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Abstract
Whole-body vibration (WBV), which is widely used as a type of exercise, involves the use of

vibratory stimuli and it is used for rehabilitation and sports performance programmes. This

study aimed to investigate the effect of WBV treatment in a chronic pain model after 10

WBV sessions. An animal model (chronic pain) was applied in 60 male Wistar rats (�180g,

12weeks old) and the animals were treated with low intensity exercise (treadmill), WBV

(vibrating platform), and a combined treatment involving both. The controls on the platform

were set to a frequency of 42Hz with 2mm peak-to-peak displacement, g�7, in a spiral

mode. Before and after the vibration exposure, sensitivity was determined. Ab-fibers-

mediated mechanical sensitivity thresholds (touch-pressure) were measured using a

pressure meter. C-fibers-mediated thermal perception thresholds (hot pain) weremeasured

with a hot plate. After each session, WBV influenced the discharge of skin touch-pressure

receptors, reducing mechanical sensitivity in the WBV groups (P<0.05). Comparing the

conditions “before vs. after”, thermal perception thresholds (hot pain) started to decrease

significantly after the third WBV session (P<0.05). WBV decreases mechanical hyperalge-

sia after all sessions and thermal sensitivity after the third session with the use of WBV.
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Introduction

Locomotor system dysfunctions are the most common
causes of chronic pain,1 presenting a prevalence between
20% and 60% in adults and elderly.2–4 It is estimated that
chronic pain affects at least 116 million US adults and,

annually, it cost up to $560 billion.1 The lack of predictabil-
ity in the behavioral response to a noxious stimulus to the
development of chronic pain after physical damage has
been discussed by researchers and clinicians for decades.

Impact statement
Whole-body vibration (WBV) exercise, low

intensity exercise (walking), and a com-

bined protocol were used in this study to

treat a chronic pain model in Wistar rats. To

our knowledge, the presumed beneficial

effect of WBV on chronic pain reduction in

lower limbs based on its interaction and the

comparison with low intensity exercise has

not yet been documented. This study

concluded that WBV exercise mediates the

decrease in mechanical hypersensitivity

through Ab-fiber and thermal sensation

(hot pain) through C-fiber in rats subjected

to a chronic pain model. These findings can

influence therapeutic interventions, in

cases that hypersensitivity negatively

affects an exercise session. Pain prevents

the patient from adequately performing the

rehabilitation movement and a reduction in

sensitivity and the consequent reduction in

pain might be helpful. Rehabilitation pro-

grammes can benefit from knowledge

about the correct parameter settings of the

exposure to WBV.
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A pH tissue decrease has been detected following
inflammation, bruising, and pain.5,6 There is a positive cor-
relation between pain and local acidification.5 In humans,
the decrease in pH increases the activity of nociceptors
leading to painful response.7 Decreases in local pH can be
considered one of the multiples stressors that can induce
long-lasting and widespread hyperalgesia. Decreased pH
activates nociceptors to produce hyperalgesia and contrib-
utes to the chronic widespread pain development, includ-
ing the locomotor system.8

In the management of painful conditions, exercise is an
important component.9,10 Protocols including low intensity
exercise are used in the rehabilitation of patients with mus-
culoskeletal chronic conditions such as myalgia2 and
fibromyalgia.11,12

Animal studies have found that physical exercise (run-
ning) is related to neuroprotection, apoptosis suppression,
and neurotrophic factors, which generate neurogenesis and
regeneration.13,14 However, due to the presence of pain, a
limited capacity to expend energy and/or impaired move-
ment coordination, numerous diseases prevent the affected
subjects from performing exercises by themselves, thus hin-
dering the rehabilitation process.

Whole-body vibration (WBV) intervention platforms
have been widely used as a modality of exercise.
Research on the responses to WBV can contribute to pro-
duce safe recommendations for the equipment’s use.15–18

The use of external vibratory mechanical stimuli, which
decreases the deficit in voluntary muscle activation by neu-
romuscular stretch reflex, has been shown to be an efficient
method for persons with severe disability. Considering that
reflexes with similar patterns have been identified during
running exercise,19 one can speculate that vibratory stimuli
may provide other beneficial effects.

