have a built-in shock absorber with a total length of 20 cm; therefore,
the positioning of the upper limbs while marching with the RSA poles is different than
with NW poles, as shown in Figure 2.

NW with classic poles NW with RSA poles
= 20cm @
. ‘ | RSA
poles

\

(A) (B)

Classic
poles

:

Figure 2. Correct position of upper limbs during Nordic Walking with classic and resistant shock absorber (RSA) poles (A),

and differences between poles (B).

When walking with RSA poles, exercisers do not have a stable support, unlike people
using NW poles during the march, because the construction of the poles slightly changes
the body position while walking, compared to the classic NW. During the phase when
the RSA pole is pressed, muscles perform additional work overcoming resistance of the
elastic shock absorber in the pole. Pressing the shock absorber changes the length of the
stick, which, when shortened to the maximum, reaches the length of a traditional NW
stick. Releasing the pressure causes the stick to deform to its original length with the same
force, which can give the impression of a change in the body balance. A detailedtechnical
description of the Slimline 4 RSA poles that wereused for the intervention and the principles
of the NW and RSA pole adjustment are described in Marciniak et al. [27].
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2.5. Measurements
2.5.1. Romberg Sharpened Test

To evaluate functional changes in body balance, the Tandem Romberg test (known
as the Romberg sharpened test) was performed. This detects changes in body balance,
depending on the level of proprioception in the participating subjects [2]. The interpretation
of the test is analogous to that of the conventional Romberg test. According to Lee [33]
and Herdman and Clendaniel [34], the test has 49-60% sensitivity, 95% specificity and a
prediction of 82% [33].

The test subject should stand barefoot with arms crossed in front of the chest. This is
to determine which lower limb is dominant, for example by giving the following command
“please kick some imaginary object in front of you with your leg”. Then the subject stands
with the foot of the dominant leg in the front and the other foot with the toes just behind
the heel in one line.

The feet should be perfectly aligned so as not to form an angle (Figure 3).

Figure 3. Correct positioning of the feet “heel to toe” in the Romberg sharpened test—tandem stance
(the dominating lower limb at the front position).

Initially, the subject stands with the eyes open (EO) and vision set on a point 1 meter
away, then remains in the same position with the eyes closed (EC).

During the test, people were belayed by the researcher, and to ensure maximum safety
for the participants, gym mattresses were placed around the site.

The result obtained was the number of seconds during which the subject held the po-
sition without losing balance, allowing small oscillations [2]. The maximum measurement
time was assumed to be 30 s.

All the subjects passed the EO test and achieved maximum results. In the further
analysis, the results from EC test were analyzed, and the results of the EO test were
not considered.

2.5.2. Posturography Measurements

The research was conducted based on the measurement of the center of pressure (COP)
displacement using the AccuGait ™ force platform (AMTI PJB-101, Watertown, MA) with
the Balance Trainer software, which is often used in neurology and in the examination of
the elderly [35,36].

The platform was equipped with strain gauges that facilitated monitoring of the
changes in ground reaction forces. The device was placed on a hard and flat floor surface.
Based on the data collected by the platform, it is possible to estimate the position and
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deflection of the foot pressure center. The evaluation was carried out twice, before and
after the intervention.

Raw data were collected with frequency of 100 Hz and then low-pass filtering was
done to remove noise from the obtained signal of COP displacements—the fourth-order
Chebyshev II filter with cut-off frequency of 10 Hz was used [37].

During the examination, the subjects were asked to take an upright, vertical position,
stand still with the upper limbs alongside the body, remaining silent—no conversation was
allowed. The feet were placed in a position similar to their natural stance—heels in one
line, feet positioned at an angle of about 30—40° to each other, with a 5 cm gap between
the heels [31]. Before starting the study, an outline of each participant’s feet was made,
which allowed for a similar positioning of the subject during subsequent trials.

In this position, three 30-sposturographic analyses were consecutively performed.
They were separated by two 2-min breaks:

- standing with the eyes open (EO),
- standing with the eyes closed (EC),
- testing body stability under dual task (DT) conditions.

DT—while standing, counting down every 3 numbers, starting from 200 [5].

The body balance assessment took up to 15 min including rest breaks.

During the test, belaying was applied and, if necessary, the subjects could rest in a
sitting position.

To avoid the sequence being memorized, the trials were carried out at random.
Each trial was run twice, and the results were averaged. In the previous work, it was
found that averaging the results from two measurements allowed to obtain ICC (inter-class
correlation) at a level above 0.9 in the case of the average displacement velocity COP [38].

