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Abstract

Background—~Postural balance and potentially fall risk increases among older adults living with
neurological diseases, especially Parkinson's disease (PD). Since conventional therapies, such as
levodopa or deep brain stimulation may fail to alleviate or may even worsen balance, interest is
growing in evaluating alternative PD therapies.

Objective—The purpose of the current study was to assess improvement in postural balance in
PD patients following electro-acupuncture (EA), as an alternative therapy.

Methods—Fifteen aging adults (70.2 + 7.3 years) with idiopathic PD and 44 healthy age-
matched participants (74.6 + 6.5 years) were recruited. PD participants were randomly assigned
(with a ratio of 2 to 1) to an intervention (n=10) or to a control group (n=5). The intervention
group received a 30-minute EA treatment on a weekly basis for three weeks, while the control
group received a sham treatment. Outcomes were assessed at baseline and after the final therapy.
Measurements included balance assessment, specifically ratio of medial-lateral (ML) center of
gravity (COG) sway to anterior-posterior (AP) sway (COGp/ap) and ankle-to-hip sway during
eyes-open, eyes-closed, and eyes-open dual-tasks trials, Unified Parkinson's Disease Rating Scale
(UPDRS), and quality of life, concerns for fall, and pain questionnaires.

Results—No difference was observed for assessed parameters between intervention and control
groups in baseline. After treatment, improvement in balance performance was observed in the
intervention group. Compared with a healthy population, PD patients prior to treatment had larger
COGp/ap SWay with more dependency on upper-body movements for maintaining balance.
Following EA therapy, COGp/ap Sway reduced by 31% and Ankle/Hip sway increased by 46%
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among different conditions (p = 0.02 for dual-task condition). The clinical rating revealed an
overall improvement (p < 0.01) in the activity of daily living (UPDRS part I, 46%) and motor
examination (UPDRS part 111, 40%). There was significant reduction (p < 0.02) in the specific
items regarding UPDRS fall status (67%), and rigidity (48%). Changes were small and non-
significant in the controls (p > 0.29).

Conclusions—This pilot study demonstrated improvement in rigidity and balance following
EA. These preliminary results suggest EA could be a promising alternative treatment for balance
disturbance in PD.

Keywords

Parkinsonism; acupuncture; postural control; rigidity; ankle-strategy; hip-strategy; anterior-
posterior sway; medial-lateral sway

Introduction

The number of older adults aged 65 and older is projected to double, by 2050 [1]. Despite
extensive efforts for improving elders’ quality of life, fall-induced injury is still a major
source of morbidity and mortality [2]. In addition to aging, the risk of fall can increase in the
presence of neurological diseases. Stolze et al. reported that falls in neurological patients are
twice as frequent as in age-matched healthy populations, with the most frequently diagnosed
falls in Parkinson's disease (PD) patients [3]. Although a direct objective predictor of falling
risk has not yet been discovered, several research studies have identified a strong association
between poor postural balance and increased risk of falling. Abnormal postural sway
measured by the range of sway, for example, has been introduced as a significant
independent predictor of recurrent falls [4,5], or as a distinguishable factor among fallers
and non-fallers [5,6].

PD is the second most common neurodegenerative disease worldwide, and is classically
characterized by four cardinal features: tremor, bradykinesia, rigidity, and postural
instability. Loss of balance control, which might significantly be associated with falls, is an
inevitable consequence of the disease, and one of the most important mediators of quality of
life [7,8]. Unfortunately, with common treatments such as levodopa or deep brain
stimulation, balance control may not improve, or may even worsen [9-11]. In light of the
significant limitations of conventional therapy, interest in complementary and alternative
therapies for PD is growing. Exercise regimens and motor trainings, for example, have
demonstrated significant enhancement in balance-related performance, functional mobility,
activity of daily living, and ultimately a reduction in risk of fall [12-15]. However, in
advanced stage of PD, patients may not be able to perform regular exercise. It is notable
then that in addition to exercise as an alternative therapy for PD, acupuncture emerging as
one of the most popular of these alternatives [16-18]. Studies have demonstrated that
acupuncture is the most frequent alternative treatment [16,17], especially for improving
sleep, quality of life, and motor performance [18,19]. However, in the majority of
acupuncture studies quality of outcome measures that can objectively identify relevant
functional improvements are inadequate [20]. Most of the existing studies used subjective,
global scales (e.g., Unified Parkinson's Disease Rating Scale - UPDRS) covering a broad
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range of PD symptoms, which are inappropriate to quantify specific changes such as
compromised postural balance. Although, wearable inertia sensors have been used to
differentiate balance deficits in PD patients compared to healthy population [21], to our
knowledge, balance improvement in PD patients following acupuncture has not been
objectively quantified using the wearable technology .

