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Abstract

:

This investigation aimed to scrutinise the kinematic and spatio-temporal characteristics of free and Nordic walking (NW) in older adults, utilising both traditional and biosensor-integrated mechatronic poles. The hypothesis was that including biosensors for gait analysis in NW poles would not disrupt the walking pattern of older adults compared to standard poles. The study involved seniors aged 65–74 who were amateur Nordic Walking (NW) practitioners. They were instructed to traverse a 100-m distance three times: without poles, with traditional NW poles, and with mechatronic poles. The MyoMOTION MR3 system was used to gather biomechanical data. The study revealed differences in eight kinematic parameters and stride time between free walking and walking with poles. However, no statistically significant differences were observed in any of the parameters, regardless of the pole type used. The findings suggest that older NW practitioners tend to employ free walking patterns even when using poles.
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1. Introduction


Human gait kinematic and spatio-temporal parameters change with age [1,2,3,4]. In particular, there is a reduction in the range of motion (ROM) in the joints of the limbs and spine and reduced muscle activity when walking. The time for double support is longer, the stride length is shortened, and the stride width is increased. Also, the walking speed is reduced by around 0.8–1.2 m/s, and the gait cadence is increased [1,2,5,6], related to a safer walking strategy, limiting the risk of losing balance and, consequently, dangerous falls in older adults [7]. These changes are associated with the involution of the musculoskeletal system, including muscle weakness, limited ROM in the joints, and poorer coordination and stability of body posture. They can also be affected by diseases more common in old age. For older adults, gait is an activity that requires good balance control. It decreases with age, resulting in changes in the gait pattern and limiting the duration of the phases and gait cycles associated with gait disturbance [1,8,9,10]. There is also an additional phenomenon occurring in the gait. Age is associated with more significant intra-individual gait variability for most gait measures [3,6], which may severely influence the power of statistical tests while investigating different gait patterns.



Nordic walking (NW) has been suggested as a method for preventing degenerative changes and increasing the functional effectiveness of the musculoskeletal system, influencing older adults’ gait [11]. Using poles while walking increases the ROM in the joints of the limbs and the involvement of muscles, especially the upper limbs [12]. In older individuals, NW resulted in longer strides and increased times of both double and single support compared to walking freely (without poles). During the NW gait, these people also had a lower walking speed and reduced step rate [13]. The literature demonstrates that NW reduces the load of the lumbar spine and lower limb joints and increases energy expenditure in comparison with recreational walking in older adults [14]. In addition, the beneficial effects of NW on different health parameters, such as resting heart rate, blood pressure, exercise capacity, and maximal oxygen consumption, have been established in elderly populations [15,16]. Other studies report improvements in muscle strength and flexibility in both upper and lower limbs along with enhanced general endurance among healthy older adults [17,18]. It should be emphasised that studies on the NW gait pattern among older people are sparse. Most concern the gait examination of pathological gaits or the use of NW during rehabilitation [11].



Having the correct walking technique with poles is essential to achieve the benefits of NW. With classic poles, learning this technique is difficult, especially for older adults. Mastering the correct gait style would be easier with the help of poles that are equipped with systems analysing the kinematic and spatio-temporal parameters of the gait in real time, informing the user about any gait abnormalities through a voice or light signal [19]. The paucity of studies on such systems necessitates further research [19]. In light of the results from other researchers and our prior observations, a model of NW mechatronic poles (classic NW poles equipped with sensors analysing the biomechanics of gait) was developed, which would allow for feedback on the NW gait technique with the possibility of its correction in real time [20]. In the mobile system of mechatronic NW poles, we have developed measures, records, and processes for selected kinematic values that allow for the assessment of the correctness of gait during NW walking in field conditions. The sensors are placed in the poles and in special inserts placed in the shoes. The measurement system is equipped with the necessary data recorders and user interfaces so that the acquired information can be easily analysed. The system is also equipped with a wireless communication module that sends the measured walking parameters to a mobile device (smartphone/tablet). A dedicated application is installed on the mobile device, enabling online/offline monitoring and analysis of the patient’s NW gait by a trainer/physiotherapist [21]. However, before using mechatronic poles in the study of gait biomechanics, it is essential to investigate whether equipping classic NW poles with sensors would cause changes in the gait pattern.



