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Abstract

Background: Symptoms of Parkinson's disease (PD) include bradykinesia, gait abnormalities, balance deficits, restless leg
syndrome, and muscular fatigue. Compression garments (CG) have been shown to improve performance in athletes by
increasing venous return and reduce lactic acid.

Objective: Assess the effect of compression garments on the performance of 3 standardized functional tests in persons with
PD.

Methodology: The functional tests selected represented strength, endurance, and mobility measures in individuals with PD.
Nineteen males and 2 females (age 48-85) with PD participated in this cross-over design study. Subjects were randomly
assigned to test under two conditions on two separate days: 1) wearing below knee CG 2) wearing sham stockings. Outcome
measures included 5 Times Sit to Stand (5XSTS), gait speed, and 6 Minute Walk Test (EBMWT). There were seven days
between trials.

Results: A paired t-test was used for each dependent variable. Significance was set at p < 0.05. There were no significant
differences found between the CG and sham socks for all outcome measures. Paired t-tests for the dependent variables were
Gait Speed p=.729; 5XSTS p=.880; 6MWT .265; RPE p. =1.00.

Conclusion: Data to support the use of compression garments for enhanced proprioception, muscle power, speed, and
endurance is in need of further study with the PD population. In particular, it is recommended that future studies assess the
possible physiological benefits of compression garments when worn during exercise interventions.
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Introduction

Parkinson’s disease (PD) is a progressive
movement disorder diagnosed in 1% of the US
population over age 65. & 2 This disease
presents as a progressive loss of neurons in
the substantia nigra of the midbrain; thus
altering the nigrostriatal neural conduction. @

Clinical presentations of PD vary markedly
between individuals. Typical motor symptoms
include rigidity, resting tremors, bradykinesia,
and postural instability. » Other symptoms
individuals with PD often have are speech
disorders, gait deficits, postural adaptations,
muscular weakness, fatigue, and reduced
function. ©7 In addition, over 20% of
individuals with PD suffer from Restless Leg
Syndrome (RLS). ® RLS causes leg discomfort
in some people with PD that affects the ability
to sleep and causes daytime drowsiness,
fatigue, chronic insomnia, sleep maintenance
insomnia, intense dreaming, and low quality of
life. ©

The cause of fatigue and decreased
endurance is unknown but thought to be
associated with disease processes involving
injuries to the basal ganglia and RLS.
Bradykinesia also increases fatigue by
prolonging the time required to complete
activities and tasks. The individual must work
harder to carry out simple movements or tasks.
Muscles that do not move well or are poorly
conditioned, atrophy. © Loss of muscle
strength increases fatigue and decreases
endurance. 9

Over the last decade, compression
garments (CG) have become popular among
athletes and fitness enthusiasts. Compression
garments can be whole body or part specific
(i.e. socks, shorts, pants, sleeves), that provide
continual external pressure to the body. 112

Compression garments improve venous
return by decreasing transmural pressure.
This leads to local dilation of arteries and
decreases  capillary  resistance,  which
subsequently increases blood flow. The
improved oxygenation and lactate removal
allows a person to train at a higher intensity for
longer periods of time. @ Compressive
garments also attenuate muscle oscillation
during exercise. This excessive movement
leads to a higher oxygen requirement,
increased lactic acid production, and increases
the potential for fatigue related injuries.
Compression reduces this vibration in the

muscle, thus conserving energy, reducing
lactic acid production, improving performance
and endurance. ®* 9 Compression has also
shown some evidence of improving RLS
symptoms. @7

Other evidence suggests that CG, improve
joint awareness, and alters submaximal
oxygen usage during exercise. During post
exercise recovery it has been shown to alter
local blood flow and protein or metabolite
clearance, reduce swelling and reduce
perceived muscle soreness. (229 These
events may lead to decreased delayed onset
muscle soreness. Little is known about the
performance effects of CG’s on those with
health conditions such as PD. To date, the
majority of research on CG has been done
using athletes as participants. Until there is a
cure, interventions that improve the signs and
symptoms or slow down the symptom
progression of PD have merit.

The purpose of this study was to assess the
possible benefit of CG on functional test results
in individuals with PD when compared to sham
stockings. We also assessed for any changes
on Borg rate of perceived exertion (RPE)
during these activities, between the sham
stockings and compression garments. We
hypothesized that wearing a lower leg
compression garment would improve functional
performance and gait in individuals with PD.

