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Acute Neuromuscular Modulation Enhances
Postural Control after Whole-Body Vibration

Akute neuromuskuldre Modulation steigert

die posturale Kontrolle nach Ganzkorpervibration

The postural movement control determines performance of
almost anykind of human movement. The current study aimed to
investigate whether a short bout of whole-body vibration (WBV)
can improve postural control. Effects were compared to a con-
ventional balance training (BAL).

During an instable one-legged stance, postural control was
assessed in 22 healthy subjects before and after 2-min bouts of
either WBV or BAL. Postural sway, antagonist co-contraction
of selected lower limb muscles (soleus, gastrocnemius medialis,
tibialis anterior, rectus femoris, biceps femoris) and soleus spinal
excitability (H-reflexes) were recorded by means of posturogra-
phy and electromyography. respectively.

Postural sway was significantly reduced after WBV (p<.05).
After both interventions, a reduction of H-reflexes (WBV -31%,
BAL -14%, p<.05), M-waves (WBV -22%, BAL -19%, p<.05) as well
as shank muscle co-contraction was observed (WBV up to -18%,
BAL up to -20%, p<.05). Thigh muscle co-contraction was only
diminished after BAL (-17%, p<.05). Postural sway changes cor-
related positively with reflexamplitude changes (p<.05).

Thus, greater inhibition in spinal excitability (after WBV), but
not diminished thigh muscle co-contraction (after BAL) are ac-
companied by postural sway reduction. With the benefit of being
(task-) unspecific and easy to apply, WBV represents a possible
intervention to improve postural control.

Balance, H-Reflex, Co-Contraction,
Centre of Pressure

Die posturale Bewegungskontrolle bestimmt in nahezu je-
der menschlichen Bewegung die motorische Leistung. Das Ziel
dervorliegenden Studie war die Erfassung, inwiefern eine Einheit
Ganzkorpervibration (WBV) die posturale Kontrolle verbessern
kann. Die Effekte wurden mit einem klassischen Gleichgewichts-
training (BAL) verglichen.

Die posturale Kontrolle wurde im monopedalem Stand bei
22 gesunden Proband*innen vor und nach 2-min Einheiten
WBV oder BAL erhoben. Der posturale Schwankweg, die anta-
gonistische Co-Kontraktion ausgewihlter Muskeln der unteren
Extremitit (soleus, gastrocnemius medialis, tibialis anterior,
rectus femoris, biceps femoris) und die spinale Erregbarkeit des
Soleusmuskels (H-Reflex) wurden mittels Posturographie und
Elektromyographie aufgezeichnet.

Der Schwankweg war nach WBV signifikant reduziert (p<.05).
Nach beiden Interventionen konnte eine Reduktion des H-Refle-
xes (WBV -31%, BAL -14%, p<.05), der M-Welle (WBV -22%, BAL
-19%, p<.05) und der Co-Kontraktion im Unterschenkel beobach-
tet werden (WBV bis -18%, BAL bis -20%, p<.05). Die Co-Kontrak-
tion im Oberschenkel war lediglich nach BAL reduziert (-17%,
p<.05). Die Anderung des Schwankwegs korrelierte positiv mit
den Anderungen der Reflexamplitude (p<.05).

Demnach ginglediglich die stirkere Heommung der spinalen Er-
regbarkeit (nach WBV), nicht jedoch die reduzierte muskulare
Co-Kontraktion des Oberschenkels (nach BAL) mit der Schwank-
wegreduktion einher. Mit dem Vorteil. dass die Modulationen
(aufgaben-)unspezifisch und einfach zu applizieren waren, stellt
WBYV ein mogliches Interventionsgerit dar, mit dem die postu-
rale Kontrolle verbessert werden kann.

Gleichgewicht, H-Reflex, Co-Kontraktion,
Schwankweg

For any kind of human movement, the maintenance
or acute restoration of postural control is of fun-
damental necessity (24). Balance training, which
is known to improve postural performance (22),
is therefore of particular relevance for sub-popu-
lations, who manifest deficits in motor control
due to degeneration (e.g. elderly) or neurological
disorders. In this regard, whole-body vibration
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(WBV) training has moved into the focus of scien-
tific research, because it may enhance postural
stability (28). 1) High-frequent mechanical oscilla-
tions of the platform cause perturbations applied
to the body by means of instability (29), and thus
2) cause the muscle-tendon complex to dampen
those forces transmitted to the body (5). This trai-
ning modality makes WBV unique among
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PRE
AJ 67+8
Gonio [°]
KJ 13+6
SOL 1.00
GM 1.00
iEMG [%] TA 1.00
RF 1.00
BF 1.00

Control parameters of test-retest reliability. Presented are angular excursions with goniometric recordings (Gonio [°], for the ankle joint (AJ) and knee joint (KJ))
and muscular background activation with electromyography (iEMG [%]). Cronbach’s o are listed in the last column; values were compared to baseline values.