Therefore, the study aimed to compare the biomechanics of free walking of older adults while practising Nordic Walking (NW) using both classic poles and mechatronic ones. It was hypothesised that equipping classic NW poles with sensors would not cause a change in the gait pattern compared to classic NW poles. The study seeks to address a gap in the literature regarding the use of NW for gait improvement in older adults, particularly regarding the effects of mechatronic NW poles on gait patterns. The study also highlights the potential benefits of real-time feedback for improving gait technique, particularly for older adults who may have difficulty learning correct gait techniques without assistance. The study provides vital information for healthcare professionals, researchers, and technology developers and contributes to the development of evidence-based interventions for improving gait and mobility in the older population.




2. Materials and Methods


This was a cross-sectional study with purposive sampling targeting a specific age group (65–75 years) and specific activity levels of amateur NW practitioners.



2.1. Material


The older participants were recruited from a group of University of the Third Age students. Initially, the study group consisted of 11 participants (8 women and 3 men). However, only 7 participants had complete results on three repeated gait measurements out of the individuals enrolled in this study. Exclusion reasons included balance maintenance issues (1 participant), fatigue or weakness (2 participants), and difficulties in using poles properly despite instructions (1 participant). Ultimately, the tests were performed on 7 older adults without a medical history of musculoskeletal injuries causing pain, weakness, decreased ROM, or loss of coordination (5 women and 2 men) aged 65 to 74 (the average age was 70.6), who finally qualified for the study with no comorbidities that could cause gait disturbances and were fit and healthy on the day of the study. They either did not participate regularly in NW classes or had limited experience with NW. The characteristics of the participants are presented in Table 1.



The participants were informed about the aims and methodology used in the experiment and gave written informed consent to participate in the investigation. The experiment was approved by the local ethics committee and conducted in accordance with the Declaration of Helsinki.



The participants were equipped with standard NW poles and mechatronic poles. All the poles were individually adjusted to the height of each person. In particular, the pole length was adjusted for flat terrain. Individually adjusting NW pole length involved several steps: (1) Standing up straight with arms relaxed at the sides. (2) Placing the poles on the ground with the handles pointing up. (3) Grasping the handles of the poles and lifting them off the ground. (4) Bending elbows at a 90-degree angle. (5) Adjust the poles’ length until the forearms are parallel to the ground. Participants wore trainers or hiking boots during the experiment. Participants were instructed and trained in the principles of walking with NW poles and performed practice walks with an instructor. Before taking the measurements, all of them reported that they felt comfortable enough with the poles to take part in the study.



The design of the mechatronic poles has been described in our previous studies [20,21]. In short: the classic NW poles have two nine-axis inertial sensors (a three-axis gyroscope, an accelerometer, and a magnetometer). The foot of the pole has a pressure sensor that measures the force along the axis of the pole, and the handle has a contact sensor. In addition, the pole also featured distance sensors, two optical and two ultrasonic, and one sensor of each type at the foot and handle. The conducted signal tests from the inertial, pressure, contact, and distance sensors confirmed sufficient accuracy for the study of gait biomechanics [20,21].




2.2. Methods


The MyoMOTION MR3 motion analysis system (Noraxon Inc., Scottsdale, AZ, USA) was used to collect the kinematic gait variables. It is a set for three-dimensional motion evaluation using an inertial measurement unit (IMU). The system combines the technology of wireless data transmission and IMU sensors, enabling the assessment of any movement in three-dimensional space (e.g., changes in angles between segments, linear acceleration). Each sensor in the set combines an accelerometer, a gyroscope, and a sensor for measuring the Earth’s magnetic field. The IMU sensors were affixed to the participant’s body following a schema that aligns with the MR3 software’s (version 3.18) requirements. This setup facilitated not only the capture of data but also its thorough analysis, employing a sampling rate of 200 Hz throughout the testing phase. For the purpose of acquiring exhaustive gait metrics, a sum of 15 sensors was utilised—allocating three sensors per extremity (both right and left), along with three sensors positioned along the spinal region (specifically on the spinous processes of the 7th cervical vertebra and 7th thoracic vertebra, as well as within the sacral region), and a single sensor was positioned on the forehead (as illustrated in Figure 1). Prior to every data gathering session, the IMU sensors underwent calibration to ascertain body orientation, employing a stance where the arms were held parallel to the torso, thus establishing a zero-degree angle benchmark for the reference posture.



