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Featured Application: The application of short durations (< 6 minutes) of Local Vibration (LV) to the knee
extensor muscles does not induce a significant loss of maximal isometric force production.

Abstract: Prolonged application (> 20 minutes) of LV on muscles or tendons is known to reduce maximal
isometric strength. However, the effect of short vibration durations (< 6 minutes) is still unknown. In fourteen
participants, the changes in maximal voluntary isometric contraction (MVIC) were measured after 1, 3, and 6
minutes of rest (CONT) or local vibration (LV) over the quadricipital tendon (frequency: 100 Hz; amplitude:
0.5mm). Before and after each condition, the amplitude of the twitch induced by a 100 Hz potentiated electrical
doublet (PDror), relative electromyographic activity of the vastus medialis and rectus femoris muscle during
the MVIC (RMSwmvic.M™), the torque developed 50 ms after the onset of contraction (Ts) and the voluntary
activation level (VAL) were evaluated. None of the three LV durations significantly changed MVIC compared
with the control condition (p = .379). Indices of central (i.e.,, VAL, Tso, RMSmvic. M) and peripheral (PDror)
fatigue were unaffected (p >.147). In conclusion, a short duration of LV (<6min) on a voluminous muscle group,
does not impair maximal force production nor induce any central or peripherical fatigue.

Keywords: local vibration; maximal voluntary isometric strength; knee extensor

1. Introduction

Local vibration (LV) is a powerful tool for stimulating numerous receptors (e.g., cutaneous
receptors, Golgi tendon organ, muscle spindles) by passively stretching the entire vibrated
musculotendinous system [1-4]. When applied at high frequency (range between 80 and 100 Hz) and
low amplitude (<0.5 mm) to a tendon or relaxed muscle, it mainly stimulates primary afferences (la)
[2,5,6]. The latter projected onto motor neurons via a monosynaptic reflex circuit, as well as a more
complex poly-synaptic circuit, which can result in a tonic vibratory reflex contraction (TVR) [7-9].

Prolonged exposure (20 — 30 minutes) to LV at rest to the plantar flexor [10-12] or knee extensor
muscles [13-18] in most cases leads to a loss of strength (for a review, refer [24]) even though several
studies have failed to demonstrate this effect [20-23]. The primary cause of this fatigue could be an
intramuscular (peripheral) alteration beyond the neuromuscular junction [24,25]. However, this is
still debatable as in many cases, markers of peripheral fatigue (e.g. the maximal M-wave response,
the mechanical twitch obtained by peripheral electrical stimulation or the characteristics of this
twitch) were not altered by the prolonged LV protocols [10,11,20,21,23]. The second cause could be
central (neural) alteration upstream of the neuromuscular junction. The magnitude of the exercise
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induced central fatigue is commonly evaluated by the level of voluntary activation through the use
of interpolation twitch technique (ITT), electromyographic activity during maximal contraction, and
early (less than the first 100ms from the onset of muscle contraction) rate of force development
evaluations [26-28]. The ITT technique with peripheral nerve stimulation [10,21] or corticospinal
stimulation [14,23] was used in only 4 studies, and the results were never influenced by the applied
LV protocol, regardless of strength loss. It seems that ITT, either with peripheral nerve stimulation
[10,21] or corticospinal stimulation, is not affected after the application of different LV protocols, even
if they lead to significant reduction of maximum strength . However, a decrease in electromyographic
activity [10-12,15-17] or a reduction in the rate of torque development (RTD) [15,16,29] were
observed as soon as a loss of strength was observed.

Concomitant with the observed reduction of maximum strength after prolonger LV applications,
an inactivation of a-motor units from the Ia afferents nerves is also observed, as it assessed through
the H-reflex evaluation[11,20,30]. This reduction in the H-reflex has long been attributed to
presynaptic causes and has been suspected to be involved in the observed reduction of muscle
strength [3,31-33]. However, several studies have recently highlighted a decrease in post-synaptic
excitability (i.e., motor neuron excitability) following an acute LV protocol. This is reflected in a
reduction of the thoracic motor evoked potential amplitude (TMEP) [14,29,34], a motor unit type-
dependent change in persistent inward current (i.e., increase for lower-threshold, decrease for higher-
threshold motor units) [35] and a reductions in motor unit discharge frequency [13]. Note that a
decrease in post LV motor neuron excitability appears to be accompanied by increased cortical
excitability, estimated by the ratio of corticospinal track excitability (measured by transcutaneous
magnetic stimulation) to motor neuron excitability [14,29]. Nevertheless, this increase in cortical
excitability does not appear to be sufficient to counteract the negative effects of LV on maximal force
production. As a result, the origin of this loss of strength would come from a potential increase in
motor neuron recruitment thresholds and a decrease in firing rates, particularly of fast motor units,
resulting in a decrease in the activation of the y-loop.

