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A B S T R A C T

Background and purpose: Complementary therapies, such as yoga, have been proposed to address gait and balance
problems in Parkinson's disease (PD). However, the effects of yoga on gait and static balance have not been
studied systematically in people with PD (PWP). Here we evaluated the effects of a 12-week long Hatha yoga
intervention on biomechanical parameters of gait and posture in PWP.
Methods: We employed a pilot randomized controlled trial design with two groups of mild-to-moderate PWP
(immediate treatment, waitlist control; N¼ 10 each; Mean Hoehn and Yahr score¼ 2 for each group). Baseline
Unified Parkinson's Disease Rating Scale (UPDRS) motor scores, and gait and postural kinematics including
postural sway path length, cadence, walking speed, and turning time were obtained. The immediate treatment
group received a 60-min Hatha yoga training twice a week for 12 weeks, while the waitlisted control group
received no training. After 12 weeks, gait and postural kinematics were assessed (post-test for treatment group
and second-baseline for waitlist group). Then, the waitlist group received the same yoga training and was eval-
uated post-training.
Results: After Hatha yoga training, UPDRS motor scores improved with an 8-point mean decrease which is
considered as a moderate clinically important change for mild-moderate PD. Sway path length during stance
decreased significantly (mean reduction: -34.4%). No significant between-group differences or improvements in
gait kinematics were observed.
Conclusion: This study showed that a 12-week Hatha yoga training can improve static balance in PWP. We found
no evidence that it systematically improves gait performance in PWP.
Introduction

The clinical impact of altered posture and gait in Parkinson's disease
(PD) is well known,1–3 leading to a reduced quality of life and an
increased risk of falling.4 Reports indicate that 70% of people with PD
(PWP) will fall during the disease course, often resulting in serious
consequences.5 Objective measures of body sway show that
antero-posterior and medio-lateral displacements of the center of pres-
sure (COP) are markedly variable in PWP when compared to
age-matched healthy controls.6,7 The neural mechanisms underlying
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postural dyscontrol in PD include abnormal postural reflex amplitudes,
latencies,8,9 anticipatory postural adjustments,10,11 and deficits in so-
matosensory processing.12,13 Myogenic features such as reduced strength
in leg muscles have also been described.14,15

Current treatment options such as anti-parkinsonian medication and
deep brain stimulation (DBS) are known to have beneficial effects on
Parkinsonian signs such as tremor, bradykinesia and rigidity.16 However,
their impact on improving gait and posture is limited. For example, they
do not reduce the number of postural corrections during standing.6 DBS
improves asymmetry of gait, increases stride length and gait velocity, but
siology, University of Minnesota, 1900 University Ave. SE, Minneapolis, MN,

ay 2020

. on behalf of KeAi. This is an open access article under the CC BY-NC-ND license

mailto:naveen@umn.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.smhs.2020.05.005&domain=pdf
www.sciencedirect.com/science/journal/26663376
www.keaipublishing.com/en/journals/sports-medicine-and-health-science/
https://doi.org/10.1016/j.smhs.2020.05.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.smhs.2020.05.005
https://doi.org/10.1016/j.smhs.2020.05.005


N. Elangovan et al. Sports Medicine and Health Science 2 (2020) 80–88
does not restore gait that is comparable to healthy adults.17 STN DBS has
been shown in recent meta-analyses to deteriorate gait.18,19

Given the limited postural improvement derived from pharmacolog-
ical and neuromodulation therapies, numerous forms of complementary
therapies such as treadmill training, biofeedback training, as well as
ballroom dancing, tai chi and yoga have been proposed to address
postural stability problems in PD.20 There is preliminary evidence that
Hatha yoga positively influences balance and enhances functional joint
range of motion (ROM) in PWP. A case study reported improvements in
lower extremity muscle strength, reaction time, movement speed, and
endpoint excursions during dynamic balance tasks after an intensive
12-week program of combined strength and yoga training.21 Other
studies reported general improvements in motor function based on
clinical rating scales. For example, after a 12-week yoga training, Unified
Parkinson's Disease Rating Scale (UPDRS) motor scores decreased be-
tween 7-12 points22–25 and Berg Balance Scores improved by 10 points,26

indicating that yoga can positively affect standing balance. It is important
to note these studies reported improvements in UPDRS motor scores are
moderate clinically important differences27 and improvements in Berg
Balance Scores are above minimum detectable change.28