Vibratory stimulus can also be used to decrease the pain
perception.20,21 Pain can be attenuated by the large-
diameter afferents activation, which may change transmis-
sion in the central nervous system.22,23 The impact of
vibration stimulation on large-diameter afferents was
found by touch-pressure sensitivity measurements directly
after WBV17,24,25 and the perception of vibration at 30Hz25

and 200Hz25,26 with sensitivity reduction. Following WBV,
it has been shown to take between 2 and 3h for sensitivity
to return to the baseline condition.25

Nociceptors are responsible for conducting pain infor-
mation. Their nerve conduction pathway to the encephalic
region is different from that of the myelinated Aa and Ab

mechanoreceptors. Thus, a question that arises is whether
WBValso influences the role of nociceptors in the control of
painful conditions. However, in afferent modulation, pain
can be reduced by simultaneous activity in low-threshold
receptors (Ab-fibers).27 Considering that WBV affects the
firing of mechanoreceptors,17,24–26 causing decreased skin
sensitivity, a question remains regarding the influence of
WBV on afferent pain modulation.28

To the best of our knowledge, the presumed beneficial
impact of WBVon pain reduction has not yet been reported.
Thus, this study aimed to investigate the effects of WBV
treatment in Wistar rats submitted to a chronic pain model
through the Ab-fiber mediated mechanical hyperalgesia

and C-fiber mediated thermal stimulation (hot pain). Our
hypothesis is that the afferent discharges from touch-
pressure mechanoreceptors will be impaired; as well ther-
mal sensitivity (hot pain) will decrease after WBV training
in a chronic pain model.

Materials and methods

Animals

Male Wistar rats (n¼ 60; 12weeks old, weighing 180 to
200 g), from a local breeding colony of Federal University
of Rio Grande do Sul (UFRGS) were accommodated under
environmental standard laboratory conditions, respecting a
12/12 h light/dark cycle, and food/water available ad libi-
tum. Efforts were made to avoid the animals suffering and
to decrease the sample size. The study followed the recom-
mendations of the Sociedade Brasileira de Neurociências, the
International Brain Research Organization, and the Arouca
Brazilian Law (11794/2008) to the animals’ care. The study
was approved, under protocol number 2012-062, by the
Ethical Committee for the use of Animals. The methods
complied with the National Institute of Health’s
Guidelines for the Care and Use of Laboratory Animals
(publication no. 85-23, revised 1985). Data collection was
made at the Comparative Neurohistophysiology
Laboratory of the Federal University of Rio Grande do Sul.

Sample size estimation (12 animals per group) was
established considering an expected difference between
groups, as suggested by previous study with similar anal-
yses.9 Sample size was calculated through the software
nQuery Advisor 3.0 (N�ucleo de Aux�ılio Estat�ıstico-NAE,
UFRGS), with P� 0.05 and power of 90%.

Experimental design

The animals were divided into five groups: control saline
sedentary (SS), control chronic pain sedentary (PS), chronic
pain subjected to low intensity exercise training group
(PE), chronic pain treated with whole-body vibration
group (PV), and chronic pain treated with low intensity
exercise plus vibration training group (PEþV) during a
15-day protocol (Figure 1).

Animals with chronic pain that were able to walk on the
treadmill were included in the experiment and randomly
assigned to the experimental groups. Animals that did not
develop hyperalgesia (�15%) after the two low pH saline
injections were excluded from the study and other eight
animals were added to the experiment. The animals were
tested 4 h after the second injection, as explained below.

