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Abstract

Objective—To evaluate the effects of 12-week polestriding intervention on gait and disease 

severity in people with mild to moderate Parkinson’s disease

Design—A-B-A withdrawal study design

Setting—Outpatient movement disorder center and community facility.

Participants—Individuals (9 females and 8 males; mean age: 63.7 ± 4.9 years; range 53 – 72 

years) with mild to moderate PD according to UK brain bank criteria with Hoehn and Yahr (H&Y) 
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score from 2.5 to 3.0 with a stable medication regimen and ability to tolerate ‘off’ medication 

state.

Intervention—12-week polestriding intervention with 12-week follow-up.

Main Outcome Measures—Gait was evaluated using several quantitative temporal, spatial, and 

variability measures. In addition, disease severity was assessed using clinical scores such as 

Unified Parkinson’s Rating Scale (UPDRS), H&Y score, and Parkinson’s Disease 

Questionnaire-39 (PDQ-39).

Results—Step and stride lengths, gait speed, and step-time variability were improved 

significantly (p < 0.05) due to 12-week polestriding intervention. Also, the UPDRS motor score, 

the UPDRS axial score, and the UPDRS subscales on walking and balance improved significantly 

after the intervention.

Conclusions—Since increased step-time variability and decreased step/stride lengths are 

associated with PD severity and an increased risk of falls in PD, the observed improvements 

suggest that regular practice of polestriding may reduce the risk of falls and improve mobility in 

people with PD.
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Individuals with Parkinson’s disease (PD) experience gait impairments that manifest as 

reduced walking speed, step and stride lengths, and swing phase1,2,3, and increased step-

time and stride-time variabilities that correlate well with disease severity and falls4,5. These 

impairments can lead to decreased independence and associated increases in 

institutionalization and health care costs6-8. Importantly, pharmacological treatments do not 

fully remove these impairments9 and their benefits wane over time10,11. Therefore, the need 

for non-pharmacological interventions in PD has come to the forefront. Polestriding (or 

‘polewalking’ or ‘Nordic walking’) is an outdoor noncompetitive fitness activity in which 

the practitioners perform brisk walking with specially designed poles. It involves walking 

upright and looking forward with the poles used bilaterally in a movement similar to cross-

country skiing. Compared to normal walking, polestriding involves greater activation of arm 

and trunk muscles to produce larger arm swings and trunk rotation12. Placement of the poles 

provides additional points of support, thereby increasing stability. Proper polestriding 

involves deliberate arm swings, which may promote longer steps13 and it provides external 

cues from the landing of the poles for each step14, which may encourage greater regularity 

in step/stride times. In non-PD populations, polestriding has been shown to improve 

maximum oxygen uptake15,16, blood pressure17, and claudication pain18. It is of special 

interest to people with PD since it provides an increased base of support and is more aerobic 

than regular walking19.

In PD, polestriding interventions have been shown to improve quality of life20,14, walking 

speed14 and sit-to-stand transfer21. A study22 involving polestriding training resulted in 

improvements in many clinical scores on balance, lower limb muscles strength, 6-minute 

walking test, and Timed Up and Go test during medication-on state. But more detailed gait 
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measures were not obtained. In contrast, a recent study23 that utilized a polestriding 

intervention did not find any improvements in UPDRS and gait measures during medication-

off state when the entire cohort of subjects were considered. The purpose of this study was 

to investigate the effects of polestriding intervention on several quantitative gait indices 

calculated from hundreds of strides in the medication-off state. It was hypothesized that a 

12-week intervention program of polestriding would increase step/stride lengths, decrease 

step/stride-time variability measures, and would alleviate disease symptoms in people with 

mild to moderate PD. Documentation of improvements in these gait measures could provide 

strong motivation for clinical exercise prescription because these measures are related to 

disease severity and falls in PD4,5 and do not respond well to pharmacological treatment9-11.