The majority of the results presented above were obtained for prolonged LV protocols (>20
minutes). However, according to our knowledge, there is a lack of data regarding the possible effect
of short-termed LV protocols on maximal force production capacity. After a thrity second LV protocol,
a reduction of the H reflex was observed in the soleus muscle [30]. Furthermore, only after an
application of an LV protocol lasted for over six minutes the excitability of flexor carpi radialis motor
neurons (assessed with cervicomedullary motor evoked potential) was reduced [36]. However, it is
still unknow if these observations will be also true after short-termed LV protocol application in other
major large locomotive muscles, like quadriceps. Thus, the aim of this study was to identify the
shortest duration that would induce a reduction in the knee extensor muscles’ force and to confirm
the central origin of such losses. We hypothesized that a minimum duration of 6 minutes would be
necessary to induce a significant reduction of force.

2. Materials and Methods

2.1. Experimental Design

All participants performed two experimental sessions with at least 48 hours rest interval
between them. Each experimental session started with a standardized warm-up. Then, participants
performed maximal voluntary isometric contractions (MVIC) to measure quadriceps maximal
strength before (PRE) and after (POST) 1, 3 and 6 minutes of local vibration (LV) or rest (CONT). The
two conditions (i.e., LV or CONT) were performed in a random counterbalanced order between the
two experiment sessions (Figure 1A). To ensure restoration of the neuromuscular system in the event
of experimental condition effects and to avoid the production of MVIC-related fatigue [13,37,38],
duration 1 and 3 minutes as well as duration 3 and 6 minutes were separated by 10 minutes of rest
(Figure 1A). LV was delivered on the quadricipital tendon at 100 Hz and 0.5mm displacement
(Vibramoov, TechnoConcept). The electromyographic activity of the vastus lateralis (VL) and the
rectus femoris (RF) were measured during the three durations in both CONT and LV condition.
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Voluntary activation level (VAL) was assessed with the interpolation twitch technique. In order to
assess peripheral fatigue, the M wave associated with electrical single twitch (ST) stimulation and the
parameters of the potentiated twitch post MVIC were analyzed.
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Figure 1. A. The experimental design of the present study. A 5-minute recovery period separated the
first MVIC from warm-up and electrical stimulation settings (i.e., stimulation site and intensity). The
two conditions (i.e., LV or CONT) were randomized between the two sessions, but the three
experimental durations (1, 3 and 6-minutes) were presented in the same order between the two
sessions. The dotted arrows indicate the evaluation of MVIC. B. Details of MVIC evaluation protocol
(temporal organization and electrical stimulation specifications) represented by the arrows in panel
A. C. Typical data representation of the torque signal during MVIC and of RF and VL muscle activity
(superposed) on the left and right y-axis, respectively. ST = single twitch; DT0s = superimposed
electrical doublet with 10ms inter-stimulation (100 Hz); DTioe = potentiated electrical doublet with
10ms inter-stimulation (100 Hz). D. Typical data representation of the values analyzed during the
potentiated electrical doublet (DT1oor) performed post MVIC. Example of the values recorded for this
trial: HRt (Half-relaxation time) = 111 ms; TPT (Time to peak torque) = 162 ms; PDror (potentiated
doublet peak) = 68.1 N.m.

2.2. Participants

Fourteen healthy participants were included in the experiment (age: 23 + 1.3 years old, body
weight: 73.5 £ 11.6 kg, height: 178.2 + 9,5 cm). All participants were familiarized with knee isometric
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extension and free from neurological disease and musculoskeletal injury. The research was in
accordance with the Declaration of Helsinki and approved by the local university ethics committee
(CERUBFC-2021-11-23-041). Participants were informed of the research and signed a written consent
before entering the research procedure.

2.3. Maximum isometric torque and rate of torque development

Participants were placed on an isokinetic dynamometer (Biodex System 4, Biodex Medical
Systems inc., Shirley, USA). The right leg was strapped to the rotation axis, and the position was
noted down for the second session, as references: Knee angle was set at 70° (0°= full knee extension),
hip flexion 110°. Movement of the upper body was limited with the help of a strap across the trunk
and the waist.