CON & POST A
CON 68+8 97
BAL 67+9 97
WBV 68+8 94
CON 12+7 98
BAL 12+6 .90
WBV 14+6 93
CON .99+.09 .96
BAL 93+.15 18
WBV 95+.15 84
CON 97+.16 92
BAL 96+.23 81
WBV .88+.16 87
CON 87+.26 91
BAL J2+.21 84
WBV JA+.21 .92
CON 95+.11 90
BAL .85+.13 .96
WBV .86+.15 .89
CON 99+.13 .96
BAL .85+.12 97
WBV 8711 98

traditional balance training (BAL) methods. Characterized
by a time-efficient and easy usage, especially patients who
suffer from movement disorders might benefit from WBV
(1). Nonetheless, evidence about the acute effects on postu-
ral control after WBV is still inconsistent and a conclusive
statement is missing (4, 10).

From a neurophysiological point of view, postural control
requires a complex interaction between sensory perception,
central integration and motor execution (24). Therefore, excit-
ability can be transferred via pathways which are originated
from cortical structures of the central nervous system and
are known to enhance motor control (corticospinal) as well
as via pathways which are relevant in reflex motor responses
(spinal). This neuromuscular interaction is highly adaptable,
as could be demonstrated by conventional balance training:
Reduced excitability via spinal pathways (37), enhanced input
via corticospinal pathways (38) and an efficient intermuscular
coordination of antagonists and agonists were observed (26).
Acutely, the inhibition of spinal excitability correlates posi-
tively with enhanced postural stability; but modulations are
only task-specific (25, 39). After vibration, similar modulations
can be observed: exposure induces reduced muscle spindle
sensitivity (30) and concomitant with the tonic vibration re-
flex (9) diminishes excitability via spinal (16, 33) and increases
input via corticospinal pathways to the muscle (21). However,
regardless of the resembling neuromuscular modulations af-
ter WBV compared to BAL, the impact of those neurophysio-
logical correlates on postural control is vague.

From a mechanical point of view, WBV has an impact on
neuromuscular control by applying sinusoidal forces to the
body through the mechanical oscillation of the device (5).

This occurs rather independent from the component inter-
linked to the postural demand (40). In comparison, balance
training-induced improvements depend on the attributes
of the performed balance exercise, i.e. degrees of move-
ment and trajectory (14). Even though resembling modu-
lation of Ia afferent pathways can be observed after both
short-term interventions, neuromuscular effects are elicit-
ed by differing stimuli: The external (mechanical) stimulus
of WBV can be opposed to the self-induced (physiological)
stimulation of BAL.

Thus, the main purpose of the current study was to
investigate, if acute neuromuscular modulation has
an effect on postural control during a postural chal-
lenging task after WBV. We aimed to identify if the
training stimulus acts on spinal reflex activity and an-
tagonistic muscle co-contraction and whether these neu-
romuscular modulations attribute to changes of postural
sway.

Based on evidence about positive functional effects after
WBYV, we hypothesized that postural control by means of re-
duced postural sway might be improved following a short bout
of WBV. We assumed reflex responses to be inhibited after
WBYV during a postural challenging task, introducing positive
effects on postural control.

In addition, we aimed to test the dependency of re-
sults from the stimulus itself. Therefore, we also conduct-
ed a conventional balance task which is known to im-
prove postural control in a task-specific manner. Thus,
based on the strong mechanical stimulus, changes in
postural control were expected to be greater after WBV
compared to BAL.
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Participants
Twenty-two young, healthy sub-

/ \.randamized order

jects (17 females/5 males, 25+2 WBV
) . , o BAL
years of age, 169+8 cm height, Intervention Rest 2 min 2 min
62+12 kg body mass) participa-
ted in this investigation. Inclusi-
on criteria comprised the ability l
to balance on a wooden wobble Data Collection
board in a one-legged stance.
Participants were excluded in tuBPRE t, CON t, POST
f acut hronic ortho- 40 s Balance 40 s Balance 40 s Balance
pase o Actiie OF CRTomie or 1o COP HR, CC1 COR HR, CC1 COP HR, CC!
paedic injuries or neurological

disorders. All participants gave
written informed consent to the
experimental procedure, which
was in accordance with the latest

revision of the Declaration of Hel-
sinki and approved by the ethics

committee of the University of

Study design of 2-min bouts of whole-body vibration (WBV) or a conventional balance task (BAL).Two pre-mea-
surements (PRE/ t;, CON/t,) were conducted to test for test-retest reliability. At each assessment point, the
outcome measures centre of pressure (COP), spinal excitability (H-reflexes, HR) and co-contraction (co-contracti-
on index, CCI) were recorded during 40 s of a balance task.

Freiburg (197/17).