Methodology

The study was organized and conducted at
the Adele Smithers Parkinson’'s Disease
Treatment Center of the New York Institute of
Technology, College of Osteopathic Medicine
(Old Westbury, NY). A flyer was placed on the
bulletin board in the clinic area. The study was
also introduced at an exercise class. The study
was approved by the New York Institute of
Technology Institutional Review Board, and all
participants signed written informed consent.
Twenty-one Caucasian participants (19 male, 2
female) who were diagnosed with PD by a
neurologist were consented to participate in
this study. The mean age of participants was
69.7 SD +/- 7.8 years. The mean Unified
Parkinson Disease Rating Scale (UPDRS)
motor score was 40.5 SD +/- 10.7. All of the
participants were on PD medications. One
male subject withdrew due to illness. The
inclusion criteria included participants with an
age range between 48-85 years old; Hoehn
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and Yahr scale stages 1-3; pain no greater
than a 3/10 grossly; independent in ambulation
with or without a device for six minutes; and

able to follow the instructions. Exclusion
criteria included persons with fluctuating
response to PD medications; disabling

dyskinesia; cognitively impaired; any other
significant neurological, cardiovascular or
musculoskeletal condition; participants who
were unable to walk six minutes; BP > 140/90
or < 90/50; previous poor tolerance to
compression. Using the table for sample sizes,
it was determined that 20 subjects would be
necessary for a power of 80 with an alpha of
.05. 1®

A repeated measure design with a Latin
Square was used in order to randomize the
treatment  conditions. Each  participant
performed all outcome measures on two
separate trials separated by 7 days, during
which they randomly wore either below knee
compression garments or sham stockings. The
sham socks were a regular pair of black cotton
polyester knee high socks, which were cut at
the ankle and did not provide any compression
to the lower extremity. See figure 1.
Randomization of the participants was based
on the date of the initial visit. If the assessment
date was an even number, the participant
received compression garments. The
participant performed 6 Minute Walk Test
(BMWT) a measure of functional endurance,
gait speed (GS) overall mobility, and 5 Times
Sit to Stand (5XSTS) lower extremity strength,
wearing either the compression garments for
the experimental condition or sham stockings
for the control condition.

Figure 1. Compression and sham socks

Demographic data was recorded on each
participant, which included; age, sex, height,
weight, UPDRS, past medical history,
medication time, personal physician and a calf
girth measurement. In order to determine the
stride length for the pedometer, the
participants were asked to ambulate 10 steps
at a comfortable pace. The total distance
ambulated was divided by 10 in order to
calculate stride length. The stride length was
entered in to the pedometer before the subject
initiated the 6MWT.

The calf girth was measured in centimeters
at the greatest circumference to determine the
size of the compression garment based on the
manufacturer’s guidelines. Prior to
administering the tests and afterwards, the
participants were asked to close their eyes
while researchers donned/doffed the garments
on each of the participants. The participants
performed the 6MWT, Gait Speed, and 5SXTS
in a randomized order.

Vital signs including blood pressure,
respiration rate, heart rate and Borg RPE were
documented pre and post the 6MWT. Each
subject sat quietly for 10 minutes prior to taking
resting vitals. The 6MWT test is considered a
sub maximal test that measures a person
aerobic capacity. It was completed on a 30-
meter course using two cones to mark the
boundaries. It was administered to measure
functional endurance and determines the
distance a person can walk in 6 minutes.
According to Steffen et al, 9 this test has high
test retest reliability Interclass Correlation
Coefficient (ICC= 0.95-0.96) for individuals
with PD, also, the Minimal Detectable Change
(MDC) for individuals with PD is 82m. For the
6MWT, the clinician affixed the pedometer to
the subject’s waist. The Digi-Max pedometer
model used in this study has been shown to be
a valid distance measure in persons with PD.
20 Following the recommendations of the
American Thoracic Society guidelines for the
6MWT, the participants were instructed to
cover as much distance as possible in 6
minutes at a continuous and comfortable
pace.®V) All participants were experienced with
this test. Participants completed this test
individually one time under each condition.
Researchers managed the time and informed
the subject at one-minute intervals. At the
completion of the 6BMWT, the distance on the
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pedometer was recorded; vital signs and the
Borg RPE were repeated immediately.