Chronic pain model

Two injections with 100mL of low pH preservative-free ster-
ile 0.9% NaCl (pH 4.0) were administered on separate days
in the left gastrocnemius when the animals were anesthe-
tized briefly with halothane (2–4%).6 It is a muscular and
non-inflammatory pain model with long-lasting, wide-
spread mechanical hyperalgesia production without
motor deficits or significant tissue damage. There was no
apparent mechanical hyperalgesia after the 1st
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intramuscular injection, therefore a 2nd injection was nec-
essary after five days6 as shown in Figure 1.

Animals from the SS were submitted to the same injec-
tions protocol, however with 100mL of preservative-free
sterile saline solution 0.9%.

WBV and low intensity exercise training

On the first day, the animals underwent habituation to the
training and evaluation instruments. The platform and the
treadmill were turned off and each animal was placed
inside the specific cages for 10 and 30min, respectively.
On the following four days, to accustom the animal to
walking, only the treadmill was turned and set to a speed
of 3.05m/min during 10min.

The three different training groups started training 4 h
after the 2nd injection with intramuscular acid. The groups
were placed in separate cages.

To verify the frequency of the vibration platform, a 3D
gyroscope (model 3DM-GX2, MicroStrainVR Sensing
Systems, USA) by a fast Fourier transform analysis was
used. The amplitude of the equipment was determined
through an ink pen attached to the platform at the cage
position. The acceleration peak (aPeak) was calculated
through the formula: D¼ aPeak/(2� p2� f 2), where “D” is
the peak-to peak displacement and “f ” is the frequency.29

WBV. The WBV training groups were subjected to WBV
(TBS100A, Total Image FitnessVR , Canada), on the vibrating
platform for 10 days, 5 min on days one to five and 10min
on the other days. The vibration platform settings used for
the protocol were 42Hz, 2 mm peak-to-peak displacement,
spiral mode, and peak acceleration, as a multiple of stan-
dard gravity, g� 7.1g; they were chosen based on a pilot
study with two rats in which, employing the same settings,
the rats showed a greater decrease in mechanical hyper-
algesia sensitivity after 10min WBV exposure (compared
with 20 and 30Hz, also measured). The animals stood on
a 3-mm foam pad (ethylene vinyl acetate) inside cages
firmly attached to the platform.

Low intensity exercise training. Four hours after chronic
pain induction (second injection), all animals underwent
adaptation to a treadmill, originally designed for human
use (Electronic Athletic, Athletic RunnerVR , Brazil), and
adapted for use by rats. The 10-day exercise protocol con-
sisted of placing the animal to walk on a treadmill set at a
speed of 6.1m/min for 15min on the first five consecutive
days and for 30min on the other days. This low intensity
exercise was adapted from the study of Bement and Sluka.9

WBVþ low intensity exercise training. Four hours after the
chronic pain induction (second injection), all animals
underwent adaptation to a treadmill. The 10-day exercise
protocol consisted of two steps: first, for the first five con-
secutive days, placing the animal to walk on a treadmill set
at a speed of 6.1m/min for 15min and combined with
5 min exposure to the WBV; second, for the next five days
placing the animal to walk on a treadmill set at a speed of
6.1m/min for 30min combined with 10min of WBV expo-
sure, with the same settings already described for both
machines.

Control groups (SS and PS) were placed on the treadmill
or platform, for the same amount of time; however, the
devices were turned off. Animals that were unable to
walk on the treadmill were excluded from the experiment.

The sensitivity of the foot to mechanical and thermal
hyperalgesia (hot pain) before versus after exposure to
WBV were measured. The tests were carried out in a
quiet room, with a controlled temperature between 20�C
and 23�C.

