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OBJECTIVE: Whole-body vibration (WBV) appears to modulate reflex hyperexcitability and spasticity. Due to common underlying
neural mechanisms between spasticity and neuropathic pain, WBV may also reduce chronic pain after spinal cord injury (SCI). Our
objective was to determine whether there are dose-related changes in pain following WBV and to examine the relationships

between neuropathic pain and reflex excitability.

STUDY DESIGN: Secondary analysis of a sub-population (participants with neuropathic pain, n = 16) from a larger trial comparing
the effects of two different doses of WBV on spasticity in persons with SCI.

SETTING: Hospital/Rehabilitation Center in Atlanta, GA, USA.

METHODS: Participants were randomized to 8-bout or 16-bout WBV groups. Both groups received ten sessions of sham

intervention, followed by ten sessions of WBV. Primary measures included the Neuropathic Pain Symptom Inventory (NPSI) for pain
symptom severity and H-reflex paired-pulse depression (PPD) for reflex excitability.

RESULTS: Mean change in NPSI scores were not significantly different between the groups (7 + 6; p = 0.29; ES = 0.57); however,
8-bouts of WBV were consistently beneficial for participants with high neuropathic pain symptom severity (NPSI total score >30),
while 16-bouts of WBV appeared to increase pain in some individuals with high NPSI scores. A baseline NPSI cut score of 30
predicted PPD response (sensitivity = 1.0, specificity = 0.83), with higher NPSI scores associated with decreased PPD in response

to WBV.

CONCLUSIONS: WBV in moderate doses appears to decrease neuropathic pain symptoms and improve reflex modulation.
However, at higher doses neuropathic pain symptoms may be aggravated. Lower baseline NPSI scores were associated with

improved reflex modulation.

Spinal Cord (2022) 60:963-970; https://doi.org/10.1038/s41393-022-00806-w

INTRODUCTION
Spasticity and chronic pain are frequent consequences of spinal
cord injury (SCI), affecting more than two-thirds of persons with
SCI [1]. Furthermore, spasticity and muscle spasms are significantly
more common in individuals who experience chronic pain after
their SCl than in those who do not [2], and the severity and impact
of both chronic pain and spasticity seem to be closely related [3].
Systematic reviews have concluded that pharmacological
approaches do not consistently relieve either spasticity [4] or
neuropathic pain [5] and are often associated with an unfavorable
risk/benefit ratio. Due to the limitations of pharmacological
interventions, there is an interest in the use of non-
pharmacological approaches including physical therapy to reduce
spasticity and neuropathic pain.

Basic and clinical studies support a relationship between pain
and spasticity after SCI [3, 6], and spasticity and neuropathic pain
after SCI are both associated with central sensitization [7].

Following SCI, dysregulation of chloride homeostasis and upre-
gulation of serotonin receptors in the spinal cord circuits leads to
loss of inhibitory signaling by GABA. These pathological mechan-
isms result in an increased neuronal excitability that contributes to
both spasticity and pain [8, 9]. Afferent input associated with
movement, stimulation, and vibration reduces the excitability
of segmental reflex circuits, presumably through activation of
presynaptic inhibitory pathways [10, 11]. Likewise, stimulation of
large-diameter afferents and their central pathways via dorsal
column stimulation or peripheral stimulation (e.g., transcutaneous
electrical nerve stimulation) has long been used to treat various
chronic pain conditions [12].

Whole-body vibration (WBV) is a modality that offers an
accessible approach for a generalized activation of sensory
afferents. WBV activates presynaptic inhibitory mechanisms that
modulate segmental reflex excitability [13] and has been shown to
reduce spasticity in persons with chronic SCI [14, 15]. Research
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indicates that WBV may also be of value for the management of
chronic pain conditions [16], with basic research demonstrating a
reduction in both mechanical hyperalgesia and thermal hot pain
perception thresholds after a series of WBV sessions [17].

The purpose of this study was to examine dose-related changes
in neuropathic pain severity following a WBV intervention and to
explore the relationship between measures of pain and reflex
excitability. The present study compared dose-response effects for
WBV applied at 50 Hz over 8 bouts/session versus over 16 bouts/
session. We hypothesized that larger doses of WBV would be
associated with greater reduction in neuropathic pain severity and
that there would be a significant relationship between neuro-
pathic pain and spasticity.

