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19  SHORT ABSTRACT:
20  The goal of this article is to highlight the strengths, limitations, and applications of the method
21  used with whole body vibration on polio survivors with and without post-polio syndrome as a
22  feasible and safe form of weight bearing exercise.
23
24  LONG ABSTRACT:
25  The purpose of the original study was to examine the use of whole body vibration (WBV) on polio
26 survivors with and without post-polio syndrome as a form of weight bearing exercise. The goal
27  of this article is to highlight the strengths, limitations, and applications of the method used.
28  Fifteen participants completed two intervention blocks with a wash-out period in between the
29  blocks. Each block consisted of twice a week (four weeks) WBV interventions, progressing from
30 10to 20 min per session. Low intensity (peak to peak displacement 4.53 mm, frequency 24 Hz, g
31 force 2.21) and higher intensity (peak to peak displacement 8.82 mm, frequency 35 Hz, g force
32  2.76) WBV blocks were used. Pain significantly improved in both groups following higher intensity
33  vibration. Walking speed significantly improved in the group who participated in higher intensity
34  intervention first. No study-related adverse events occurred. Even though this population can be
35 at risk of developing overuse-related muscle weakness, fatigue, or pain from excessive physical
36 activity or exercise, the vibration intensity levels utilized did not cause significant muscle
37  weakness, pain, fatigue, or sleep disturbances. Therefore, WBV appears to provide a safe method
38 of weight bearing exercise for this population. Limitations included the lack of measurement of
39 reflexes, muscular activity, or circulation, the difficulty in participant recruitment and insufficient
40  strength of some participants to stand in recommended position. Strengths included a standard,
41  safe protocol with intentional monitoring of symptoms and the heterogeneity of the participants
42  in their physical abilities. An application of the methods is the home use of WBV to reduce the
43  barriers associated with going to a facility for weight bearing exercise for longer term
44  interventions, and benefits for conditions such as osteoporosis, particularly for aging adults with
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mobility difficulties due to paralysis or weakness. Presented method may serve as a starting point
in future studies.

INTRODUCTION:

Whole body vibration (WBV) is reported to give benefits similar to customary exercise in adults,
those who are normal or with medical conditions. A vibration platform provides motorized,
oscillatory movement to the whole body while the person stands on it. Improvements in pain'?,
strength3#, balance®’, bone density*®%?, and flexibility> have been reported. In del Pozo-Cruz et
al.’s'0 systematic review of WBV studies with people with neurologic conditions, vibration
frequencies ranged from 2 to 50 Hz, amplitudes from 0 to 14 mm, 1 to 11 bouts with 1-3 min of
rest between bouts, total vibration time per sequence of 0.5 to 15 min, and number of sessions
from 1 to 240. WBV acute significant effects were seen in functional balance tests and quadriceps
isometric strength in people with multiple sclerosis, postural control and movement items on the
Unified Parkinson Disease Rating Scale (UPDRS) in people with Parkinson’s disease, and
guadriceps isometric and eccentric strength in people post stroke. The only significant change
that lasted through the follow-up period was in the UPDRS in people with Parkinson’s disease.
The reviewers reported that there are few high quality methodological studies available for
review and poor consistency of the data between studies®®. A pilot study with adults with chronic
incomplete spinal cord injury showed significantly faster walking speed and improvement in
various gait parameters!'. However, a small study with survivors of polio was discontinued due
to preliminary data analysis failing to show significant improvement in walking speed and
strength?2,

Because of the large variations of frequencies and magnitudes used in the WBYV intervention
studies in the neurologic populations!?, the studies reporting the effects of WBV with bone
mineral density in post-menopausal women*®8° older adults®!3'4, and people with
fibromyalgia'® were reviewed due to most of the current study’s population of survivors of polio
being of similar ages, experiencing problems in participating in traditional weight bearing
exercises, and having problems with pain and fatigue. In these review studies, 10 to 40 Hz (most
in 30 to 35 Hz range) vibration frequencies, with 1-8 mm amplitude, and variable g forces were
used*681013-15 |n 2010, Rauch et al.*® published a manuscript describing the need for the
standardization and recommendations for reporting WBYV studies.