2.6. Outcomes
The primary outcomes of the study were:

(a) number of seconds during which the subject held the position without losing balance
in Romberg test;

(b) average velocity of COP displacements (and its components in anterior-posterior and
medio-lateral directions), as well as ellipse area of 95% in posturographic measurements.

The study population was characterized by age, body weight and height as well as
BMI (calculated as body weight/height?) as secondary outcomes.

2.7. Sample Size and Randomization

Taking into account one-factor effect of time in repeated measures (lack of data con-
nected to effect size for two-factors study structure “group”x”time” in case of two different
marching training), range of number of subjects is estimated from 13 to 22 with power
statistics = 0.8 and alpha level = 0.05.

Women qualified for the study were randomly assigned to one of two groups with
use of randomization generated using Excel software (first step—creation of column with
randomized numbers in range 0-0.99 for each participant; second step—assignment to

groups EG and CG in next column with function: if (value < 0.5;EG”;“CG”)).

2.8. Statistical Analysis

The main calculations of dependent variables were based on two-way ANOVA (F-test)
analysis methods. An analysis was made with repeated measurements before and after
training (“time” factor with two levels—pre and post), and with two levels of an intergroup
factor (“group”—EG and CG). For interaction effects (“time x group”) and main effects
(“time” and “group”), the eta-squared effect size was calculated. The effect size indicates the
percent of variance explained by particular effects of the dependent variable. To compare
the average values of primary outcomes (both within and between groups) Bonferroni
correction post hoc comparisons were conducted.



Healthcare 2021, 9, 267 7 of 13

Statistical analyses were computed using Statistica v. 13.0 software (TIBCO Software
Inc., Palo Alto, CA, USA). Statistical significance was defined as p < 0.05.

3. Results

Five participants did not complete the eight-week intervention period, including one
person who dropped out due to injury, two due to illness, and two for undisclosed personal
reasons. The remaining 35 people completed the training sessions with the attendance
maintained above the required 80%. Finally, the effect of the intervention was assessed
in 34 women (EG = 17, CG = 17)—one person did not take part in tests after intervention
program without giving any reasons (Figure 4).

[ Enrollment ]
Assessed for eligibility (n =50)

Excluded (n =10)

> Not meeting inclusion criteria (1 = 10)

Declined to participate (1 =0)

Other reasons (n = 0)

Randomized (n = 40)

v f ] v

L Allocation J
Allocated to intervention-EG (n = 20) Allocated to intervention (1 = 20)
Received allocated intervention (1 = 20) Received allocated intervention (1 = 20)
Did not receive allocated intervention (1 = 0) Did not receive allocated intervention (1 = 0)
y [ Follow-Up ] v
L J
Lost to follow-up (1 =3) Lost to follow-up (1 =2)
Discontinued intervention due to injury (n = 1), Discontinued intervention due to illness (7 =1) and
illness (n = 1), and undisclosed personal reason undisclosed personal reason (1 = 1)
\ 4 [ Analvsis ] \ 4
Analysed (n=17) Analysed (n=17)
Excluded from analysis (give reasons) (1 = 0) Excluded from analysis (due to lack of post-
intervention tests) (n =1)

Figure 4. Flowchart of the experiment participants.

Basic characteristics of both groups are presented in Table 1.
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Romberg sharpened test (s)

22 ¢

20

18

16 |

14 |

12 ¢
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Table 1. Mean values, standard deviations and results of between-group comparison (f-test for
independent samples) for basic characteristics of participants prior to the start of the experiment.

EG (n =20) CG (n=20) t(p)
Measure M SD M SD
Age (years) 67.71 4.16 65.88 4.09 1.29(0.207)
Body height (cm) 161.94 4.04 159.25 5.45 1.64(0.112)
Body weight (kg) 74.31 11.17 65.63 11.19 2.26(0.030)
BMI (kg/mz) 28.31 3.90 25.90 4.53 1.66(0.106)

BMI—body mass index; EG—experimental group, CG—control group.

Significant between-groups differences in body weight wereobserved. Average values
of age, body height and BMI were similar in both groups.

In the case of the Sharpened Romberg test, a statistically significant “time” effect
was found (Figure 5). Compared to the baseline, participants improved their scores

after the intervention (F = 18.62, p < 0.001, 12 = 0.37, power analysis = 0.98). Post hoc
analysis revealed statistically significant pre-post differences for EG and CG (p = 0.034 and
p = 0.022, respectively).

Interaction effect F(1, 32) = 0.014, p = 0.907
Main effect "group" F(1, 32) = 0.022, p = 0.882
Main effect "time" F(1, 32) = 18.619, p = 0.000

1
1

-

—_—————

1

- EG
% CG

pre post

Figure 5. Mean values, standard error of measurements andanalysis of variance ANOVA for results of Romberg sharpened

test. EG—experimental group, CG—control group.