METHODS

This study was a secondary analysis of a subset of participants (i.e., only
those with chronic neuropathic pain) from a larger study (n = 35) on the
dose-response effects of WBV on spasticity and walking function in
persons with SCI. To be included in the study participants were required to:
(1) demonstrate sufficient motor function to stand for at least 1 min using
upper extremities only for balance, (2) while standing advance 1 leg at
least a small amount (with or without an assistive device), (3) have at least
mild spasticity affecting the lower extremity muscles (as indicated by an
increased responsiveness to passive stretch), and (4) have the ability to rise
from sit to stand with no more than moderate assistance of one person.
Individuals were excluded from participation if they had a neurological
level of injury below T12, progressive or potentially progressive spinal
lesions, history of severe or chronic cardiovascular irregularities, difficulty
following instructions, or orthopedic conditions that would prevent
participation in WBV (e.g., recent fracture, lower extremity flexion
contractures >10 degrees). The original study was conducted under the
approval of the Shepherd Center Research Review Committee and
registered with clinicaltrials.gov (NCT02340910).

Interventions

We used a wash-in control > intervention > wash-out study design (Fig. 1),
where the wash-in phase constituted assessment timepoints T1-T2, the
WBV intervention phase constituted assessment timepoints T2-T3, and the
wash-out phase constituted assessment timepoints T3-T4.

Participants were randomized into two groups receiving either 8-bouts/
session of WBV or 16-bouts/session of WBV. During the wash-in control
phase participants performed the same sitting-standing movements
performed during the WBV intervention phase, except that they received
sham electrical stimulation to the scapular regions instead of vibration.

Each bout comprised of standing with either sham-stimulation (wash-in
control phase) or WBV (intervention phase) for 45 s followed by 1 min of
seated rest. To maintain equality of total participation time between the
8-bout WBV and 16-bout WBV groups, the sitting/standing bouts were
counterbalanced between phases such that participants in the 8-bout WBV
group received 16 bouts of the active-control intervention during the
wash-in phase, and vice versa. The WBV doses were derived from an earlier
study, which determined that WBV at 50 Hz over 8 bouts was associated
with larger effects on spasticity than WBV applied at lower frequency and
fewer bouts [14]. The study design allowed us to assess the effects of an
active control (wash-in; repeated sitting > standing > sitting) versus WBV
(intervention), and any persistent effects (wash-out) associated with the
two different doses of WBV. The wash-in control was important as our prior
studies have shown that repeated sitting-standing-sitting has itself
affected spasticity [14]. During the wash-out period, no intervention was
administered.

Outcomes assessment

Assessment of pain. The Neuropathic Pain Symptom Inventory (NPSI) was
used to assess neuropathic pain symptom severity. The NPSI includes
severity ratings of ten descriptive adjectives reflecting spontaneous
ongoing or paroxysmal pain, evoked pain (i.e. mechanical and thermal
allodynia/hyperalgesia), dysesthesia/paresthesia and two items regarding
the duration of ongoing and paroxysmal pain. The NPSI has been shown to
be both valid and reliable in a variety of populations with neuropathic pain
[18], including SCI [19]. The International Spinal Cord Pain Basic dataset
was used to classify pain type and to assess the pain intensity (numeric
rating scale (NRS); 0-10) of up to three separate pains [20]. The NRS scores
reported in this study are the average intensity of neuropathic pain
symptoms over the 7 days preceding assessment for each measurement
reported. The pain severity subscale of the West Haven-Yale Multi-
dimensional Pain Inventory: SCl version (MPI-PS) was used to assess overall
pain severity. The MPI-PS consists of three items which are answered on a
seven-point Likert scale with a potential range of 0-6 [21].

Assessment of segmental reflex excitability and modulation. To examine
reflex excitability, we used both biomechanical and electrophysiologic
biomarkers of spasticity. The pendulum test was used to assess excitability
in response to gravity-evoked stretch of the quadriceps muscle. This
method has been described in detail elsewhere [22], and this test has been
shown to be a reproducible, valid, and sensitive measure of spasticity [23].
Briefly, participants were positioned supine on a mat with the lower legs
hanging over the edge, and the examiner released the heel allowing the
lower leg to swing. The angle at which the swinging leg first reversed
direction from flexion to extension represents the first swing excursion
(FSE), and a smaller FSE angle indicates greater quadriceps excitability (i.e.,
spasticity). The knee angle during the pendulum test was collected via an
inertial motion capture system (XSENS Technologies, the Netherlands).