Survivors of polio, with or without post-polio syndrome (PPS), may be challenged in their
determination of methods in which to exercise in weight bearing positions to maintain bone
density or for other wellness purposes because of their residual weakness or other symptoms of
PPS. Exercise has been reported to potentially overly fatigue already overused muscles and
worsen symptoms of pain, fatigue, and increased weakness”'8. Few studies with small sample
sizes have shown the exercise to be safe and beneficial in this population®24,

The goal of the previously conducted study was to examine the use of WBV on polio survivors,
with and without PPS, as a possible safe form of weight bearing exercise. Only one prior published
study had addressed the use of WBV in people with PPS. The post-polio population has unique
issues of chronic muscle weakness or paralysis and joint involvement that impacts their ability to



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

participate in weight bearing exercise; therefore, an exploratory limited-efficacy feasibility study
was determined to be necessary?°. This article expands upon and demonstrates the method used
in the previously published study?®. The purpose of this article is to highlight the strengths,
limitations, and applications of the method used in that study.

PROTOCOL:

The protocol being described in this article follows the protocol used in the previously published
study that abided by the ethical standards for human research of the Internal Review Boards of
Texas Woman's University and Baylor College of Medicine in Houston, Texas, USAZ®.

1. Participant Screening and Study Preparation

1.1.  Screen all participants for inclusion and exclusion criteria by phone, and then ask them
again about these criteria while in person during the approved informed consent process.

1.1.1. Askthe participants about their polio history and whether they have been diagnosed with
PPS.

1.1.2. Ask if the participants have any concern about being able to bear weight through their
lower extremities (LEs) at least 20 min in short blocks of time.

1.2. Review the exclusion criteria commonly reported in the literature and used in the
previously published study?® for appropriateness for a future study.

Note: Typical exclusion criteria are body weight more than 227 kg (vibration platform maximum),
current medical conditions such as cancer, infection, wound, fracture, thrombosis/embolism,
epilepsy, severe migraine headaches, severe vestibular conditions, discopathy, spondylolysis, or
implanted devices, metal fixators or joints.

1.2.1. Check the weight limit of the selected or available vibration platform, and weigh the
participants in person if they appear close to that body weight maximum.

Note: A typical bathroom scale may not measure weights high enough. Many vibration platforms
have weight limits of 227 kg or 500 lbs.

1.3. Determine the inclusion criteria that will be specific to the target population and clinical
or laboratory setting. If a physician is not on the study team, consider requiring the participants
to seek medical approval from their personal physician, for reasons similar to someone starting a
new exercise program.

Note: In the previously reported study?®, the participants were English speaking survivors of polio,
with or without PPS, 40-85 years of age, and able to weight bear through their LEs up to 20 min.
Note that their ability to walk was not an inclusion criterion.
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1.4. Document the reasons why the individuals do not agree to participate in the study and
why they withdraw, if that occurs. Determine if the withdrawals need to be reported to the
Internal Review Board of the institution or facility.

1.5.  Explain to the participants what the experimental design is (in lay terms), what to expect
in terms of time commitment per session, how many sessions, and how many weeks or months
the study will last.

1.6.  Explain to the participants that they will be standing up or weight bearing on the vibration
platform for several short bouts for each session and what the vibration will feel like.

1.6.1. Show the participants the vibration platform. If the participants seem hesitant during the
informed consent process and baseline testing, offer to turn on the platform to show the
participants how it works. Inquire if he or she wishes to try it briefly prior to starting the
intervention in the next session.

2. Experimental Design

2.1. Use random assignment to groups, if possible. If a randomized controlled study is
selected, consider offering a delayed-start intervention for the control group to help avoid
disappointment or attrition due to the lack of interest.

Note: The previously conducted study used a random-order cross-over experimental design with
two weeks for a wash-out period and a two-week follow-up period; therefore, all participants
received the same dosage or amount of vibration intervention with treatment block order
randomized (low intensity first/high intensity second or high intensity first/low intensity second).
No control group was used due to anticipated small sample size?®.

2.2.  If the participants will use any type of written log for the symptoms such as cramping or
activity levels, provide the log for them in paper or electronic version, based upon their
preference. Request their log each week to help them keep up with their documentation and to
avoid recall bias issues.

2.3.  Build in a follow-up period with repeat testing in the study design to see if any changes
persist.

2.4. Be available by email or phone for questions or concerns that may arise during the study
period.

3. WBYV Interventions

3.1. Schedule the sessions with at least one day off in between sessions, two to three times
per week to avoid undue fatigue or muscle soreness.
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3.1.1. Select the number of weeks of intervention based upon the current literature and the
outcome measures selected.

Note: Because the previous study was a feasibility study, two four-week intervention blocks with
treatment order randomized were used to determine if the WBV would be a safe and tolerable
method to achieve weight bearing exercise?®. Gains in bone mineral density will require months,
whereas other gains can occur immediately or in days or weeks.