In the case of the posturography test (Table 2) none of the statistically significant “time
x group” effects was found for any of the parameters tested (p > 0.05) under all study
conditions (eyes open, eyes closed, and dual-task).
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Table 2. Mean and standard deviation values for body balance for Eyes Open, Eyes Closed and Dual Task measures results

of analysis of variance.

Pre Post

Variable

M (sd)

M (sd) M (sd) M (sd) Interaction nz Group N2 Time n.2

EG CG EG CG F(p) F(p) F(p)

EO

Veop [cm/s] 1.14(046) 0.99(0.31) 1.17(043) 1.04026) 0.03(>0.05)  0.00 141(>0.05) 0.04 0.62(>0.05) 0.02
VeopY [em/s]  0.95(0.46) 0.83(0.29) 0.96(0.41) 0.81(0.20) 0.23(>0.05)  0.01 1.33(>0.05) 0.04 0.01(>0.05) 0.00
VeopX [em/s]  045(0.20) 0.39(0.12) 0.48(0.20) 0.48(0.20) 0.87(>0.05)  0.03 0.26(>0.05) 0.01  3.53(>0.05) 0.10
A95 [cm?] 1.71(0.68) 1.98(1.11) 2.10(1.44) 2.22(144) 0.12(>0.05)  0.00 0.32(>0.05) 0.01 2.16(>0.05) 0.06
EC

Veop [cm/s] 155(0.69) 1.36(0.45) 159(0.64) 1.46(0.69) 0.12(>0.05)  0.00  0.63(>0.05) 0.02  0.86(>0.05) 0.03
VeopY [em/s]  1.34(0.67) 1.19(0.41) 1.35(0.62) 1.21(0.60) 0.00 (>0.05)  0.00  0.62(>0.05) 0.02  0.07(>0.05) 0.00
VeopX[em/s]  053(0.27) 0.46(0.18) 058(0.27) 0.58(0.34) 0.56(>0.05)  0.02 0.13(>0.05) 0.00 3.42(>0.05) 0.10
A95 [cm?] 191(1.10) 2.08(1.11) 2.33(1.15) 2.64(1.75) 0.09(>0.05)  0.00 041(>0.05) 0.01  4.20(<0.05) 0.12
DT

Veop [cm/s] 1.63(0.91) 1.50(0.81) 1.54(0.57) 1.64(0.83) 1.23(>0.05)  0.04 0.00(>0.05) 0.00  0.06(>0.05) 0.00
VeopY [em/s]  1.29(0.60) 121(0.64) 1.26(0.48) 1.30(0.69) 0.66(>0.05  0.02  0.01(>0.05) 0.00  0.16(>0.05) 0.00
VeopX[em/s]  0.73(0.60) 0.65(0.41) 0.65(0.26) 0.74(042) 1.55(>0.05)  0.05 0.00(>0.05) 0.00  0.00(>0.05) 0.00
A95 [cm?] 332(3.79) 3.40(457) 2.84(1.96) 5.12(641) 3.52(>0.05 010 0.69(>0.05) 0.02 1.13(>0.05) 0.03

EG—experimental group; CG—control group; Vcop—velocity; VcopY—anterior-posterior; VcopX—medio-lateral; A95—area 95 percentile.

There were no statistically significant main effects for the “group” factor (p > 0.05) or
for detailed between-groups comparisons, either.

In the case of the test with the eyes closed for the area of 95% of COP displacements,
a significant value of the repeated measurement factor “time” was recorded (F = 4.20,

p <0.05, 112 = 0.12). This result was related to slightly higher results in the CG group after
training (within-group difference was not significant in post hoc analysis).

4. Discussion

The goal of this study was to determine the impact of marching with poles with an
integrated resistance shock absorber and classic poles on improving balance in women.
To the best of our knowledge, this study is the first to compare the effects of RSA and NW
on body balance in healthy women.

In previous studies, the effect of NW on body balance compared to resistance exercises
was evaluated [18,39,40]. However, no studies have been undertaken so far to assess the
effects of walking with additional resistance from the RSA cushioning system on improving
the static balance in senior females. It was assumed that workout consisting of walking with
the use of poles has the value of a motor-cognitive intervention and provides participants
with balance training in the conditions of performing a double task, as the participants
walk while talking with each other, which requires information to be processed along with
maintaining the balance and without changing the rhythm and walking speed. Another
assumption made was that walking with RSA poles causes the body to work in unstable
support conditions with additional resistance, compared to the work performed by the
body during the classic NW. Both of these factors provided an additional stimulus for the
marching women.

