
vibration

Article

The Effects of Whole-Body Vibration on Fatigue in Vertical
Jump Performance and Isometric Mid-Thigh Pull Measures

Nicole C. Dabbs 1,*, Sergio Espericueta 1, Sean Bonilla 1 and Margaret T. Jones 2

����������
�������

Citation: Dabbs, N.C.; Espericueta,

S.; Bonilla, S.; Jones, M.T. The Effects

of Whole-Body Vibration on Fatigue

in Vertical Jump Performance and

Isometric Mid-Thigh Pull Measures.

Vibration 2021, 4, 759–767. https://

doi.org/10.3390/vibration4040042

Academic Editor: Setsuo Maeda

Received: 31 July 2021

Accepted: 23 September 2021

Published: 25 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Kinesiology, California State University, San Bernardino, CA 92407, USA;
006194782@coyote.csusb.edu (S.E.); 005843249@coyote.csusb.edu (S.B.)

2 School of Sport Recreation and Tourism Management, George Mason University, Fairfax, VA 22030, USA;
mjones15@gmu.edu

* Correspondence: ndabbs@csusb.edu; Tel.: +1-909-537-7565

Abstract: The purpose of this study is to determine the effects of coupling WBV and acute muscular
fatigue to determine its effects on countermovement vertical jump (CMVJ) performance and isometric
mid-thigh pull (IMTP). Twenty-eight healthy active adults volunteered for five-day study. Testing
sessions 2–5 included one of four conditions: No WBV and no fatigue (CON), WBV and fatigue
(WBV + FAT), WBV and no fatigue (WBV), and no WBV and fatigue (FAT). WBV was performed
using a frequency of 50 Hz and a low amplitude while performing quarter squats for a total of 4 min
with a 30 s rest or work ratio. Lower-body fatigue induced using Bosco fatigue protocol. CMVJ and
IMTP were performed on force plates. SPSS was used to perform a 2 × 2 Repeated Measures ANOVA.
Significant main effects were found for fatigue in CMVJ-height and CMVJ-peak ground reaction force,
no significant main effect for WBV, and no significant interactions. Lower-body fatigue decreases
vertical jump performance, and WBV did not attenuate the detrimental effects of lower-body fatigue.
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1. Introduction

Activities that involve a high physical demand such as weightlifting or high-intensity
interval training require muscular strength and power [1–3]. Participation in such activities
may cause acute muscular fatigue, which is a decrease in the force producing capability of
muscle [2,4]. It is well established that acute muscular fatigue leads to a decrease in force
production [5,6] and explosive power [5]. The amount of muscular fatigue varies by the
duration, intensity, and type of activity [7,8]. In order for active individuals to perform
optimally, the muscles they are using should not be fatigued; therefore, determining
strategies to assist in recovery from fatigue or to reduce fatiguing effects is of interest.
It is recommended to couple high physical demanding activities with appropriate rest
intervals [4], thereby enabling the fatigued muscle to recover. Internal modalities such as
stretching, warm-ups, and low-intensity exercise may be useful before or after fatiguing
activities to assist in recovery [9,10]. Several external modalities have been shown to assist
with recovery following exercise induced muscle damage [11–13], yet their effect on acute
muscular fatigue has not been investigated.

An external modality that has been shown to increase performance measures is whole-
body vibration (WBV), which conveys oscillating vibrations to the body via prescribed
frequency and amplitude settings. The variety of frequencies, amplitudes, and type of
WBV platforms (vertical, tri-planar, pivotal) has been shown to have varying effects on
muscle performance [14–18]. The inconsistencies in these variables have contributed to
varying outcomes in performance measures. However, WBV has been shown to increase
countermovement vertical jump (CMVJ) performance [19–23], strength [20,24,25], and
power output [19,21,23,24,26]. Research demonstrating positive effects of utilizing WBV
concluded that it may be useful to assist in improving a variety of performance measures.
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WBV is thought to cause the muscle-tendon complex to have quick and small changes in
length, often referred to as the tonic vibration reflex [22,27]. The mechanism of WBV is not
completely understood, but it is speculated that the tonic vibration reflex induces Ia muscle
spindle afferents and suppresses the H-reflex [15,28], allowing more force to be produced.
Force production is a key variable that contributes to performance; therefore, individuals
commonly seek training programs and external modalities to maximize force production.