MVIC was evaluated through 2 maximum efforts before and after each trial/block, with 1 min
rest between them. Each contraction last for 4s with a superimposed electrical doublet (100 Hz) and
a potentiated doublet about 3 seconds after the contraction [39]. Moreover, a single electrical
stimulation was delivered 5 seconds before each contraction to allow normalization of EMG signals
a posteriori (Figure 1B). Strong verbal encouragements were delivered throughout the effort.
Furthermore, MVIC was assessed at least 30 seconds after the end of the experimental condition.
Thus, last electrical stimulation was timed 2’30" after the end of the condition. Maximum torque was
determined as the highest peak on the curve. The onset of contraction was determined as the time
when the participant was reaching 2% of maximum torque, and the rate of torque development (RTD)
was the level of torque (Ts) developed 50 ms after the onset of contraction. We haven't reported the
RTD from 0 to 50ms because the value is numerically equivalent to the torque value at a specific time
from 0 [28]. All the data were recorded in the same file as the EMG data, through an analog-to-digital
conversion system (MP150; Biopac Systems Inc., Goleta, CA, USA) at a sampling frequency of 2000
Hz, with a 30 Hz low-pass filter. In each time point, the Ts0 was the mean performance of the two
trials [28]. In contrast, the other parameters described below were measured only on the trial that
produced the maximum torque and were further used for statistical analysis.

2.4. Electrical nerve stimulation and M-wave amplitude:

M-waves were investigated for the VL and RF muscles. Electrical nerve stimulation was assessed
on the femoral nerve, in the femoral triangle, with a stylus as anode and a 5x10cm anode patch.
Electrical stimulation (Pulses duration: 1ms — Maximal output: 400V) is delivered by a constant
current stimulator (stimulator (DS7A, Digitimer, Hertfordshire, UK). Firstly, the optimal position was
found when, at a given intensity, the M-waves were the greatest. Then, the increment to establish the
maximal M-waves stimulation intensity was assessed by increasing 10mA at a frequency of 0.2
Hz[40,41]. Afterward, 125% of the latter intensity was used as supramaximal stimulation during the
session and was used to deliver: single twitch (ST), superimposed electrical doublet (DTio0s), and
potentiated electrical doublet at 100 Hz (DT1oor). The peak-to-peak (PP) amplitudes (M wave) of both
muscles were measured during ST application before the MVIC for each trial/block.

2.5. Electromyographic activity

EMG activity of the right leg VL and RF was measured during MVIC with Ag/AgCl electrodes
(diameter: 7mm, interelectrode distance: 20mm). Reference electrodes were set on the right patella.
Electrodes were positioned on shaved and cleaned skin, and the exact location was noted for the
second session. At rest, the root-mean-square (RMS) signal averaged over a 5-second window was
monitored to be less than 3.5uV for each muscle.

EMG activity signal was measured during each contraction and experimental condition (i.e., 1,
3 and 6-minutes of LV or CONT) with a 2000 Hz sampling frequency using an analog-to-digital
conversion system (MP150; Biopac Systems Inc., Goleta, CA, USA). The signal was amplified (gain =
500) and filtered (10-400 Hz). A bandpass filter (90-110 Hz) was applied to the raw EMG activity
recorded during the LV or CONT condition. Data were stored and analyzed with a commercially
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available software (Acgknowledge MP150). From the raw EMG data, RMS was calculated to quantify
the activity of the quadriceps using the following formula:

nX2
RMS = ’2—1 L
n

Computing of RMS during MVIC was realized on 25ms window (n = 50 points) with an overlap
of 49 points. The same procedure was used to compute the RMS signal during the experimental
conditions (i.e., LV or CONT) for each muscle with a time window of 60 seconds (1 = 120.000 points)
and no overlap. RMSwvic refers to the average RMS signal recorded from 100ms to Oms before peak
force (window shifted if too close to DTios) and RMScono refers to the average RMS signal recorded
over 1, 3 or 6 minutes. Thus, the RMS were then normalized based on the peak-to-peak values from
the M wave evaluation (RMSwmvic.M"! and RMSconp.M- ratios) measured before the MVIC for both
muscles.