At this point, the effects of Hatha yoga on balance performance in
PWP are promising, but have not been systematically evaluated. Specif-
ically, it is unclear, whether yoga can lead to improvements in dynamic
Fig. 1. CONSORT flow diagr
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balance and gait, in addition to enhancing standing balance and func-
tional joint range-of-motion. It is imperative to understand the effect of
yoga on static as well as dynamic balance. The current study seeks to
address this knowledge gap. In addition to using clinical measures, e.g.
UPDRS rating scales, we obtained objective biomechanical outcome
measures of standing and dynamic balance to evaluate the effects of
Hatha yoga training on posture, gait and joint flexibility of the trunk and
lower limbs.

Methods

Participants

Twenty PWP were recruited for study participation (see Fig. 1) based
on the following inclusion criteria: 1) A diagnosis of mild to moderate
idiopathic PD (Hoehn and Yahr stages I – III), 2) age between 45-75
years, 3) stable dose of dopaminergic medication for 4 weeks prior to
enrollment, 4) not having practiced any form of yoga regularly in the past
6 months, 5) not currently participating in a supervised exercise program
for more than 2 days a week, 6) no other known neurological condition,
7) no history of falls in the past 3 months, 8) normal cognitive function
(>/¼ 26 on Montreal Cognitive Assessment), 9) stable hemodynamic
function, 10) no spinal fusion or other orthopedic surgery in the past 6
am of study participants.
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months, and 11) ability to ambulate 6m without any assistive device.
Twenty people consented and 18 participants (mean age� SD: 64.2� 7.5
years) completed all required study stages (see Table 1 for participant
demographics). As there is no consensus on sample size for pilot and
feasibility studies,29 our sample size was determined by safety concerns
for class size that restricted a group of no more than 10 participants with
a single yoga teacher and a research assistant. The study procedure was
reviewed and approved by the Human Research Protection Program, Uni-
versity of Minnesota. Informed consent was obtained from all participants.
Experimental design

This pilot study used a randomized controlled trial design with 2-
arms: an immediate treatment group and a waitlist control group (see
Fig. 2). The experimental design was implemented to control for the ef-
fect of time in a neurodegenerative disease. The waitlist control group
attempted to document, if gait and balance performance declined within
a 12 week period due to the disease, which could mask any treatment
effects. A computer-generated randomization list using pre-allocated
participant IDs with an allocation ratio of 1:1 was prepared by a statis-
tician for random group allocation. A sealed envelope with participant
IDs containing group allocations and instructions about yoga interven-
tion program was given to each participant at the end of the baseline
evaluation. The researcher who collected, processed and analyzed the
data was blinded to the group assignments. All participants were assessed
at baseline within one week prior to the intervention program in Human
Sensorimotor Control Laboratory, University of Minnesota. Participants were
scheduled based on their availability and were tested in their ON medi-
cation state, typically, mid-morning, which is the time of peak anti-
parkinsonian medication effectiveness. For follow-up testing, care was
taken to schedule the participants at the same time of the day as during
baseline to control for the daily fluctuation of Parkinsonian symptoms.
The immediate treatment group attended the Hatha yoga program after
baseline evaluation. After 12 weeks, the immediate treatment group
underwent the post-evaluation and the waitlist control group was tested
for a second baseline. Upon completion of the 12-week yoga intervention
program, the waitlist control group was tested again.
Intervention and setting

A lead yoga instructor designed the intervention program based on a
review of the available literature. This program was then reviewed and
Table 1
Participant characteristics. Group: 1¼ immediate treatment; 2¼waitlist control. Lev

ID Age
(years)