Research on the influence of NW training on the static balance in seniors gives results
that are varied and difficult to interpret. In the Lajoie [41] study, after the same period
of time (8 weeks, 16 sessions) there was no difference in postural sway observed, either.
Moreover, the results showed no significant change between the groups. On the other
hand, a statistically significant reduction in reaction time was observed in the elderly while
standing, compared to the control group, and the difference remained significant even
after a two-week retention period. Lee and Park [23] noticed a significant improvement
in one-leg stance after 12 weeks of NW training. Kocur et al. [25] after 12 weeks of the
NW training showed a significant improvement in static balance in the group ofwomen,
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which was measured by the Forward Reach Test (FRT) and Upward Reach Test (URT) by
standing on a balance training platform with a balancing measurement function. However,
Gobbo et al. [42], after analyzing eight experiments that met the assumed eligibility criteria,
did not indicate any potential relationship between exercise and the improvement of static
and dynamic balance during a dual task performed by healthy seniors.

Maranhao-Filho et al. [2] demonstrated that healthy elderly people are able to stand
with EC without falling for at least 30 s. In the case of healthy, physically fit females,
the standard posturographic tests used in this study proved too easy to demonstrate
changes that probably occurred in the system of maintaining postural stability. More-
over, it is noteworthy that the examined women were younger than in other studies in
which the influence of NW on balance was examined and where significant differences
were obtained [20,23].

In the case of posturographic research, we expected to see differences in effects be-
tween groups, but there was no statistically significant interaction effect or the main “time”
effect in most variables. Additionally, there were no other significant tendencies in the
intergroup differentiation.

Only a significant value of the factor of the repeating “time” measurement was
recorded, in the case of the EC test for the Area of 95% of COP displacements. It was
connected to higher results in CG after training. It is possible that the result obtained is just
an ‘artefact’ related to the relatively lower reliability of these parameters in comparison to
the average velocity of COP displacement [43].

Despite the lack of intergroup differences in BMI, women in the EG group were
characterized by higher weight, which could have influenced the results. In studies on
the influence of obesity on body postural stability [44,45], higher oscillation values were
observed in people with higher body weight; therefore, higher body weight values in
women with EG could have affected the overall result of the study. On the other hand,
in the studies of Carral et al. [46], it was found that postural control in obese elderly people
may depend on the amount of PA performed.

The results of the Romberg sharpened test showed the statistically significant main
effect, which is “time”, for both groups. The tandem stance of the feet in this test makes
it difficult to maintain a stable posture, as opposed to standing in a relaxed position.
The reduction in the field of support may activate the hip joint strategy, which is one of the
three major stability maintenance and recovery reactions. According to Horak [47], the use
of this strategy may also be associated with a reduced or unstable support plane. In a similar
test, Marciniak et al. [27] (after 8 weeks, 16 sessions) observed enhanced agility, endurance
and muscle strength. Therefore, improving participants” overall performance as a result
of the experiment may explain the results obtained in the functional test. According to
Maranhao-Filho et al. [2], Romberg’s test illustrates the level of proprioception, which may
indicate a positive impact of the experiment on the proprioceptive balance control in
the elderly.

The results of the Romberg test could be related to the potential improvement in strength
and endurance, which were not significant in the posturographic examination. They could stem
from the specificity of the examination itself: a reduced support plane while standing and a
strategy of maintaining balance other than in the posturographic examination.

The final result of the study could have been influenced by relatively short time during
which the intervention took place (8 weeks and 16 training sessions). The time in which
the study was conducted marked the period between the holidays. Further attempts to
continue could cause a change in the participants” behavior resulting from the traditional
involvement of women in holiday preparations, and a change in their eating habits.

5. Limitations

Finally, it should be mentioned that the study has some limitations. First, it only
includes a group of women. Studies involving both men and women would provide
stronger general evidence. Secondly, the training was relatively short. Perhaps continuing
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training would also result in significant differences in all tests used. On the other hand,
in other studies, eight-week periods of training made it possible to observe significant
changes in physical fitness among the elderly. Next, during each session, we focused on
the technical details of the march with poles, because proper execution of exercises and
walking technique were very important in our experiment. However, a large number of
people participated in the training at the same time, and the marching technique may not
always have been correct. Perhaps more personalized training should be used to ensure
better control of exercise execution in the next study. The very low effect of applied exercise
on results obtained in posturography tests is also interesting. As stated in the discussion,
perhaps the tests that were used were too simple, and the ceiling effect was met.

6. Conclusions

The training sessions and body balance tests did not allow any significant impact
of the type of poles on the change in the body balance using posturographic tests to
be demonstrated; and they seemed to have a similar effect on the results obtained in
functional tests.