Methods

All study procedures were approved by the appropriate institutional review boards and all 

subjects voluntarily signed the informed consent form prior to participating in the screening 

process.

Subjects

Subjects were recruited by placement of flyers in several movement disorder clinics in the 

Phoenix metropolitan area. Individuals who expressed interest in participating were screened 

by a movement disorder neurologist (co-author) in an outpatient movement disorders center 

to determine eligibility for the study. Criteria for inclusion were: (1) the presence of 

idiopathic PD according to UK brain bank criteria24, (2) age between 50-75 years, (3) 

disease severity represented by Hoehn and Yahr (H&Y) score from 2.5 to 3 in the 

medication-on state, (4) stable medication regimen for the 4 weeks prior to the study, and (5) 

ability to tolerate the medication-off condition. Criteria for exclusion were: (1) presence of 

dementia as defined by Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV 

criteria, (2) significant hepatic, renal, cardiovascular, cardiopulmonary, or endocrine issues, 

(3) significant dyskinesia, (4) significant on/off fluctuation, (5) freezing of gait leading to 

falls, (6) other medical condition which, in the opinion of the movement disorder neurologist 

(co-author) and/or the subject’s treating physician would affect subject safety or ability to 

comply with the study procedures, or (7) recent or current participation in any aerobic 

exercise program or any exercise program (such as Tai Chi or treadmill training) to 

specifically improve gait or balance.

Twenty-two persons with PD were screened; 17 were enrolled (Table 1: 9 females and 8 

males; mean age: 63.7 ± 4.9 years; range 53 – 72 years). Two were found ineligible (1 due to 

a cardiac issue; 1 due to an orthopedic issue) and 3 declined to enroll. Subjects were allowed 

to continue simple exercise routines such as regular walking or stretching over the course of 

the study.

Polestriding protocol

The 12-week polestriding intervention (three 1-hour sessions/week including 10-minute 

warm up and cool down periods involving stretching exercises) was conducted in an indoor 

track at a community facility. The polestriding intervention was conducted in two groups (9 
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subjects, 8 subjects) to facilitate effective supervision during the intervention sessions and 

completion of the gait and clinical evaluations in a timely manner before and after the 

intervention. Prior to the intervention, each subject attended a 2-hour class that included 

watching an instructional video provided by Exerstridera. After the video session, each 

subject was given telescopic Exerstridera poles adjusted such that their elbows were bent at 

about 90° when the poles were held at the grips and were placed vertically with the tips on 

the floor. Next, they were asked to practice for about an hour under the supervision of a 

recreation therapist to ensure that they learned proper polestriding technique. The duration 

of the practice session was selected based on studies that provided practice from one-half to 

two hours12,22,25,26. The instructional video CD and printed manual were given to each 

subject for optional home-viewing, but poles were not provided to ensure that they practiced 

polestriding only during the intervention sessions.

The polestriding intervention sessions were conducted at the same time of the day in the 

morning during subjects’ medication-on state to maximize motor capabilities. All sessions 

were conducted by a recreational therapist with extensive experience in teaching exercise 

classes in people with PD including polestriding. During each intervention session, subjects 

were asked to wear a pedometer (Omron HJ-720ITC)c and a heart rate monitor (Polar FT4)d 

to measure their average and maximum heart rates, calories burned, number of steps, and 

distance walked. For each subject, the step length obtained during the pre-intervention 

evaluation was used to program the pedometer for calculation of walking distance. During 

each intervention session, subjects were asked to polestride at a brisk pace for 40 minutes. 

For subjects who were unable to polestride continuously for 40 minutes, the protocol 

allowed for short breaks (up to 2 minutes) and included a plan to increase the exercise 

duration progressively as tolerated for each subject by up to 5 minutes per 2-week period 

until the subject was able to complete the full 40-minute session.