Group Gender UPDRS-
III

Hoehn & Yahr
Stage

Disease Dur
(years)

1 72 2 M 14 2 6
2 58 2 F 16 2 2
3 67 1 F 14 1 3
4 66 2 F 23 2 3.5
5* 74 2 M – 3 4
6 57 1 F 14 3 13
7 73 2 M 24 3 7
8 49 1 F 16 1 0.75
9 75 1 M 11 2 2.5
10 62 1 M 14 2 3
11 68 2 F 22 1 6
12 69 2 M 14 1 5.5
13 66 1 F 13 2 4
14 62 1 F 23 3 1.5
15* 63 2 F 28 3 10
16 55 2 F 34 3 5.5
17 55 1 M 20 3 7
18 76 1 M 24 3 4
19 60 2 M 23 2 1.5
20 66 1 M 26 2 2.5

Note: * indicates participants who dropped the study for medical reasons unrelated t
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approved by a panel of six yoga experts who specialized in teaching
people with neurological and musculoskeletal conditions. The final
approved yoga intervention included: standing poses such a mountain,
modified tree pose, warrior I/II, modified sun salutation; seated poses
such as easy pose and seated twist; supine poses such as cat/cow, child's
pose, spinal twist, and corpse pose. Seated versions of standing poses
were offered to accommodate a wide variety of physical abilities within
the participant pool. For the full list of exercises, see Justice et al., 2018.30

All participants progressed uniformly through the program that was
administered in 60-min sessions twice every week at a local yoga studio.
Measure of disease severity

Severity of motor symptomswas assessed for all participants using the
motor subsection of the UPDRS (see Table 1). The same investigator (CC),
who was trained and certified to administer UPDRS, evaluated all par-
ticipants throughout the study to avoid problems of inter-rater
variability.
Evaluation of postural stability during stance

Postural stability during stance was evaluated in the following six
conditions: 1) normal stance, arms by the side and eyes open, 2) normal
stance, arms by the side and eyes closed, 3) normal stance, shoulders
flexed to 90� with elbows extended and eyes open, 4) normal stance,
shoulders flexed to 90� with elbows extended and eyes closed, 5) tandem
stance with dominant foot front, arms by the side and eyes open, and 6)
tandem stance with dominant foot front, arms by the side and eyes
closed. Each participant was encouraged to maintain these positions for
20 s, while standing on a force platform. They could take a step and open
their eyes (during the eyes-closed condition), if felt unstable. Two re-
searchers stood on either side of the participant to assure safety. No
inadvertent falls occurred during the course of the study. All participants
were allowed only 3 trials in each of the 6 conditions, irrespective of
them taking a step. If a participant took a step outside of the force plat-
form during a trial, the data from that trial were not included in analysis.
Force platform (AMTI OR6 Platform) recorded the COP changes over
time at a sampling frequency of 960 Hz. The COP trajectory over the span
of 20 s was used to derive two established postural sway variables: COP
sway length (length of the trajectory) and COP sway area (area encom-
passed by the COP trajectory). These two variables served as the outcome
measures for the postural stability.
odopa equivalent dosage was determined according to Pahwa et al., 1997.32

ation Levodopa Equivalent Dosage
(mg)

Number of Absences in Yoga
Sessions

450 0
50 2
150 2
750 2
1000 –

1075 14
500 3
0 2
300 5
700 0
400 2
2386 3
300 0
425 2
800 17
500 6
1368 3
450 1
300 3
0 0

o this study after recruitment.