Maximizing force production and the ability to generate that force with a high velocity
is critical to reaching a high level of performance [29]. Training programs that aim to
increase peak force and peak power output in order to contribute to an increased perfor-
mance outcomes in powerlifting, weightlifting, sprinting, and jumping are well-established
in the literature [30,31] For example, the performance measures of isometric mid-thigh pull
(IMTP) are correlated with a variety of dynamic performance movements [32–35]. There-
fore, utilizing IMTP may be useful to assess force production. More recently, investigators
have examined how WBV affects IMTP performance [36–38]. Results are mixed in that
there was no change in force production with the influence of WBV [36,37] while another
study reported positive effects at 15 min post WBV exposure [38].

Explosive peak power is often assessed with CMVJ [1,2,4,39–41]. Although it is well-
established that CMVJ performance is hindered following acute muscular fatigue, it is
unclear how CMVJ performance would be affected with the implementation of WBV prior
to a fatiguing activity. WBV could serve to decrease the detrimental effects of muscular
fatigue; however, this is only speculation. Due to the growing body of evidence, it is well
documented that WBV has been shown to increase performance measures, specifically
vertical jump performance. It has also been well supported that following an acute bout of
muscular fatigue, vertical jump performance decreases [5]. The effect of acute fatigue and
WBV on IMTP force production has not been clearly established. Therefore, the aim of the
current study was to determine the effect of an acute bout of WBV on muscular fatigue as
assessed by CMVJ and IMTP performance. It was hypothesized that WBV exposure prior
to fatigue would attenuate fatigue and improve performance. This is an under-researched
area, and no previous literature has examined if WBV could attenuate the detrimental
effects of acute lower-body fatigue, potentially resulting in an increase in performance.

2. Materials and Methods

A four-period cross-over design was used to determine the effects WBV and fatigue
on lower-body performance. Twenty-eight recreationally trained men and women (mean ±
SD, age range 20–28 years; height 172.78 ± 11.41 cm; body mass 79.27 ± 16.68 kg), who had
been active 3–5 days per week for 6 months immediately prior to the study, volunteered
to participate in one familiarization day and four testing days. Participants had to meet
inclusion criteria of no musculoskeletal injuries in the last 6 months and have been active
for at least 6 months prior to participation. Participants read and signed an Institutional
Review Board (IRB) approved written informed consent document, followed by completion
of the Physical Activity Readiness Questionnaire and health history questionnaire. The
study was approved by the IRB at California State University, San Bernardino (# IRB-
FY2019-119). At least 24 h prior to the first testing day, participants were familiarized
with testing procedures, and barefoot height, body mass, and mid-thigh measurement
were recorded. All testing days were separated by at least 24 h with no more than 1 week
between sessions and participants were asked to refrain from exercise activities 24 h prior
to testing days. During each testing day, a 24 h history questionnaire was used to assess
if participants complied with no exercise 24 h prior to testing, took any medications, and
slept 6–8 h.

2.1. Procedures

During the next four visits to the lab, all testing procedures were the same. During
each day of testing, one of four conditions were randomly assigned to participants. The four
conditions were: no WBV and no fatigue (CON), WBV following fatigue (WBV + FAT),
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WBV following no fatigue (WBV), and no WBV following fatigue (FAT). Participants
performed a five-minute dynamic warm-up that included: 2 sets of 15 m of jogs, high
knees, exaggerated lunges, walking planks, and leg swings for 30 s. Following warm-up,
participants completed one of the four conditions prior to testing.