Experimental Design
In a repeated-measures cross-sectional study design, para-
meters of postural control were tested prior and after 2-min
short-term interventions of either WBV or BAL in a rando-
mized order (Fig. 1). Assessment of postural control was con-
ducted while balancing in a one-legged stance on the wobble
board (37). Postural sway, agonist-antagonist muscular res-
ponses (co-contraction) and spinal excitability were recorded.
The duration of one trial lasted 40s with the application of
ten electrical H-reflex stimulations. Participants were inst-
ructed to stand as still as possible in an upright position (14).
Head and eyes faced in forwards position, the contralateral
leg was flexed at 90° in the knee, but extended in the hip (14).
They trained prior to the first assessment to exclude habitua-
tion effects(14). For test-retest reliability, authors supervised
standardized body position at all times and the exact same
assessment was conducted twice prior to the first intervention
(control assessment, CON) (21). In case of balance loss, the
trial was repeated.

Due to an unreliable body position characterized by dif-
ferences in ankle joint position measured by electrical poten-
tiometers, one participant was excluded from data analysis.

Short-Term Interventions

Participants balanced either on a vertical side-alternating vi-
bration platform (Galileo Sport, Novotec Medical, Pforzheim,
Germany) or on the wobble boards (14, 39) for two minutes
intermittently (5, 36; see Fig. 1). Each trial was repeated twice
with short breaks in-between to prevent fatigue. Identical to
the assessment, participants stood in an upright one-legged
position. Training protocols were matched to exclude con-
founding effects due to volume, duration or body position,
with the only exception of a nearly extended knee and slightly
lifted heel to reduce vibratory stimuli to the upper body accor-
ding to previous results (21) (4mm peak-to-peak displacement,
11cm from rotation axis, peak acceleration 7.2g).

Data Collection

Postural sway. Three-dimensional forces and torques were re-
corded with a force plate (Novotec Medical GmbH, Pforzheim,
Germany) located under the wobble board with a frequency of
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50Hz. Centre of pressure displacements in anterior-posterior
(COP#) and medio-lateral direction (COP™) were assessed in
addition to the total displacement (COP").

Kinematics. Angular position in the ankle and knee joint
in the sagittal plane was assessed with custom-designed elec-
tro-goniometers (Biometrics®, Gwent, UK). The rotary poten-
tiometers (Megatron, Munic, Germany) were fixed over the
respective joint with rotation axes and movable endplates in
line with the longitudinal body axes (33). Neutral position for
the ankle joint was set at 90° between the endplates and for
the knee joint at 180°. Data were recorded with a sampling
frequency of 1kHz.

Electromyographic recordings. Muscular responses of five
selected lower limb muscles (SOL-soleus, GM-gastrocnemius
medialis, TA-tibialis anterior, RF-rectus femoris, BF-biceps
femoris) were recorded with surface electromyography (EMG)
according to SENIAM (17). Hair over the muscle belly was
shaved, skin slightly emerised and degreased. Bipolar Ag/
AgCl surface electrodes (Ambu Blue Sensor P, Ballerup, Den-
mark; diameter 9mm, centre-to-centre distance 25mm) were
placed in line with the muscle fibres and over the tibia (refer-
ence electrode) with an interelectrode resistance below 2.5kQ.
Data were transferred to the amplifier (sampling frequency of
1000Hz) and band-pass filtered (10Hz-1kHz).

Prior to the experimental session, trials to assess the maxi-
mal isometric voluntary contraction (MVC) were conducted to
establish each muscles’ maximal activation intensities based
on Daniels and Worthingham (8). Maximum contractions of
three seconds were used for normalization. Body position
and antagonistic muscle activity were standardized and con-
trolled strictly.

Spinal excitability. With the technique of Peripheral Nerve
Stimulation, muscular responses were elicited with 10 electrical
stimulation of the tibial nerve (Digitimer DS7, Digitimer, Wel-
wyn Garden City, UK) and recorded with EMG electrodes over
the SOL. A cathode (10x5cm dispersal pad) was placed over the
tibial nerve in the popliteal fossa and an anode below the patella
(2cm diameter). Squared-wave pulses of 1ms were applied with
4s interstimulus intervals. With the exception of CON, which
was conducted for reliability reasons, each protocol was con-
ducted twice resulting in 20 stimuli for each condition.