The purpose of the current study was to assess improvement in postural balance in PD
patients following electro-acupuncture (EA) therapy in a small sample size of PD patients as
a proof of concept. Poor balance control in PD patients compared to healthy populations has
been previously linked to differences in direction of body sway and type of strategy (hip- or
ankle-strategy). Compared to healthy older adults, PD patients may have more, or
sometimes less, body sway during postural balance [22-24]; thus using total body sway is
not reliable for measuring compromised balance in PD patients [25]. Of note here, PD
patients more consistently exhibit less anterior-posterior (AP) body sway and more medial-
lateral (ML) sway as compared with age-matched healthy individuals [26]. Further, previous
work suggests that PD patients have a higher tendency to use the hip joint for maintaining
balance (hip-strategy), instead of ankle joints (ankle-strategy), primarily as a result of
increased ankle stiffness and compromised reflexive response of ankle muscles [27,28].
Consequently, to test the efficacy of EA treatment in improving balance in PD participants,
we hypothesized: 1) a reduction in ratio of ML/AP body sway; and 2) an increase ratio of
ankle rotations/hip rotations. As a secondary aim, we compared ratio of ML/AP body sway
and ankle/hip rotations between PD and healthy samples to confirm the differences between
these two groups.

Aging adults aged 55 years or older with idiopathic PD diagnosed by movement disorder
specialists based on the UK Brain Bank criteria were recruited from the University of
Arizona Neurology Clinic. Participants were excluded if they were diagnosed with any type
of neurological disorder other than PD or if they have prior experience of EA therapy. A
healthy, non-frail sample (measured by Fried index [29]) of community-dwelling older
adults aged 65 years or older were recruited from University of Arizona geriatric clinics. As
mentioned above large variability of balance behaviors exist among PD population,
therefore, healthy aging adults were recruited here, as a sample, in order to compare balance
behaviors between healthy and PD samples prior to EA. Elders with major mobility or
balance disorders, including PD, were excluded, as were those unable to walk a distance of
20 meters without walking assistance. The study was approved by the University of Arizona
Institutional Review Board and written informed consent was obtained from all subjects
before participation.

Study Design

The study was designed as a patient and assessor blinded, placebo-controlled, intervention
pilot study. PD Participants were randomly assigned (with ratio of 2 to 1) to the intervention
(n=10) or control groups (n=5). Since the primary focus of the current study was to explore
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balance improvement in PD patients following EA, larger number of PD participants were
devoted to the intervention group. Each participant in the intervention group went through a
30-minute EA treatment once a week for three weeks, while participants in the control group
received a weekly 30-minute sham treatment. Outcomes were assessed in “off medication
stage” (>12 hours after their last PD medication dose) at baseline and after the final therapy.
In addition, balance parameters prior to treatment were compared with an age-matched
healthy population to assess impaired postural balance behaviors prior to treatment. To
control for placebo effect a similar experimental protocol was explained to all participants
and in the beginning of the experiment they were informed that they might be in either an
intervention group or a control group.

Measurements included balance, SF-12 health survey [30], short Falls Efficacy Scale-
International (SHORT FES-I) [31], and visual analog scale (VAS) for pain [32]. The Unified
Parkinson's Disease Rating Scale (UPDRS) [33] was also performed by a trained examiner.
Furthermore, participants were screened for cognition status using Mini-Mental State
Examination (MMSE) [34] and for disease stage using Hoehn and Yahr staging [35] at
baseline. Fall status and rigidity was quantified using UPDRS sub-score at baseline and after
treatment. Fall status was also quantified using subjective evaluation within UPDRS, and
rigidity with joint stiffness examination performed by the UPDRS examiner.