Mechanical sensitivity

Mechanical sensitivity was measured with a calibrated
pressure-meter (Electronic von Frey EFF 301, InsightVR ,
Brazil). This is a hand-held force transducer fitted with a
1 mm2 polypropylene tip. The equipment reaction time is
1ms and the transducer capacity is between 0.1 and 1000 g.
The values are given in mV. The paw vertical elevation
immediately upon removal of the testing tip was under-
stood as a positive response. To confirm the response, the
test was performed three times and the mean of the three
values were determined. A trained examiner applied per-
pendicularly the tip to one of the five distal footpads and
the pressure was increased gradually. A tilted mirror locat-
ed below the grid, provides a clear view of the animal’s
hind-paw.30 Tests were performed by poking the hind-
paw, provoking a flexion reflex, and a clear flinch response
after paw withdrawal. The left paw stimulation continued
until the rat showed three similar results (the difference
between the maximum and the minimum result should
be less than 10 g).30 The electronic pressure-meter is
one of the methods to measure mechanical allodynia,
evaluating mechanical withdrawal threshold to a stimulus
that is not normally unpleasant.31 With the goal to increase
data collection reliability, the sensitivity tests were applied
by the same investigator before and immediately after the
training, for the training groups.

Figure 1. Experimental design. First intramuscular injection (II1); test (T); second intramuscular injection (II2); day 1 (D1); day 5 (D5); exercise parameter adjustment

(PA); day 10 (D10); exercise (E); Von Freyþ hot plate (VFþHP); WBV and or low intensity exercise (WBVþ/LIE); retest (RT); animal sacrifice (X).
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Pain and thermal sensitivity

The Hot Plate device (DS37, SocrelVR , Italy) measures the
degree of sedation in relation to the time response. This
test is widely used to study thermal (anti)nociception in
rats and mice, since pain can only be estimated through
their responses.

Each animal was individually placed on a hot plate (set
at 52� 0.5�C) for a maximum of 20 s,32 or until it displayed
a nocifensive reaction of either hind-paw. The temperature
of the hot plate was maintained constant. Each animal was
only tested once until the presence of typical responses as
hind-paw licking, shaking, and/or lifting.33 The response
latency time was manually recorded with a chronometer
connected to the device with a pedal.

The same investigator measured the sensitivity tests to
increase the reliability of the results. The temperature sen-
sitivity was measured immediately after the mechanical
sensitivity (about 40minutes after training), for all groups.

Statistics

The control measurements were registered before exposure
to WBV with the mean and the standard deviation calcula-
tion. Each animal’s specific control value was used to nor-
malize data to decrease subject specific differences.
Shapiro-Wilk’s test was used to test normal distribution
of the changes in sensitivity in relation to the control
group. Two-way repeated measures ANOVA was used to
compare the pre- and post-condition on the same group,
due to the parametric nature of the data. Two-factor mixed
ANOVA compared the delta (difference between pre- and
post-condition of each animal) between groups over time
(during the 10 days of data collection).

Results

The sensitivity thresholds and time latencies for each
animal were measured prior to any intervention and the
mean values and the standard deviation (SD) were
calculated.

Mechanical sensitivity

The mean values (�SD) for the pressure sensation were
36.1 (�5.4) mV for the left paw, under normal conditions.

In Figure 2, the vertical axis shows the rise in force
required to produce a response to the pressure meter. A
rise in force is equal to a decrease of mechanical (touch-
pressure) sensitivity. Negative values represent hypersen-
sitivity and positive values hyposensitivity. Considering
subject differences from the control measurement (taken
before application of the chronic pain model), the changes
were calculated for each individual animal.

In the SS, no significant differences for all comparisons
were found between before and after “training” for the left
paw during the 10days (P> 0.05; Figure 2(a)). In the PS, no
difference (P> 0.05) was found between before and after
“training” considering the left paw, during the 10 days
(Figure 2(b)).

Observing the chronic PE, following sessions 5 and 6,
decreased mechanical sensitivity was found in the left
paw (P< 0.05).

A significant loss of sensation after 5 or 10min vibration
exercise was found for mechanical sensitivity in the tested
places of the left paw (between “before” and “after” treat-
ment, mainly in the WBV groups. The left paw showed
significantly decreased touch pressure sensitivity
(P< 0.01) directly after WBV groups (Figure 2(d) and (e))
during the training days. It is interesting to note that, at
around the 8th session, sensitivity starts approximating
the control condition in all the treated groups.