Acute effects after short-term interventions of BAL and WBV. Postural sway (centre of pressure, COP) and neuromuscular raw data (co-contraction index, CCl
and spinal excitability/ H/M-ratios) are depicted before (pre) and after (post) a 2-min bout of balance (BAL) or whole-body vibration training (WBV). A control
condition (CON) was applied prior to BAL and WBV. Significant values are depicted in bold letters with p<.05. Effect sizes according to Glass‘ A are described
in the last column.
PRE CON & POST P-VALUE GLASS' A
CON 11.91+2.78 .58 23
cop,, 12.54+3.78 BAL 11.96+2.76 29 21
WBV 11.56+2.47 .05 40
CON 11.64+3.73 21 19
COP [cm] COP_ 12.34+3.12 BAL 12.36+2.84 1.46 .01
WBV 12.03+2.08 A48 15
CON 18.56+4.41 .09 23
COP, 19.58+5.09 BAL 19.10+4.03 .67 12
WBV 18.61+3.03 18 .32
CON 1226+445 1.18 .06
SOL_TA 1254+432 BAL 1002+405 <.01 .62
WBV 1017+380 <.01 .62
CON 1437+662 143 .07
CClI [arb. unit] GM_TA 1481+658 BAL 1268+673 .01 .32
WBV 12154623 <.01 43
CON 392+268 62 .08
RF_BF 414+271 BAL 352+292 .02 21
WBV 380+281 17 12
CON .31+.36 45 13
M-wave .36+.40 BAL .26+.34 .05 29
WBV .25+.38 .02 29
HS [mV]
CON .58+.32 1.63 .08
H-reflex .56+.27 BAL A7+ 22 .01 40
WBV .38+.25 <.01 J1

Stimulus intensity of 25% of the individual maximal mus-
cle response (6) was assessed with an H/M-recruitment curve
during bipedal stance prior to the first measurement(33).

Data Processing
For all outcome measures, mean values and standard devia-
tions were calculated.

Postural Sway

Total COP path length (COP ) was calculated according to the
Pythagoras theorem with COP  and COP_ in a time window
of 20s: COP, =ZD,, i=(0; 20000) with D =[(Displacement in an-
terior-posterior axis)*+(Displacement in medio-laterlal)*]* for
each sample point (32).

Electromyographic recordings

MVC values were analyzed in a time window of 50ms after
maximal EMG amplitude. Background activity was assessed
100ms prior to each electrical stimulus. Raw EMG values were
rectified and integrated GEMG[mVs]).

For the quantification of co-contraction, data were ana-
lyzed starting at the first H-reflex stimulus and with a time
window of 20s while balancing on the wobble board. After nor-
malization to MVC values, co-contraction indices (CCI) of the
antagonistic muscle pairs CCI°*-"™, CCI®¥-™ and CCI**-** were

calculated as follows: CCI=2CCI,, i=(0;20000) with CCI,=(EMG,
of lower activated muscle/EMG, of higher activated muscle)x
(EMG, of lower activated muscle+EMG, higher activated mus-
cle) for each sample point (23).

Spinal Excitability

Peak-to-peak SOL M-wave and H-reflex amplitudes were evalua-
ted between the initial deflection of the EMG signal from base-
line to the second crossing of the baseline as described previ-
ously (33). We summarized the differences between maximum
peak of H,, -H . (Al) and between minimum peak of H, -
H, ., (A2) to calculate total amplitude differences (HA; Fig. 2).

Statistics

Changes over time were analyzed with two dependent varia-
bles (pre vs. post): Normal distribution was determined with
Shapiro-Wilk test. Based on those results, either Student’s
paired t-test or the non-parametric Wilcoxon Rank-test were
calculated. Data were corrected for multiple testing based on
Benjamini and Yekutieli (3). Effect sizes over time were analy-
zed with Glass’ Delta (Glass’A) (11). Additionally, either Pear-
son or Spearman’s rank correlation coefficient were calculated
for the comparison of COP and H-reflex pre-post-differences.
Reliable background activity and joint position were ensured
with Cronbach’s a values (12).
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Cronbach’s o estimates yiel-
ded excellent values for the
ankle and knee joint positi-
on (.90-.98) and good to ac-
ceptable values for muscular
background activity (.78-.98;
Table 1) indicating a reliable
body position and neuromu-
scular activation throughout
the measurement. Neither
functional (postural sway,
Glass’A=.19-.23) nor neuro-
muscular outcome measures
(antagonistic co-contrac-
tion Glass’A=.06-.08, spinal
excitability Glass’A=.08-.13)
changed over time when no
training was applied (CON;
Table 2).

In line with CON, postur-
al sway did not change after
BAL (p=.29, Glass’A=.21), but
was significantly reduced
after WBYV for COPap (p<.05,
Glass’A=.40).

In contrast to CON, effects
for co-contraction (cf. Table
2) were observed after both

2 min
. ...

a
: Ho |
el B
W i4,; |
A mv Hp =A+4,

10 ms

intervention

COP, A=B+

COPy A=A,

Postural sway and reflex activity prior and after short-term interventions of one representative participant. Changes
of Hoffmann- (H-) reflex amplitudes are depicted in the upper (a) as well as centre of pressure displacement in ante-
rior-posterior (ap) and medio-lateral (ml) direction in the lower part of the figure (b). Measurements were conducted
twice prior (PRE=solid line; control, CON=grey dotted line) as well as after either whole-body vibration (WBV=blue
line) or after conventional balance training (BAL=red dotted line). For PRE, WBV and BAL, standard deviations are
illustrated in grey. Next to the evaluation of pre-post changes, differences between effects after WBV and BAL were

training modalities: CCI-
SOL_TA values ranged between

compared and are depicted with A.