The participants’ task was to cover a 100-m distance thrice with three types of gait (1) free walking (walking without poles), (2) walking with classic NW poles, and (3) walking with mechatronic poles. The distance was determined based on the literature and resulted from the length of a single and double step (gait cycle) of an adult human [22]. The order of the gait types was randomised to avoid any potential order effects. Before the experiment, each participant was allowed to warm up and stretch for 10 min. The experiment was performed continuously, with no breaks between the different types of gait. The movement with NW poles took place after an NW instructor had given specific instructions. The walk occurred on an artificial surface with participants’ habitual (preferred) walking speed. Two passes were made for each gait type, which allowed for an average of 70 complete gait cycles per pass.



Following the International Society of Biomechanics recommendations [23,24,25], the following parameters were documented for both the right (RT) and left (LT) extremities:




	(a)

	
Fifteen spatio-temporal metrics delineating the step cycle structure: Step cadence, measured in steps per minute, which reflects the average step frequency; Stride time duration (s), the interval between the initial contacts of two successive steps by the same foot, indicating the average cycle duration; Step time duration (s), the time from the initial contact of one foot to the initial contact of the opposing foot; The proportions of stance and swing phase durations expressed as a percentage (%) of stride time, representing the stance time as a percentage of the total stride time; The percentage of single support duration (%), the period during which only one foot is in contact with the ground, calculated from the termination of contact by the opposing foot to the initial contact by the same foot, normalised to stride time; Double support (%) signifies the cumulative duration of both feet being in simultaneous contact with the ground, occurring twice at the beginning and end of the stance phase; The loading response (%), also referred to as “foot flat”, quantifies the double support phase from the initial contact until the contralateral foot lifts off the ground (contralateral toe-off); Pre-swing (%) measures the double support phase from the contact of the contralateral foot until the ipsilateral foot lifts off.




	(b)

	
The average ROM throughout the cycle, expressed in angular degrees (deg), described the trunk and upper and lower limbs’ movements in relation to the global coordination system:




	
regarding the thorax, thoracic movements included flexion-extension, which is the anterior or posterior displacement along the sagittal plane; lateral flexion, which denotes sideways displacement within the frontal plane; and internal-external (axial) rotation, representing rotational movement around the transversal axis.



	
regarding the lumbar region, lumbar dynamics encompass flexion-extension, indicating anterior or posterior movement along the sagittal axis; lateral flexion, which refers to sideways movement in the frontal plane; and internal-external (axial) rotation, describing rotational movement around the transversal axis.



	
regarding the pelvis, movements were categorised as pelvic tilt, involving anterior or posterior displacement in the sagittal plane; pelvic obliquity, which is the upward or downward movement in the frontal plane; and pelvic (axial) rotation, detailing internal or external rotation within the transverse plane.



	
regarding the context of the upper extremity, shoulder movements were classified as flexion-extension, the anterior or posterior movement of the humerus relative to the thorax in the sagittal plane; abduction-adduction: the lateral movement of the humerus relative to the thorax in the frontal plane; and internal-external rotation: the rotational movement of the humerus in the transverse plane. Elbow movements included flexion-extension, the movement of the forearm in relation to the humerus across the transversal axis; wrist dynamics involve flexion-extension, the movement in relation to the radius along the transversal axis, measured between upper arm and hand sensors; wrist radial-ulnar deviation: the sideward movement in relation to the radius, assessed between the upper arm and hand sensors; and wrist supination-pronation: the rotational movement around the axis, quantified between the upper arm and hand sensors.



	
regarding the lower extremity, hip movements encompass flexion-extension, the movement of the femur in the sagittal plane around the mediolateral axis; abduction-adduction, the lateral movement of the femur in relation to the pelvis in the frontal plane; and hip rotation, the rotational movement around the proximal-distal axis in the transverse plane. Knee dynamics include flexion-extension: the movement of the tibia in relation to the femur in the sagittal plane. Ankle movements were categorised as dorsi-plantar flexion, the movement of the foot in relation to the tibia in the sagittal plane; ab-adduction, the lateral movement in the transverse (global) plane; and inversion-eversion, the sideward movement in the frontal (global) plane.