Electro-acupuncture procedure

A comprehensive and systematically applied EA regimen, consisting of scalp and body
acupuncture, with a focus on improving balance and gait for PD patients was designed and
administered by (HL), who is double-certified by the American Board of Medical
Acupuncture and the American Board of Psychiatry and Neurology. Sterile disposable,
surgical stainless steel acupuncture needles (Seirin, L type, Japan), measuring 0.25mm in
diameter, 40-50 mm in length, were used for acupuncture, and electric stimulators (ITO
ES-130, Japan) were used for EA stimulation. Real EA was performed at the following
acupuncture points: GV20 (Baihui), GVV14 (Dazhui) on the midline and bilateral Foot Motor
Sensory Area, Balance Area, bilateral ST36 (Zusanli), L14 (Hegu), GB34 (Yanglingquan),
LR3 (Taichong), KI3 (Taixi), SP6 (Sanyinjiao), BL40 (Weizhong). Electrical stimulation
was applied for 30 minutes at a frequency of 4 Hz or 100 Hz with intensity just below the
level that induces visible muscle contraction. The acupuncture points and frequencies were
selected based on previous work [18,19,36,37]. Sham acupuncture was performed for the
control group with insertion of needles just under the skin at non-acupuncture points (the
same for all subjects) at scalp, neck, shoulder, upper and lower extremities, and was
stimulated in a similar fashion but with minimal intensity compared to real EA (just turning
on the light of the stimulator). To assure that all participants in both intervention and control
group received similar sensation during the experimental procedure, the EA procedure was
controlled to have the same duration with acupuncture needle placement as close as possible
in both the intervention group and the control group.

Experimental procedure

Each participant performed six 30-second trials of balance assessment, in each trial
participants stood upright with their feet as close together as possible but without touching
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each other, and with their arms crossed. Participants were asked to cross their arms during
balance tests to minimize the effect of arm movements on center of gravity (COG)
displacements. In the first two trials, participants were instructed to keep their eyes open
(eyes-open trials), with no target being specified. In the third and fourth trials participants
kept their eyes closed (eyes-closed trials). In the fifth and sixth trials, participants were
instructed to countdown from a random specified number while maintaining their balance
with their eyes open (dual-task trials). In each trial the COG was estimated following
identical procedures reported in our earlier study using wearable sensors [38,39]. Briefly,
two sensors (Figure 1), each including a triaxial accelerometer, triaxial gyroscope, and a
triaxial magnometer, were used to estimate three-dimensional angles of the ankle and hip
joints (BalanSensTM, BioSensics LLC, Boston, MA). A two-link inverted pendulum model
of the human body was then used to calculate the COG from AP and ML angles during body
movements.

Balance outcome measures

Outcome measures include body sway parameters: COGap sway, COGpy sway, COGp/ap
sway, Ankle sway, Hip sway, and Ankle/Hip sway. The sway ranges in AP and ML
directions were defined as COGap sway and COGy,_ sway, respectively, after excluding
outliers, which were estimated by calculating 5 and 95 percentiles of COG data (Figure 2)
[38]. The COGp/ap SWay was then calculated as the ratio of the sway range in ML over
AP direction (i.e., COGpap SWay = COGp sway / COGpap sway). COGpy/ap Was
measured here, since according to previous studies, PD patients show larger COGap sway
and less COGy_ sway compared to a healthy age-matched population [22,26]. As such, an
increased value of COGpy/ap demonstrates compromised balance in PD patients. Ankle
sway was calculated as the product of range of ankle rotations in AP and ML direction;
similarly, hip sway was calculated as the product of hip ranges of rotation in AP and ML
direction. To evaluate improvement in using ankle-strategy instead of hip-strategy, the ratio
of Ankle sway over Hip sway was calculated as Ankle/Hip sway. A larger magnitude of
Ankle/Hip sway reveals an improvement in using ankle joints for maintaining balance in PD
patients.

Statistical Analysis

Comparison between healthy and PD group for baseline balance parameters was performed
using unpaired t-test (or Mann-Whitney U test for non-parametric samples). Comparison
between intervention and control groups for participant's characteristics and study outcomes
were also performed using unpaired t-test (or Mann-Whitney U test for non-parametric
samples) except for participant's gender, for which, Chi-square test was used. Effect of EA
on balance data were compared using paired t-test (or Mann-Whitney U test for non-
parametric samples) for intervention and control PD groups by comparing pre- and post-
data.

For outcomes that were significantly improved in the intervention group, between group
(intervention vs. control), comparisons of changes in parameters were performed using
mixed ANOVA models, considering age and body mass index (BMI) as covariates.
Association between participants’ characteristics and improvement in outcome measures
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following EA, was assessed using linear regression models. Only parameters with the
highest effect size were considered here as dependent variables, and baseline values of each
parameter, age, disease stage, and BMI were used, in separate models, independent
variables. Summary results are presented as means (standard errors — SE or standard
deviation — SD). All analyses were done using JMPTM (Version 10, SAS Institute Inc.,
Cary, NC), and statistical significance was concluded when p < 0.05.