-17£19% (p<.01, Glass’A=.62)
and -20+15% (p<.01, Glass’A=.62), CCIL,, 1a values between
-18+17% (p<.01, Glass’A=.43) and -14+23% (p<.05, Glass’A=.32)
for WBV and BAL, respectively. In addition, co-contraction in
thigh muscles (CCI,, , ) was diminished by -17+26% after BAL,
only (p<.05, Glass’A=.21; Table 2).

For spinal excitability, significant effects were observed
in comparison to CON as well: H-reflexes were diminished
by -31+30% after WBV (p<.01, Glass’A=.71) with greater ef-
fect sizes than after BAL with a reduction of -14+25% (p<.05,
Glass’A=.40; Fig. 2). Additionally, M-waves were diminished
as well; values of -22+34% after WBV (p<.05, Glass’A=.29) and
-19+36% after BAL were assessed (p<.05, Glass’A=.29; Table 2).

Comparing WBV to BAL, reduced H-reflexes correlated
significantly with diminished COP_  (r=.472, p<.05; Fig. 3) and
COP, (r=.538, p<.01).

Discussion

The aim of the current study was to investigate acute ef-
fects of WBV on postural control by means of neuromuscu-
lar parameters and functional effects on postural sway. In
comparison to conventional balance training, we demons-
trated for the first time that neuromuscular control during
a postural challenging task was modulated after both, a
short 2-min bout of WBV and BAL. However, differences
in motor control resulted just partly in a verification of
our hypotheses:

1) After WBYV, a reduced postural sway in anterior-pos-
terior direction was accompanied by a decline in spinal
excitability and co-contraction in the shank muscles.
After BAL, there were no changes in postural sway, but
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antagonist co-contraction in shank and thigh muscles
declined. 2) Comparing the selected interventions, great-
er effect sizes were reached for changes in postural sway
and spinal excitability after WBV and in muscular thigh
co-contraction after BAL. The electrophysiological findings
correlate with COP displacement indicating an interrela-
tionship between balance performance and neuromuscular
function.

Task-Specificity

First, the reduction of postural sway following a short bout
of WBV is in accordance with previous results and might in-
dicate enhanced postural control (35). In the current study,
sway in anterior-posterior direction moves into focus. Even
though it could be assumed that side-alternating vibrati-
on might induce a lateral stimulus, and thus modulation of
COPml, previous investigations have shown that muscles
which are involved in the anterior-posterior sway (SOL, GM
and TA) are activated to a greater degree compared to syn-
chronous vibration(34). By decreasing muscular activation
in those specific muscles around the ankle joint, self-in-
duced perturbation might be reduced, and thus COP* sway
decreased as well.

In addition, this observed outcome of postural sway after
WBYV was connected to neuromuscular effects for the first
time: As introduced earlier, both, WBV and BAL elicit stretch
reflexes via the Ia afferent circuitry, either via the external
(mechanical) vibration-induced or the self-induced (physio-
logical) task-specific stimulus. While the reflex reduction after
BAL is in accordance with previous investigations (39), >




Correlation coefficient (r) between postural sway (COP
as described in Figure 2.

apA

COPapA
r= 47 |
p < .05
* 3
2 .
*
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Linear relationship between differences of WBV compared to BAL of postural sway and reflex activity.
) and spinal excitability (H,) were calculated

in a functional significant reduction of
postural sway. This is in line with previous
investigations, which demonstrated a rela-
tionship between muscles surrounding the
ankle joint and the compensation of postu-
ral perturbations in anterior-posterior in
contrast to medio-lateral perturbations
(13). To be more distinct, this segment-spe-
cific modulation can be narrowed down
to muscle-specific effects in the m. triceps
surae: After WBV, postural sway concomi-
2 tant with co-contraction was reduced for
CCI,,, .,» only. While SOL and TA are the
muscles that are closest to the destabili-
zing stimulus (vibration) or pivot (wobble
board), these muscles move into focus when
considering modulation of postural control
after WBV.

