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Abstract 

Background: The purpose of this pilot observational study with prospective data collection over a 

six-week period is to test whether a Nordic walking prehabilitation exercise program would affect 

the functional capacity, and thus quality of life of enrolled participants. We hypothesize that a group 

of participants will demonstrate statistically significant improvement in functional capacity, as 

verified by standardized tests: Six Minute Walk Test (6MWT), Timed Up and Go test (TUG), Visual 

Analgue Scale (VAS) and anthropometric measurement of chest mobility.; Methods: Volunteers (n = 

10) were included in the study. The participants underwent Nordic walking (moderate intensity, 

approximately 6 km/hour) once a week under expert supervision. The distance for the first week was 

set to 1 500 meters, and in each subsequent week, the distance was extended by 500 meters. 

Additionally, the participants performed the same exercise in the form of self-therapy once a week.; 

Results: Only eight participants completed the study, compared to the planned number of ten 

participants. As for 6WMT the participants showed an improvement in average distance of 51.25 

meters, this improvement was found to be statistically significant (p = 0.034). No significant changes 

were observed for TUG (p = 0.191) and anthropometric measurement of chest mobility measured in 

three different regions (p = 0.412; p = 0.293; p = 0.412). As for VAS, there was a nonsignificant increase 

(p = 1.000) in the percentage representation of value 0, with 75% of participants reporting a score of 0 

before the study, while 100% of participants reported a value of 0 after the study.; Conclusions: The 

results of this pilot study suggest Nordic walking prehabilitation exercise program may offer some 

measurable improvements in the functional capacity and quality of life of participants and although 

Nordic walking is a relatively basic physical activity, it is absolutely essential to monitor this activity 

accurately and include it in a comprehensive prehabilitation program. 

Keywords: Elderly; Nordic Walking; Overweight; Pilot Study; Prehabilitation 

 

1. Introduction 

According to the National Health Institute of Czech Republic, up to 60% of the middle-aged 

population is overweight, with 25% of women and 22% of men suffering from obesity [1]. This is 

linked to the increasing number and complexity of elective surgical procedures. We know that 

patients after elective surgery have a poor quality of life in all areas, such as pain, limited mobility 

and physical health [2]. Patients recovery can be thus significantly influenced by thorough 

preoperative preparation – prehabilitation. Prehabilitation can be understood as a set of measures 

that can be implemented through physiotherapeutic intervention as part of the preoperative 
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preparation before elective surgery. Physiotherapy procedures should be individually focused, based 

on the results of the kinesiological analysis (e.g. soft and scar tissue therapy, early verticalization, 

respiratory physiotherapy, thromboembolic prevention etc.). Depending on the patient's current 

condition before surgery, an individual or group exercise program may be recommended to increase 

cardiorespiratory efficiency. By implementing prehabilitation, a more favorable course of hospital 

stay, recovery, and improvement in the quality of life of operated patients can be expected [3]. 

Several studies had shown interest in prehabilitation. For example, prehabilitation (exercise 

program and nutritional therapy) has been found to have a positive effect on reducing morbidity, 

reducing length of hospital stay, and improving quality of life. The effect of nutritional therapy alone 

is inferior compared to the effects of an exercise program. Thus, the use of a combination of exercise 

and nutritional therapy appears to be optimal [4]. Similar results are shown in another study 

exploring the unfavorable perioperative outcomes in the elderly and comorbid population. The 

reason for these outcomes is malnutrition and poor tolerance to exercise. Positive outcomes can be 

expected when prehabilitation is applied in the form of a combination of exercise program and 

nutritional therapy, which should form a unified intervention [5]. Other studies shown that although 

prehabilitation is effective, there is an inconsistency in the content of prehabilitation exercise 

programs and in the assessment of functional capacity of operated patients. The authors of these 

studies agree that it is necessary to develop an optimal prehabilitation exercise program with clearly 

structured interventions and to establish objective evaluation for assessing the functional capacity of 

operated patients. All these aspects require standardization before the final evaluation of the effect of 

exercise programs used in prehabilitation [6–8]. Similar findings were also reached in another study, 

where exercise and nutritional therapy seem to be the optimal combination for improving the quality 

of life after transplantation surgery [9]. In addition to these studies, we also know that a significant 

portion of patients aged 40-59 do not follow the recommendations of healthcare professionals who 

inform them about the need to include physical activity in their life [10]. 