During conditions with WBV, participants stood on an AIRdaptive Power Plate system
(Power Plate North America, Northbrook, IL, USA) and performed continuous quarter
squats for 30 s while standing on a one-inch cushion pad. Participants were instructed
to wear the same shoes for all sessions and to not hold on to the handlebars for support.
The WBV protocol was set at a frequency of 50 Hz with a low amplitude (2–4 mm) and
participants had a 1:1 work to rest ratio four times (30 s on, 30 s off × 4). This protocol was
administered based off previous research [11,19]; however, the researchers increased the
frequency from 30 Hz to 50 Hz in order to increase the intensity. During rest participants
stepped down from the platform and stood on the ground. In conditions where no WBV
was administered, participants stood on the platform and performed the 1:1 work to rest
ratio of quarter squats four times with the platform in the off position. During conditions
with the fatiguing protocol, participants performed the Bosco fatigue protocol [42] which
consisted of body weight squat jumps at 90 degrees knee angle for 60 s continuously. To
ensure participants completed the required squat depth, an elastic band was stretched
between two chairs as a marker. The height of the elastic band was adjusted to the height
of each participant, where they were instructed to touch the band with their glutes for each
jump squat. During conditions where there was no fatigue, participants stood and waited
60 s before assessments, to time match other conditions.

Participants then performed three trials of IMTP with 5 s rest between each trial.
During the IMTP, participants pulled against a fixed barbell that was adjusted to be at
the middle of their thigh and were instructed to pull as hard as possible for 3 s. The
IMTP was performed on a portable AMTI AccuPower-Optimized force plate (Advanced
Mechanical Technology, Inc., Watertown, USA, model: ACP-O) to assess IMTP peak
ground reaction forces (IMTP-pGRF). Accupower 2.0 software was used to calculate
pGRF and the highest of the three trials used for analysis. Following IMTPs, participants
performed three CMVJ with 15 s rest between each jump using an inground AMTI force
plate (Advanced Mechanical Technology, Inc., Watertown, MA, USA, model: BP 600900-
1000) and Vertec® jump tester simultaneously. During the CMVJ, participants were
instructed to stand with their feet apart, bend at the knees quickly and jump explosively
as high as possible with the arm swing. A customized LabVIEW software (version 1.0,
National Instruments Corporation, Austin, TX, USA) was used to calculate the following
dependent variables from the force plate data: CMVJ peak ground reaction force (CMVJ-
pGRF), peak power (CMVJ-PP), and peak velocity (CMVJ-PV) and the highest of the
three jumps were used for analysis. Participant’s CMVJ height (CMVJ-H) was recorded
by measuring the difference between the fully extended standing reach height and the
maximal vertical jump-and reach height, the highest CMVJ-H was used for analysis. See
Figure 1 for testing protocol timeline.

2.2. Statistical Analysis

Statistical analysis was performed with SPSS software (IBM SPSS 27). A 2 × 2 repeated
measures analysis of variance (RMANOVA) was conducted to determine differences
between four conditions for all jumping (CMVJ-H, CMVJ-pGRF, CMVJ-PP, CMVJ-PV)
and IMTP (IMTP-pGRF) measures. An alpha level was set a priori at 0.05 to determine
significant main effects between conditions.
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3. Results

Significant main effects were found for fatigue only in CMVJ-H and CMVJ-PF. There
were no significant main effects for WBV or significant interactions between fatigue and
WBV. Means and standard deviations of all variables both absolute and relative can be
found in Table 1. The main effects for fatigue and WBV and interactions p-values, effect
size and F-test provided in Table 2. Individual differences were not statically analyzed,
however it may be beneficial to visualize the comparison between WBV + FAT and FAT for
each participant, as shown in Figure 2.

Table 1. Vertical jump and isometric mid-thigh pull mean and SD data (n = 28).

WBV + FAT WBV FAT CON

Countermovement Vertical Jump
Height (cm) 49.16 ± 13.51 54.83 ± 14.68 48.84 ± 14.41 54.25 ± 13.17
pGRF (N) 1796.46 ± 498.62 1841.75 ± 531.81 1792.42 ± 470.61 1893.81 ± 530.85

pGRF/BM (N/kg−1) 22.13 ± 5.34 23.61 ± 3.49 22.92 ± 2.82 23.33 ± 5.86
PP (W) 4219.03 ± 1830.28 4363.07 ± 1641.37 3992.95 ± 1408.50 4314.74 ± 1520.11