Gait and Clinical Evaluations

Each subject was evaluated in the same outpatient movement disorder center at four time 

points, each separated by 12-week intervals: (1) baseline evaluation, (2) pre-intervention 

evaluation, (3) post-intervention evaluation, and (4) follow-up evaluation. During the 12 

weeks between baseline and pre-intervention evaluations and during the 12 weeks between 

the post-intervention evaluation and the follow-up evaluation, the subjects were asked not to 

participate in any aerobic exercise program or any exercise program to specifically improve 

gait or balance, including polestriding.

Quantitative gait measures were obtained using IDEEA (MiniSun, CA)b, a portable gait 

system that can provide reliable gait parameters27,28. Sensors approximately the size of a 

nickel (~18mm × 15mm × 3mm) and the weight of a penny (~ 2 grams) were attached to the 

sternum, the anterior surface of each thigh, and the sole of each foot; the sensors were 

connected with thin wires to the lightweight processor unit that was worn at the waist. This 

aExerstrider Products Inc.
cOmron Healthcare Inc.
dPolar Electro Inc.
bMiniSun Inc.
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setup did not noticeably affect subjects’ walking patterns and the data were downloaded at 

the end of the gait trials. During each evaluation session, the subject walked overground at 

their comfortable speed for 2 trials of 160 meters each in a straight corridor, with a 180° turn 

at every 40 meters. In addition to the gait evaluation, at each evaluation time point each 

subject’s resting state heart rate was obtained while supine and his/her maximum heart rate 

was obtained during a treadmill-based stress test following the Balke-Ware protocol29. 

Moreover, disease severity was evaluated by a movement disorder neurologist (co-author) 

using the Unified Parkinson’s Disease Rating Scale (UPDRS), the H&Y scale, and the 

Parkinson’s Disease Questionnaire-39 (PDQ-39). The neurologist did not observe any of the 

polestriding intervention sessions and did not have access to prior evaluation scores during 

subsequent evaluation sessions. All gait and clinical evaluations including the stress test 

were performed in the subjects’ medication-off state (at least 12 hours after the last usual 

dosage of antiparkinson medication) and at the same time of the day.

Data Analysis

Data from the gait trials during the evaluation sessions were used to calculate several 

quantitative gait indices. Only steady-state walking segments were considered by excluding 

6 steps immediately after gait initiation, before gait termination, and before and after the 

turns. Step length, stride length, gait speed, cadence, single leg support duration, double leg 

support duration, and swing power (defined as the maximum deceleration during mid and 

terminal swing phases30) were calculated. Also, coefficients of variation (CV) of step time 

and stride time were obtained to characterize variability. All gait indices were calculated 

using about 500 steps from gait trials during each session to improve reliability31.

For each intervention session, the total distance walked was calculated using the number of 

steps recorded on the pedometer during that session and the step length that was measured 

during the pre-intervention session. Exercise intensity was calculated according to the 

formula of Karvonen32,33 using the values of resting heart rate (obtained while supine) and 

maximum heart rate (obtained during the treadmill-based stress test).

The effects of the polestriding intervention on axial symptoms were evaluated by calculating 

the sum of the UPDRS-Part II subscores for speech (item 5), swallowing (7), turning in bed 

(12), falling (13), freezing (14), walking (15) and of the UPDRS-Part III subscores for 

speech (18), neck rigidity (22), rising from a chair (27), posture (28), gait (29), and postural 

instability (30)34. In addition, the effects of the polestriding intervention on gait and balance 

(termed as UPDRS– GB) were assessed by calculating the sum of the scores of the UPDRS-

Part II items for falling (13), freezing (14), walking (15) and the UPDRS-Part III items for 

rising from a chair (27), posture (28), gait (29), and postural instability (30).

A repeated measures ANOVA (SPSS, IBM) was performed for each measure on the data 

obtained at baseline, pre-intervention, post-intervention, and follow-up evaluations. 