For each gait parameter for each participant, the mean and standard deviation were calculated and averaged over the gait cycles.




2.3. Statistical Analysis


Multiple imputation techniques were employed to ensure the robustness of the statistical analyses. Any missing values or outliers in the dataset were identified and imputed using the expectation-maximization algorithm, which utilises the observed data to estimate missing values. Basic descriptive statistics were calculated for all variables, and the distribution’s normality was checked using the Shapiro–Wilk test. The differences between the parameters measured in three measurements during free walking and walking with standard and mechatronic poles were checked by repeated-measurements ANOVA, taking into account the right and left sides of the measurement as a possible differentiating factor allowing for the examination of interactions between walking conditions and laterality. Several precautions were taken to ensure the study’s internal and external validity. We utilised standardised procedures and tools to collect and analyse data and recruited participants with specific inclusion criteria to reduce the risk of bias. Additionally, we conducted a thorough data analysis to identify any potential confounding variables or sources of error. For a two-way ANOVA, critical statistical power was set at 80% and an effect size of at least 0.25 (RMSSE—Root Mean Square Standardized Effect), the estimated minimum sample size was 40 [26]. The Box’s M test verified homogeneity of variances, sphericity by Mauchly’s test, Greenhouse–Geisser correction, and multivariate tests with Wilks’ lambda were used if necessary. Tukey’s post hoc test was used for multiple comparisons. In the case of violation of the ANOVA assumptions, the Friedman test and the Dunn–Bonferroni post hoc test were used. These methods enabled the researchers to delve into subgroup analyses and interactions. In addition to the primary statistical analyses, sensitivity analyses were conducted to assess the robustness of our findings. These analyses involved varying key assumptions and parameters, such as the inclusion and exclusion criteria for participants and the handling of missing data and outliers, to evaluate their impact on the study’s outcomes. All analyses were performed using Statistica 13.3.0 (TIBCO Software Inc., Palo Alto, CA, USA). The statistical significance of the results was accepted at p < 0.05.





3. Results


3.1. Spatio-Temporal Parameters


The results of all the analysed kinematic parameters of gait across three measurements: without poles (1), with standard poles (2), and with mechatronic poles (3) were presented for a group of seven participants as mean ± standard deviation (M ± SD). Regarding spatio-temporal parameters, the only observed difference was the stride time between free walking and walking with standard walking poles (Table 2). For all spatio-temporal, as in the case of ranges of motion, no significant asymmetry was found between the right and left sides of the measurement, regardless of the use of poles and their type (p > 0.05).




3.2. Kinematic Gait Parameters


As depicted in Table 3, the outcomes related to the kinematic variables involved in mobility measurement are presented. For the majority of the ROM parameters, no noticeable distinctions among individual measurements were observed, except for shoulder abduction-adduction LT and RT, shoulder internal-external rotation LT and RT, wrist radial-ulnar LT and RT, and wrist supination-pronation LT and RT. These specific variables, as illustrated in Figure 2, only demonstrated visible dissimilarities between free walking and pole walking, irrespective of the left or right side of the measurement. Intriguingly, the type of poles utilised did not induce any changes. During the act of walking with poles, a reduction in the angles of arm abduction and rotation, as well as wrist supination, was observed. This reduction was estimated to be approximately 20–30%, with no significant variations between the left and right limbs or between the types of poles. In addition, a significant (more than double) increase in the wrist radial-ulnar value was noted. However, the interactions between the side of measurement (left versus right) and the type of pole (standard versus mechatronic), as depicted in the individual graphs of Figure 2, were not statistically significant (p > 0.05).





4. Discussion


The literature lacks studies comparing the free gait with the NW gait of healthy elderly individuals, which would allow the development of an NW gait pattern. Most studies focus on the use of NW as a training method to improve the efficiency of elderly individuals or for specific conditions stemming from functional deficits associated with circulatory, vascular, locomotor, and nervous system diseases. This limits the possibility of comparing the results of our research with those of other authors.



The authors’ research showed only statistically significant differences in 4 out of 37 analysed kinematic parameters and one (stride time) statistically significant difference in spatio-temporal parameters of free walking, walking with classic NW poles, and mechatronic poles among elderly individuals with no prior experience in NW.