Fig. 2. Experimental design. Twenty PWP were randomly assigned to 2 groups: immediate treatment and waitlist control.
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Evaluation of gait kinematics

For the assessment of gait, participants walked straight from starting
position from one end of the room to the other, a distance of 5.8 m,
turned around, returned to the starting position, turned around and
finally assumed at the initial position. Each participant completed three
trials yielding a total of 32–40 steps and 6 turns. A 16-camera Vicon
optical motion capture system recorded the movement at a sampling
frequency of 240Hz by tracking thirty-nine infrared reflective markers
placed on specific bony landmarks on the participants' body using the
Vicon's standard whole body plug-in gait marker positions. Based on the
reconstructed 3D coordinate data of each marker, appropriate joint ki-
nematics and center of mass (COM) trajectories were determined. The
kinematic variables included: Maximum walking speed, average walking
speed, turning time, cadence, foot clearance height and arm swing excursion.
Walking speed was calculated based on the displacement of COM in the
horizontal plane in all the three trials. Cadence and foot clearance height
were derived from the displacement of the heel markers in the vertical
plane across the trials. Arm swing was calculated as an average range of
2D shoulder flexion/extension across the trials.
Evaluation of the flexibility of the trunk and lower limbs

Each participant's joint flexibility was evaluated by a battery of
standardized movements such as bending forward and backward with
straight knee, side-bending, lifting each leg as high as possible by
bending at hips and knees, lifting the leg laterally, and rotating the trunk
on each side to look back. Each movement was repeated thrice. Move-
ments were recorded by the optical motion capture system. Based on the
motion capture data, the functional range of motion (F-ROM) of hip
flexion/extension, hip abduction/adduction, trunk flexion/extension,
trunk lateral flexion and rotation were derived to serve as the outcome
measures of flexibility.
Statistical treatment of the variables

All variables were tested for normality using the Kolmogorov-
Smirnov test. Some of the variables were found to be non-normally
distributed (see Results). For consistency of reporting, we applied non-
parametric Mann-Whitney U tests to determine between group differ-
ences in the demographic variables and all outcomemeasures at baseline.
The groups were collapsed to test for within participant differences as an
effect of Hatha yoga intervention. We applied non-parametric Wilcoxon
signed ranks tests to determine training-related differences in all vari-
ables. All p-values were corrected for multiple comparisons using Holm's
procedure.31 A hierarchical cluster analysis was conducted to understand
the differences between responders and non-responders on the static
postural stability measures. Mann-Whitney U tests were also applied to
determine the differences between the immediate treatment and the
waitlist control group after 12 weeks. All statistical analyses were con-
ducted using IBM SPSS Statistics for Windows, Version 25.0.
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Results

Results showed that several outcome measures such as COP sway
length, turning time, and FROM in knee flexion, hip flexion, and trunk
rotation were not normally distributed. At baseline, no systematic dif-
ferences were found between the immediate treatment and the waitlist-
control group in any of the measured variables (See Table 2). Conse-
quently, this allowed both groups to be collapsed for further analyses.
Clinical measures of motor symptom severity improved after yoga training

The severity of motor symptoms was evaluated using UPDRS-III. The
median UPDRS-III scores decreased significantly by 8 points from 23
(range: 14–34) before training to 15 (range: 2–28) after training (Wil-
coxon signed ranks test; V¼ 163.5, p< 0.001, a 35% reduction) indi-
cating improvements in general motor function (see Fig. 3). 13/18 PWPs
demonstrated improvements above 3 points difference which constitute
as the minimum clinically important change reported in.27
Measures of static postural stability show improvements after yoga training

COP sway length and sway area were assessed as measures of postural
stability during stance under six different conditions. Fig. 4A shows the
individual sway responses of all participants to training in the normal
stance - eyes open condition. Across the sample population, COP sway
length was significantly reduced in all the six postural stability test
conditions after training (see Table 3; Fig. 4C). No systematic differences
were found in the COP sway area across all participants. The data in
Fig. 4A indicate that a subgroup of participants positively responded to
the training, while others showed little to no change. To better under-
stand differences between responders and non-responders, we performed
a hierarchical cluster analysis on COP sway length based on the com-
bined sway data of five conditions (tandem stance/eyes closed condition
was not included as several participants could not maintain this position
and stepped off the platform, leading to incomplete data sets). Based on
the hierarchical cluster analysis, a group of responders (n¼ 10) and non-
responders (n¼ 5) were identified (see Fig. 4B), which matched the
participants in the two clusters (seen in Fig. 4A). Quantifying the
magnitude of the training effects on static sway between responders and
non-responders revealed a mean reduction in COP sway length between
41.5–44.8% across all the conditions in the responders, while the non-
responders maintained or showed a smaller increase in COP sway
length (range: 3.3–22.1%). As a group, the responders exhibited signif-
icantly higher training-related improvements in COP sway length when
compared to the non-responders (p< 0.001). We evaluated the influence
of other factors such as age, the number of yoga training sessions
attended, disease duration and levodopa equivalent dosage on the
training related differences in the postural stability. These factors did not
show any significant differences between the responders and the non-
responders.