Taking into account the limitations of the study, further research is necessary with
extended intervention times and more difficult tasks in posturographic examination.

On the other hand, when the base of support limitation was applied in the Romberg
functional test (Romberg sharpened), the statistically significant main effect of “time”
was found in both groups. Considering that the results of this test are linked to the
possibility of detecting deficiencies in proprioception, they may indicate the beneficial
effect of walking on the static balance inwomen. Compared to the baseline, both groups
improved their results, which may indicate an improvement in perception and processing
of sensory information. This may be the result of the intervention—regardless of the type
of training applied.

Author Contributions: Conceptualization, K.M., ].M. and R.S. (Rafat Stemplewski); Formal anal-
ysis, R.S. (Rafat Stemplewski); Funding acquisition, Katarzyna Marciniak; Investigation, K.M.,
JM., M.C.-W., R.S. (Robert Szeklicki) and R.S. (Rafat Stemplewski); Methodology, K.M. and R.S.
(Rafat Stemplewski); Project administration, K.M.; Supervision, R.S. (Rafal Stemplewski);
Writing—original draft, KM., ].M. and R.S. (Rafat Stemplewski); Writing—review & editing, M.C.-W.
and R.S. (Robert Szeklicki). All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the local Bioethics Committee of Poznan University of
Medical Sciences (No. 1041/18, date of approval—11 October 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data supporting reported results are available in the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1. Fahn, S.; Jankovic, ]J. Principles and Practice of Movement Disorders; Churchill Livingstone: Philadelphia, PA, USA, 2007;

ISBN 9780443079412.

2. Maranhao-Filho, P.A.; Maranhao, E.T.; da Silva, M.M.; Lima, M.A. Rethinking the neurological examination I: Static balance
assessment. Arq. Neuro Psiquiatr. 2011, 69, 954-958. [CrossRef]

3. Michalska, ].; Kamieniarz, A.; Sobota, G.; Stania, M.; Juras, G.; Stomka, K. Age-related changes in postural control in older women:
Transitional tasks in step initiation. BMC Geriatr. 2021, 21, 17. [CrossRef] [PubMed]

4.  Callisaya, M,; Blizzard, L.; Schmidt, M.-D.; Martin, K.L.; Mcginley, ].L.; Sanders, L.M.; Srikanth, V.K. Gait, gait variability and the
risk of multiple incident falls in people: A population-based study. Age Ageing 2011, 40, 481-487. [CrossRef] [PubMed]

5. Sample, R.B.; Jackson, K.; Kinney, A.L.; Wiebke, S.; Diestelkamp, W.S.; Reinert, S.S.; Bigelow, K.E. Manual and Cognitive Dual
Tasks Contribute to Fall-Risk Differentiation in Posturography Measures. ]. Appl. Biomechan. 2016, 32, 541-547. [CrossRef]

[PubMed]


http://doi.org/10.1590/S0004-282X2011000700021
http://doi.org/10.1186/s12877-020-01985-y
http://www.ncbi.nlm.nih.gov/pubmed/33407197
http://doi.org/10.1093/ageing/afr055
http://www.ncbi.nlm.nih.gov/pubmed/21628390
http://doi.org/10.1123/jab.2016-0038
http://www.ncbi.nlm.nih.gov/pubmed/27398708

Healthcare 2021, 9, 267 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Barak, Y.; Wagenaar, R.C.; Holt, K.G. Gait characteristics of elderly people with a history of falls: A dynamic approach. Phys. Ther.
2006, 86, 1501-1510. [CrossRef]

Schaefer, S.; Schumacher, V. The Interplay between Cognitive and Motor Functioning in Healthy Adults: Findings from Dual-Task
Studies and Suggestions for Intervention. Gerontology 2011, 57, 239-246. [CrossRef]

Chase, J.A.D. Physical Activity Interventions among Adults: A Literature Review. Res. Theory NursPract. 2013, 27, 53-80.
[CrossRef] [PubMed]

Milanovi¢, Z.; Panteli¢, S.; Trajkovi¢, N.; Sporis, G.; Kosti¢, R.; James, N. Age-related decrease in physical activity and functional
fitness among elderly men and women. Clin. Interv. Aging 2013, 8, 549-556. [CrossRef]

Halaweh, H.; Willen, C.; Grimby-Ekman, A.; Svantesson, U. Physical Activity and Health-Related Quality of Life among
Community Dwelling Elderly. J. Clin. Med. Res. 2015, 7, 845-852. [CrossRef] [PubMed]

Langhammer, B.; Bergland, A.; Rydwik, E. The Importance of Physical Activity Exercise among People. Biomed. Res. Int. 2018,
7856823. [CrossRef]

Fahey, T.D.; Insel, P; Roth, T. Fit & Well: Core Concepts and Labs in Physical Fitness and Wellness; McGraw Hill: New York, NY, USA,
2018; ISBN 10:1260397130.