Excitability of the soleus muscle was assessed based on modulation of
the soleus H-reflex using procedures described in our prior studies [24].
Stimulating electrodes were placed over the tibial nerve in the popliteal
fossa, and pulses of 1 ms duration (via a Digitimer DS7A constant current
stimulator) were delivered with increasing intensity until a maximum
H-reflex (Hmax) and M-wave (Mp,.) were observed. Homosynaptic
modulation of the soleus H-reflex was assessed based on pair-pulse
post-activation depression (PPD; in V) with stimulus intensities of 20-40%
Muax With interstimulus intervals of 1s between stimulus pairs.

Previous work suggests that detailed data on pain symptom severity,
such as that provided by the NPSI, may be useful for understanding
neuropathic pain mechanisms and for phenotyping neuropathic pain [19].
Additionally, previous studies have identified PDD as a potential tool to
assess the relative contribution of spinal inhibitory dysfunction and
segregation of peripherally from centrally generated pain in diabetic
neuropathy [25]. Thus, the NPSI and the PPD were the primary measures of
interest for this study.

Statistical analysis

To assess the change between assessment timepoints, values from the
earlier timepoint were subtracted from the later timepoint; accordingly, a
decrease in pain scores between T1 and T2 would be indicated by a
negative value. Tests for normality indicated that the primary measures of
interest, NPSI and PPD, were normally distributed (Shapiro-Wilk test
statistic=0.915 and 0.921; p=0.139 and 0.366, respectively); thus,
parametric statistical tests were used. Due to the exploratory nature of
this study, we followed published guidance from experts in clinical trial
design defining statistical significance as p <0.10 to reduce the likelihood
of Type Il errors [26]. Pearson’s correlation coefficient was used to assess
the relationship between baseline pain and physiological outcomes. Paired
sample t-tests were used to assess change in measures across timepoints,
and both chi-square tests and independent sample t-tests were used to
compare differences between treatment groups. To assess baseline
differences between groups we compared injury characteristics, age,

RANDOMIZED GROUP WASH-IN PHASE l INTERVENTION PHASE ] WASH-OUT PHASE
8-bout WBV Placebo wash-in WBV Wash-out
Test | (10 sessions of 16-bouts) | Test | (10 sessions of 8-bouts) | Test (2 weeks) Test
16-bout WBV 1 Placebo wash-in 2 WBV 3 Wash-out 4
(10 sessions of 8-bouts) (10 sessions of 16-bouts) (2 weeks)

Fig. 1 Study design and timeline. WBV whole body vibration.
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gender, race, and walking capacity. Walking capacity was scored based on
ratings in the Temporal/Distance domain of the Spinal Cord Injury
Functional Ambulation Inventory [27]. Cohen’s d was used to determine
effect sizes for WBV on pain and on reflex excitability. Because statistical
tests have low power when sample sizes are small, and because effects
sizes are more meaningful than p values in these situations [28], in the
results we report the effect sizes for changes in pain and physiological
measures.

To assess the relationship between the NPSI and PPD, the entire sample
was dichotomized into responders (PPD change >0) and non-responders
(PPD change <0) to WBV based on the difference between baseline (T1)
and T3. Independent t-tests were used to examine differences between
responders and non-responders. Receiver operator characteristic curve and
chi-square analyses were used to determine the utility of baseline NPSI
scores to correctly predict response to WBV, and Pearson'’s correlation was
used to quantify the relationship between baseline NPSI scores and PPD
change.

RESULTS

Baseline

Of the 35 participants in the full study sample, 16 experienced
neuropathic pain and were included in the analyses. All
participants had neuropathic pain symptoms below the level of
injury, and none had neuropathic pain symptoms at the level of
injury. Table 1 shows demographic and background information.
Injury characteristics and demographic factors were not signifi-
cantly different at baseline for the 8-bout and 16-bout groups
(n = 8 for each group, p > 0.10). Regarding medication use, 63% of
the 8-bout WBV group were using opioid medication versus 25%
of the 16-bout WBV group (p = 0.31). Further, all members of the
8-bout WBV group were taking antispasmodics, while only 25%
(hn=2) of the 16-bout WBV group were taking antispasmodics
(p < 0.001).

The groups were not significantly different with respect to
baseline pain or outcomes on the pendulum test. However, pain
scores varied from mild pain to severe pain among participants,
and the 8-bout WBV group had significantly higher average
baseline PPD values (mean difference =23uV +8uV; p=0.02)
(Table 1).

Table 2 shows the correlations between all measures of interest
at baseline. As expected, the NPSI total score was strongly
correlated with the 7-day-average NRS scores (r=0.84, p < 0.001)
and the MPI-PS (r=0.70, p <0.001). Similarly, baseline PPD and
pendulum FSE were moderately correlated (r=0.55, p=0.08).
However, the baseline pain measures were not significantly
correlated to the baseline physiological measures (r values
between —0.02 and 0.44, p > 0.10).