Following the omnibus test, post-hoc pairwise comparisons were performed with the 

Bonferroni correction (for 6 pairwise comparisons); changes were considered significant 

between two conditions at p < 0.05.
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Results

Sixteen of 17 subjects successfully completed the protocol; 1 subject could not complete the 

protocol for reasons unrelated to the study. There were no adverse effects reported. Of the 

subjects who completed the protocol, subjects completed 32 ± 4 sessions out of a total of 36 

sessions (Table 2) and all the subjects except one (subject #4) completed more than 75% of 

the sessions. Across the intervention sessions, subjects expended 178 ± 44 calories/session 

with a heart rate of 112 ± 13 beats/minute and maximum heart rate of 136 ± 15 beats/

minute. Exercise intensity values calculated for each subject across all of the sessions ranged 

from 20% to 90% with most values in the range from 40% to 70% and no consistent 

increasing/decreasing trends across sessions were observed. Subjects took an average 5194 

± 899 steps/session and covered a distance of 2 ± 0.6 miles/session (Table 2). Although 

participation in a minimum of 27 sessions (75% of the sessions) was specified for inclusion 

in the statistical analysis, the data from subject #4 (who attended only 19 of the 36 

intervention sessions) were included in the analyses presented here using the intention-to-

treat approach. However, inclusion/exclusion of the data from subject #4 did not change the 

significance of the results. All subjects were able to complete 40 minutes of polestriding in 

each session attended, but three subjects took a couple of short breaks (< 2 minutes) during 

the first few intervention sessions.

The repeated measures ANOVA with post-hoc pairwise comparisons using the Bonferroni 

correction demonstrated improvements due to the polestriding intervention as indicated by 

significant differences between the pre-intervention and post-intervention values for step 

length (p = 0.008), stride length (p = 0.008), gait speed (p = 0.023) and step time variability 

(p = 0.049) (Figure 1, Table 3). None of these variables showed a statistically significant 

difference between the baseline and pre-intervention values and the associated effect sizes35 

were opposite in sign and much smaller in magnitude than the effect sizes of the pre-

intervention to post-intervention comparisons (Table 4). These results indicate that the 

effects of the polestriding intervention were statistically significant and that they more than 

offset any changes that occurred due to detraining between the baseline and pre-intervention 

time points.

The polestriding intervention also decreased disease severity as indicated (Table 5) by 

significant reductions in H&Y score (p < 0.001), UPDRS motor score (p = 0.028), UPDRS-

axial score (p = 0.045), and UPDRS-GB score (p = 0.022). The significant reductions were 

sustained at follow-up for the H&Y score (p = 0.009) and UPDRS-GB score (p = 0.034). 

There were no significant changes in the UPDRS – Part I, Part II, total UPDRS or in the 

PDQ-39 total score or its sub-components.

Discussion

This study documented the effects of a polestriding intervention in 17 subjects with mild to 

moderate PD. Fifteen of the 16 subjects who completed the study displayed excellent 

compliance with the intervention and evaluation procedures for the entire 9-month duration. 

The high compliance may be due to comfort with the activity, perceived benefits of 

polestriding and/or social interactions that the subjects received through group intervention.
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The polestriding intervention significantly improved many indices of gait that are 

specifically affected in PD. People with PD walk with reduced step length, stride length and 

speed36-38 and polestriding significantly increased these indices (by 9%, 9% and 11%, 

respectively when comparing post-intervention with pre-intervention values). The increase 

in gait speed was 11.5 cm/sec, which is greater than the 10 cm/sec required to be considered 

as a meaningful change in older adults with mild to moderate mobility deficits39. This 

increase can be attributed to the increase in stride length, since there was no significant 

change in cadence. Gait rhythmicity is also affected in people with PD as observed by 

increases in step-to-step time and stride-to-stride time variabilities4,5,40. The polestriding 

intervention improved gait rhythmicity as indicated by reductions in step time variability 

(8.9%) and stride time variability (11.7%). The increases in these variability measures have 

been associated with disease severity and increased risk of falls in PD4,5,41. Therefore, the 

improvement in these indices due to polestriding suggests that this intervention may reduce 

fall risk, which would have a strong clinical impact on this population.