3.2.  Instruct the participants to stand on the WBYV platform with the knees slightly bent and
weight as evenly distributed between their two LEs as possible?’28, Allow the participants to
support themselves with their arms, as needed, for balance during the vibration and when
stepping up and down from the platform.

3.3. If the person is not able to stand at all or stand long enough, allow him or her to sit in a
chair or wheelchair, with the feet on the platform, forearms resting on thighs, leaning forward to
achieve as much weight bearing through the lower body as possible, still keeping the feet on the
platform.

3.3.1. If the motorized wheelchair has a seat elevator, raise the seat as high as possible.

3.3.2. If the person will be sitting in a standard chair, ask him or her to sit on some folded
blankets or pillows to raise the hips up into a higher position.

Note: The closer the LEs are to a standing position, the more weight bearing will occur through
the LEs to enhance vibration stimulation into the body.

3.4.  Ask the participants to remove their shoes and LE orthoses (braces) and wear socks (for
cleanliness) during the vibration. Offer socks with rubber treads on them if the person is not

wearing socks or is apprehensive of standing or stepping on the tile floor of the lab.

3.4.1. Explain to the participants that wearing only socks on their feet will enhance their nerve
stimulation to their muscles, spinal cord, and brain for peak effectiveness.

3.4.2. Explain to the participants that the orthoses are to be removed because the vibration may
cause rubbing between the orthosis and their skin, putting them at risk for skin breakdown.
Inform the participants that it may also cause hardware loosening of metal components of the
braces.

3.5. Encourage each person to move into his or her optimal alignment.

Note: For people with significant LE weakness on one or both sides, they may not be able to
weight bear symmetrically or stand with knees flexed, especially without their orthoses.

3.6. Use a wedge or cuff weight under the heel to accommodate plantarflex or contractures,

4



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

if necessary, to allow weight bearing through as much of the plantar surface of the foot as
possible.

3.7.  Start with ten 1-min vibration bouts, with 1-min sitting rest periods between the vibration
bouts. Increase to ten 2-min vibration bouts, and do not change the rest periods unless needed
or requested by the participant. See Table 1 for a typical intervention progression.

3.7.1. Take the person’s vital signs.

3.7.2. Observe this person who had polio as a child step up onto the platform used for the low
intensity protocol.

3.7.3. Instruct the person to stand with the knees slightly bent, weight as evenly spread between
two feet as possible.

3.7.4. Tell the person that he/she can hold onto the handle if he/she needs to balance, but to
hold it as lightly as possible.

3.7.5. Inform the person that he/she will feel the vibration in the soles of his/her feet, radiating
up into his/her body.

3.7.6. Askthe person if he/she is ready to start, and when he/she says yes, turn on the machine.

3.7.7. Use atimer set for 1 min for the first session if the platform does not have a preset time
choice.

3.7.8. After 1 min of vibration has ended, ask the person to sit down for 1 min to rest, setting a
timer, offering to answer any questions heshe may have.

3.7.9. Afterthe 1 min rest, ask the person if he/she is ready to step up and resume the vibration.
If so, continue for total of 10 repetitions of vibration.

3.7.10. If the person is not ready to continue, ask why, and provide more rest, as needed.
Document how much rest time is required, if different than the established protocol.

3.7.11. Repeat this sequence with the higher intensity protocol, but inform the person that the
intensity is higher, and he/she may feel it spread higher into his or her body.

3.7.11.1. Conversely, if using a two-intensity protocol and the person starts with the higher
intensity intervention first, warn him/her that the second lower intensity will be quite gentle
compared to what he/she is used to.

Note: The platform used for higher intensity vibration actually elevated a little, and it gradually
lowered during the preset time. As it reached the end of the time, returning to the starting
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position, the vibration intensifies, so inform the participant that this phenomenon will occur
beforehand to avoid undue concern.

3.8. WBV intensity and equipment

3.8.1. Use a medium to higher intensity (peak to peak vertical displacement 8.82 mm, 35 Hz,
and g force 2.76) vibration to allow significant effects. Depending on the targeted population and
selected outcome measures, choose more or less aggressive settings.

Note: The previously published study?® used settings in an attempt to simulate that reported for
bone mineral density studies, thinking ahead to possible future studies. The second platform
listed in the Table of Materials was used for this intensity. It is a commercial grade platform that
was available in the research lab of Texas Woman’s University. The settings used were 35 Hz, “low
amplitude”, and desired time.