Nordic walking is a very popular physical activity and has been applied countless times in 

rehabilitation studies. For instance, Nordic walking has been applied as part of a rehabilitation 

program in patients after lung transplantation [11,12]. Furthermore, one study evaluated the 

physiological responses of the body when using Nordic walking in patients with chronic obstructive 

pulmonary disease [13]. Another study monitored the parameters of oxygen uptake, energy 

expenditure, and heart rate in patients rehabilitated after a coronary event [14]. Additionally, a study 

compared the effect of Nordic walking and conventional walking in patients with cardiovascular 

disease [15]. The aforementioned mentioned studies consistently show an increase in cardiovascular 

performance, positive influence on bone and joint health, the immune system, psychological state, 

and improved fat burning.  
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2. Materials and Methods 

The aim of this pilot observational study with prospective data collection over a six-week period 

(from September 30th to November 15th, 2019) is to test whether a Nordic walking exercise program 

alone would affect the functional capacity of enrolled participants. Volunteers (n = 10) from the 

University of the Third Age (U3A) of Jan Evangelista Purkyne University in Usti nad Labem (UJEP) 

were included in the study. All participants provided the authors of the pilot study with basic 

anamnestic data and signed an informed consent. The pilot study was approved by the Ethics 

Committee of the Faculty of Health Studies UJEP under number 374/19. The number of participants 

was based on the results of a similar study conducted in 2018 with one group of U3A volunteers who 

had completed a special training program [16]. Sample size calculation (applied in STATISTICA 

software, version 12) in this case assumes that a significant difference between the baseline dataset 

and final dataset will be detected at n = 10. 

The participants of the study underwent Nordic walking once a week under expert supervision 

on flat terrain without elevation gain. The intensity was set to moderate (approximately 6 km/hour), 

and the Talk Test was used to determine the correct intensity. The distance for the first week was set 

to 1 500 meters, and in each subsequent week, the distance was extended by 500 meters (in the sixth 

and last week, the participants finished a distance of 4 000 meters). Additionally, the participants 

performed the same exercise in the form of self-therapy once a week. 

Our hypothesis was as follows: We hypothesize that a group of participants (n = 10) following a 

six-week Nordic Walking exercise program will demonstrate statistically significant improvement in 

functional capacity, as verified by standardized tests: 

• Six Minute Walk Test (6MWT) is a simple test for assessing submaximal load activity 

along a flat surface. Testing is normally performed in a long straight corridor of 30 meters, but a 

distance of 50 meters can also be used. The patient is asked to walk as fast as possible over a given 

distance, which is bounded by cones, and walk around these cones for six minutes. At any time 

during the testing, the patient can stop, slow down, or sit down [17]. In our case, the testing was 

performed outdoors over a distance of 50 meters. In older populations, it is generally reported that 

the minimum meaningful change is 20 meters and a significant change is 50 meters [18]. 

• Timed Up and Go test (TUG) is a test for a wide range of diagnoses. During the test, the 

patient is asked to get up from the chair on command, walk to a cone three meters away, walk around 

it, and then return to the chair and sit down. The standard is to complete the test within 12 seconds 

[19]. 

• Visual Analogue Scale (VAS) of pain rates the intensity of pain on a ten centrimeters long 

line, where number 0 represents no pain and number 10 represents excruciating pain [20]. 

• Anthropometric measurements of chest mobility involve determining the difference 

between the chest circumference at maximum inspiration and maximum expiration, i.e. chest 

amplitude. This measurement is taken using a tape measure and is conducted three times, with the 

resulting amplitude calculated as the average of these values. In our study, the circumferences were 

measured in the axilla region, mesosternal region (4th rib region) and xiphosternal region (xiphoid 

process region) [21]. The average values of the amplitude are 7–10 cm for men and 5–8 cm for women 

[22]. Values below 2.5 cm are considered a symptom of reduced chest mobility [23]. 

Baseline data were collected before the study started (week 0). Subsequently, data were collected 

after the completion of each week (week 1 to week 6). Thus, seven datasets were collected for each 

participant. 

Descriptive statistics (mean, standard deviation, standard error, median, mode, minimum, 

maximum and sum) were used for numerical variables (age, height, weight, 6MWT, TUG and 

anthropometric measurements of chest mobility). The hypothesis was tested by applying non-

parametric, paired one-sided Wilcoxon test to compare the baseline dataset against the last week 

dataset. A significance level of 0.05 was used to determine statistical significance. The only exception 

was VAS, where the percentage of the value 0 was evaluated and the exact version of McNemar’s test 

was used to compare the baseline and the last week. Trends are illustrated by line graphs and data 

distribution in week 0 and week 6 are illustrated by box plot graphs. Statistical processing was 
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performed using FW R-project software (version 4.3.1), while line and box plot graphs were created 

in the STATISTICA software (version 12). 