PV and PEþV were significantly different of SS and PS
over the 10 days of treatment (Figure 4(a)). Moreover, both
groups PV and PEþV were significantly different of PE
(Figure 4(a)).

Pain and thermal sensitivity

A significant change in thermal perception 40min after
WBV exposure was found mainly in the groups treated
with vibration procedures (Figure 3).

The low intensity exercise group presented increased
thermal perception (latency time was shorter) in treatment
sessions four, six, and seven. In the WBV only group, after
the third treatment day, the time latency for thermal per-
ception was significantly higher (P< 0.05; Figure 3, PV).

In the combined treatment (WBVand low intensity exer-
cise) group, comparing ‘before’ and ‘after’ treatment, the
latency was longer after the fourth session, i.e. the thermal
perception decreased (Figure 3, PEþV).

The difference between all groups by time, pre- and
post-treatment showed no significant results (P> 0.05) as
Figure 4(b) shows.

Discussion

This study shows that for male rats exposed to a chronic
pain model, 10 days of treatment with WBV led to
decreased sensitivity to Ab-fibers mediated by mechanical
allodynia and C-fibers mediated by thermal stimulation
(hot pain). After all the individual sessions, WBV decreased
mechanical (touch-pressure) sensitivity and after the third
session, the latency to pain perception was longer, mainly
in the WBV groups. However, it is important to consider
that during the first five sessions, the animals were exposed
to only 5min of WBV and 15min of low-intensity exercise
on the treadmill.

The exposure time used in this experiment is commonly
used for performance enhancement or rehabilitation. Our
results for mechanical sensitivity reduction are in agree-
ment with studies conducted in humans 17,24,25 where,
after a single WBV session, cutaneous sensitivity was sig-
nificantly and temporarily impaired. A previous study21

indicated that 10min of local vibratory stimulus can affect
the skin glabrous mechanoreceptive afferents, causing
impaired perceptual and sensorimotor capacity for many
minutes after vibration. Cutaneous receptors are highly
sensitive to vibratory stimulus, which can influence the
physiological messages. In most cases, the unit discharge
in the mechanoreceptors is directly associated to the
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frequency of the vibration.34 A decrease in mechanical sen-
sitivity was found straight after both 5- and 10-min expo-
sure to vibration. The force applied in order to the animals
to perceive the von Frey was significantly greater after the
WBV exposure.

A question arises as to whether loss of sensation might
be useful. This investigation showed that touch-pressure
mechanoreceptors and C-fibers are highly affected by
vibration. In previous studies, the afferent discharge
involving muscle spindles and fast adapting mechanore-
ceptors has been shown to be strongly affected by vibra-
tion.24–26 The touch pressure and vibration sensitivity that

are transmitted by nerve fibers are related similarly to a
muscle spindle single afferent Aa/Ab-fibers.35 Mechanical
signals are carried for both and form a synaptic contact on
inhibitory interneurons; this process produces a competi-
tion with the pain stimuli that reaches the projection neu-
rons. It is possible to speculate that nerve fibers for
mechanical and vibration sensitivity may also influence
on the usual perception of stimulus quality as these fibers
belong to the same category. Some findings indicate that
Meissner corpuscles are multi-afferented receptor organs
that would have nociceptive capabilities combined to
being low threshold mechanoreceptors.22

Figure 2. Mean and SD for the change in touch-pressure sensitivity force for the five groups with respect to the control condition (*P¼ 0.05). (SS) control saline

sedentary group; (PS) control chronic pain sedentary group; (PE) chronic pain group treated with low intensity exercise; (PV) chronic pain group treated with whole

body vibration; (PE þ V) chronic pain group treated with whole body vibration plus vibration training. The values from the left paw were normalized by the baseline

measurements (“before any procedures”) and individually for each animal (n¼ 60, 12 per group). The “y” axis represents the changes in touch-pressure sensitivity

(mV); the “x” axis represents the training days 1 to 10 (T1 until T10).