The 5XSTS test was used as a measure of
the strength of the lower body. ?? There are
numerous studies that support the reliability of
this tool with this population. @3 24 Two studies
done with 5XSTS for persons with PD
demonstrated excellent test-retest reliability of
ICC=0.76 and inter-rater reliability of 0.99 9
ICC= 0.91 (0.82-0.96) ©? respectively. Duncan
et al, @ assessed the criterion validity
between quadriceps maximal voluntary
isometric contraction, (MVIC) and 5XSTS,
found a correlation of r? = 0.548. The MDC for
5XSTS has not been established in PD
population however, the MDC for healthy
community dwellers is 4.2 sec. @ During the
5XSTS, a standard chair was used (chair
height 43cm) with no armrest. Each participant
completed a single STS to demonstrate an
understanding of the test. The participants
completed one trial of this test under the
supervision of the researchers. The
participants were instructed to move to the
center of the chair, cross their arms, and
perform a complete sit to stand, 5 times, as
quickly as possible. The time began as soon
as the participants’ buttocks left the chair and
stopped when the participants’ buttock touched
the chair on the fifth repetition.

Gait speed is considered a reliable measure
of an individual's overall walking performance
and mobility status. ?® Gait speed is a reliable
and responsive test for measuring walking
speed in patients with PD (ICC= 0.81). ?") The
concurrent validity between Berg Balance
Scale and gait speed showed a correlation of
r2 = 0.73 and 0.64. @ The MDC for gait speed

in the PD population is 0.18 m/s. ° During gait
speed measurement, three trials were
conducted in which the participants were
asked to walk 3 meters at a comfortable pace,
acceleration and deceleration were accounted
for with a 2 meter walk on and off. 28 Out of
three trials, the best two were averaged to
calculate the comfortable gait speed.

The Borg RPE scale 6-20 was used as a
measure of perceived effort. Eaton and
colleagues, @ found the Minimal Clinically
Important Difference (MCID) for the Borg RPE
10 point scale to be 1 unit. This is a 10%
change. Their participants were pulmonary
patients. Effect size changes in Eaton’s study
were based on the Borg RPE score during
trials with and without supplemental oxygen
during the 6MWT. In addition, a retrospective
review, Reis et al @9 also reviewed MCID,
using the 10 point scale for the Borg RPE and
found that for large effect sizes of .8 or greater
improvements in the Borg RPE changes 2
units or more was required. The participants
were guarded for safety each trial.

Results

Descriptive analysis of the participants was
completed. Paired t tests were used to assess
for differences in outcomes of 6MWT, gait
speed, and 5XSTS. The mean, standard
deviation and the standard error mean from the
paired sample t test for the sham and
experimental scores for the variables are
presented in table 1. None of the mean
differences of the variables met the p = .05 or
less value qualification and therefore, these
differences in means were considered
insignificant.
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Table 1. Mean Scores for Paired Variables

Dependent Variables I\igae)n ) RS
Experimental gait speed (meters/sec) 0.782+0.887 20 0.729
Sham gait speed 0.769+0.530 20
Experimental 5x sit to stand (sec) 16.41+12.182 20 0.880
Sham 5x sit to stand 16.26+12.259 20
Experimental. 6 min walk test (meters) 110.93+123.94 20 0.265
Sham 6 min walk test 101.37+140.46 20
Experimental Rate of Perceived Exertion (6-20 scale) | 12.20+1.576 20 1.000
Sham Rate of Perceived Exertion 12.20+2.093 20

Discussion

To date, the majority of research on
compression garments has included athletes
as participants. To our best knowledge, this is
the first study to analyze the benefits of
compression garments on individuals with PD.
This study sought to address this gap in
knowledge by testing the effects of
compression garments on the motor symptoms
of PD, through single performances on three
standard outcomes; which included, the 5-
Times Sit-to-Stand Test, the 6-Minute Walk
Test, and the gait speed test.