2.6. Interpolated twitch technic

The interpolated twitch technic (ITT) was used to calculate the voluntary activation level (VAL)
during the MVIC. For ITT, doublet stimulation at 100 Hz was superimposed during the MVIC
(DTuos), 2s after the beginning of the onset of muscle contraction, and a second doublet potentiated
at 100 Hz (DTuoop) was delivered at rest, approximatively 3 seconds after MVIC ends (see below for a
method of electrical nerve stimulation, Figure 1B). The superimposed peak doublet (PDsur) and the
potentiated peak doublet (PDror) corresponded to the maximum torque signal recorded from
stimulation to 250ms after stimulation. As DTins could not be superimposed every time at the
maximal torque moment (Tmax), Strojnik and Komi (1998) correction was used by incorporating the
torque produced at the moment of stimulation (Tsrv) into the calculation method [42]:

VAL =[1 - (PDror x (Tstm / Tmax)) / PDsur] x 100

2.7. Potentiated doublet stimulation

In our experiment, peripheral fatigue markers were measured with DTioor of 10ms width. Peak
torque (PDror), time to peak torque (TPT) and half-relaxation time (HRt) were calculated from that
electrical stimulation. PDror represents the peak torque recorded from the stimulation to 250ms after
stimulation. TPT represents the time between the potentiated electrical doublet (DT1or) delivery and
reaching peak force. At last, HRt represents the time between the peak force of the twitch and a force
level equal to half that peak (Figure 1C and 1D). Sarcolemmal excitability was also estimated with
peak-to-peak (PP) amplitude measurement of the single twitch delivered before the MVIC [43].

2.8. Statistical analysis

Raw data. The normal distribution of data was tested using the Shapiro-Wilk test on raw or log-
transformed data. The transformation concerns raw data for the variables RMSconn.M-! for RF and
VL muscle HRt and RMSwmvic.M* for RF and VL muscle. Repeated measures ANOVAs with three
within-subject factors [Condition (CONT, LV) x Duration (1, 3, 6) x Time (PRE, POST)] on raw data for
all variables were performed (i.e., MVIC, VAL, RMSwmvic. M for RF and VL muscle, PDror, HRt, TPT,
Tso, PP RF and PP VL). Also, repeated measures ANOV As with two within-subject factors [Condition
(CONT, LV) x Duration (1, 3, 6)] were conducted on the RMSconn.M- of the RF and VL muscle. For
each ANOVA, the hypothesis of sphericity was verified using Mauchly's test, and the Greenhouse-
Gasser correction was applied if the hypothesis was violated. Each significant main effect or
interaction in repeated measures ANOVAs were followed by a post-hoc analysis using the HSD
Tukey’s test.

Relative data. POST values were also expressed as a percentage of PRE to normalize the
amplitude of changes between participants. The following formula was used for each duration (i.e.,
1, 3, or 6 minutes):
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Changes (%) = (POST - PRE) / PRE x 100

The normality of these data was also checked using the Shapiro-wilk test. The variables Tso, VAL,
and RMSwmvic. M of each muscle were transformed. Repeated measures ANOV As with two within-
subject factors [Condition (CONT, LV) x Duration (1, 3, 6)] were conducted on these variables. The
treatment of the sphericity assumption and the post-hoc analysis for significant main effect or
interaction were the same as for the raw data analysis. Despite the transformation, the MVIC, PDror,
HRt, and TPT did not follow normal distribution, and Friedman ANOV As were performed with one
factor [Time (POST 1cont, POST 3cont, POST 6cont, POST 1y, POST 3rv, POST 61v)]. Lastly, the
grouped change observed in each condition irrespective of duration (i.e., POSTiv vs. POSTcont) was
computed. Normality was checked, and the two conditions were compared using Student's t tests for
paired samples on log transform data (MVIC, VAL, RMSwmvic. M for RF and VL muscle, Tso, PP VL)
or using Wilcoxon tests (PDror, TPT, HRt, PP RF). The amount of change was compared with the
initial pre-treatment state using a one-sample student test or a one-sample Wilcoxon signed-rank test,
depending on respect or non-respect of normality.