3.8.2. Because low intensity (peak to peak vertical displacement 4.53 mm, 24 Hz, g force 2.21)
vibration did not cause any significant changes, do not use this intensity or less unless the
targeted study population is very frail, fearful, or both. Then if the participants are able to tolerate
this intensity, gradually increase it for each person.

Note: The first platform listed in the Table of Materials was used for this intensity. It was
purchased for the original study through Post-Polio Health International. It is a unit designed for
home or personal use. It has no handles, and a grab rail was installed on the laboratory wall to
ensure safety. This platform had a rotating dial, and the lowest setting was selected. A separate
timer was used for on and off times.

3.8.3. Ideally, select a vibration platform that the amplitude and frequency can be set
independently for individualization to the unique needs of the study population. See Table of
Materials for the vibration platforms used in the previously reported study?®.

Note: Both units used for the reported study had synchronous vertical displacement during
vibration. Some units have asynchronous vertical displacement, rotating over a center; in these,
the wider the person’s base of support is [feet further from center], the more intense the
vibration?®.

3.8.4. Use an independent accelerometer to determine peak to peak displacement, frequency,
and g forces.

Note: Manufacturers may not provide all required information, and it is needed for accurate
reporting of methods and equipment used'®. G forces reported above were measured by an
accelerometer listed in Table of Materials.

3.8.5. When reporting the amplitude of vibration platforms, be careful with the terminology due
to inconsistencies in the literature.
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Note: The term amplitude is to be used for equilibrium point to peak displacement. Although the
term peak to peak displacement is synonymous with peak to peak amplitude, and this value will
be twice that of traditional amplitude, the use of peak to peak displacement is preferred to avoid
confusion?®,

4, Participant Testing

4.1. Take heart rate and blood pressure prior to all testing and intervention sessions,
especially if working with people with neurologic conditions. Keep in mind that hypertension is
considered a “silent killer” and that many people may have this problem and not be aware of it
or fail to take prescribed medications for it.

4.1.1. Take the participants’ vital signs again, after at least the first few sessions to ensure safety,
and during sessions if the participants experience symptoms that could indicate excessive
exertion or abnormal responses to vibration.

4.2.  Ask the participants to report perceived exertion with a standardized scale, after each
intervention session.

Note: Borg’s rating of perceived exertion [RPE] is widely used and has sound psychometric
properties®.

4.3. To reduce testing bias, have a licensed physical therapist blinded to intervention
administer selected outcome measures pre and post each intervention block and at the end of
the follow-up period.

Note: A double blinded study with vibration interventions will be difficult to conduct because the
participants will be able to feel the vibration.

4.4. Select reliable and valid outcome measures that address more than one domain (body
functions and structure, activities, and participation) of the International Classification of
Functioning, Disability and Health (ICF) of the targeted population3°,

4.4.1. When available, use measures that have sound psychometric properties for the
population. For less common populations, use more generic measures or ones that have been
tested for populations similar in some way. Consider the use of the following outcome measures
for survivors of polio, although none were developed specifically for them.

4.4.2. Measure physical performance of gait speed by 10 m walk test (10mWT)3! and gait
endurance by 2 min walk test32.

4.4.3. Administer surveys to determine pain severity and interference by the Brief Pain
Inventory (BP1)3334 sleep quality by the Pittsburgh Sleep Quality Index3®, and fatigue by the
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Fatigue Severity Scale3%37,
4.4.4. Measure LE strength by manual muscle test and handheld dynamometry3840,
4.4.5. Provide log forms or calendar for participants to document muscle cramping incidence.

Note: No sensory outcome measures were selected in the previously reported study due to the
fact that sensory impairments in polio survivors occur only in the presence of other medical
conditions or comorbidities. The original poliomyelitis infection affected the anterior horn cells
of the spinal cord (lower motor neurons) impacting motor function while preserving sensory
functionl’:8,

REPRESENTATIVE RESULTS:

Fifteen of the 21 survivors of polio who consented completed the study, with 14 of those
completing the study having PPS. The seven people who withdrew did so for nonstudy-related
reasons (six work and/or time issues, one medical concern). See Table 2 for demographic
characteristics of the participants?®.