Regarding disease severity, polestriding significantly reduced H&Y (by 18%), reduced 

UPDRS motor score (by 25%), and UPDRS-GB (by 36%), thus indicating its clinical 

impact. This is supported by the observation that 7 subjects did not require any changes in 

their antiparkinsonian medication for the 9-month study period and 4 subjects reduced their 

medication across the study period. There were no significant changes in subscores of 

UPDRS motor score such as tremor and rigidity and therefore significant improvement in 

UPDRS motor score might be due to significant improvements in the UPDRS axial score. A 

decrease in the UPDRS total score of 3.5 or greater has been suggested to indicate clinically 

important differences due to medical treatment in early PD42. In this study, a significant 

mean decrease of 3 in UPDRS total score was observed due to the intervention. Importantly, 

the improvements in H&Y score and UPDRS-GB score were sustained at the follow-up 

evaluation (Table 5).

The subjects were asked to refrain from participating in any exercise program that could 

improve aerobic capacity, gait, or balance, during the first 12 weeks of the study (between 

the baseline and pre-intervention evaluations). This detraining period, which was intended to 

remove the effects of any on-going regular exercise prior to administering the intervention, 

may have had a detrimental effect on some of the gait and clinical indices that were 

measured at the pre-intervention time point. However, none of the gait or clinical indices 

changed significantly due to the detraining period and the effect size for each of the 

measures that changed significantly due to the intervention was much larger because of the 

intervention than because of the detraining (Table 4). This indicates that the positive effects 

of the intervention were much stronger than any negative effects of withdrawing regular 

participation in other exercise programs.

Prior studies that investigated the effects of polestriding in PD have demonstrated 

improvements in quality of life14,20, UPDRS total score20 and motor score22, H&Y score22, 

objective balance and gait parameters22,13 including stride length, sit-to-stand 

performance21, lower limb muscle strength22, and non-motor symptoms22. As in some of 

these studies, the current study also improved UPDRS motor score, H&Y, and stride length. 

There was high variability across these prior studies with respect to number of training 

Krishnamurthi et al. Page 7

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sessions (from 12 to 78 sessions), medication state during evaluation (medication-on state22, 

medication-off state21,22, no information on medication state13,14,20), and the design of the 

intervention (only polestriding14,20,21,22; polestriding in combination with another form of 

exercise13). Unlike our study, only one of these studies conducted a follow-up evaluation but 

it was performed only in a subset of the subjects14. In contrast to these prior studies, two 

studies involving polestriding in PD did not find any significant improvements in UPDRS or 

gait23,43. One of these studies23 was similar to the study reported here with respect to the 

number and frequency of polestriding intervention sessions and evaluation at medication-off 

state. The fact that they did not observe improvements in the UPDRS or gait may have been 

due to the decision to perform one of the weekly sessions without the supervision of a 

trainer. Furthermore, the selection of the gait evaluation task (a short, 6-meter walking trial) 

might have contributed to lack of observed improvements in gait. The other study43, which 

compared polestriding with BIG training, did not observe improvements in UPDRS motor 

score, gait, or quality of life due to polestriding. This may have been due to the lower 

frequency and total number of polestriding training sessions (2 sessions per week for 8 

weeks). Unlike the current study, none of the studies discussed above examined the effects 

of the polestriding intervention on step-time or stride-time variability, which are related to 

PD severity and falls4,5. The differences in results between the prior reports that did not find 

improvements due to polestriding and the work presented here underscore the value of 

utilizing more detailed and quantitative gait measures and suggest that a successful 

intervention may require 3 or more sessions per week or a longer training period with a 

trainer or with some other means of ensuring sufficient intensity throughout each session.