Statistica software (Statsoft, version 12, Tulsa, OK, United States) was used to perform statistical
analyses. Significance was set at p <.05. Partial Eta squared (np?) was used as a measure of effect size
(ES) for the factors in each ANOVA. Small, medium, or large effects were considered for np? 2.01,
2.06, and 2.14 respectively. G*Power (version 3.1.9.2, Universitédt Diisseldorf, Germany) was used to
compute the Cohen’s d ES for all significant pairwise comparison. d > .20, > .50, and > .80 represented
small, medium, and large effect, respectively. The ES of the Friedman ANOV As corresponded to the
Kendall’s W coefficients and the ES for Wilcoxon matched pairs tests were computed as the Z-score
divided by the square root of the pair number. Kendall's W coefficient and Z score interpretation was
shared. Small, moderate, and large ES corresponded to values >.10, 2.30, and >.50 respectively [44].

3. Results

3.1. MVIC and central fatigue markers

Raw data for MVIC, VAL, RMSwmvic.M! of both muscles, and Tso are presented in Table 1.
Concerning the MVIC data, there was a significant Condition x Time interaction (F (1, 13) =4.922, p =
.045, np? = .275). The MVIC level in PRE was higher in the CONT than in the LV condition (218.52 +
78.63 N.m vs. 212.08 + 76.03 N.m, p = .032, ES = .419). However, no Condition x Duration interaction (p
=.192), nor Condition x Duration x Time interaction (p = .379) were found. There was no significant
interaction for the VAL (p >.113), the RMSwmvic.M! of the RF muscle (p >.611), the RMSwmvic.M! of the
VL muscle (p > .533), and the Tso (p >.147).

The same variables expressed as a change (cf. equation above) are presented in Table 2. The Time
effect measured using Friedman ANOVA was not significant for the MVIC (p = .113). Repeated
measures ANOVA showed no significant effect of Condition or Condition x Duration interaction for
VAL (p = .125 and p = .824), RMSmvic.M of the RF (p = .845 and p = .611), RMSmvic.M of the VL (p = .533
and p = .695) or Ts (p =.702 and p = .673). Concerning theses central fatigue markers, no pairwise
comparisons of grouped data were significant (p >.108). Only for VAL in the CONT condition (-2.16
+2.59%) was significantly lower than the initial level (p = .006, ES = -.878). The other markers did not
differ from the initial level (p >.087).

doi:10.20944/preprints202309.1592.v1
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Table 1. Central (MVIC, VAL, RMSmvic.M™! RF and VL, Ts) and peripheral (PDror, TPT, HRt, PP RF, PP VL) fatigue markers for the 14 subjects. Time course (PRE vs. POST) is reported 'g
for each duration (i.e., 1, 3 or 6 minutes) for the control (CONT) and local vibration (LV) conditions. Data are expressed as mean + SD. p values and effect sizes are reported for each E..
ANOVA about condition-influenced interactions. '2
Q
1 min 3 min 6 min p values / ES (pn?) —
PRE POST PRE POST PRE POST CxD CxT CxDxT %
—
MVIC (N.m) CONT 225.1+83.72259+77.6 2209+83.8 2104+75.7 2095+73 2058+72 192 /.119 .045/.275 379 /1 .072 I."-'E
LV 211.2+81.7 #213.2+82.6 2158 +75.1 2122+75.1 209.3+76.8 216.5+76.8 z
VAL (%) CONT 872+10.1 859+104 86+10.3 823+9.7 828+104 82+10.1 143/ .139 113 /.182 .837/.014 1
LV 845+10.8 84.0+122 863+84 84.4+8 85.3+£8.6 85.1+84 m
RMSwmvicM?  CONT 6.79+3 642+288 653+272 631+£25 596+2.16 6.1+249 714/ .026 .845 /.003 .611 /.037 ﬁ
RF (%) LV 6.61+257 588+196 6.15+244 592+207 6.57+2.88 6.39+287 E
RMSmvicM?  CONT 494+3.03 5.09+334 552+4.09 485+325 4.69+32 4.75+3.17 737 [ .014 533 /.031 .695 /.028 2
VL (%) LV 568+3.96 514+328 498+3.15 4.47+257 49+267 5.11+299 %
Tso (N.m) CONT 50.1+24.7 504+24.6 444+249 435+248 423+227 474+239 147/ 137 522 /.032 .659 /.032 z
LV 43.6+23.1 42+227 444+19 442+21.6 458+253 47.7+233 ‘-‘;;
3
3
PDror (N.m) CONT 822+232 844+24 806+246 80+233 80.82+23.28 77.7+219 .321/.084 229 /.109 147/ 137 g
LV 80.5+24.6 814+244 827+259 828+258 79.14+23.48 79.6+24.6 N
TPT (ms) CONT 152.1+16.8 149.3+20.5 149.8+15.2 150.8+18.7 143.32+14 145+21.7 .015/.319 .982 /.000 256 /.100 3
LV  1445+169 143.9+16.9139.7 +13.8 $142.1 +17.4 $148.9 + 18.8 $151.9 £ 232
HRt (ms) CONT 81.8+189 822+181 89.7+36.8 84 + 30 91.54 +32.42 95.3+40.3 .024 / 250 .280 /.089 .231/.109
LV 83+20 962+439 975+368 91.7+29.6 86.18+33.64 88.6+415
PP RF (mV) CONT 234+071 24+075 224+088 223+0.86 214+055 214+0.71 .619 /.036 299 /.083 .882/.010
LV 212+0.72 224+084 224+06 225+0.61 218+0.75 2.26+0.86
PP VL (mV) CONT 498+1.74 498+1.78 471+2.62 473+27 438+1.79 432+1.71 432 /.053 .399 /.055 .946 / .004