No significant differences were found between demographic characteristics and pre-intervention
outcome measures between the two treatment groups using descriptive statistics and Mann-
Whitney U tests. Mann-Whitney U tests were also conducted between the high and low intensity
conditions on measures at pretest, posttest, and follow-up for between subject differences.
Within subject changes between pretests and posttests were conducted by Wilcoxon signed-rank
tests, and Friedman’s analysis of variance test was used to study the change over time from
pretest through follow-up due to total of five testing sessions to reduce the risk of committing a
Type | error with multiple Wilcoxon signed-rank tests. Nonparametric tests were conducted due
to the small sample size and lack of normality?®41, Pain severity as measured by the BPl improved
significantly after the higher intensity WBV intervention regardless of treatment order (Z=-1.97,
p =0.049, Cohen’s d =0.60), with BPI pain interference trending towards significant improvement
(Z=-1.92, p=0.055, Cohen’s d =0.81). Gait speed significantly improved after the higher intensity
intervention, but only for the group that participated in the higher intervention block first, even
though both groups experienced both intensities of vibration in intervention blocks (Z =-2.38, p
= 0.017, Cohen’s d = -1.294). See Table 3 for the data and results for the 10 mWT, BPI pain
severity, and BPI pain interference. No significant changes occurred in the other outcome
measures and following the low intensity protocol, and no changes that occurred were
maintained during the two week follow-up period?®.

No study-related adverse events occurred. Even though this population can be at risk of
developing overuse-related muscle weakness, fatigue, or pain from excessive physical activity or
exercise, the vibration intensity levels utilized did not cause significant muscle weakness, pain,
fatigue, or sleep disturbances?®. The representative results from the prior study need to be
interpreted cautiously because of the small study sample size and the huge variability of muscle
weakness, pain, walking patterns, and other issues with which survivors of polio present.
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FIGURE AND TABLE LEGENDS:
Table 1. Scheduled WBV protocol, assuming no adverse events or problems tolerating
intervention.

Table 2. Demographic characteristics of the participants.
Table 3. Representative results from outcome measures.

DISCUSSION:

Two different vibration intensities were studied due to the author’s clinical experience in working
with survivors of polio and hearing their reports of increased muscle weakness, pain, fatigue, and
other symptoms of PPS. Little evidence is present in the literature related to safe, effective weight
bearing exercise parameters for people with PPS, and only one study*? was published prior to the
current study?® with WBV and survivors of polio. To date, only two published articles have studied
the use of WBV with polio survivors, and both used the platforms with synchronous vertical
oscillations'>26, Therefore, no scientific literature exists related to the use of asynchronous
vertical (rotatory) or horizontal vibration in this population.

This author was concerned about possibly worsening their symptoms during the WBV protocols,
thereby selecting one intensity fairly typical of that reported in the bone density studies and one
much lower, in case the participants would have difficulty tolerating the higher one. The author
was vigilant during each vibration session and regularly asked if new symptoms surfaced or
typical ones worsened at the beginning of the next session. Group means of RPE after higher
intensity sessions were 9.4 to 9.8, or “very light,” although the range extended from “no exertion
at all” to “extremely hard.” Although significant changes only occurred for pain severity across
both groups, polio survivors and those who provide care for them may be encouraged that gait
endurance, muscle strength, and typical PPS symptoms of fatigue, sleep disturbances, and muscle
cramping did not significantly worsen during participation in the protocols. Therefore, a strength
of the presented methods includes the use of a standard protocol with intentional monitoring of
symptoms by a consistent health care provider knowledgeable about their condition. Because no
significant improvements occurred with the low intensity protocol, this intensity or less could
possibly be considered for use in a sham intervention in a future randomized controlled study.

Although the knowledge of the effects of WBV with survivors of polio is limited, some critical
steps may exist. Due to their typical “type A”, hard-working, and eager-to-please personalities,
one must ask them specific questions and give them explicit permission to voice concerns or
potential problems, such as muscle or joint discomfort, excessive muscular fatigue, or sense of
worsened balance, that may arise during the intervention period. Similarly, limiting the WBV total
dosage (frequency and intensity)® per session to no more than 20 min (in one to two min bouts
with forced rests) and scheduling sessions with at least one day off in between can help reduce
risk of muscle overuse-related fatigue, pain, and cramping!”:8.

The mechanisms behind how WBV affects a person’s neurophysiological system is poorly
understood. The literature has not reported how changes due to WBYV in the Hoffman, stretch,
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and tonic vibratory reflexes of polio survivors who have a depleted alpha motor neuron pool due
to initial disease destruction are impacted*?#’, Reported circulatory changes*?, in addition to
reports of vibration decreasing delayed-onset muscle soreness after exercise*®, may enhance the
polio survivors’ weaker muscles to work at safe levels for longer time periods during functional
activities, such as walking. A limitation of the presented method in this article is that
measurement of reflexes, muscular activity, and circulation did not occur.