Effect of WBV on pain

Table 3 shows the change in pain scores for each phase of the
study. Pain measures were not completed at T2 for one participant
in the 8-bout WBV group; thus, pairwise analysis across timepoints
was only conducted on seven participants in the group. Only the
8-bout WBV group exhibited a significant decrease in NRS scores
between T1-T2. Analysis of the entire cohort combined (n=15)
found that both NPSI and MPI-PS decreased from T2 to T3 with
WBV (-6.4+2.7; p=0.08; ES=0.50 and 0.56+0.20; p=0.01;
ES = 0.69, respectively). However, analysis of the dosage groups
separately found that only the 8-bout WBV group demonstrated a
significant decrease in NPSI and MPI-PS scores. Although the
difference between groups for change in NSPI and MPI-PS
between T2 and T3 was not significant, plots show that 8-bouts
of WBV appeared to be more beneficial for participants with
moderate to high levels of neuropathic pain (NPSI total score >30),
while 16-bouts of WBV appeared to increase pain in some
individuals with moderate to severe pain symptoms (Fig. 2).
During the wash-out phase between T3 and T4, the 8-bout WBV
group demonstrated a slight decrease in NPSI scores while the 16-
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bout WBV group demonstrated a slight increase; however, these
changes were not significant in either group (mean difference =
—3+6and 1+£9; p=0.65 and 0.88, respectively).

Effect of WBV on reflex excitability

Change values for the measures of reflex excitability across
timepoints are provided in Table 3. Participants with neuropathic
pain, who are the focus of this secondary analysis study,
demonstrated no significant changes in FSE across timepoints.
For both the 8 and 16-bout groups, PPD could be elicited
consistently across all timepoints in only 5 out of 8 participants in
each of the two groups. The 8-bout WBV group demonstrated an
increase in PPD between T2 and T3, while the 16-bout WBV group
exhibited a decrease in PPD, but the changes were not significant
for either group.

Given the small observed change between T2 and T3 and
knowing that the active-control used during the wash-in is itself
associated with an effect on spasticity, we also analyzed the
relationship between change in PPD between T1 and T3 for the
entire cohort (combined treatment groups, n=11) to assess if
baseline NPSI total scores influenced response to active physical
therapeutic modalities. Baseline NPSI total scores were negatively
correlated with PPD change between T1 and T3 (r=—-0.62; p =
0.04), indicating that higher baseline pain symptom severity was
associated with less modulation of H-reflex excitability in response
to WBV. Baseline NPSI total scores successfully classified non-
responders (PPD change <0) and responders (PPD change >0)
with an area under the curve of 0.92, p=0.02 (CI=0.74-1.0). A
baseline NPSI cut score of 30 predicted PPD response with
sensitivity = 1.0 and specificity = 0.83, and it correctly classified all
5 (100%) non-responders and 5/6 (83%) of the responders. This
analysis was repeated for the pendulum test using changes
between T1 and T3 in FSE. However, baseline NPSI total scores
were not significantly associated with change in FSE from T1 to T3.

DISCUSSION

In this study, we examined pain and reflex excitability responses
to two different doses of WBV in people with chronic neuropathic
pain following SCI. In addition, we examined the relationship
between baseline NPSI scores and change in reflex excitability
after WBV. We found that lower dose WBV (8-bouts of 45 s) was
associated with greater improvement in pain symptom severity
than higher dose WBV (16-bouts of 45 s). The 8-bout WBV group
demonstrated a significant decrease in MPI-PS and NPSI scores,
while the 16-bout WBV group did not. Interestingly, baseline NPSI
scores were predictive of PPD response to WBV. Although
exploratory, these novel findings may shed light on potential
relationships between pain symptomology and physiologic
responses to WBV that may help to better tailor WBV interventions
to individual patients.

We anticipated that a higher dose of WBV would have greater
therapeutic effect on pain; however, the results were inverse to
what we expected. The 8-bout group had greater decrease in pain
compared to the 16-bout group, although the difference did not
reach statistical significance. This was true during the wash-in
phase (T1-T2) and during the intervention phase (T2-T3). The fact
that the difference was observed in the wash-in phase suggests
that the activity of standing up and sitting down repeatedly
influenced pain, a finding that has also been noted for spasticity
[29]. The different group responses appear to be driven by
participants who experienced moderate to high paroxysmal and/
or evoked pain (subscale scores >3), as 8-bouts of repeated sitting-
to-standing (T1-T2) or WBV (T2-T3) was consistently beneficial for
individuals who had moderate to high paroxysmal (4/4 partici-
pants) or evoked symptoms at T2 (2/2 participants), while 16-
bouts caused exacerbation or had no effects for most (2/3
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Table 2. Correlation matrix of baseline physiological and baseline pain measures.