Rivera-Torres, S.; Fahey, T.D.; Rivera, M.A. Adherence to Exercise Programs in Adults: Informative Report. Gerontol. Geriatr. Med.
2019, 5, 1-10. [CrossRef]

Yorston, L.C.; Rosenkranz, R.R.; Kolt, G.S. Physical Activity and Physical Function in Adults: The 45 and Up Study. J. Am. Geriatr.
Soc. 2012, 60, 719-725. [CrossRef] [PubMed]

Chou, C.H.; Hwang, C.L.; Wu, Y.T. Effect of exercise on physical function, daily living activities, and quality of life in the frail
adults: A meta-analysis. Arch. Phys. Med. Rehabil. 2012, 93, 237-244. [CrossRef]

Wang, R.Y.; Wang, Y.L.; Cheng, F.C.; Chao, YH.; Chen, C.L.; Yang, Y.R. Effects of combined exercise on gait variability in
community-dwelling older adults. Age 2015, 37, 40. [CrossRef] [PubMed]

Farrell, ].W.; Merkas, J.; Pilutti, L.A. The Effect of Exercise Training on Gait, Balance, and Physical Fitness Asymmetries in Persons
With Chronic Neurological Conditions: A Systematic Review of Randomized Controlled Trials. Front. Physiol. 2020, 11, 585765.
[CrossRef] [PubMed]

Figueiredo, S.; Finch, L.; Mai, J.; Ahmed, S.; Huang, A.; Mayo, N.-E. Nordic walking for geriatric rehabilitation: A randomized
pilot trial. Disabil. Rehabil. 2013, 35, 968-975. [CrossRef]

Mansour, K.B.; Gorce, P.; Rezzoug, N. The impact of Nordic walking training on the gait of the elderly. J. Sport Sci. Med. 2018,
38, 2368-2374. [CrossRef] [PubMed]

Virag, A.; Karoczi, C.K,; Jakab, A.; Vass, Z.; Kovacs, E.; Gondos, T. Short-term and long-term effects of nordic Walking on balance,
functional mobility, muscle strength and aerobic endurance among Hungarian community-living people: A feasibility study. J.
Sports Med. Phys. Fitness. 2014, 55, 1285-1292. [PubMed]

Song, M.S.; Yoo, Y.K.; Choi, C.H.; Kim, N.C. Effects of nordic walking on body composition, muscle strength, and lipid profile in
elderly women. Asian Nurs. Res. Korean Soc. Nurs. Sci. 2013, 7, 1-7. [CrossRef]

Keogh, J.; Rice, J.; Taylor, D.; Kilding, A. Objective benefits, participant perceptions and retention rates of a New Zealand
community-based, -adult exercise programme. J. Prim. Health Care 2014, 1172-6164. [CrossRef]

Lee, H.S.; Park, J.H. Effects of Nordic walking on physical functions and depression in frail people aged 70 years and above.
J. Phys. Ther. Sci. 2015, 27, 2453-2456. [CrossRef]

Franzoni, L.T.; Monteiro, E.P,; Oliveira, H.B.; da Rosa, R.G.; Costa, R.R.; Rieder, K.; Martinez, F.G.; Peyré-Tartaruga, L.A. A 9-Week
Nordic and Free Walking Improve Postural Balance in Parkinson’s Disease. Sports Med. Int. Open 2018, 2, 28-34. [CrossRef]
Kocur, P.; Wiernicka, M.; Wilski, M.; Kaminska, E.; Furmaniuk, L.; Flis- Mastowska, M.; Lewandowski, ]. Does Nordic walking
improves the postural control and gait parameters of women between the age 65 and 74: A randomized trial. J. Phys. Ther. Sci.
2015, 27, 3733-3737. [CrossRef]

Gomefiuka, N.A; Oliveira, H.B.; Silva, E.S.; Costa, R.R.; Kanitz, A.C.; Liedtke, G.V.; Schuch, EB.; Peyre-Tartaruga, L.-A. Effects of
Nordic walking training on quality of life, balance and functional mobility in elderly: A randomized clinical trial. PLoS ONE
2019, 14, 0211472. [CrossRef]

Marciniak, K.; Maciaszek, J.; Cyma-Wejchenig, M.; Szeklicki, R.; Mac¢kowiak, Z.; Sadowska, D.; Stemplewski, R. The Effect of
Nordic Walking Training with Poles with an Integrated Resistance Shock Absorber on the Functional Fitness of Women over the
Age of 60. Int. ]. Environ. Res. Public Health 2020, 17, 2197. [CrossRef] [PubMed]

American College of Sports Medicine. ACSM’s Resource Manual for Guidelines for Exercise Testing and Prescription. 7; Lippincott
Williams & Wilkins: Philadelphia, PA, USA, 2014.