Fifteen participants with PD (age 70.2 + 7.3 years; BMI 27.5 + 6.5 kg/m?) and 44 healthy
aging adults (age 74.6 + 6.5 years; BMI 25.7 + 4.5 kg/m2) were recruited. Demographic
information of participants is reported in Table 1 and 2.

Balance: Comparison between healthy and PD sample

Comparing the PD and healthy samples showed no significant differences in demographic
information, except for gender and MMSE score (Table 2). Although these differences were
observed, two groups were still considered demographically comparable, since no
significant effect of gender or MMSE score was observed in balance outcome measures in
either healthy or PD groups (p > 0.17). Overall, a larger amount of sway was noticeable
among the healthy group compared to PD participants; COGap, Ankle, and Hip sway were
significantly larger among healthy population by 116%, 125%, and 134%, respectively (p <
0.01); while COGy,_ was comparable between two groups (p = 0.77). COGpp/ap SWays
were also significantly smaller (144%) among the healthy compared to PD group (p <
0.0001).

Balance: Comparison between intervention and control group in PD sample

No significant difference was observed in participants’ demographic information, disease
stage, or MMSE between intervention and control groups (p > 0.47) (see Table 1 for
details). Further, comparison of outcome measures (balance and subjective evaluations) at
the baseline showed no significant difference between the intervention and control groups (p
> 0.11). After treatment, improvement in balance performance was observed in intervention
group; overall, COGpsap sway reduced by 31%, and Ankle/Hip sway increased by 46%
among different conditions (see Figure 3 and Table 3 for details). The pre- and post-EA
difference in the intervention group was more pronounced during the dual task condition.
Although improvement in balance performance was also observed in some of the outcome
measures in the control group, changes were small and non-significant (p > 0.29).
Comparing balance parameter improvement between intervention and control groups
showed that improvement in balance parameters was significant only for Ankle/Hip sway (p
=0.02) (Table 4). Regression models, however, showed no significant correlation (p > 0.13
and R? < 27) between Ankle/Hip sway improvement with disease stage, or baseline values
of Ankle/Hip sway.
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Subijective evaluations and UPDRS: Comparison between intervention and control group
in PD sample

The clinical rating revealed significant improvements (p < 0.01) in the activity of daily
living (UPDRS part 11, 46%) and motor examination (UPDRS part 111, 40%). There was
significant reduction (p < 0.02) in the specific items regarding fall status (67%), and rigidity
(48%). (Table 5). Although changes were not significant, Short FES-1 and VAS scores also
reduced by 15% and 44% following treatment in the intervention group (p > 0.26). No
significant improvement was observed in the control group pre- and post-EA (p > 0.27).
Comparison between the intervention and control groups for improvement in UPDRS scores
showed significant differences in rigidity, UPDRS Il, and UPDRS 11 (p < 0.05) (Table 4).
Furthermore, results from regression models demonstrated significant positive correlations
(Figure 4) between UPDRS |1l improvement and disease stage (r = 0.65, p = 0.04), and
between UPDRS |1l improvement and UPDRS 111 baseline values (r=0.81, p < .01).

Discussion

Alterations in body sway following EA

In confirmation of our hypotheses, we observed improvements in postural balance in PD
patients following EA. Overall, results demonstrate an increased sway following EA,
especially in AP direction. Comparing the PD patients with the control age-matched group,
Horak et al., observed that PD patients had very small sway area, and related this small sway
to a larger joint and muscle stiffness, and overall “rigidity” in PD patients [22]. Conversely,
other studies showed larger amounts of sway (area and velocity of sway) in PD patients
compared to their healthy age-matched group [23,24]. According to previous evidence,
combinations of the cardinal motor signs may differ among PD patients; one PD patient
might develop joint rigidity, while limb tremor is more noticeable for another patient [40].
This may lead to a bimodal balance pattern (either very large or very small sway) in PD
patients. To account for this variability in balance among those with PD, we compared
balance parameters with an age-matched healthy population prior to treatment initiation. Our
comparison demonstrated a smaller sway in PD patients in AP direction. After EA, COGap
sway increased by up to 127%, to a value closer to healthy individuals, which can be
considered a significant improvement in balance among those in the intervention group.