In consideration of the 5-Times Sit-to-Stand
test, we likened our short burst of sit-to-stand
to previous studies on volleyball players, who
completed 10 vertical jumps. @9 This study
faled to demonstrate that compression
garments increase vertical jump height;
however, the participants were able to maintain
the power of the jump on the following jump
efforts. It is believed that the enhanced
performance, in this power-based activity, is
due to increased proprioception. 0
Compression garments are thought to refine
our proprioceptive abilities. ©9  Better
proprioception improves efficiency  of
movement by reducing the number of muscles
that are activated, thus decreasing the demand
on the muscle. G The volleyball study found a

reduction in muscle oscillation when wearing
the compression shorts. @9 |t has been
suggested that excess muscle oscillation can
contribute to fatigue and interference to optimal
muscle recruitment. @Y Our participants wore
below knee compression garments, which may
not have provided enough protection to reduce
muscle oscillations or improve proprioception
of the lower extremity. Compression shorts
might have been a better choice for this test.
The mean difference in time between the two
trials in the 5XSTS was below the minimal
detectable change of 4.2 seconds.

The 6-Minute Walk Test was used as a
performance based measure of exercise
capacity and endurance in community dwelling
older adults. @Y Its original purpose was to
assess exercise tolerance of patients
diagnosed with chronic respiratory disease and
heart failure. ®Y Our study demonstrated that
wearing below knee compression garments did
not statistically improve the 6-minute walk
distance. However, participants completing the
compression garment trial completed a mean
of 31.09 meters greater distance than the
sham stockings trial. The minimal detectable
change for subjects with PD is 82 meters. 9
Although some studies have shown
compression garments to improve endurance
in athletes, studies supporting the endurance
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enhancing abilities of compression garments
are inconclusive. % Most studies discussing
the benefits of compression garments focused
on improvements in blood flow; however, these
results don't specifically improve exercise
endurance. ¢33 The enhancements in overall
circulation help more with the speed of muscle
recovery time post-exercise and delayed onset
muscle soreness. ¢4 Bringard et al. ©®® found
that compression garments can improve
circulation, allowing the body to use less
energy at the same running speed. However,
the sample size in this study was small and the
results were completely self-reported by the
participants.

There is a void in the literature that
concerns the assessment of compression
garments and gait speed measurements.
Contrary to the supportive findings of gait
speed by Lim, @7 other research supports that
the gait speed test may not be an appropriate
gait speed parameter for patients with
Parkinson’s disease. ®® This is because the
test does not appropriately distinguish those
participants who had freezing and hesitation
from those who walked slowly without
hesitations and freezing. ©® Therefore, it
should be noted that there can be variability in
spatiotemporal gait measures, like the gait
speed test. We note however, that freezing of
gait was not evidenced with any of the
participants in this study. The mean time
difference between the two trials in the gait
speed test was below the minimal detectable
change (.18 m/s) for those with PD. 9

While no performance differences were
observed in our study, the results are subject
to several considerations. Firstly, our study
under-recognized the potential importance of
the non-motor symptoms (cognitive
impairment, depression, anxiety, psychosis,
apathy, compulsive disorders, sleep disorders)
associated with the disease. Our study was
limited in that it did not screen for the non-
motor symptoms from trial one to trial two.
Given the knowledge that non-motor
symptoms can cause considerable physical
burden on patients with PD, it is important to
establish that the intensity of these non-motor
symptoms remains consistent through both
trials in order to properly depict our results.

The benefits seen with athletes wearing
compression garments are associated with
prolonged use of the compression garments

during training. G® The participants in this study
wore the CG only one time. Our participants
did not train with the compression garments
on. We posit that trials with compression
garment use during therapeutic interventions
may provide the similar benefits for those with
PD. Future studies should include trials with
participants  exercising  while  wearing
compression garments.

Limitations

A limitation in our study is the time our
participants came in for data collection. While
stil in a therapeutic window of their
medications, some participants were unable to
come precisely the same time for each trial.
The best results would be attained when
participants are at their peak dose. ©7 This
varies among individuals. This study was likely
to have been affected by the small sample size
(n=20). Although our study had power and the
size was adequate to detect differences
between compression garments vs. sham
stockings, a larger sample size may have led
to an increased ability to detect differences.
Lastly, since there was only one woman that
completed the study, no gender differences
could be assessed.

Conclusion

This is the first study to observe the effects
of compression garments on individuals with
PD. Although no benefit was noted in the
performance of single trial compression
garment use among individuals with PD; future
trials with exercise intervention components
are warranted based on results seen in the
literature with athletes. Therefore, data to
support the use of compression garments for
enhanced proprioception, muscle power,
speed, and endurance is in need of further
study with the PD population. In particular, it is
recommended that future studies assess the
possible physiological benefits of compression
garments when worn during exercise
interventions.
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