3. Results 

3.1. Participatns 

Thirty-five volunteers confirmed their interest in participating in the study. However, only ten 

participants arrived for the initial data collection (week 0). Unfortunately, two participants 

discontinued their participation after week 2. Therefore, only eight participants completed the study, 

compared to the planned number of ten participants. The characteristics of enrolled participants are 

presented in Table 1. 

Table 1. Characteristics of enrolled participants. 

Characteristic Value 

Number of participants 8 

Percentage of men 0% 

Percentage of women 100% 

Residence Ústí nad Labem Region 

Age – mean 66.6 years 

Age – std. dev. 2.5 years 

Age – median 66 kg 

Weight – mean 72.3 kg 

Weight – std. dev. 3.9 kg 

Height – mean 1.61 m 

Height – std. dev. 0.15 m 

3.2.6. MWT 

The average distance at the beginning of the study was 631.25 meters. After completing a six-

week Nordic walking program, the participants showed an improvement in average distance of 51.25 

meters, reaching 682.50 meters (Table 2). Improvement in 6MWT was found to be statistically 

significant (p = 0.034). Figure 1 and Figure 2 illustrate the difference between week 0 and week 6 and 

trend of measured values (distances). 

Table 2. Descriptive statistics of Six Minute Walk Test. 

 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Mean 631.25 675.00 677.50 683.75 675.00 705.00 682.50 

Standard error 16.63 14.52 5.90 13.62 6.55 14.02 16.01 

Median 625.00 680.00 680.00 670.00 680.00 700.00 685.00 

Mode 580.00 680.00 680.00 670.00 690.00 700.00 730.00 

Standard 

deviation 
47.04 41.06 16.69 38.52 18.52 39.64 45.28 

Minimum 580.00 600.00 640.00 640.00 640.00 640.00 620.00 

Maximum 700.00 740.00 700.00 770.00 690.00 760.00 730.00 
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Figure 1. Comparison of Six Minute Walk Test (Week 0 vs. Week 6). 

 

Figure 2. Development of Six Minute Walk Test values in meters. 

3.3. TUG 

The average time at the beginning of the study was 9.09 seconds. After completing a six-week 

Nordic walking program, the participants showed a slight improvement in the average time to 8.80 

seconds (Table 3). However, this slight improvement was found to be statistically insignificant (p = 
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0.191). Figure 3 and Figure 4 illustrate the difference between week 0 and week 6 and trend of 

measured values (times). 

Table 3. Descriptive statistics of Timed Up and Go test. 

 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Mean 9.09 8.99 9.04 9.05 8.79 8.49 8.80 

Standard error 0.32 0.22 0.14 0.18 0.10 0.08 0.13 

Median 9.35 9.00 8.95 9.10 8.70 8.45 8.80 

Mode 9.60 9.80 8.80 9.50 8.70 8.40 9.20 
Standard 

deviation 
0.89 0.62 0.40 0.52 0.30 0.24 0.36 

Minimum 7.10 8.10 8.80 8.30 8.40 8.10 8.20 

Maximum 10.00 9.80 10.00 9.60 9.20 8.90 9.20 
 

 

Figure 3. Comparison of Timed Up and Go test (Week 0 vs. Week 6). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2025 doi:10.20944/preprints202509.1805.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1805.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 12 

 

 

Figure 4. Development of Timed Up and Go test values in seconds. 

3.4. VAS 

There was an insignificant increase (p = 1.000) in the percentage representation of value 0 (i.e., 

no pain), with 75% of participants reporting a score of 0 before the study, while 100% of participants 

reported a value of 0 after the study (Table 4). The turning point came in week 2, after which 100% of 

participants reported a value of 0 (Figure 5). 

Table 4. Visual Analogue Scale values. 

Participant Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

1 0 0 0 0 0 0 0 

2 4 4 0 0 0 0 0 

3 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 

6 4 3 0 0 0 0 0 

7 0 0 0 0 0 0 0 

8 0 2 0 0 0 0 0 
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Figure 5. Visual Analogue Scale values by week. 

3.5. Anthropometric Measurements of Chest Mobility 

The average values of chest mobility amplitudes at the beginning of the study were 3.38 cm, 2.75 

cm and 2.88 cm for axilla, mesosternal and xiphosternal, respectively. After completing a six-week 

Nordic walking program, the participants showed a slight improvement in the average values for 

chest mobility amplitudes as follows: 3.50 cm, 3.00 cm and 3.00 cm for axilla, mesosternal and 

xiphosternal, respectively (Table 5 and Figure 6). These slight improvements were found to be 

statistically insignificant (p = 0.412; p = 0.293; p = 0.412). 

Table 5. Descriptive statistics of chest mobility amplitudes. 