Other studies, have suggested that the interaction or relationship between ML and AP sway
is a more valid measure of balance impairment, especially in PD patients [26,41]. Healthy
adults show a larger AP compared to ML sway (COGpap < 0.6 among different
conditions — see Table 2). In the current study, we observed that PD patients had a large
mean (SD) COGpsap ratio of 1.5 (0.7) prior to the treatment, with an increasing trend by
switching from eyes-open to eyes-closed, and from eyes-closed to dual-task conditions. The
mean (SD) value of COGy/ap reduced to 0.9 (0.5) in the intervention group following EA
treatment. The observed COGpy/ap improvement can be explained based on the structure of
lower extremity joints and their corresponding balance control mechanism.

An improvement in COGy_sap could result from either increased COG ap or reduction in
COGp; however, overall increase in COGap Was dominant here in COGpysap reduction.
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Comparing the COGap and COGy, previous studies suggested that in healthy individuals
body sway is larger in AP as compared to ML direction, mainly due to the inherent
structural mechanism of ankle and hip joints [42,43]. The human balancing mechanism
activates plantar flexor and dorsiflexor muscles of ankle and flexor and extensor hip muscles
to control body sway in AP direction, and as such, muscle groups in both legs provide
torques in a similar direction. This mechanism helps to overcome the larger flexibility in AP
(compared to ML) direction that occurs because of the hinge-like structure of ankle and
tibiotarsal joints. In contrast, a different controlling mechanism exists to balance the human
body in ML direction using a cancellation strategy. Invertor/evertor muscles of ankle and
abductor/adductor muscles of hip work in opposite directions on the left and right sides.
Therefore, to provide the balance in ML direction, the controlling mechanism works with
loading and unloading of bilateral muscles, instead of increasing the level of muscle activity
[43]. In this context, the effect of EA treatment was to increase ankle and hip joints
compliance during quiet standing, especially in the AP direction. These results were in
agreement with clinical evaluation of rigidity (UPDRS part 111-22), which showed a 48%
reduction following EA treatment.

Alterations in Ankle/Hip sway following EA

An increased ratio of Ankle/Hip sway, as expected in our second hypothesis, was evident in
the intervention group. In almost all conditions (except eyes-open hip sway), both ankle and
hip sway increased following treatment; the amount of increase was, however, larger for
ankle joint sway. Accordingly, an increase in Ankle/Hip sway suggests an increase in using
ankle-strategy instead of hip-strategy for maintaining balance following the treatment.
Deterioration in using ankle-strategy was suggested in previous studies [26], and within the
current approach using wearable sensors we were able to accurately evaluate the Ankle/Hip
sway as an indicator of the ratio of using ankle-strategy over hip-strategy. Comparing PD
and healthy groups, we observed that ankle sway was smaller in PD participants.
Accordingly, increased ankle-strategy use following EA in the intervention group suggests
improvement in balance. To understand how an increased use of ankle-strategy (instead of
hip-strategy) can improve the balance, one should consider the differences in these two
strategies and their roles in maintaining balance.

To maintain balance on a flat support, healthy individuals dominantly use ankle-strategy. In
the condition of short surface with lack of firmness, or with a lack of sensory feedback, hip-
strategy assists in maintaining balance [44]. Similarly, as a result of neuromuscular
complications, muscle weakness or limitation in range of motion of the ankle joint, larger
compensatory motion from the hip and trunk is required to correct the posture during upright
standing [45]. Existing evidence indicates that PD patients have altered postural reflexes in
their lower extremities, defined by delayed reflex onsets especially in the ankle joint [27,28].
Additionally, reduced muscle strength and rigidity in lower extremities, which are associated
with PD [22,46], can lead to smaller ankle-strategy use, even in simple upright standing on a
flat surface. Inability to make full use of ankles for balancing and high dependency on
upper-body movements, therefore, may cause an increased risk of falling in PD patients
[46]. The results following EA, demonstrate an increased Ankle/Hip sway, which may
improve balance with EA intervention. However, it is not clear whether EA improved only
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rigidity or both rigidity and reflexive responses of the ankle here. In future studies, reflexive
responses could be measured using electromyography to address this limitation.