Table 2
Summary table showing the differences in the participant demographics, postural stability, gait and functional joint range of motion between the two groups of par-
ticipants (Group I: Immediate Treatment & Group 2: Waitlist Control) at baseline and at 12 weeks.

Baseline 12 weeks

Group I Median (IQR) Group II Median (IQR) p - value Group I Median (IQR) Group II Median (IQR) Effect Size, d

Demographics and Disease Metrics
Age, years 64.0 (12.5) 67.0 (12.8) 0.6 – – –

Hoehn & Yahr Stage (1–3) 2 (0.8) * 2 (0.8) * 0.9 – – –

Motor UPDRS (0–108) 25.5 (13.5) 26.5 (11.3) 0.6 15 (8.3) 21.3 (7.8) -0.67
Sway Path Length (mm)
Eyes Open
Normal Stance 7999.8 (3673.6) 6471.5 (4066.4) 0.5 4826.0 (1834.6) 5823.9 (2174.2) -0.58
Stance, Flexed Arms 7826.1 (3474.9) 6531.5 (4004.2) 0.8 5038.7 (1636.0) 5873.3 (1769.0) -0.34
Tandem Stance 8104.3 (2831.0) 6889.6 (3726.9) 0.8 5372.8 (1532.0) 7017.1 (1120.9) -0.82
Eyes closed
Normal Stance 7984.6 (3475.8) 6469.8 (4202.0) 0.7 4907.6 (1553.9) 5753.2 (2235.8) -0.27
Stance, Flexed Arms 7834.8 (3618.8) 6557.5 (4114.4) 0.7 5056.0 (1613.1) 5808.8 (1630.9) -0.49
Tandem Stance 8048.3 (3481.1) 7840.8 (5569.5) 0.9 5252.6 (1184.0) 7094.7 (-) –

Gait Variables
Foot Clearance, Left (mm) 253.8 (33.8) 232.3 (57.3) 0.7 245.3 (25.9) 234.8 (15.4) 0.53
Foot Clearance, Right (mm) 241.2 (52.9) 231.7 (50.2) 0.6 247.5 (18.9) 230.0 (15.5) 0.79
Max. Walking Speed (m/s) 1.3 (0.2) 1.3 (0.2) 0.8 1.3 (0.2) 1.1 (0.1) 0.59
Avg. Walking Speed (m/s) 0.9 (0.1) 0.9 (0.2) 1.0 0.9 (0.2) 0.9 (0.1) 0.64
Turning Time (s) 1.1 (0.5) 1.1 (1.1) 0.6 1.1 (0.4) 1.3 (0.4) -0.45
Cadence (steps/min) 45.0 (5.7) 44.6 (8.1) 0.5 47.2 (6.6) 47.7 (9.9) 0.3
Arm Swing, Left (deg) 26.0 (20.5) 37.6 (36.3) 0.1 20.5 (12.1) 43.5 (26.2) -1.1
Arm Swing, Right (deg) 28.1 (30.4) 27.3 (18.3) 0.9 29.4 (23.5) 30.1 (17.0) -0.22
Functional ROM
Knee Flexion, Left (deg) 16.6 (26.9) 26.3 (24.0) 0.8 27.9 (21.5) 36.2 (14.5) 0.48
Knee Flexion, Right (deg) 17.6 (17.1) 23.8 (15.5) 0.7 23.0 (14.7) 24.2 (17.7) -0.06
Hip Flexion, Left (deg) 38.3 (11.7) 41.4 (13.8) 0.3 40.1 (10.9) 44.8 (8.5) 0.73
Hip Flexion, Right (deg) 46.1 (19.0) 45.8 (14.8) 0.6 46.0 (14.2) 46.5 (8.2) 0.45
Hip Abduction, Left (deg) 107.6 (15.3) 98.6 (12.2) 0.1 105.7 (17.1) 102.3 (17.9) -0.85
Hip Abduction, Right (deg) 104.1 (26.8) 94.8 (17.3) 0.8 108.9 (11.0) 104.6 (15.9) -0.82
Trunk Flexion (deg) 86.4 (36.7) 95.8 (39.1) 0.6 100.6 (30.7) 99.0 (16.9) -0.37
Trunk Rotation (deg) 70.3 (26.5) 73.3 (44.5) 0.5 64.6 (18.9) 86.7 (22.2) 0.67