A second limitation of the method may be that it was tested on such a small group of polio
survivors. Recruitment of people to come to a university research lab in the Texas Medical Center
twice a week for three months was challenging due to the time, energy, and transportation costs
of commuting within a huge metropolitan city. However, a noteworthy amount of participant
diversity in physical mobility existed in the 15 individuals who completed the previously reported
study?®, which could be considered a strength. As seen in Table 2, they ranged from not being
able to walk at all, to walking “5%” of total locomotion, to walking full-time, and using no devices
at all to utilizing a pair of knee ankle foot orthoses with crutches. All participants except one were
able to independently get onto and off the vibration platforms, using the provided handles or
grab bar. Even though the participants were able to use their arms for support as needed or
preferred, some were unable to shift their weight onto the weaker leg or stand without
mechanically locking their knees because of their weakness. Standing with the knees locked could
be a potential joint safety issue for some people, and this could be considered a limitation to this
method; however, locking also allows more of the vibration g force to extend more cranially?’/28,
However, this author was surprised by how positively the individuals responded to the vibration
during the sessions, with smiles, early arrivals for appointments, requests to “turn it up”, and few
to no complaints, even with some them dependent on orthoses or assistive devices for safe
walking or appearing physically frail. Participants were noted to spontaneously shift weight and
change postural alignment, apparently seeking the body position that “felt best” to them. The
vibration was truly “whole body” in that it could be heard in their voices while talking during
vibration, and dangling earrings or bracelets could be seen or heard to vibrate.

The presented WBV method seems to be a safe, tolerable, and feasible form of weight-bearing
exercise for people with weakness or paralysis from polio and PPS. Short lasting improvements in
pain and walking speed for some individuals are encouraging for polio survivors who have limited
methods to exercise, especially in weight bearing positions. Further research is necessary in order
to study long term use and efficacy of WBV in people with PPS and other neurological conditions,
particularly to address decrease of barriers to exercise participation and active pursuit of wellness
activities. An application of the presented method is the safe use of a WBV platform designed for
home use to reduce the barriers of energy, time, and transportation costs associated with going
to a health club or therapy clinic. Use within the home can make a longer term intervention
feasible, particularly for people with mobility difficulties. Longer intervention studies (at least
eight months) will be needed to determine if WBV can significantly impact bone mineral density
in female and male polio survivors who have a higher prevalence of osteopenia and osteoporosis
than typically aging adults**->2, Additionally, examining the application of WBV in aging adults with
neurologic conditions other than post-polio and its effects on bone mineral density will be
important, and the presented methods may serve as a starting point in these studies.
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Table Click here to download Table table 1 protocol rv.xlsx =

Table 1. Scheduled WBV protocol, assuming no adverse events or problems tolerating intervention

Day 1 Day 2 Day 3 Day 4 Days 5-8

1 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
1 Sitting rest off 1 min 1 min 1 min 1 min 1 min
2 WBV on 1 min 1.25min 1.5 min 1.75 min 2 min
2 Sitting rest off 1 min 1 min 1 min 1 min 1 min
3 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
3 Sitting rest off 1 min 1 min 1 min 1 min 1 min
4 WBV on 1 min 1.25min 1.5 min 1.75 min 2 min
4 Sitting rest off 1 min 1 min 1 min 1 min 1 min
5 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
5 Sitting rest off 1 min 1 min 1 min 1 min 1 min
6 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
6 Sitting rest off 1 min 1 min 1 min 1 min 1 min
7 WBV on 1 min 1.25min 1.5 min 1.75 min 2 min
7 Sitting rest off 1 min 1 min 1 min 1 min 1 min
8 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
8 Sitting rest off 1 min 1 min 1 min 1 min 1 min
9 WBV on 1 min 1.25min 1.5 min 1.75min 2 min
9 Sitting rest off 1 min 1 min 1 min 1 min 1 min
10 WBV on 1 min 1.25min 1.5 min 1.75min 2 min

Total time on 10 min 12.5 min 15 min 17.5min 20 min
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Table

Click here to download Table table 2 demogr 7.18 2.xlsx

Total Sample Completing
(N=19%) Participants
(N=15)