LV 428+26 439+266 459+189 4.69+183 483+27 479+278

ES = effect size; pn? = partial eta squared for repeated measures ANOVA; C x D = Condition x Duration interaction; C x T = Condition x Time interaction; C x D x T = Condition x Duration x Time
interaction; MVIC = Maximal voluntary isometric contraction; VAL = Voluntary activation level; RMSwvic. M1 RF or VL = Electromyographic activity (root mean square) of the rectus femoris or
vastus lateralis muscle during the MVIC, expressed in percentage of the maximal M-wave of the respective muscle; Tso= Torque level 50ms after the onset of the contraction; PDror = peak force of
the potentiated electrical doublet at 100 Hz; TPT = Time to peak torque after nerve stimulation with 100 Hz electrical doublet; HRt = Half-relaxation time, corresponds to the latency between the
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force peak and a torque level equal to half the peak; PP RF and PP VL = Peak-to-peak of the maximal M-wave of both muscles. # = significant difference between each condition in PRE (p <.05). $
= significant difference between two durations in a same condition (p <.05).

Table 2. Relative data (i.e., expressed as a percentage of PRE) for central (MVIC, VAL, RMSmvic. M RF, RMSwmvic.M! VL, Tso) and peripheral (PDror, TPT, HRR, PP RF, PP VL) fatigue
markers for the 14 subjects. Relative changes (mean + SD) are reported for each duration (i.e., 1, 3, or 6 minutes) for the control (CONT) and local vibration (LV) conditions. Grouped
data represent the mean change observed over the 3 durations in each condition. p values and effect sizes are reported for each ANOVA and for the paired samples comparison.

1 min 3 min 6 min p values / ES (pn2/ K’s W coef.) Grouped values / ES
CONT LV CONT LV CONT LV T C CxD CONT LV P
MVIC (%) 19+71 12+44 -3.6+79 -19+54 -12+122 41+88 .113/.127 N/A N/A -1+39 1.2+37 108 / .461
VAL (%) -14+34 -07x6 -42+63 -21+36 -09+62 -02+42 N/A A25/.172 .824/.015 -22+26* -1+23 125/ .439

RMSmviccM1RF (%) 0.7+18.7 -35+18.8 -99+15 -6.8+14 -06+144 -13x19.6 N/A .845/.003 .611/.037 -32+114 -3.8+10.6 .845/-.344
RMSmvicM1VL (%) 8.6+278 04+269 -88+158 -9.8+185 88+358 831248 N/A 533/.031 .369/.695 29+162 -04+10.1 .533/-.053

Ts0 (%) 33+258 -24+252 231+398 36+353 -1.6+x20 12.8+299 N/A 702/.012  .673/.030 8+322 49+29 566 /-.171
PDrort (%) 27+39 12+x61 -02+£47 01x56 -31+£97 06+7 .813/.032 N/A N/A -02+3.8 0.6+3.38 .300/.248
TPT (%) -1.1+£32 -06+21 29x122 14+86 21+128 32+122 .616/.051 N/A N/A 1.3+6.1 1.3+5 730/ .064
HRt (%) 08+6.6 162+491 -41+11.7 -35+106 3.1+£85 1.6+£65 .332/.082 N/A N/A -01+£59 4.8=+18.1 .510/.302
PP RF (%) 2861 51+96 01+55 05+53 -1.1+251 25+11.1 .348/.080 N/A N/A 06+94 27+48 433/ .271
PP VL (%) 02+53 26+8 06+83 41+86 041198 -24+55 .316/.084 N/A N/A 04+78 14+43 465/ .201