Note: * indicates mean (SD).

Fig. 3. A. Unified Parkinson's Disease Rating Scale (UPDRS) motor scores for each participant before and after training. All participants were arranged in an ascending
order of their baseline UPDRS motor scores. Note that participants with higher UPDRS scores do not necessarily achieve greater improvements with training. B.
Changes in UPDRS motor scores across all participants. * indicates significant differences between before and after training scores (p < 0.001).
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Measures of gait do not show improvements after training

The analysis of average walking speed, cadence, and turning time
after yoga training did not reveal a systematic effect (see Fig. 5). Pre-post-
test comparisons at the group level did not yield any significant differ-
ences for any of the gait variables as a function of yoga training (see
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Table 3). The effect sizes for the gait measures were small to moderate,
ranging from d¼ 0.3–0.5. Based on these results, we performed a post-
hoc power analysis and determined that a sample size of 45 or higher
would be required to reach statistical significance for the observed power
in any of the gait kinematic variables. Changes in the gait variables did
not correlate significantly with Hoehn and Yahr staging of disease



Fig. 4. Effects of yoga training on postural sta-
bility measures. A. Training-induced center of
pressure (COP) sway path length changes in each
participant during the normal stance with eyes
open condition. The dashed line represents the
line of equality. Note that a group of participants
show greater improvements in sway path length
after training, while others are around the line of
equality. B. A cluster dendrogram showing the
results of hierarchical cluster analysis based on
the combined sway path length changes during
five postural stability assessment conditions. Two
major clusters of responders and non-responders
can be identified. Note how the participants
who show improvements in the eyes-open con-
dition (see Fig. 4A) also fall into the responder
cluster across the five postural stability condi-
tions. C. COP sway path length changes across
participants in the four postural stability condi-
tions. Note that COP sway path length improved
in all the four conditions. * indicates significant
differences before and after training (p < 0.05). z
indicates significant differences before and after
training (p < 0.01).
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severity with r ranging from -0.3 to 0.2 (p> 0.05).
Functional range-of-motion in lower limbs and trunk does not change with
training

To determine whether yoga training induced measurable changes in
functional joint flexibility, the change in joint ROM of the trunk and
lower limbs (trunk rotation/flexion, hip flexion/abduction, and knee
flexion) were evaluated before and after yoga training. Largest median
difference of 12� was observed in the trunk flexion across all participants.
However, this difference failed to reach statistical significance across
participants (for a summary of the F-ROM data, see Tables 2 and 3).