Age (yrs, mean & SD) 63.53SD 8.32 63.80SD9.40
Age onset polio (yrs, mean & SD) 3.55SD 4.03 3.70SD 4.80
PPS diagnosis (yes/no) 18/1 14/1
Gender (male/female) 8/11 6/9
Race/ethnicity

African American/Black 2 (1 mixed) 1

Asian/Pacific islander 1 1

Hispanic/Latino 2 2

Native American 1 (mixed) 0

White 13 11
Walking status

Full-time 12 11

Part-time 6 3

Not able to walk 1 1
Use of orthoses

None 13 9

1 or bilateral AFOs 3 3

1 or bilateral KAFOs 2 2

Not applicable 1 1
Use of assistive devices

None 12 8

1 or bilateral canes/walking sticks 5 5

Bilateral Canadian crutches 1 1

Not applicable 1 1
Working status

Full-time 6 5

Part-time 4 2

Retired 9 8

* 2 females withdrew from original 21 who consented, prior to data collection.

AFO: Ankle foot orthosis
KAFO: Knee ankle foot orthosis

Table modified and used with permission from original article: Copyright©2018, Taylor & Francis Group,

Physiotherapy Theory and Practice , Da Silva C.P., et al.’®
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Table

Table 3. Representative results from outcome measures

Click here to download Table table 3 outcomes rv.xlsx %

Measure Lo-Hi Group Hi-Lo Group Between Subject Within Subject
n=6 n=9 Differences p(d) Differences p(dz &
Mean (Mdn) & SD Mean (Mdn) & SD eta squared)
Min-Max Min-Max
10mWT (m/s)
Pre-Hi 1.32(1.07)SD 0.51 |1.11(1.03)SD 0.39 0.346(0.46)
0.86-2.11 0.69-1.82
Post-Hi 1.24(1.09) SD 0.49 |1.27(1.17)SD 0.47 0.698(0.06) 0.087(0.52)
0.76-1.96 0.82-2.08
BPI Interference
Pre-Hi 3.14(2.50) SD 3.14 |3.62(3.57)SD 2.50 0.796(0.17)
0.29-7.57 0.00-7.57
Post-Hi 2.26(.00) SD 3.09 |2.39(2.57)SD 2.40 0.862(0.05) 0.055(0.81)
0.00-5.86 0.00-5.14
BPI Severity
Pre-Hi 3.29(2.75)SD 2.57 3.44(3.50)SD 1.74 0.795(0.07)
0.75-7.25 0.00-5.50
Post-Hi 2.68(0.13) SD 3.63 |2.61(2.50)SD 2.65 0.674(0.02) 0.049*(0.60)
0.00-7.25 0.00-5.75

*Significant difference

Lo-Hi group: low intensity intervention first, higher intensity intervention second
Hi-Lo group: higher intensity intervention first, low intensity intervention second
Hi: Higher intensity intervention
Table modified and used with permission from original article: Copyright©2018, Taylor & Francis Group,

Physiother Theory Pract, Da Silva C.P., et al.®®
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Table of Materials

Name of Material/ Equipment

WBYV Platform

Power Plate Pro 5
Trigno tri-axial accelerometer

Company
Soloflex, Inc
Performance Health

Systems, LLC
Delsys, Inc

Catalog Number

Click here to download Table of Materials table of materials.xls

Comments/Description

Used for low intensity WBV intervention

Used for higher intensity WBV intervention
Used to measure vibration frequencies and g forces

*
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copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7e Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. if more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, guality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shali be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name: v
Cavolya De Silva

Department: . 7
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Institution:
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Title: P rofergor

Signature: Crtitys S bk Date: 1-L-¢

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to download Rebuttal Letter editor comments and
responses 7.18.docx

7/28/18
Dear Dr. Wu,

Here are the editorial comments that were provided and my replies.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. I have done this now. I “accepted” all changes under track changes
for ease of readability. The only track changes that I left in place were specific to the comments
below.

2. Please do not highlight notes for filming. | have removed the highlights.

3. Please split some long steps so that each step contains 2-3 actions and is less than 4 lines. This
has been done, and left in track change format so that you may see them easily.

4. Please revise the text in Protocol to avoid the use of any personal pronouns (e.g., "we", "
"our" etc.). I only found one personal pronoun and it has been changed.

5. Please use h, min, s for time units. | am sorry about this, but | changed several minutes into
min.

6. Step 1.3: Please ensure that all text is written in imperative tense. Yes, it has been done.

7. 1.4: Please ensure that all text is written in imperative tense. No changes were made because it
already was in imperative tense.