In our current investigation, we could
specify the importance of muscles direc-
tly surrounding the ankle joint. While we

inhibition of spinal excitability after WBV has been demon-
strated during rest or voluntary activation (16, 33). We could
add that this inhibition is also reflected during a postural
demanding task: The improved balance control is interre-
lated to the degree of reflex inhibition clearly indicating the
functional significance of the WBV-induced decline in Ia
afferent transmission. Reduced reflex responses have pre-
viously been identified with improved balance control by
means of diminished joint oscillations in young populations
(19, 20, 37). This modulation is assumed to be of supraspinal
(subcortical) origin (37, 38) resulting in improved movement
control. While WBV is known to enhance corticospinal ex-
citability (21), the current results support the assumption of
improved movement control following WBV. Beyond WBY,
two possible reasons could be stated to explain, why postur-
al sway was not diminished after BAL as it has been observed
in previous studies (25): First, we included subjects with a
high level of postural control in contrast to previously inves-
tigated elderly participants (25). Second, the magnitude of
spinal excitability inhibition is smaller after BAL compared
to WBV. Therefore, the mechanical stimulus might elicit
even greater changes in reflex responses compared to the
physiological stimulus.

Muscle-Specificity

In addition, shank muscle co-contraction was reduced after
both interventions. As has previously been reported, greater
activation of antagonistic muscle groups is related to lower
postural ability resembling an “older adult” strategy during
postural and overall motor control (27). Vice versa, in previous
balance intervention studies, reduced muscular activation,
which is assumed to be due to improved intermuscular coordi-
nation, was observed concomitant with functional reduction
of postural sway (15). In line with this, current acute neuromu-
scular effects were also evident concomitant with a decrease
in postural sway, and thus point towards improved postural
control (26). Especially distal muscles surrounding the an-
kle joint move into focus (13): After BAL, co-contraction in
thigh muscles was reduced as well, but this was not reflected

10

chose antagonistic muscle pairs based on
previous evidence (18, 31), we could not exclude the impact
of muscle groups such as lateral leg and trunk muscles. Due
to their relevance for postural stabilization(2), further evi-
dence about their involvement in balance tasks after WBV is
still needed.

In addition to that, even though body position was kept re-
liably constant, direct motor responses (M-waves) were slight-
ly affected in the current postural assessment settings. While
recent results include either reduced muscular responses (15)
or no changes during rest after vibration (33), those results
might point towards a modulated excitability of efferent path-
ways. Changes of M-waves due to fatigue are unlikely due to
constant M-waves during the control condition. This is also
why inhibition due to the long-lasting duration (7) or habit-
uation effects can be excluded for the current changes. How-
ever, effect sizes of reflex activity (H-reflex) exceeded those of
direct muscle responses (M-wave) after WBYV, demonstrating
effects on spinal circuitries nevertheless. Based on those neu-
romuscular effects during static balance tasks, it is going to
be imperative to examine if modulations can be transferred
into tasks of dynamic postural control and in a population
suffering from poor postural stability.

Acute exposure to WBV has a positive impact on postural
control in anterior-posterior direction beyond the effects
of BAL. With a major contribution of diminished spinal ex-
citability and shank muscle co-contraction, WBV can be
used to acutely modulate neuromuscular control during
postural demanding tasks. Especially populations suffering
from postural instability based on enhanced co-contracti-
on and spinal hyper-excitability might benefit from those
acute modulations.

However, further evidence is needed to investigate the
transfer into everyday life tasks. Therefore, the modula-
tion during dynamic postural control and the maintenance
of those acute modulations might be of great relevance.
While previous investigations point towards sustaining
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neuromuscular effects for 10-15min following WBYV, the ap-
plication of WBV training immediately prior to postural in-
stable situations might be of great relevance for long-term
fall prevention.

This work was supported by a scholarship as per the State Law
on Graduate Funding (LGFG) of the state Baden-Wiirttemberg
as part of an announcement at the University of Freiburg.

Conflict of Interest
The authors have no conflict of interest.

(1) AHLBORG L, ANDERSSON C, JULIN P. Whole-body vibration training
compared with resistance training: effect on spasticity, muscle
strength and motor performance in adults with cerebral palsy. J
Rehabil Med. 2006; 38: 302-308. doi:10.1080/16501970600680262

(2) ARORAN, GRENIER SG. Acute effects of whole body vibration on
directionality and reaction time latency of trunk muscles:
The importance of rest and implications for spine stability.
J Electromyogr Kinesiol. 2013; 23: 394-401. doi:10.1016/j.
jelekin.2012.10.018

(3) BENJAMINIY, YEKUTIELI D. The Control of the False Discovery Rate
in Multiple Testing under Dependency. Ann Stat. 2001; 29: 1165-
1188.