1214 Experimental Biology and Medicine Volume 246 May 2021
...............................................................................................................................................................



Mechanical vibration, in the large-diameter fiber sys-
tems, alters and attenuates the pain perception.27 One
hypothesis commonly used to explain the vibratory
action is based on “Gate control theory of pain”,23 accord-
ing to which the dorsal horn of the spinal cord conducts the
transmission of afferent neural signals to the higher centers
where the pain is interpreted. The pain decrease caused by
vibration might be explained by the large amount of Aa/
Ab-fibers, which are activated synchronously and thus
stimulate the dorsal horn of the spinal cord.28 The activa-
tion through vibration of low-threshold, large-diameter
afferent Ab-fibers (non-nociceptive), which synapse onto
inhibitory (GABA-ergic or cholinergic) interneurons in the

dorsal column of the spinal cord. Inhibitory neurotransmit-
ters (e.g., GABA) are released by these interneurons, thus
decreasing the excitability of second-order spinal neurons,
so that consequent input from Ad and C-fibers is attenuat-
ed.27 Therefore, vibration could be used to decrease pain
perception20,21 similarly to a transcutaneous electrical
nerve stimulation (TENS).36

Studies using passive vibration in humans20,36 showed
the use of high frequency vibration directly to the location
where the pain was perceived reduced the sensation of pain
in about 70% of individuals with chronic and acute muscu-
loskeletal pain. Furthermore, combined TENS with vibra-
tion could enhance the pain reduction effects.36 Some

Figure 3. Mean and SD for all five groups. Time latency change in pain sensitivity (*P¼ 0.05). Y axis represents the normalized time latency (s) and X axis represents

the training days T1–T10. The values were normalized by the baseline measurements (“before any procedures”) and individually for each animal. Hot plate mea-

surement for the five different groups: control groups saline sedentary (SS) and chronic pain sedentary (PS), chronic pain groups treated with low intensity exercise

(PE), vibration training (PV), and with low intensity exercise plus vibration training (PEþV; n¼ 60, 12 per group).
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authors have suggested that WBV training could reduce
perceived pain in individuals with low back pain.21,37,38

In randomized controlled trials,37,39 pain relief was
achieved following exercise onWBV platforms. It was spec-
ulated that eliciting muscles via stretch reflexes due to the
generated instability, led to relaxation of the back muscles,
thus decreasing pain perception.37We believe that theWBV
was acting as local vibration, disturbing large-diameter
fibers that reach projection neurons on the dorsal spinal
column and, consequently, reducing the pain stimuli.

Patients with acute or chronic lower limb pain may
benefit from a temporary reduction in their sensory
capacity after WBV, prior to a rehabilitation session,

without the use of drugs.28,40 This would allow them to
perform exercises with less pain and greater range of
motion. As a limitation of our study, biomarkers at the
dorsal root ganglion that are involved in nociception were
not analyzed. Future studies will focus on substance P, sero-
tonin, and calcitonin gene-related peptide expression after
WBV sessions in the dorsal root ganglion corresponding to
lower lumbar spinal cord segments in a chronic pain
model.

In conclusion, in rats subjected to a chronic pain model,
the afferent discharges from touch-pressure mechanorecep-
tors were highly influenced by vibratory stimulation after
each treatment session with WBV. Sensitivity to mechanical

Figure 4. Mean values for the change in touch-pressure force (a) and in pain sensitivity time latency (b) for the five groups (*P<0.05). Control saline sedentary group

(SS); control chronic pain sedentary group (PS), n¼ 10; chronic pain group treated with low intensity exercise (PE); chronic pain group treated with whole body

vibration (PV); chronic pain group treated with low intensity exercise plus vibration training (PEþV; n¼ 60, 12 per group).
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(touch-pressure) and thermal (hot pain) stimulation is
impaired after WBV exercise; however, the thermal sensi-
tivity decrease after WBV was not confirmed since differ-
ences between groups were not found.