8. Steps 4.4.1-4.4.7: Please write each step as complete sentences and in imperative tense. This
was done.

9. Please sign the new Author License Agreement, which is attached to this email. Please upload
it to your Editorial Manager account when you submit your revision. Done and submitted.

you",

Thank you again for the opportunity to work with you and the journal you represent. | look
forward to hearing from you and JOVE as the process proceeds.

Sincerely,

Carolyn Da Silva


http://www.editorialmanager.com/jove/download.aspx?id=874258&guid=ee32529b-edb3-4048-80e1-17f651e982e7&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=874258&guid=ee32529b-edb3-4048-80e1-17f651e982e7&scheme=1
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From: DaSilva, Carolyn
Sent: Tuesday, June 05, 2018 3:50 PM
To: 'US Journal Permissions'
Subject: RE: permission request for table in article

Thank you VERY much and for your quick reply.

CAROLYN DA SILVA, PT, DSc
713-794-2087
cdasilva@twu.edu
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From: US Journal Permissions [mailto:USJournalPermissions@taylorandfrancis.com]
Sent: Tuesday, June 05, 2018 3:48 PM

To: DaSilva, Carolyn <cdasilva@twu.edu>

Subject: RE: permission request for table in article

Dear Ms. DaSilva,
We appreciate your author reuse query.

As author, you retain the right to reuse your original work, in whole or in part, in a new publication that you are primary
author or editor of.

For entire articles, you may use your Accepted Author Manuscript, or a link to your Version of Record (published
version) as stated in the Taylor & Francis Author Reuse Guide:
https://authorservices.taylorandfrancis.com/sharing-your-work/

Please provide the full acknowledgment of your original work in your new publication.
This retained right is for non-commercial use only, that is, you are not to receive a large remuneration other than a small
royalty payment for the work.

Thank you for contacting us.

Mary Ann Muller — Permissions Coordinator, US Journals Division

My Work Schedule is Tuesday, Wednesday, and Friday.

Find digital versions of our articles on: www.tandfonline.com to use RightsLink, our online permissions

web page, for immediate processing of your permission request.


http://www.editorialmanager.com/jove/download.aspx?id=874256&guid=8ff5e5be-271d-4c97-ace1-c45ae4e9b67a&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=874256&guid=8ff5e5be-271d-4c97-ace1-c45ae4e9b67a&scheme=1

Please Note: Permissions requests for US journals may take up to three weeks for processing due to

demand.

Taylor & Francis Group
an informa business
530 Walnut Street — 8™ floor
Philadelphia | PA | 19106 | United States of America

Direct line; 215-606-4334
Main Office: 215 625 8900, ext. 14334

maryann.muller@taylorandfrancis.com
www.taylorandfrancisgroup.com
www.tandfonline.com

This electronic message and all contents transmitted with it are confidential and may be privileged. They are intended solely for the addressee. If you are not the intended
recipient, you are hereby notified that any disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly prohibited. If
you have received this electronic message in error, please destroy it immediately, and notify the sender

Informa Group pic | Registered in England & Wales No. 3099067 5 Howick Place, London, SW1P 1WG

From: DaSilva, Carolyn [mailto:cdasilva@twu.edu]

Sent: Tuesday, June 5, 2018 4:24 PM

To: US Journal Permissions <USJournalPermissions@taylorandfrancis.com>
Subject: FW: permission request for table in article

From: DaSilva, Carolyn

Sent: Tuesday, June 05, 2018 2:53 PM

To: 'permissionrequest@tandf.co.uk' <permissionrequest@tandf.co.uk>
Subject: permission request for table in article

I went through the Right Link website, but | did not see how to make the type of request | am desiring.

I am the primary author of “Whole body vibration on people with sequelae of polio” published in Physiotherapy Theory
and Practice, on line March 29, 2018. | am wishing to re-use ~ 1/3 of Table 2 from this article for a new work on methods
with whole body vibration to display “representative results” in a new open access journal. | am hoping that me using
only part of 1 table from my article in a new article by me will qualify for the SO license, of course crediting the original
source of the table and stating that it was modified from the original.

When | went through the on-line site, $472 came up as the quick price. Please advise. Thank you,

CAROLYN DA SILVA, PT, DSc

Board Certified Neurologic Clinical Specialist
Professor & Coordinator of Entry Level Studies
School of Physical Therapy

Texas Woman's University

6700 Fannin Street

Houston, TX 77030-2343

P.: 713-794-2087 | F: 713-794-2071