Limitations, summary of findings, and future directions

One limitation of the current study is the small number of participants, and, therefore, the
current results, while encouraging, should be considered preliminary results, which
demonstrate the proof of concept for EA benefits in balance in PD patients. These results
need to be confirmed in a larger sample size in future research. Although, balance
improvement was observed in almost all individuals in the intervention group, as a result of
small sample size, differences in balance improvement between intervention and control
groups was observed only in Ankle/Hip sway. We detected improvement in balance
behaviors mostly in dual-task condition. Based on minimum estimated effect size here
(0.37), to observe significant improvement in main balance parameters (i.e., COMpsap and
Ankle/Hip sway) for intervention group following EA treatment in other balance conditions
a sample size of 48 participants is required (power of 80% and a = 0.05). Similarly, to detect
differences in balance improvement between the intervention and control groups in most of
main outcome measures in eyes-closed and dual-task conditions a sample size of 51
participants in each group is required. In addition, the improvements in balance behaviors
were observed only immediately after EA treatment. Retention of therapy and long term
effect of acupuncture on balance is, therefore, still unclear, and will be addressed in our
future studies. Moreover, our limiting of the duration of the treatment to three weeks (three
sessions), and the potential beneficial effect of a longer duration of treatment and gradual
improvements in balance should be assessed later. In addition, future research should
address benefit of EA on gait and reduction of risk of falling, as well as prospective falls.

A key challenge linked to using wearable sensors to estimate COG is that, unlike camera
motion analysis system or force platform that use a fixed landmark reference (i.e. room
reference axis), the axis of the sensor is highly dependent on how it is attached to the body
and how it rotates during body motion. To address this challenge, we used a quaternion
model as described earlier [38] to better estimate rotations and correct the change in
landmark reference of wearable sensors. Further, we used a low-pass filtering algorithm to
minimize signal drifting. Another limitation of this study is using a two-link inverted-
pendulum model to estimate COG, assuming that motions around other body joints during
balance test are negligible compared to motions around hip and ankle joints. In our previous
study [47], we demonstrated that this assumption produces an acceptable agreement (r > 0.8)
for the estimation of COG trajectory, when it is compared to full biomechanical model of
human body as estimated by camera motion analysis system.

Despite these limitations, this randomized controlled study provides the proof of concept for
potential benefits of non-pharmaceutical based EA therapy on enhancing balance in aging
adults living with PD. Preliminary results revealed that people at advanced stages of PD,
with poorer UPDRS 11 score, may benefit even more from EA treatment. Results indicate
that benefit from EA on balance enhancement was independent of baseline balance in our
study. Moreover, a high sensitivity of detecting balance problems was observed in a dual-
task condition, which might arise from the inherent neurological sources of PD progression.

Gerontology. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Toosizadeh et al.

Page 10

This was in agreement with UPDRS | subjective evaluations, that showed a significant
improvement in “mental, behavior, and mood” following EA treatment (see Table 4 and 5).
Previous research also demonstrated exacerbation of motor performance, specifically during
gait, in PD patients while performing in a dual-task condition [48]. Accordingly, balance
improvement observed here might, to some extent, be related to improvement in cognitive
behaviors in the PD sample after the treatment. Overall, performing hard cognitive tasks
might increase the risk of falling in PD patients, and future studies should aim on studying
reasons behind poor balance in dual-task conditions among PD patients and potential
exercise regimens for its improvement. In contrast to dual-task conditions of balance testing,
small differences were observed in eyes-open and eyes-closed conditions. Further, UPDRS
measures were more sensitive in detecting improvements in PD patients after EA treatment.

Conclusion

Despite the fact that current conclusions should be confirmed in a larger sample size, the
current study demonstrates proof of concept for improvement in PD patients’ balance
following EA. These improvements were characterized by reduction in COGp,_/ap SWay
and enhancement in using ankle-strategy following treatment, which may be caused by
reduced rigidity and increased reflexive responses of lower limb muscles. These results were
in agreement with subjective evaluations of participants regarding reduced risk of fall and
rigidity, and with improvement in motor examination and activity of daily living within the
UPDRS test. In these trials the dual-task was found to be the most sensitive condition for
evaluating enhancement in postural balance following EA treatment. Finally, with the
current wearable sensor technology we were able to quantify postural sway in the ankle and
hip joints separately. Using the wearable sensor technology, all the measurements were
performed in a clinical setting within a short duration of time to allow for several
measurements.
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Figurel.
Two wireless sensors are attached to shank and trunk to provide three-dimensional angles of

ankle and hip joints in real-time, and to ultimately estimate COG.
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A sample of stabilogram plot from a non-frail participant. The figure illustrates a larger body
sway in AP compared to ML direction.
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Ratio of COGpy/ap and Ankle/Hip sway in intervention and control group pre- and post-EA
during eyes-closed and dual-task conditions. The symbol * indicates a significant difference.
Mean values and SE were illustrated.
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Correlation between UPDRS Il improvement and disease stage, and between UPDRS I
improvement and UPDRS |11 baseline values.
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Mean (SD or percentage) values of participant demographic information and pre-EA balance behaviors. The

symbol * indicates a significant difference between intervention and control groups.