Study Limitations

Although the intervention sessions were performed during the medication-on state, the 

evaluations were carried out during the medication-off state in order to minimize the 

confounding effects of medication that may vary during an experimental session and to 

compare the results across different time points, since some subjects reduced their 

medication over the course of the study. However, this limited our ability to investigate the 

synergistic effects of polestriding and medication. The clinical tests that might have 

indicated improvements in balance such as Timed Up and Go test and Berg Balance Test 

were not included in the protocol. Therefore, we extracted axial measures from UPDRS to 

investigate the effects of polestriding on balance and gait. The increased base of support 

offered by poles and practice of proper polestriding might have facilitated taking steps with 

greater step length and arm swing, which was not measured.

The total distance walked during each intervention session was calculated using the number 

of steps recorded during that session and the step length that was recorded in the pre-

intervention session. Any improvement (increase) in step length over the course of the 

intervention would have introduced errors into this calculation. Based on the magnitude of 

the increase in step length between the post- and pre-intervention time points, the error in 

distance walked due to the use of the smaller step length was about 9% across the subjects. 

Such errors would underestimate the total distance walked in each session and the errors 

might have been the largest during the final weeks of the intervention. The IDEEA sensor 

system, which was used to calculate the spatiotemporal gait measures during the evaluation 
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session, has been demonstrated to provide reliable measurements27,28. Although, there have 

been reports of poor reliability 44-46, each of these studies with poor reliability either 

included subjects with a high degree of asymmetry or subjects that used a walking aid, 

neither of which was true for the subjects in this study. Moreover, the values of 

spatiotemporal gait indices obtained in this study are comparable to those reported for 

people with PD in other studies4,47-49.

In this study, the fact that the subjects and the clinical rater were not blinded could have 

influenced the impressions of the subjects or the clinical ratings. However, the objective and 

quantitative gait scores provide strong evidence of improvements and these were highly 

consistent with the recorded clinical scores. A follow-up to this study should use a 

randomized controlled trial with blinded clinical assessments in order to compare 

polestriding to one or more exercise alternatives and to more thoroughly characterize the 

relationship between the quantitative measures and the clinical ratings.

Conclusions

In this study, most subjects found polestriding to be easy to learn and they liked performing 

it on a regular basis. Results indicated that the 12-week intervention produced significant 

improvement in a number of quantitative gait measures and some important clinical 

measures of disease severity. The clinical impact of the documented improvements in step/

stride lengths and step-time variability measures may be very high because these gait indices 

have been shown to be strongly related to disease severity and falls in the PD population. 

Although this study included only subjects with mild to moderate PD, it seems likely that 

polestriding may also provide benefits to subjects with higher levels of disease severity and 

more pronounced deficits in posture and gait.
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ANOVA Analysis of Variance

CV Coefficient of variation

DSM-IV Diagnostic and Statistical Manual of Mental Disorders – IV
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H&Y Hoehn & Yahr

PD Parkinson’s disease

PDQ-39 Parkinson’s Disease Questionnaire-39

UPDRS Unified Parkinson’s Disease Rating Scale
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Highlights

Gait impairments in Parkinson’s disease severely affect quality of life

Traditional treatments do not fully alleviate gait difficulties

Increased gait variability and decreased step length are risk factors for falls

Polestriding improved gait rhythmicity and step/stride amplitude

Regular polestriding may reduce the risk of falls in Parkinson’s disease
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Figure 1. 
The changes in (A) step length, (B) stride length, (C) speed, (D) swing power, and 

variability in (E) step-time and (F) stride-time due to polestriding training averaged across 

16 subjects (± 1 std. dev.) with mild to moderate Parkinson’s disease are shown. The 

variability in step-time and stride-time are provided in terms of coefficient of variation in 

percentage. Values are plotted for measurements at each of 4 time points: baseline, pre-

intervention, post-intervention, and follow-up. The horizontal lines connecting different 

conditions denote that the improvements in corresponding gait indices were statistically 

significant between those conditions at p < 0.05 after Bonferroni correction for pairwise 

comparisons.
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