ES = effect size; pn?/ K’s W coef. = partial eta squared for repeated measures ANOVA or Kendall’s W coefficient for Friedman ANOVA; N/A =Not applicable; T = Time effect for Friedman ANOVA;
C = Condition effect; C x D = Condition x Duration interaction; MVIC = Maximal voluntary isometric contraction; VAL = Voluntary activation level; RMSwvic. M RF or VL = Electromyographic
activity (root mean square) of the rectus femoris or vastus lateralis muscle during the MVIC, expressed in percentage of the maximal M-wave of the respective muscle; Tso= Torque level 50ms after
the onset of the contraction; PDror = peak force of the potentiated electrical doublet at 100 Hz; TPT = Time to peak torque after nerve stimulation with 100 Hz electrical doublet; HRt = Half-
relaxation time, corresponds to the latency between the force peak and a torque level equal to half the peak; PP RF and PP VL =Peak-to-peak of the maximal M-wave of both muscles; * = significant
difference from the initial level (p <.05).
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3.2. Peripheral fatigue markers

Raw data for PDror, TPT, HRt, and PP of each muscle are presented in Table 1. There was no
significant interaction for the PDror (p >.147), PP of the RF (p >.299), or PP of the VL muscle (p >.399).
Concerning the TPT data, there was a significant Condition x Duration interaction (F (1.418, 18.444) =
6.088, p = .015, np2=.319). The TPT for the 6-minute duration was overall higher than the TPT for the
3-minute duration in the LV condition (138.96 + 14.90 ms vs. 149.27 + 20.81 ms, p = .042, ES = .721).
Other interactions were not significant (p > .256). Concerning the HRt data, there was a significant
Condition x Duration interaction (F (2. 26) = 4.322, p = .024, np? = .250). However, post-hoc analysis
showed no significant differences between the pairs. Other interactions were not significant (p > .224).

The same variables expressed as a percentage change (cf. equation above) are presented in Table
2. No Time effect (Friedman ANOVAs) was observed for PDror (p = .813). TPT (p = .616), HRt (p =
.332), RF muscle PP (p = .348) or that of the VL (p = .316). Concerning theses peripheral fatigue
markers, no significant pairwise comparisons were observed (p > .300). No marker showed a
significant change from the initial level (p >.074).

3.3. Electromygraphic activity during LV

Concerning both muscles, there was no effect of Condition (p > .102) or Duration (p > .142) nor
Condition x Duration interaction (p > .336) for the RMScoxp. M.

Table 3. Electromyographic activity (root mean square) of the rectus femoris (RMScono.M™ RF) and
vastus lateralis (RMScono.M-! VL) muscle expressed as a percentage of the maximal M-wave recorded
during the MVIC prior to recording for the 14 subjects. Data are reported for each duration (i.e., 1, 3,
or 6 minutes) for the control (CONT) and local vibration (LV) conditions.

1 min 3 min 6 min
CONT LV CONT LV CONT LV

RMScono.M1RF (%)  .023+.013 .028+.019 .024+.02 .029+.024 .042+.042 .036 +.037
RMScono.M1VL (%) .056+.037 .051+.025 .056+.031 .061+.058 .084 +0.107 .084 + .081

4. Discussion

The aim of the present study was to identify the shortest duration that would induce a reduction
in the knee extensor muscles’ force and to confirm the central origin of such losses. The main finding
of the present study was that the application of LV, lasted either 1 or 3 or 6 minutes do not affect
negatively quadricep muscles’ force production, neither induce any central and/or peripheral fatigue.

Until now, the majority of the studies reporting significant reduction of maximum strength
(from 4.3 [15] to 17.4% [17] for knee extension and from 5 [10] to 19% [12] for plantar flexion), have
used long termed protocols, lasting between 20 and 30 minutes [13-18]. Considering that in the above
studies as well as in the present study, the frequencies and the amplitudes of the LV protocols were
similar (frequency: 70-120, amplitude: 0.2 - 2mm) [10-12,14,15,18,29], it could be concluded that the
observation of no significant force reduction, and the absence of central and peripherical fatique, as
they evaluated in the present study, should be the outcome of the very short LV duration used in this
research. We found no changes in markers of peripheral fatigue independent of experimental
conditions (i.e., LV or CONT), as demonstrated in previous reaeach that have observed a loss of
strength for longer LV duration.