In therapeutic interventions, when hypersensitivity in
the lower legs negatively affects an exercise session, a
reduction in sensitivity and the consequent reduction in
pain might be helpful. Rehabilitation programmes can
benefit from knowledge about the correct parameters of
the exposure to WBV.
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de Aperfeiçoamento de Pessoal de N�ıvel Superior—Brasil
(CAPES) [Finance Code 001] and National Council for
Scientific and Technological Development (CNPq).

ORCID iD

Anelise Sonza https://orcid.org/0000-0003-0056-4984

REFERENCES

1. Institute of Medicine (US) Committee on Advancing Pain Research

Care and Education. Relieving pain in America: a blueprint for transform-
ing prevention, care, education, and research. Washington, DC: National

Academies Press, 2011

2. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of

chronic pain in Europe: prevalence, impact on daily life, and treatment.

Eur J Pain 2006;10:287–333

3. Elzahaf RA, Johnson MI, Tashani OA. The epidemiology of chronic

pain in Libya: a cross-sectional telephone survey. BMC Public Health
2016;16:1–14

4. Xu A, Hilton E, Arkema R, Tintle NL, Helming LM. Epidemiology of

chronic pain in Ukraine: findings from the World Mental Health

Survey. PLoS One 2019;14:1–13

5. Issberner U, Reeh PW, Steen KH. Pain due to tissue acidosis: a mech-

anism for inflammatory and ischemic myalgia? Neurosci Lett
1996;208:191–4

6. Sluka KA, Kalra A, Moore SA. Unilateral intramuscular injections of

acidic saline produce a bilateral, long-lasting hyperalgesia. Muscle
Nerve 2001;24:37–46

7. Reeh PW, Steen KH. Tissue acidosis in nociception and pain. Prog Brain
Res 1996;113:143–51

8. Lesnak J, Sluka KA. Chronic non-inflammatory muscle pain: central

and peripheral mediators. Curr Opin Physiol 2019;11:67–74
9. Bement MK, Sluka KA. Low-intensity exercise reverses chronic muscle

pain in the rat in a naloxone-dependent manner. Arch Phys Med Rehabil
2005;86:1736–40

10. Lima LV, Abner TSS, Sluka KA. Does exercise increase or decrease

pain? Central mechanisms underlying these two phenomena.

J Physiol 2017;595:4141–50
11. Gowans SE, deHueck A. Effectiveness of exercise in management of

fibromyalgia. Curr Opin Rheumatol 2004;16:138–42
12. Sosa-Reina MD, Nunez-Nagy S, Gallego-Izquierdo T, Pecos-Mart�ın D,

Monserrat J, �Alvarez-Mon M. Effectiveness of therapeutic exercise in

fibromyalgia syndrome: a systematic review and meta-analysis of ran-

domized clinical trials. Biomed Res Int 2017;2017:2356346
13. Ang ET, Wong PT, Moochhala S, Ng YK. Neuroprotection associated

with running: is it a result of increased endogenous neurotrophic fac-

tors? Neuroscience 2003;118:335–45
14. Kim SE, Ko IG, Kim BK, Shin MS, Cho S, Kim CJ, Kim SH, Baek SS, Lee

EU, Jee YS. Treadmill exercise prevents aging-induced failure of

memory through an increase in neurogenesis and suppression of apo-

ptosis in rat hippocampus. Exp Gerontol 2010;45:357–65
15. Bidonde J, Busch AJ, van der Spuy I, Tupper S, Kim SY, Boden C.Whole

body vibration exercise training for fibromyalgia. Cochrane Database
Syst Rev 2017;9:1–80