(4) CARLUCCIF, MAZZA C, CAPP0ZZ0 A. Does Whole-Body Vibration
Training Have Acute Residual Effects on Postural Control Ability
of Elderly Women? J Strength Cond Res. 2010; 24: 3363-3368.
doi:10.1519/JSC.0b013e3181e7fabb

(5) COCHRANE DJ. Vibration Exercise: The Potential Benefits. Int J
Sports Med. 2011; 32: 75-99. d0i:10.1055/s-0030-1268010

(6) CRONE C, HULTBORN H, MAZIERES L, MORIN C, NIELSEN J, PIERROT-
DESEILLIGNY E. Sensitivity of monosynaptic test reflexes to
facilitation and inhibition as a function of the test reflex size: a
study in man and the cat. Exp. Brain Res. 1990; 81. http: //link.
springer.com/10.1007/BF00230098

(7) CRONE C, JOHNSEN LL, HULTBORN H, BRSNES GB. Amplitude of the
maximum motor response (M max) in human muscles typically
decreases during the course of an experiment. Exp Brain Res.
1999; 124: 265-270. d0i:10.1007/5002210050621

(8) DANIELS L, WORTHINGHAM C. Muscle testing; techniques of manual
examination. 3d ed. Philadelphia: Saunders; 1972.

GERMAN JOURNAL OF SPORTS MEDICINE - 70~ 1/2019

(9) DE GAIL P, LANCE JW, NEILSON PD. Differential effects on tonic and
phasic reflex mechanisms produced by vibration of muscles in
man. ] Neurol Neurosurg Psychiatry. 1966; 29: 1-11. doi:10.1136/
jnnp.29.1.1

(10) DESPINAT, GEORGE D, GEORGE T, SOTIRIS P, ALESSANDRA DC, GEORGE K,
MARIAR, STAVROS K. Short-term effect of whole-body vibration
training on balance, flexibility and lower limb explosive strength
in elite rhythmic gymnasts. Hum Mov Sci. 2014; 33: 149-158.
doi:10.1016/j.humov.2013.07.023

(11) FERGUSON CJ. An effect size primer: A guide for clinicians and
researchers. Prof Psychol Res Pr. 2009; 40: 532-538. d0i:10.1037/
20015808

(12) FLEISS JL. The design and analysis of clinical experiments. Wiley
classics library ed. New York: Wiley; 1999.

(13) FREYLER K, GOLLHOFER A, COLIN R, BRUDERLIN U, RITZMANN R.
Reactive balance control in response to perturbation in unilateral
stance: interaction effects of direction, displacement and velocity
on compensatory neuromuscular and kinematic responses. PLoS
ONE. 2015; 10: €0144529. doi:10.1371/journal.pone.0144529

(14) FREYLER K, KRAUSE A, GOLLHOFER A, RITZMANN R. Specific Stimuli
Induce Specific Adaptations: Sensorimotor Training vs. Reactive
Balance Training. PLoS One. 2016; 11: €0167557. d0i:10.1371/
journal.pone.0167557

(15) GRANACHER U, GRUBER M, GOLLHOFER A. Auswirkungen von
sensomotorischem Training auf die posturale Kontrolle alterer
Ménner. Dtsch Z Sportmed. 2009; 60: 387-393.

(16) HARWOOD B, SCHERER J, BROWN RE, CORNETT KMD, KENNO KA,

JAKOBI JM. Neuromuscular responses of the plantar flexors to
whole-body vibration. Scand ] Med Sci Sports. 2017; 27: 1569-
1575. d0i:10.1111/sms.12803

"



(17) HERMENS HJ, FRERIKS B, DISSELHORST-KLUG C, RAU G. Development
of recommendations for SEMG sensors and sensor placement
procedures. J. Electromyogr. Kinesiol.2000; 10: 361-374.
doi:10.1016/S1050-6411(00)00027-4

(18) HORAK FB, NASHNER LM. Central programming of postural
movements: adaptation to altered support-surface
configurations. ] Neurophysiol. 1986; 55: 1369-1381. doi:10.1152/
jn.1986.55.6.1369

(19) KELLER M, PFUSTERSCHMIED J, BUCHECKER M, MULLER E, TAUBE W.
Improved postural control after slackline training is
accompanied by reduced H-reflexes. Scand ] Med Sci Sports.
2012; 22: 471-477. doi:10.1111/j.1600-0838.2010.01268.x

(20) KOCEJA DM, MARKUS CA, TRIMBLE MH. Postural modulation of the
soleus H reflex in young and old subjects. Electroencephalogr
Clin Neurophysiol. 1995; 97: 387-393. d0i:10.1016/0924-
980X(95)00163-F

(21) KRAUSE A, GOLLHOFER A, FREYLER K, JABLONKA L, RITZMANN R. Acute
corticospinal and spinal modulation after whole body vibration.
J Musculoskelet Neuronal Interact. 2016; 16: 327-338.