PP/BM (W/kg−1) 51.61 ± 22.16 54.31 ± 13.34 49.88 ± 11.45 51.68 ± 15.60
PV (m/s) 2.65 ± 0.40 2.81 ± 0.42 2.64 ± 0.37 2.81 ± 0.40

PV/BM (m/s/kg−1) 0.04 ± 0.02 0.04 ± 0.01 0.03 ± 0.01 0.04 ± 0.01
Isometric Mid-Thigh Pull

pGRF (N) 2125.62 ± 602.06 2019.06 ± 688.32 2123.92 ± 572.84 2140.19 ± 575.87
pGRF/BM (N/kg−1) 26.70 ± 4.70 25.60 ± 6.92 26.80 ± 4.83 26.95 ± 4.54

Peak ground reaction force (pGRF); peak power (PP); peak velocity (PV); whole-body vibration = WBV; CON = no WBV and no fatigue;
WBV + FAT = WBV and fatigue; WBV = WBV and no fatigue; FAT = No WBV and fatigue.
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Table 2. Vertical jump and isometric mid-thigh pull main effects and interaction results (n = 28).

WBV FAT WBV × FAT

Countermovement Vertical Jump
Height (cm) p = 0.63; F = 0.23; ηp

2 = 0.01 * p< 0.01; F = 30.09; ηp
2 = 0.52 p = 0.89; F = 0.02; ηp

2 = 0.001
pGRF (N) p = 0.42; F = 0.67; ηp

2 = 0.03 * p = 0.04; F = 4.85; ηp
2 = 0.16 p = 0.29; F = 1.17; ηp

2 = 0.05
pGRF/BM (N/kg−1) p = 0.71; F = 0.14; ηp

2 = 0.01 p = 0.22; F = 1.60; ηp
2 = 0.06 p = 0.45; F = 0.59; ηp

2 = 0.02
PP (W) p = 0.30; F = 1.14; ηp

2 = 0.04 p = 0.11; F = 2.74; ηp
2 = 0.10 p = 0.52; F = 0.42; ηp

2 = 0.02
PP/BM (W/kg−1) p = 0.28; F = 1.23; ηp

2 = 0.04 p = 0.28; F = 1.19; ηp
2 = 0.04 p = 0.84; F = 0.04; ηp

2 = 0.002
PV (m/s) p = 0.32; F = 1.02; ηp

2 = 0.04 p = 0.54; F = 0.39; ηp
2 = 0.02 p = 0.32; F = 1.02; ηp

2 = 0.04
PV/BM (m/s/kg−1) p = 0.29; F = 1.17; ηp

2 = 0.04 p = 0.74; F = 0.11; ηp
2 = 0.004 p = 0.79; F = 0.07; ηp

2 = 0.07
Isometric Mid-Thigh Pull

pGRF (N) p = 0.21; F = 1.66; ηp
2 = 0.06 p = 0.35; F = 0.91; ηp

2 = 0.03 p = 0.20; F = 1.70; ηp
2 = 0.06

pGRF/BM (N/kg−1) p = 0.17; F = 1.97; ηp
2 = 0.07 p = 0.37; F = 0.82; ηp

2 = 0.03 p = 0.24; F = 1.42; ηp
2 = 0.05

Peak ground reaction force (pGRF); peak power (PP); peak velocity (PV); whole-body vibration = WBV; FAT = fatigue; * indicates significant
(p < 0.05) main effect.
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4. Discussion

The aim of the current study was to determine the effect of an acute bout of WBV
on muscular fatigue as assessed by countermovement vertical jump and isometric mid-
thigh pull performance. The main findings were that WBV did not attenuate fatigue
when measuring force, power, height, and velocity of CMVJs. However, differences in
performance were found in conditions when fatigue was present. There were no significant
interactions in CMVJ performance between WBV and fatigue, indicating WBV did not
attenuate fatigue and improve performance. Additionally, were no main effects for WBV,
thereby demonstrating WBV did not affect performance. Furthermore, there were no
significant main effects or interactions in pGRF for IMTP. Therefore, the researchers reject
their research hypothesis that stated, when individuals are exposed to WBV prior to fatigue,
it will attenuate fatigue and improve performance compared to no influence of WBV.