 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

        

Mean 9.09 8.99 9.04 9.05 8.79 8.49 8.80 

Standard error 0.32 0.22 0.14 0.18 0.10 0.08 0.13 

Median 9.35 9.00 8.95 9.10 8.70 8.45 8.80 

Mode 9.60 9.80 8.80 9.50 8.70 8.40 9.20 
Standard 

deviation 
0.89 0.62 0.40 0.52 0.30 0.24 0.36 

Minimum 7.10 8.10 8.80 8.30 8.40 8.10 8.20 

Maximum 10.00 9.80 10.00 9.60 9.20 8.90 9.20 
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Figure 6. Comparison of chest mobility amplitudes (Week 0 vs. Week 6). a1 = axilla Week 0; a2 = axilla Week 6; 

m1 = mesosternal Week 0; m2 = mesosternal Week 6; x1 = xiphosternal Week 0; x2 = xiphosternal Week 6. 

4. Discussion 

4.1. Results 

Based on the studies already conducted, we expected improvements in all measured parameters. 

However, we confirmed our hypothesis only for the 6MWT and VAS results. We observed 

statistically significant improvement in 6MWT results, with an average improvement of 51.25 meters. 

This finding is significant and consistent with other studies [7,18]. For TUG results, there was also an 

improvement (decrease in time needed to complete the test), but it was not statistically significant. 

The likely cause may be the nature of our exercise program, which was at a moderate intensity. TUG 

primarily focuses on the speed of execution, and it's worth noting that all participants already showed 

values typical of a healthy population at baseline (twelve seconds or less). Thus, the question arises 

whether these values need further improvement. Regarding VAS, we recorded a score of 0 (i.e., no 

pain) in 100% of participants from week 2 onwards. Thus, it can be indirectly concluded that our 

exercise program led to a reduction in participants' perception of pain, nevertheless this reduction 

was not statistically significant. A similar result was achieved in a study, where Nordic walking was 

used in patients with arthralgia [24]. For chest mobility amplitudes, there were no statistically 

significant improvements. It should be noted that all participants were at the lower range of 

physiological chest amplitude, so that the presence of pathologies such as rib or chest joint blockages 

cannot be excluded. Additionally, it is questionable whether a Nordic walking exercise program can 

have an effect on increasing chest mobility amplitudes. Such an effect has been observed, but only in 

the comprehensive therapy where, in addition to Nordic walking, several other types of therapy, e.g. 

breathing gymnastics with elements of superficial breathing, were used [25].  

Our pilot study of prehabilitation had clearly defined examination and course of exercise 

program. Thus, we fully agree with other authors [4,7] that the content of prehabilitation must be 

clearly defined before implementation. We consider an individual approach to be absolutely ideal, 

i.e. each patient should be individually assessed and a completely individual therapy should be 

designed accordingly. If an individual approach is not feasible, then it is recommended to group 
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patients based on baseline test results and administer the same therapy to all patients within a given 

category. 

4.2. Limits of the Study 

Limited sample: Enrolled participants were volunteers from the U3A of UJEP in Usti nad Labem. 

Due to this limitation, participation was not consistent, resulting in only eight participants 

completing the study instead of the planned ten. Future studies should aim for a larger number of 

participants and avoid operating at the minimum sample size to enhance the robustness of the study 

results. 

Tracking of performed self-therapy: Only verbal evaluations by the participants were utilized to 

monitor the completion of the self-therapy. Consequently, it is not possible to confirm with 100% 

certainty whether participants actually performed the self-therapy. It would be desirable to 

incorporate wearable sensors (e.g., smartwatches) along with evaluation software [26]. However, 

considering the age of the enrolled participants, it is questionable whether they would be willing to 

learn and use these technologies, especially if they are unfamiliar with them and do not use them in 

their daily lives. 

 The Talk test: We use only verbal evaluation of the target (moderate) intensity. For more 

accurate measurement, it would be appropriate to use some wearable sensors, e.g. smartwatch or 

better pulse oximeter. 

Lack of control group: This study did not include a control group or another exercise group for 

comparison of therapy effects. The absence of a control group means that it is not possible to 

determine whether the outcomes of this study (despite being mostly statistically insignificant) are 

solely attributable to the Nordic walking exercise program or to other factors. 

5. Conclusions 

In conclusion, the results of this pilot study suggest Nordic walking exercise program may offer 

some measurable improvements in the functional capacity and quality of life of participants and 

although Nordic walking is a relatively basic physical activity, it is absolutely essential to monitor 

this activity accurately and include it in a comprehensive prehabilitation program. 
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The following abbreviations are used in this manuscript: 

6MWT Six Minute Walk Test 

cm centrimeter 

TUG Timed Up and Go Test 

U3A The University of the Third Age 

UJEP Jan Evangelista Purkyny University in Usti nad Labem 
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