Intervention Control Total p-value

Number (% of total) 10 (67%) 5 (33%) 15 -
Male (% of the group) 6 (60%) 2 (40%) 8 (53%) 0.46
Age (SD) (yr) 69.8 (4.5) 71.0 (11.7) 70.2 (7.3) 0.78
Stature (SD) (cm) 164.6 (10.1)  163.6 (13.5) 164.3 (10.9) 0.87
Body mass (SD) (kg) 74.3 (10.4) 76.4 (23.8) 74.9 (15.3) 0.81
BMI (SD) (kg/m?) 275(4.1) 28.1 (6.5) 27.5(6.5) 0.85
MM SE score (SD) 24.9 (6.7) 27.2 (1.1) 25.7 (5.6) 0.47
Disease stage (SD) 3.0 (1.0) 2.9(0.7) 2.9(0.9) 0.92
COGap (SD) (cm) t 0.50 (0.34) 0.69 (0.51) 0.61 (0.40) 0.38 t
COGy, (SD) (cm) t 0.61 (0.39) 0.82 (0.20) 0.70 (0.41) 018 t

1.42 (0.60 1.66 (0.86 1.54 (0.68 t
cogmL/ap (SD) f (060) (086) ©88) 42
Ankle (SD) (deg) t 2.83(3.48) 3.91 (2.54) 3.50 (3.82) 0.18 t
Hip (SD) (deg) t 1.81 (1.93) 2.44 (0.98) 2.19 (2.05) 011 t
Ankle/Hip (SD) T 1.38 (0.43) 1.59 (0.75) 1.50 (0.53) 0.26 t
UPDRS- Fall 0.9 (1.3) 0.8 (0.8) 0.9(1.1) 0.88
UPDRS - Rigidity 6.4 (5.1) 7.4 (4.5) 6.7 (4.8) 0.72
UPDRSI 5.3 (3.5) 3.3(24) 4.6(3.2) 0.28
UPDRSII 18.0 (9.7) 17.0 (5.7) 17.7 (8.4) 0.84
UPDRSIII 35.1(15.3) 34.2 (12.3) 34.8 (13.9) 0.91

t . . ; . .
Average values among different conditions (i.e. eyes-open, eyes-closed, and dual task) were compared between intervention and control samples.

¢Smallest p-value among conditions (i.e. eyes-open, eyes-closed, and dual task)

Gerontology. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Toosizadeh et al.

Page 19

Table 2

Mean (SD or percentage) values of participant demographic information. For balance parameters mean (SD)
values across eyes-open and eyes-closed trials are presented. The symbol * indicates a significant difference.

PD Healthy 95% CI p-value
Number (% of total) 15 44 - - -
Male (% of the group) 8 (53%) 7 (16%) 0.26 1.57 <.01*
Age (SD) (yr) 702(7.3) 746(65  -021 371 0.08
Stature (SD) (cm) 164.3(10.9) 159.1(6.8) -0.04  0.01 0.29
Body mass (SD) (kg) 749 (15.3) 66.1(158) -7.92 0.15 0.06
BMI (kg/m?) 275(6.5) 257(45) -238  0.36 0.15
MMSE score (SD) 25.7(5.6)  29.2(1.1) 0.64 152 <.0001*
COGp (SD) (cm) 0.61(0.40) 1.32(0.68)  0.22 052  <.0001*
COG (SD) (cm) 0.70(0.41) 0.67(0.35) -0.12  0.09 0.77
COGyap (SD) 154 (0.68) 057(0.32) -052 -0.31 <.0001*
Ankle (SD) (deg) 350(3.82) 7.87(6.85)  0.63 3.88  <.01*
Hip (SD) (deg) 219(2.05) 5.13(3.73) 065 226  <.001*
Ankle/Hip (SD) 150 (0.53) 1.66 (1.01) -0.15  0.33 0.45

ClI: Confidence Intervals
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