In our study, there were no changes characteristic of the NW gait compared to the free walking shown in the studies of other authors: greater stride length, shorter cadence, greater mobility ranges in the joints of the upper and lower limbs, and muscle involvement, especially in the hip and ankle joints [12,27].



Our previous research on the gait of NW instructors with classic and mechatronic poles revealed most of the significant differences in time parameters (stance phase, swing phase, single support, double support, loading response, and pre-swing) between the three types of gait, which differences were not confirmed in older people. The analysis of the kinematic parameters of gait in the group of NW instructors and older people showed significant differences in wrist radial-ulnar and wrist supination-pronation. In the remaining parameters regarding the joints of the upper limb, no significant differences were confirmed among the NW instructors. In the parameters relating to the joints of the lower limb in the group of NW instructors, significant differences were found for hip flexion-extension, ankle ab/adduction, and ankle inversion–eversion. No significant differences in the group of elderly people were confirmed for kinematic parameters of lower limb joints and trunk movements [28].



The observations of other authors, who showed an extension of double and single support during the NW gait of older adults compared to free walking (without poles), have also not been confirmed [13]. This may result from the study of people with various levels of physical fitness and the advancement of their NW technique, which significantly limits the possibility of a reliable comparison of the results obtained by different authors.



On the other hand, the presence of only one statistically significant difference in the spatio-temporal parameters and the lack of significance of the vast majority of kinematic parameters in our study indicate that older people use free walking patterns during NW walking, meaning that they do not make use of the possibilities offered by walking poles. This outcome could be attributed to factors such as habitual walking patterns deeply ingrained over the years, a lack of specific training to effectively use the poles, or possibly the cognitive and physical adaptability required for older adults to modify established motor patterns.



Among the significant differences in kinematic parameters, in our study, higher values of shoulder ab/adduction, shoulder internal-external rotation, and wrist supination-pronation during free walking were found compared to the NW gait, which may indicate that poles constituted a kind of change in the movement pattern, limiting/inhibiting the range of the movements mentioned above in the joints of the upper and lower limbs. They did not support the appropriate phases of gait, and in some way, they even made it difficult to perform them.



Proper cooperation of the upper limbs and lower limbs during walking, which requires the appropriate range of motion in their joints, ensures the required walking speed and balance, reducing the risk of falling [27]. In the case of the older participants, who had no experience in NW, the poles in the initial period of their use could be an aid and even an obstacle during walking. Therefore, at the stage of learning NW, special care should be taken, especially in the case of older people and people with reduced physical fitness. Slightly different results were obtained by Boccia et al. [29]. They found that the NW gait does not increase the complexity of movement control and does not change the coordination of the muscles of the lower limbs, suggesting that it is a physical activity suitable also for people with low motor skills [29]. Perhaps the reason for these differences is the study of different age populations, as the influence of the NW gait on its biomechanics cannot be ruled out, depending on the age of the tested people or measurements performed in different conditions, e.g., at different walking speeds.



On the other hand, higher values of wrist radial-ulnar during NW compared to free gait are perhaps the first and the earliest manifestation of this gait technique by people who have not previously practised walking with poles.



The lack of significant differences in most of the spatio-temporal and kinematic parameters of the NW gait with classic poles and mechatronic poles in older adults indicates that additional sensors mounted on the pole did not constitute a factor that would increase the difficulty of using this pole and change the pattern of movement. Taking into account the previous comments on the limitations of the use of classic NW poles by older adults not prepared for this type of gait, after their elimination, i.e., a basic mastery of the technique of this gait, mechatronic poles could be a reliable method of analysis and information on the biomechanics of NW gait in real time.




5. Limitations of the Conducted Study


The discussed study was performed in a relatively small group of people with a 2-fold majority of women over men. Firstly, a small number of participants increases the risk of statistical error, and sex disproportion may also be a variable confusing the obtained findings. This was influenced by the COVID-19 pandemic, which significantly impeded recruitment for the study, as older adults were at increased risk of infection with the Sars-CoV-2 coronavirus. Nevertheless, in the future, similar studies should be performed on a larger group of people, considering sex as an independent variable.