16. Moretti E, Ten�orio A, Holanda L, Campos A, Lemos A. Efficacy of the

whole-body vibration for pain, fatigue and quality of life in women

with fibromyalgia: a systematic review. Disabil Rehabil 2018;40:988–96
17. Sonza A, Robinson CC, Achaval M, Zaro MA. Whole body vibration at

different exposure frequencies: infrared thermography and physiolog-

ical effects. Sci World J 2015;2015:1452657
18. Sonza A, V€olkel N, Zaro MA, Achaval M, Hennig EA. Whole body

vibration perception map and associated acceleration loads at the

lower leg, hip and head. Med Eng Phys 2015;37:642–9
19. Ishikawa M, Komi PV. The role of the stretch reflex in the gastrocne-

mius muscle during human locomotion at various speeds. J Appl
Physiol (1985) 2007;103:1030–6

20. Lundeberg T. Long-term results of vibratory stimulation as a pain

relieving measure for chronic pain. Pain 1984;20:13–23

21. Ribot-Ciscar E, Roll JP, Tardy-Gervet MF, Harlay F. Alteration of human

cutaneous afferent discharges as the result of long-lasting vibration.

J Appl Physiol (1985) 1996;80:1708–15
22. Basbaum AI, Jessell TM. The perception of pain. In: Kandel ER,

Schwartz JH, Jessell TM (eds) Principles of neural science. 4th ed. New

York, NY: McGraw-Hill, 2000, pp.472–91

23. Melzack R, Wall PD. Pain mechanisms: a new theory. Science
1965;150:971–9

24. Pollock RD, Provan S, Martin FC, Newham DJ. The effects of whole

body vibration on balance, joint position sense and cutaneous sensa-

tion. Eur J Appl Physiol 2011;111:3069–77
25. Sonza A, Maurer C, Achaval M, ZaroMA, Nigg BM. Human cutaneous

sensors on the sole of the foot: altered sensitivity and recovery time

after whole body vibration. Neurosci Lett 2013;533:81–5
26. Schlee G, Reckmann D, Milani TL. Whole body vibration training

reduces plantar foot sensitivity but improves balance control of healthy

subjects. Neurosci Lett 2012;506:70–3
27. Prager JP. What does the mechanism of spinal cord stimulation tell us

about complex regional pain syndrome? Pain Med 2010;11:1278–83

28. Sonza A. Human cutaneous mechanoreceptive afferents response after

whole body vibration: a literature review. Revista HUPE 2018;17:35–8

29. Rauch F, Sievanen H, Boonen S, Cardinale M, Degens H, Felsenberg D,

Roth J, Schoenau E, Verschueren S, Rittweger J. Reporting whole-body

Sonza et al. WBV exercise and sensitivity alteration 1217
...............................................................................................................................................................

https://orcid.org/0000-0003-0056-4984
https://orcid.org/0000-0003-0056-4984


vibration intervention studies: recommendations of the International

Society of Musculoskeletal and Neuronal Interactions. J Musculoskelet
Neuronal Interact 2010;10:193–8

30. Cunha TM, Verri WA Jr, Vivancos GG, Moreira IF, Reis S, Parada CA,

Cunha FQ, Ferreira SH. An electronic pressure-meter nociception paw

test for mice. Braz J Med Biol Res 2004;37:401–7
31. Deuis JR, Dvorakova LS, Vetter I. Methods used to evaluate pain behav-

iors in rodents. Front Mol Neurosci 2017;10:1–17
32. Lavich TR, Cordeiro RS, Silva PM, Martins MA. A novel hot-plate test

sensitive to hyperalgesic stimuli and non-opioid analgesics. Braz J Med
Biol Res 2005;38:445–51

33. Carter RB. Differentiating analgesic and non-analgesic drug activities

on rat hot plate: effect of behavioral endpoint. Pain 1991;47:211–20

34. Ribot-Ciscar E, Vedel JP, Roll JP. Vibration sensitivity of slowly and

rapidly adapting cutaneous mechanoreceptors in the human foot and

leg. Neurosci Lett 1989;104:130–5
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