Afferent feedback to the motoneuron pool is necessary for the recruitment of fast motor units
during maximal contraction [31,45]. Impaired sensory feedback could easily leads to a stronger
reduction in activation of muscle characterized by increased proportion of type II muscle fibers,
compared to those with higher proportion of type I muscle fibers [11,12,15]. This reduction in muscle
EMG activity accompanied with a significant reduction of muscle force production [20-23]. More
surprisingly, the level of voluntary activation remained unchanged when investigated despite the
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presence of loss of strength and reduced EMG activity [10,46]. For instance, Souron's study used
transcranial magnetic stimulation to assess the level of voluntary activation. This method has several
limitations, such as (i) using an estimation of the amplitude of potentiated stimulation to calculate
the VAL, (ii) lower reproducibility, and (iii) a lower target specificity and stimulation intensity [27].
These biases, inherent in the method used, may have led to the absence of any significant interaction
between the two conditions (CONT vs. LV) in their work, despite the loss of force. Although not
significant in the Herda et al. study, a reduction in VAL was obtained in 10 of the 15 participants [10].
Conversely, the reduction in RTD is regularly observed in association with the loss of strength
[15,16,29]. This result confirms the central origin of the loss of strength after LV and the difficulty in
recruiting the fast fibres in producing an explosive contraction [28]. In our case, the preservation of
EMG activity levels, voluntary activation level, and RTD is consistent with the lack of force loss
observed in our study.

The effect of LV on central nervous system excitability is increasingly well established [34,47]. A
reduction in motor neuron excitability assessed at rest or during weak contractions by means of
thoracic or cervicomedullary stimulation corroborates the loss of force for durations of 30 minutes
[29,46]. Moreover, this reduction in motoneuronal excitability appears to be partly responsible for the
reduction in spinal loop excitability assessed by the H reflex [34,36]. The maintenance of maximal
force production and the level of voluntary activation in our study might imply that motoneuron
excitability, and consequently the spinal loop, remains intact. In addition, only 30 seconds of LV
applied on the soleus muscle tendon is sufficient to induce a reduction in the H-reflex. However, no
loss of strength was found despite reduced H-reflex assessed in the study by Fry and Folland on the
vastus medialis muscle after 30 minutes of LV [20]. The same result was also observed for muscles
involved in plantar flexion [22]. These results weaken the hypothesis of a direct relationship between
vibration-induced altered spinal loop excitability and the ability to produce maximum force. It
should also be noted that an increase in cortical excitability has already been observed after the
application of 30 minutes of LV to the quadriceps muscle (estimated by the MEP/Thoracix MEP ratio)
[29,46], as well as an increase in corticospinal excitability (estimated by the MEP) during the
application of LV to the same muscle [48]. Consequently, the variables identified in our study do not
allow us to determine whether the absence of force loss for the three durations tested results from the
absence of changes in spinal excitability or from compensatory mechanisms at the level of the
corticospinal pathway. In addition, other mechanisms modulating corticospinal excitability may be
involved during contraction (e.g. neuromudulation, recurrent inhibition, or gamma loop contraction)
and are not assessed by techniques performed at rest or during weak contraction.

It should be noted that our protocol did not induce TVR despite optimal application to the
tendon. The latter, originating from mono and polysynaptic circuits. has already been documented
for the quadriceps muscle [9,49]. The presence of this reflex contraction has only been reported in a
single study measuring the effect of LV on maximum force production [16]. The other studies did not
mention and/or control for the potential presence of TVR. Thus, the absence of force loss in several
studies, as well as the present one, could also be facilitated by the lack of this reflex contraction.

In conclusion, this study shows LV does not harm maximal force production in knee extensor
muscles when the protocol is applied for 6 minutes or less. No changes appear to take place either
above or below the neuromuscular junction. Even if changes in central nervous system excitability
have already been reported for such short durations of LV applied to smaller muscle groups (e.g.,
Flexor Carpi Radialis or plantar flexor muscles), this seems insufficient for the knee extensor muscles.
The evolution of motor neuronal excitability and that of the spinal loop for short periods of LV should
be investigated for such muscle groups. A better understanding of the mechanisms and optimization
of the vibration parameters used to induce neuromuscular fatigue would lead to improved
application of LV in rehabilitation.
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