As a final point, the use of IMU sensors itself may potentially influence gait patterns. To address this concern, we took several precautions to minimise the potential influence of the system sensors. Firstly, we followed standardised procedures for placing the sensors on the body and poles, as recommended by the manufacturer of the system. We also calibrated the system before each participant’s testing session to ensure accurate measurement of motion data. Secondly, we asked all participants to wear comfortable clothing and shoes during the testing session to minimise any additional effects on their gait pattern. Finally, we acknowledge that previous studies [30,31] and our own studies [32,33] have shown that the presence of IMU sensors does not interfere with natural movement nor alter gait patterns, and any differences in joint angle measurement can be attributed to the variability in the anatomical models used for calculations. The MyoMOTION MR3 sensors used in our study are small, lightweight, and wireless and are attached directly to the body and poles.




6. Conclusions


In light of our findings and in comparison with other studies, it is evident that the expected biomechanical advantages of the NW gait, such as reduced cadence and enhanced joint mobility, were not observed in our cohort of older adults. This discrepancy suggests that without specific training and adaptation, older individuals may not automatically derive the potential biomechanical benefits of NW, underscoring the critical need for tailored training programs that focus on the correct utilization of NW techniques for this demographic. Furthermore, the study found no significant differences in gait patterns between classic NW poles and mechatronic NW poles equipped with sensors for biomechanical analysis and feedback. The study also observed no significant differences in the involvement of upper and lower limbs between the NW gait and free walking in older adults, suggesting that they did not fully utilise the potential benefits of the NW gait. Finally, the study found that spatio-temporal and kinematic parameters were symmetric between the right and left sides in classic and mechatronic NW gait in older adults. These findings contribute to a better understanding of the potential benefits of NW for older adults and highlight the importance of mastering the correct gait technique to realise these benefits fully.
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Figure 1. Illustration of sensors’ placement on the body and the poles. The image was taken upon receiving written permission from the participant. 
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Figure 2. The utilisation of either standard or mechatronic poles leads to alterations in selected gait kinematic parameters. It’s important to note that the p-values derived from Tukey’s post hoc analysis signify variances in walking with poles as compared to standard walking without poles. The mean values, represented by points with vertical segments, hold a 95% confidence level, indicating their statistical significance. 






Figure 2. The utilisation of either standard or mechatronic poles leads to alterations in selected gait kinematic parameters. It’s important to note that the p-values derived from Tukey’s post hoc analysis signify variances in walking with poles as compared to standard walking without poles. The mean values, represented by points with vertical segments, hold a 95% confidence level, indicating their statistical significance.



[image: Applsci 14 03057 g002]







 





Table 1. Characteristics of the study group.
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Participants’ Initials

	
Age (Years)

	
Body Height

(cm)

	
Body Mass

(kg)






	
Women




	
P01

	
71

	
164

	
59




	
P02

	
65

	
174

	
62




	
P03

	
74

	
166

	
58




	
P04

	
69

	
164

	
58




	
P05

	
70

	
165

	
57




	
Mean ± SD

	
69.8 ± 3.3

	
166.6 ± 4.2

	
58.8 ± 1.9




	
Men




	
P06

	
72

	
170

	
74




	
P07

	
73

	
176

	
77




	
Mean ± SD

	
72.5 ± 0.7

	
173 ± 4.2

	
75.5 ± 2.1








Legend: SD—standard deviation.













 





Table 2. Differences between the measurements of the spatio-temporal parameters of gait: “without a pole” (1) vs. “with a standard pole” (2) vs. “with a mechatronic pole” (3) in the group of older adults (n = 7).
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Parameters

	
Gait without a Pole

(1)

Mean ± SD

	
Gait with a Standard Pole

(2)

Mean ± SD

	
Gait with a Mechatronic Pole

(3)

Mean ± SD

	
p-Value

for the ANOVA Test

	
Sign. Difference (1)-(2)-(3)

(by Posthoc Test)






	
Step Cadence, step/min

	
117.44 ± 9.52

	
114.3 ± 10.23

	
114.8 ± 8.07

	
0.051

	




	
Stride time duration, ms

	
1031.8 ± 86.9

	
1060.3 ± 100.8

	
1051.9 ± 79.5

	
0.039

	
(1)-(2)




	
Step time, ms

	
LT

	
529.06 ± 39.79

	
533.08 ± 47.99

	
523.96 ± 41.01

	
0.109

	