Behm, D.G.; Muehlbauer, T.; Kibele, A.; Granacher, U. Effects of Strength Training Using Unstable Surfaces on Strength, Power and
Balance Performance Across the Lifespan: A Systematic Review and Meta-analysis. Sports Med. 2015, 45, 1645-1669. [CrossRef]
[PubMed]

Park, S.D.; Yu, S.H. The effects of Nordic and general walking on depression disorder patients” depression, sleep, and body
composition. J. Phys. Ther. Sci. 2015, 27, 2481-2485. [CrossRef] [PubMed]

Padulo, J.; Iuliano, E.; Iacono, A.D.; Mili¢, M.; Rizzi, M.; Ardigo, L.P. Nordic walking versus natural walking: An easy approach
to comparing metabolic demands. Int. ]. Perf. Anal. Sport 2018, 18, 686—692. [CrossRef]


http://doi.org/10.2522/ptj.20050387
http://doi.org/10.1159/000322197
http://doi.org/10.1891/1541-6577.27.1.53
http://www.ncbi.nlm.nih.gov/pubmed/23923347
http://doi.org/10.2147/CIA.S44112
http://doi.org/10.14740/jocmr2307w
http://www.ncbi.nlm.nih.gov/pubmed/26491496
http://doi.org/10.1155/2018/7856823
http://doi.org/10.1177/2333721418823604
http://doi.org/10.1111/j.1532-5415.2012.03906.x
http://www.ncbi.nlm.nih.gov/pubmed/22486736
http://doi.org/10.1016/j.apmr.2011.08.042
http://doi.org/10.1007/s11357-015-9780-2
http://www.ncbi.nlm.nih.gov/pubmed/25907712
http://doi.org/10.3389/fphys.2020.585765
http://www.ncbi.nlm.nih.gov/pubmed/33281619
http://doi.org/10.3109/09638288.2012.717580
http://doi.org/10.1080/02640414.2018.1458396
http://www.ncbi.nlm.nih.gov/pubmed/29582714
http://www.ncbi.nlm.nih.gov/pubmed/25303166
http://doi.org/10.1016/j.anr.2012.11.001
http://doi.org/10.1071/HC14114
http://doi.org/10.1589/jpts.27.2453
http://doi.org/10.1055/s-0043-124757
http://doi.org/10.1589/jpts.27.3733
http://doi.org/10.1371/journal.pone.0211472
http://doi.org/10.3390/ijerph17072197
http://www.ncbi.nlm.nih.gov/pubmed/32218296
http://doi.org/10.1007/s40279-015-0384-x
http://www.ncbi.nlm.nih.gov/pubmed/26359066
http://doi.org/10.1589/jpts.27.2481
http://www.ncbi.nlm.nih.gov/pubmed/26357429
http://doi.org/10.1080/24748668.2018.1514565

Healthcare 2021, 9, 267 13 of 13

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Chodzko-Zajko, W.].; Proctor, D.N.; Fiatarone Singh, M.A.; Minson, C.T.; Nigg, C.R.; Salem, G.J.; Skinner, J.S.; American College
of Sport Medicine Position Stand. Exercise and physical activity for adults. Med. Sci. Sports Exerc. 2009, 41, 1510-1530. [CrossRef]
Lee, C.T. Sharpening the Sharpened Romberg. SPUMS ]. 1998, 28, 125-132.

Herdman, S.J.; Clendaniel, R.A. Vestibular Rehabilitation: A Competency-Based Course; Department of Rehabilitation Medicine;
Emory Physical Therapy Association: Atlanta, GA, USA, 2010. Available online: https://www.emorydpt.org/wp-content/
uploads/2017/05/ Vestibular2018_PlanningOnly_4.21.2017.pdf (accessed on 22 February 2021).