Discussion

The aim of this study was to determine the potential benefits of Hatha
yoga training for improving balance and gait function in PWP. We sys-
tematically examined the effects of yoga training on parameters of both
static balance and gait using clinical as well as objective, biomechanical
markers of balance and locomotor performance. Oxidative stress and
non-motor symptoms were evaluated in these participants as an effect of
Hatha yoga intervention and is reported elsewhere.33 Prior evidence on
the effects of Hatha yoga on balance performance in PWP has been
inconclusive. Previous studies relied on balance rating scales that broadly
assessed stationary balance (standing/sitting),22,23 or combined yoga
training with resistance training,21 which made it difficult to isolate the
effects of yoga. No reports contrasted balance markers during stance with
markers of dynamic balance during gait to assess the comprehensive
benefits of Hatha yoga for gait and standing posture in PWP. The main
findings of this study are threefold: First, a 12-week Hatha yoga training
program can induce significant, measurable improvements in the
postural control during stance in PWP. Second, we found inconclusive
evidence that yoga improves gait in PD. The observed improvements on
gait performance were mild and not significant at the group level. Third,
85
functional joint ROM did not significantly improve in our sample of
PWPs. These results are discussed in detail below. Finally, no systematic
differences between the groups were observed either at baseline or after
12 weeks.

Given that motor performance as measured by the UPDRS-III
improved significantly in our sample indicates that PWP may benefit
from regular participation in Hatha yoga. These motor scores reflect
clinical features such as tremor, rigidity, bradykinesia, postural stability,
and walking. The observed average improvement of 8 points (~35%
reduction) in the UPDRS motor scores constitutes a moderate clinically
important difference.27 Our results corroborate findings of previous
studies that reported similar rates of improvement after the same
12-week duration of yoga training.22,23
Hatha yoga improves balance during stance

A more focused look at standing balance revealed that COP postural
sway length was significantly reduced across all participants after 12
weeks of Hatha yoga training. In contrast, COP sway area of the PWP did
not reduce significantly – a finding also seen in earlier work.24 Based on
the results, we can state that PWP sway less after practicing yoga.
However, there is a caveat that the benefits of yoga did not extend uni-
formly across all participants. We did identify responders and
non-responders. The magnitude of the reduction was substantial in those
who responded to therapy (up to 45% in COP sway length). Our analysis
revealed that neither participation rate, disease duration, nor the amount
of anti-parkinsonian medication predicted a participant's response to
yoga. However, participants with lower UPDRS motor scores seemed to
respond better (see Figs. 3A and 4A). In other words, those PWP who
responded to yoga training with a significant decrease in COP sway path
length, tended to have milder motor signs even before the onset of
training. Observed improvements in COP postural sway length did not
reflect in the participant perception of quality of life reported
elsewhere.33



Table 3
Summary table showing the training-induced differences in the variables of
postural stability, gait and functional joint range of motion across all the
participants.32

Median Range p-value
(Effect size,
d)

Before After Before After

Sway Path Length (mm)
Eyes Open
Normal Stance 6909 4570 3936–10333 3467–6781 0.012*

(1.29)
Stance, Flexed
Arms

6894 4689 4048–10135 3445–8367 0.007*
(1.15)

Tandem Stance 7629 4967 3986–10552 3752–7997 0.001*
(1.40)

Eyes closed
Normal Stance 7062 4773 4098–10262 3461–8064 0.012*

(1.10)
Stance, Flexed
Arms

6878 4730 3791–10163 3436–7178 0.004*
(1.21)

Tandem Stance 8002 4634 4725–11094 4121–6851 0.001*
(1.80)

Gait Variables
Foot Clearance,
Left (mm)

244 243 205–271 209–299 0.42
(-0.30)

Foot Clearance,
Right (mm)

240 240 199–272 207–285 0.27
(-0.31)

Max. Walking
Speed (m/s)

1.20 1.28 0.91–1.60 0.88–1.68 0.07
(-0.37)

Avg. Walking
Speed (m/s)

0.89 0.96 0.73–1.19 0.67–1.27 0.08
(-0.32)

Turning Time
(s)

1.13 1.02 0.87–2.37 0.66–1.77 0.06 (0.46)

Cadence
(steps/min)

45.6 47.3 37.5–54.1 36.6–58.4 0.27
(-0.30)

Arm Swing,
Left (deg)

29.6 23.0 6.6–81.8 8.0–57.0 0.09 (0.25)

Arm Swing,
Right (deg)