	

	
RT

	
502.78 ± 56.19

	
527.2 ± 53.67

	
527.98 ± 40.5

	

	




	
Stance phase, %

	
LT

	
62.16 ± 2.56

	
61.81 ± 2.04

	
62.74 ± 2.05

	
0.688

	




	

	
RT

	
62.25 ± 1.55

	
61.61 ± 2.07

	
61.92 ± 2.91

	

	




	
Swing phase, %

	
LT

	
37.84 ± 2.56

	
38.23 ± 2.11

	
37.69 ± 2.2

	
0.558

	




	

	
RT

	
37.75 ± 1.55

	
38.39 ± 2.07

	
38.08 ± 2.91

	

	




	
Single support, %

	
LT

	
36.71 ± 2.3

	
37.89 ± 2.4

	
37.78 ± 2.47

	
0.086

	




	

	
RT

	
37.27 ± 2.77

	
38.16 ± 2.12

	
37.41 ± 1.93

	

	




	
Double support, %

	
25.22 ± 3.97

	
23.67 ± 4.25

	
24.52 ± 4.63

	
0.343

	




	
Loading response, %

	
LT

	
11.62 ± 2.48

	
11.66 ± 2.08

	
12.18 ± 2.31

	
0.329

	




	

	
RT

	
13.13 ± 1.78

	
11.73 ± 2.11

	
12.13 ± 2.68

	

	




	
Pre-swing, %

	
LT

	
13.83 ± 2.46

	
12.22 ± 2.45

	
12.34 ± 2.40

	
0.129

	




	

	
RT

	
11.85 ± 2.6

	
11.71 ± 2.06

	
12.38 ± 2.09

	

	








Legend: SD—standard deviation; LT, RT—left and right sides, respectively; no significant differences between LT and RT for all variables.













 





Table 3. Differences between the measurements of the kinematic parameters of gait: “without a pole” (1) vs. “with a standard pole” (2) vs. “with a mechatronic pole” (3) among participants of the University of the Third Age (n = 7).






Table 3. Differences between the measurements of the kinematic parameters of gait: “without a pole” (1) vs. “with a standard pole” (2) vs. “with a mechatronic pole” (3) among participants of the University of the Third Age (n = 7).





	
Parameters

(deg)

	
Gait without a Pole

(1)

Mean ± SD

	
Gait with a Standard Pole

(2)

Mean ± SD

	
Gait with a Mechatronic Pole

(3)

Mean ± SD

	
p-Value

for the ANOVA or F test

	
Significant(1)-(2)-(3)

(Posthoc Test)






	
Trunk movements

	

	

	

	

	




	
Thoracic Flexion

	
3.19 ± 1.39

	
2.76 ± 0.92

	
3.41 ± 1.24

	
0.137

	




	
Thoracic Lateral Flexion

	
2.61 ± 1.19

	
2.51 ± 1.04

	
2.19 ± 0.62

	
0.419

	




	
Thoracic Axial Rotation

	
3.49 ± 1.17

	
3.35 ± 2.15

	
4.84 ± 2.94

	
0.050

	




	
Lumbar Flexion

	
4.01 ± 1.49

	
4.11 ± 1.19

	
4.16 ± 0.79

	
0.652

	




	
Lumbar Lateral flexion

	
9.25 ± 4.77

	
9.4 ± 3.68

	
9.21 ± 3.22

	
0.987

	




	
Lumbar Axial Rotation

	
8.52 ± 3.72

	
9.08 ± 1.94

	
9.26 ± 3.18

	
0.866

	




	
Pelvic Tilt

	

	
3.67 ± 1.56

	
3.88 ± 1.05

	
4.23 ± 2.02

	
0.607

	




	
Pelvic Obliquity

	

	
5.97 ± 3.48

	
6.38 ± 2.52

	
6.37 ± 1.72

	
0.667

	




	
Pelvic Rotation

	

	
7.13 ± 3.85

	
9.24 ± 3.95

	
11 ± 4.17

	
0.051

	




	
Upper limb movements

	

	

	

	

	

	




	
Shoulder Flexion-Extension

	
LT

	
21.58 ± 7.58

	
19.60 ± 5.46

	
19.09 ± 7.90

	
0.265

	




	