Melzer, I.; Marx, R.; Kurz, I. Regular exercise in the elderly is effective to preserve the speed of voluntary stepping under
single-task condition but not under dual-task condition. A case-control study. Gerontology 2009, 55, 49-57. [CrossRef] [PubMed]
McNamara, A.J.; Pavol, M.].; Gunter, K.B. Meeting physical activity guidelines through community-based group exercise: “Better
bones and balance”. J. Aging Phys. Act. 2013, 21, 155-166. [CrossRef]

Stemplewski, R. Effect of moderate physical exercise on postural control among 65-74 years old man. Arch. Gerontol. Geriatr.
2012, 54, 279-283. [CrossRef]

Stemplewski, R.; Maciaszek, J.; Osinski, W.; Szeklicki, R. Test-Retest Reliability of Measurements of the Center of Pressure
Displacement in Quiet Standing and During Maximal Voluntary Body Leaning Among Healthy Elderly Men. J. Hum. Kinet. 2011,
28,15-23. [CrossRef]

Takeshima, N.; Islam, M.M.; Rogers, M.E.; Rogers, N.L.; Sengoku, N.; Koizumi, D.; Kitabayashi, Y.; Imai, A.; Naruse, A. Effects of
nordic walking compared to conventional walking and band-based resistance exercise on fitness in adults. J. Sport Sci. Med. 2013,
12, 422-430. [PubMed]

Chomiuk, T.; Folga, A.; Mamcarz, A. The influence of systematic pulse-limited physical exercise on the parameters of the
cardiovascular system in patients over 65 years of age. Arch. Med. Sci. 2013, 9, 201-209. [CrossRef]

Lajoie, Y. Effect of computerized feedback postural training on posture and attentional demands in older adults. Aging Clin. Exp.
Res. 2004, 16, 363-368. [CrossRef] [PubMed]

Gobbo, S.; Bergamin, M.; Sieverdes, J.C.; Ermolao, A.; Zaccaria, M. Effects of exercise on dual-task ability and balance in older
adults: A systematic review. Arch. Gerontol. Geriatr. 2014, 58, 177-187. [CrossRef] [PubMed]

Stemplewski, R.; Maciaszek, ].; Tomczak, M.; Szeklicki, R.; Sadowska, S.; Osiriski, W. Habitual physical activity as a determinant
of the effect of moderate physical exercise on postural control in older men. Am. |. Mens Health 2013, 7, 58-65. [CrossRef]
Handrigan, G.A.; Berrigan, F.; Hue, O.; Simoneau, M.; Corbeil, P; Tremblay, A.; Teasdale, N. The effects of muscle strength
on center of pressure-based measures of postural sway in obese and heavy athletic individuals. Gait Posture 2012, 35, 88-91.
[CrossRef]

Capodaglio, P.; Cimolin, V.; Tacchini, E.; Parisio, C.; Galli, M. Balance Control and Balance Recovery in Obesity. Ergonomy 2012,
1, 166-173. [CrossRef]

Carral, JM.C.; Ayan, C.; Sturzinger, L. Relationships between Body Mass Index and Static and Dynamic balance in active and
inactive older adults. J. Geriatr. Phys. Ther. 2019, 42, 85-90. [CrossRef] [PubMed]

Horak, F.B. Postural orientation and equilibrium: What do we need to know about neural control of balance to prevent falls?
Age Ageing 2006, 35, 7-11. [CrossRef] [PubMed]


http://doi.org/10.1249/MSS.0b013e3181a0c95c
https://www.emorydpt.org/wp-content/uploads/2017/05/Vestibular2018_PlanningOnly_4.21.2017.pdf
https://www.emorydpt.org/wp-content/uploads/2017/05/Vestibular2018_PlanningOnly_4.21.2017.pdf
http://doi.org/10.1159/000139608
http://www.ncbi.nlm.nih.gov/pubmed/18547943
http://doi.org/10.1123/japa.21.2.155
http://doi.org/10.1016/j.archger.2012.02.012
http://doi.org/10.2478/v10078-011-0018-915
http://www.ncbi.nlm.nih.gov/pubmed/24149147
http://doi.org/10.5114/aoms.2013.34559
http://doi.org/10.1007/BF03324565
http://www.ncbi.nlm.nih.gov/pubmed/15636461
http://doi.org/10.1016/j.archger.2013.10.001
http://www.ncbi.nlm.nih.gov/pubmed/24188735
http://doi.org/10.1177/1557988312460268
http://doi.org/10.1016/j.gaitpost.2011.08.012
http://doi.org/10.1007/s13679-012-0018-7
http://doi.org/10.1519/JPT.0000000000000195
http://www.ncbi.nlm.nih.gov/pubmed/31592998
http://doi.org/10.1093/ageing/afl077
http://www.ncbi.nlm.nih.gov/pubmed/16926210

	Introduction 
	Methods 
	Study Design 
	Participants 
	Intervention 
	Walking Technique with the Use of Poles 
	Measurements 
	Romberg Sharpened Test 
	Posturography Measurements 

	Outcomes 
	Sample Size and Randomization 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