PPD Pendulum FSE
PPD 1 0.55% (0.08)
Pendulum FSE 1
NPSI
NRS
MPI-PS

p values in parentheses.
PPD paired-pulse depression, FSE first swing excursion, MPI-PS Multidimensional Pain Index-pain severity subscale, NRS numeric rating scale, NPSI Neuropathic
Pain Symptom Inventory.
@Correlation is significant at the 0.10 level (two-tailed).
PCorrelation is significant at the 0.05 level (two-tailed).

967
NPSI NRS MPI-PS
0.44 (0.17) 0.00 (0.99) —0.02 (0.96)
0.32 (0.23) 0.28 (0.30) 0.20 (0.46)
1 0.84° (0.00) 0.70° (0.00)
1 0.70° (0.00)

1

Table 3. Change in pain measures and physiological measures.

Wash-in phase (T1-T2)

Intervention (T2-T3)

Wash-out (T3-T4)

Group 8-bout 16-bout 8-bout 16-bout 8-bout 16-bout
NPSI 0 (4) 4 (5) —10 (5) -3 (4) -3 (6) 19
ES=0 ES =0.27 ES=0.77 ES=0.24 ES=0.18 ES = 0.06
p=1.00 p=0.46 p =0.09*% p=0.52 p=0.65 p=0.88
NRS —1.3 (0.5) —0.5 (0.9) —0.29 (0.4) —0.1 (0.8) 0.4 (0.3) 0.1 (0.8)
ES =0.93 ES =0.21 ES =0.30 ES = 0.07 ES = 0.55 ES =0.07
p=0.05* p=057 p=0.46 p=0.86 p=0.20 p=0.86
MPI-PS —0.04 (0.35) 0.46 (0.36) —0.71 (0.31) —0.42 (0.27) 0.38 (0.32) 0.05 (0.37)
ES = 0.04 ES =045 ES = 0.80 ES = 0.54 ES = 0.45 ES =0.05
p =091 p=025 p = 0.06* p=0.17 p=0.28 p=0.90
PPD 0 (4) 12 (17) 4 (6) —12 (14) —14 (15) -9 (13)
ES =0.02 ES =0.32 ES=0.27 ES =0.38 ES =0.47 ES=0.30
p=0.97 p=0.51 p=0.57 p=044 p=042 p=0.54
FSE 0 (6) 2(2) 3(5 4 (6) 39 —2 (6)
ES =0.01 ES =0.38 ES=0.19 ES =0.24 ES = 0.25 ES = 0.09
p=0.99 p=032 p=061 p=0.52 p=074 p=0.82

Mean (SE) values for each of the outcomes of interest across all assessment timepoints.

NRS numerical rating scale, NPS/ Neuropathic Pain Symptom Inventory, MPI-PS pain severity subscale of the Multidimensional Pain Inventory, PPD paired-pulse

depression, FSE first swing excursion of the pendulum test, *p value < 0.10.

participants for paroxysmal symptoms and 3/4 for evoked
symptoms) (Fig. 2D, E).

The present study suggests that prolonged intense afferent
input (as in the 16-bout group) may have exacerbated neuro-
pathic pain for some participants. In clinical experience, this is a
common phenomenon noted for many active interventions for
neuropathic pain (e.g. aerobic and strengthening exercises).
Because participants with moderate to high paroxysmal and/or
evoked pain exhibited the best responses to the 8-bout
intervention, it is possible that specific neuropathic pain
phenotypes are associated with different treatment responses
similar to what has been observed in pharmacological studies [30].
Evoked pain after SCI may to some degree represent a different
pain mechanism [31] and one that is less associated with the
overall perception and appraisal of neuropathic pain severity by
the participant. Moreover, the relationship between physical
activity and evoked pain is poorly understood, and this lack of
understanding is a noted barrier for both researchers and
healthcare professionals in assessing and managing neuropathic
pain [32]. These findings highlight the importance of assessing
specific pain symptoms [19], as well as the need for additional
studies on dose response to active interventions and pain
symptom exacerbation.