28.1 28.7 5.1–73.3 5.4–50.8 0.35 (0.13)

Functional ROM
Knee Flexion,
Left (deg)

25.55 26.20 6.1–80.1 4.8–43.9 0.45
(-0.22)

Knee Flexion,
Right (deg)

19.42 16.68 7.7–77.0 5.1–53.0 0.20
(-0.30)

Hip Flexion,
Left (deg)

42.92 41.50 30.6–54.8 26.0–50.4 0.95
(-0.03)

Hip Flexion,
Right (deg)

46.33 45.64 26.6–58.2 30.0–56.2 0.98
(-0.06)

Hip Abduction,
Left (deg)

105.09 99.99 74.9–123.9 75.4–137.1 0.62
(-0.04)

Hip Abduction,
Right (deg)

104.11 104.42 81.9–118.0 75.9–132.2 0.59 (0.18)

Trunk Flexion
(deg)

92.81 104.05 50.7–139.9 76.5–134.0 0.06 (0.48)

Trunk Rotation
(deg)

75.87 63.44 47.3–111.2 48.2–124.3 0.16
(-0.33)

Note: * indicates significance after Holm correction for multiple comparisons.

Fig. 5. Effect of yoga training on measures of gait. A. Maximum walking speed
achieved by each participant before and after training. The dashed line repre-
sents the line of equality. Note that all participants are centered around the line
of equality indicating no changes in the walking speed after training. B. Cadence
before and after training. The dashed line represents the line of equality. Note
that participants do not show improvements after training. Unlike the postural
stability measures, measures of dynamic posture did not show consistent
changes in all the participants.
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Our finding of reduced postural sway after yoga practice helps to
explain previous findings showing that Berg Balance scores improve after
a 12-week yoga training.26 This clinical rating scale assesses balance in a
series of tasks such sitting to standing, standing unsupported, sitting
unsupported, standing with eyes closed, standing with feet together,
reaching forward with outstretched arm, and turning among other
tasks.34 PWP with a more stable posture (i.e. less sway path length), will,
in all likelihood, be more successful in these tasks. Moreover, improve-
ments in static postural balance are known to reduce the frequency of
falls in PD35 and, thereby, alleviate the serious health consequences
associated with falls.36

Hatha yoga does not improve measures of gait or joint flexibility

We could neither find signs of significant improvements in gait per-
formance, nor signs of increased functional leg and trunk flexibility after
86
Hatha yoga training. The lack of improved joint flexibility stands in
contrast to a recent report24 that evaluated a 12-week yoga intervention
and found significant improvement in ankle and hip ROM. It is possible
that differences in assessing joint ROMmay account for these differences.
While we based our joint angular measures on the optoelectronic motion
capture data, the work by Colgrove and coworkers24 used hand-held
goniometers that can result in a much larger measurement error (up to
10�).37 Moreover, this study intended to report changes in posture and
gait after Hatha yoga training using objective biomechanical markers
rather than clinical measures for its resolution, reliability and validity.

The analysis of the gait kinematic measures did not reveal any
changes related to symptom relief. Indicators of bradykinesia such as step
length, cadence, walking speed and turning time did not improve at the
group level. At this point, one can only speculate about this failure to
improve gait. One possibility is that the training dosage was insufficient.
That is, to say yoga may be effective in improving gait in PWP, but
training intensity, frequency and duration need to increase (i.e. 12 weeks
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of training are too short to evoke significant effects). While we cannot
exclude this possibility, one can put forward an alternative explanation
that relates to the specificity of training. That is, Hatha yoga is largely
characterized by assuming and holding static postures. While the benefits
of such exercise are clearly seen in tasks involving static balance, they are
less relevant for improving markers of dynamic balance and performance
during gait.

Conclusion

This study provides evidence that a 12-week long Hatha yoga pro-
gram can improve static balance in PWP. COP sway path length,
biomechanical marker of standing posture, improved by 34% on average.
Improvements in gait kinematics were not observed. The frequency of
falling in PWP correlates with the severity of postural instability.38
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