The Bosco fatigue protocol was effective in fatiguing the lower-body during a CMVJ,
which is consistent with previous literature [5]. In a recent study, Cooper et al., found that
both CMVJ and static jumps decreased power and height of jumps following implemen-
tation of the Bosco fatigue protocol, which is consistent with the current study [5]. Other
research supports a decrease in jumping performance following a fatiguing activity such
as running or heavy lifting [43–45]. Certain research findings indicate that a WBV protocol
may elicit fatigue [20,46,47], which may contribute to our findings. However, there were
no interactions between WBV and fatigue, indicating that it is unlikely WBV fatigued
participants more than the Bosco fatigue protocol. Due to the lack of main effect for fatigue,
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it is unclear if the fatigue protocol effected IMTP, this may be due to the specificity of the
type of fatigue protocol used. The fatigue protocol implemented in the current study (60 s
of continuous jump squats) mimics jumping explosiveness but does not mimic the specific
isometric muscle actions in IMTPs. Therefore, it is likely that the fatigue protocol was not
specific enough to elicit fatigue on the IMTP. No research related to fatigue and IMTP was
located, thereby preventing comparison of current findings to previous data.

Interestingly, the current study did not improve CMVJ performance in the condition
where WBV was present compared to the control condition. There is conflicting literature
in this area, and it is speculated that it is due to the inconsistencies in WBV platforms,
frequency, amplitude, exposure time, and rest times across studies. The current study used
a triplanar platform, 50 Hz frequency, low amplitude, and a 1:1 work to rest ratio of 30 s for
4 min. Our results are in support of others that reported no effect of WBV when assessing
CMVJ [22,48]. Bullock et al., used a WBV protocol of 30 Hz with a 4 mm amplitude and
an exposure of 3 × 60 s of a 1:3 work to rest ratio and rested 5 min before testing [48].
There were differences in WBV protocols between the current study and Bullock et al.,
study, which makes it difficult to compare but both resulted in no differences in CMVJ
performance variables. In contrast, there have been several studies that have shown a
positive influence of WBV on CMVJ performance [19,22,23,49,50]. Although there were no
positive effects of WBV in the current study, there were also no detrimental effects of WBV,
indicating WBV exposure did not negatively affect CMVJ performance.

More recently, IMTP has been researched as a means to measure lower-body perfor-
mance and has been correlated with other performance measures. The few studies that have
investigated the effects of WBV on IMTP [36–38] show conflicting results. The current study
found no effect of WBV on IMTP peak force, which is similar to two other studies [36,37].
The current study had similar WBV settings, the only difference was Cazás-Moreno et al.,
used 30 Hz frequency when the current study used 50 Hz [36], whereas Hornsby et al., used
30 Hz frequency with one 30 s bout of WBV [37]. Conversely, positive effects have been
reported for WBV prior to IMTPs with a rest interval of 15 min after WBV exposure [38]. A
difference in results compared to the current study may be a result of the time between
WBV exposure and testing, the current study tested IMTP peak force immediately after
WBV. Rest intervals after exposure should be considered when comparing research results
because it may have substantial effects on outcomes.

The current study is not without limitations. A more homogeneous participation
group may have been advantageous instead of a convenient active sample to contribute
to more consistencies in external factors. The frequency of 50 Hz may have been too high
of a frequency for participants and a lower frequency would decrease the intensity and
possibly change performance outcomes. Although familiarized with IMTP prior to the
current study, most participants were new to performing this isometric muscle action.
The inclusion of more familiarization days may be beneficial. Future directions from this
study may be testing similar parameters on a sport specific population and changing WBV
variables such as rest time and frequency.

5. Conclusions

This study aimed to investigate a unique question to determine if incorporating WBV
prior to a fatiguing exercise protocol would attenuate the effects of fatigue and change
CMVJ and IMTP performance outcomes. Although our study did not produce results we
hypothesized, it adds to the literature of external modalities used for preparing the muscle
to fatigue. This study did demonstrate that lower-body fatigue resulted in a decrease in
CMVJ performance due to the reduction in force generating capabilities when a muscle
is fatigued.
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