Spinal Cord (2022) 60:963 - 970

The identification of an NSPI total score cutoff for predicting
PPD response to WBV is a novel finding and potentially useful for
clinical applications. PPD may be a particularly useful measure for
improving understanding of pain in the SCI population, since PPD
has also proven to be a valuable physiologic measure of spasticity
[33], and spasticity and neuropathic pain are closely related in this
population [3]. Our findings suggest that greater severity of
neuropathic pain symptoms may adversely affect responsiveness
of reflex modulation to WBV. Thus, using severity of neuropathic
pain symptoms as inclusion/exclusion criteria for WBV may
improve matching of patients to interventions to achieve
improved outcomes. However, this is speculative and future
studies are needed to determine if using NPSI cutoff scores to
match people with chronic pain after SCI to specific interventions
improves clinical care.

Further investigation of WBV intervention for chronic neuro-
pathic pain in people with SCl is warranted, as many people with
SCI prefer non-pharmacological interventions to manage their
neuropathic pain [34]. WBV provides an effective form of afferent
stimulation that can activate a variety of mechanoreceptors, and
central pain inhibitory control systems [35]. WBV can be combined
with other pain management strategies, and it has been found to
relieve pain in heterogenous pain populations. For example, in
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A.NPSI Total Score

8-Bout WBV Group NPS| Total Change

B. Burning Pain Subscale

8-Bout WBV Group Burning Pain Change

C. Pressing Pain Subscale

8-Bout WBV Group Pressing Pain Change

D. Paroxysmal Pain Subscale

8-Bout WBV Group Paroxysmal Pain Change

™ 15}

E. Evoked Pain Subscale

8-bout WBV Group Evoked Pain Change
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F. Paresthesia Subscale
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16-Bout WBV Group NPSI Total Change

16-Bout WBV Group Burning Pain Change
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16-bout WBV Group Evoked Pain Change
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Fig. 2 Individual participant plots for change in NPSI total score and subscale scores between T2 and T3. A NPSI total score, B burning
pain subscale, C pressing pain subscale, D paroxysmal pain subscale, E evoked pain subscale, and F paresthesia subscale.

elderly persons with osteoarthritis, WBV in combination with
exercise reduced pain ratings and inflammatory biomarkers
compared to a control group [36]. Moreover, in women with
fibromyalgia the combination of WBV and exercise was more

SPRINGER NATURE

effective in reducing pain than exercise alone [37]. Epidural
stimulation (i.e., dorsal column stimulators) have long been used
for the management of intractable pain, with effects that are likely
mediated by activation of the dorsal nerve roots which transmit

Spinal Cord (2022) 60:963 - 970



afferent information to the spinal circuits [38]. As a robust form of
afferent input, WBV provides an intriguing possibility for non-
invasive and non-pharmacological pain management in people
with chronic neuropathic pain after SCI.

Limitations

Findings from this study should be interpreted with caution due to
several limitations. This exploratory study was a subcomponent of
a larger study on WBV and spasticity, and the larger study was
powered based on study sample characteristics related to
spasticity rather than pain. Thus, these findings need to be
replicated in larger samples of persons with neuropathic pain after
SCl before drawing firm conclusions. Moreover, there were
differences between the groups in terms of pain medication
use, with more than twice as many participants in the 8-bout
group taking opioid medications. It is possible that there is a
synergistic effect between opioids and mechanoreceptor activa-
tion that accounts for the greater change in NPSI. Finally, the
action of standing/sitting in each trial of WBV is known to have an
influence on spasticity and reflex modulation [29]. During the
wash-in control period, the action of sitting/standing also appears
to have influenced the pain intensity ratings in the 8-bout WBV
group but not in the 16-bout WBV group. Future studies are
warranted to assess the influence of WBV on neuropathic pain,
and they should be adequately powered on characteristics related
to neuropathic pain. The effect sizes described in our results may
be used to inform power analyses for determining sample size of
future studies in the area.

CONCLUSIONS

WBV is a potentially promising non-pharmacological intervention
for chronic neuropathic pain after SCI, as WBV in moderate doses
appears to decrease neuropathic pain symptom severity and
improve reflex modulation. However, higher doses of WBV may
aggravate symptoms in some individuals. Moreover, the baseline
neuropathic pain symptom severity appeared to predict the reflex
modulation in response to WBV which suggests that more
moderate levels of WBV should be applied to those who
experience severe neuropathic pain after their SCI. Although
novel and potentially important, these findings are preliminary
and need to be replicated in larger studies.
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