	
RT

	
24.71 ± 7.75

	
21.11 ± 6.78

	
21.35 ± 8.07

	

	




	
Shoulder Ab-Adduction

	
LT

	
16.03 ± 9.69

	
10.76 ± 4.54

	
12.57 ± 8.11

	
0.005

	
(1)-(2)




	

	
RT

	
17.61 ± 10.7

	
12.26 ± 5.52

	
11.84 ± 4.77

	

	
(1)-(3)




	
Shoulder Rotation

	
LT

	
37.90 ± 13.01

	
16.58 ± 4.7

	
19.46 ± 11.48

	
<0.001

	
(1)-(2)




	

	
RT

	
51.70 ± 15.81

	
16.69 ± 7.27

	
23.03 ± 12.71

	

	
(1)-(3)




	
Elbow Flexion-Extension

	
LT

	
28.53 ± 8.35

	
31.74 ± 6.72

	
38.32 ± 11.64

	
0.059

	




	

	
RT

	
28.83 ± 8.85

	
29.13 ± 8.66

	
33.89 ± 15.75

	

	




	
Wrist Flexion-Extension

	
LT

	
10.86 ± 7.89

	
8.00 ± 2.90

	
7.36 ± 4.69

	
0.807

	




	

	
RT

	
13.21 ± 4.73

	
9.90 ± 4.63

	
12.11 ± 7.83

	

	




	
Wrist Radial-Ulnar

	
LT

	
7.68 ± 5.65

	
15.76 ± 7.61

	
15.11 ± 7.4

	
0.004

	
(1)-(2)




	

	
RT

	
6.18 ± 6.18

	
15.78 ± 5.46

	
16.62 ± 6.07

	

	
(1)-(3)




	
Wrist Supination-Pronation

	
LT

	
29.05 ± 10.25

	
19.97 ± 13.16

	
22.22 ± 16.41

	
0.004

	
(1)-(2)




	

	
RT

	
44.41 ± 19.05

	
18.09 ± 9.81

	
26.09 ± 12.28

	

	
(1)-(3)




	
Lower Limb movements

	

	

	

	

	

	




	
Hip Flexion-Extension

	
LT

	
58.19 ± 7.57

	
58.84 ± 5.44

	
59.59 ± 6.16

	
0.081

	




	

	
RT

	
56.37 ± 7.86

	
58.27 ± 9.06

	
59.65 ± 10.48

	

	




	
Hip Ab-Adduction

	
LT

	
14.49 ± 4.25

	
16.01 ± 4.97

	
17.01 ± 2.28

	
0.424

	




	

	
RT

	
13.13 ± 4.69

	
13.57 ± 3.47

	
14.42 ± 3.13

	

	




	
Hip Rotation

	
LT

	
24.30 ± 5.41

	
24.24 ± 4.41

	
25.65 ± 4.21

	
0.257

	




	

	
RT

	
22.38 ± 8.62

	
21.65 ± 7.22

	
20.58 ± 5.99

	

	




	
Knee Flexion-Extension

	
LT

	
67.99 ± 6.7

	
66.74 ± 4.84

	
66.31 ± 4.4

	
0.168

	




	

	
RT

	
64.46 ± 7.73

	
63.03 ± 6.32

	
62.35 ± 7.34

	

	




	
Ankle Dorsi-Plantarflexion

	
LT

	
28.95 ± 4.25

	
28.87 ± 3.78

	
28.73 ± 2.65

	
0.406

	




	

	
RT

	
28.49 ± 4.68

	
29.59 ± 4.8

	
31.03 ± 5.44

	

	




	
Ankle Ab-Adduction

	
LT

	
16.08 ± 4.23

	
14.19 ± 4.64

	
15.19 ± 4.46

	
0.274

	




	

	
RT

	
15.97 ± 7.77

	
14.62 ± 5.43

	
13.99 ± 6.62

	

	




	
Ankle Inversion-Eversion

	
LT

	
13.12 ± 5.17

	
10.12 ± 2.65

	
12.20 ± 4.90

	
0.540

	




	

	
RT

	
16.23 ± 5.46

	
15.92 ± 4.71

	
16.00 ± 6.17

	

	








Legend: The results of Friedman’s test are in italics; SD—standard deviation; LT, RT—left and right sides, respectively; no signific