(22) LESINSKI M, HORTOBAGYI T, MUEHLBAUER T, GOLLHOFER A,
GRANACHER U. Dose-Response Relationships of Balance Training
in Healthy Young Adults: A Systematic Review and Meta-
Analysis. Sports Med. 2015; 45: 557-576. d0i:10.1007/s40279-014-
0284-5

(23) LEWEK MD, RUDOLPH KS, SNYDER-MACKLER L. Control of frontal plane
knee laxity during gait in patients with medial compartment
knee osteoarthritis. Osteoarthritis Cartilage. 2004; 12: 745-751.
doi:10.1016/j.joca.2004.05.005

(24) MASSION ). Postural control system. Curr Opin Neurobiol. 1994; 4:
877-887. doi:10.1016/0959-4388(94)90137-6

(25) MYNARK RG, KOCEJA DM. Down training of the elderly
soleus H reflex with the use of a spinally induced balance
perturbation. ] Appl Physiol. 2002; 93: 127-133. doi:10.1152/
japplphysiol.00007.2001

(26) NAGAI K, YAMADA M, TANAKA B, UEMURA K, MORI S, AOYAMAT,
ICHIHASHI N, TSUBOYAMAT. Effects of Balance Training on Muscle
Coactivation During Postural Control in Older Adults: A
Randomized Controlled Trial. ] Gerontol A Biol Sci Med Sci. 2012;
67: 882-889. d0i:10.1093/gerona/glr252

(27) NAGAI K, YAMADA M, UEMURA K, YAMADA'Y, ICHIHASHI N, TSUBOYAMATT.
Differences in muscle coactivation during postural control

between healthy older and young adults. Arch Gerontol Geriatr.
2011; 53: 338-343. d0i:10.1016/j.archger.2011.01.003

(28) ORR R. The effect of whole body vibration exposure on balance
and functional mobility in older adults: A systematic review
and meta-analysis. Maturitas. 2015; 80: 342-358. d0i:10.1016/j.
maturitas.2014.12.020

12

(29) OULLIER 0, KAVOUNOUDIAS A, DUCLOS C, ALBERT F, ROLL J-P,
ROLL R. Countering postural posteffects following prolonged
exposure to whole-body vibration: a sensorimotor treatment.
Eur J Appl Physiol. 2009; 105: 235-245. d0i:10.1007/s00421-008-
0894-4

(30) RIBOT-CISCAR E, ROSSI-DURAND C, ROLL JP. Muscle spindle activity
following muscle tendon vibration in man. Neurosci Lett. 1998;
258: 147-150. doi:10.1016/S0304-3940(98)00732-0

(31) RITZMANN R, GOLLHOFER A, KRAMER A. The influence of vibration
type, frequency, body position and additional load on the
neuromuscular activity during whole body vibration. Eur ] Appl
Physiol. 2013; 113: 1-11. doi:10.1007/s00421-012-2402-0

(32) RITZMANN R, KRAMER A, BERNHARDT S, GOLLHOFER A. Whole Body
Vibration Training - Improving Balance Control and Muscle
Endurance. PLoS One. 2014; 9: €89905. doi:10.1371/journal.
pone.0089905

(33) RITZMANN R, KRAMER A, GOLLHOFER A, TAUBE W. The effect of whole
body vibration on the H-reflex, the stretch reflex, and the
short-latency response during hopping: Effect of WBV on reflex
responses. Scand ] Med Sci Sports. 2013; 23: 331-339. doi:10.1111/
j.1600-0838.2011.01388.x

(34) RITZMANN R, KRAMER A, GRUBER M, GOLLHOFER A, TAUBE W. EMG
activity during whole body vibration: motion artifacts or stretch
reflexes? Eur J Appl Physiol. 2010; 110: 143-151. doi:10.1007/
s00421-010-1483-x

(35) 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: 70-73. d0i:10.1016/j.
neulet.2011.10.051

(36) STEWART JA, COCHRANE DJ, MORTON RH. Differential effects of whole
body vibration durations on knee extensor strength. J Sci Med
Sport. 2009; 12: 50-53. doi:10.1016/j.jsams.2007.09.005

(37) TAUBE W, GRUBER M, GOLLHOFER A. Spinal and supraspinal
adaptations associated with balance training and their
functional relevance. Acta Physiol (Oxf). 2008; 193: 101-116.
doi:10.1111/j.1748-1716.2008.01850.x

(38) TOKUNO CD, TAUBE W, CRESSWELL AG. An enhanced level of motor
cortical excitability during the control of human standing.
Acta Physiol (Oxf). 2009; 195: 385-395. d0i:10.1111/j.1748-
1716.2008.01898.x

(39) TRIMBLE MH, KOCEJA DM. Modulation of the Triceps Surae
H-Reflex with Training. Int J Neurosci. 1994; 76: 293-303.
doi:10.3109/00207459408986011

(40) YEN C-L, MCHENRY CL, PETRIE MA, DUDLEY-JAVOROSKI S, SHIELDS RK.
Vibration training after chronic spinal cord injury: Evidence for
persistent segmental plasticity. Neurosci Lett. 2017; 647: 129-132.
doi:10.1016/j.neulet.2017.03.019

GERMAN JOURNAL OF SPORTS MEDICINE - 70+ 1/2019





