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Abstract

High-intensity, repetitive exercise induces metabolic stress and neuromuscular fatigue in skeletal
muscle. Muscle fatigue involves both peripheral and central mechanisms, impairing contractile
function and increasing pain perception, thereby compromising athletic performance and elevating
injury risk. Using a repeated-measures crossover design, eight male amateur swimmers completed
five experimental sessions at one-week intervals. Following an isokinetic fatigue protocol, five
recovery interventions were applied in randomized order: control, foam roller (FR), vibration foam
roller (VFR), whole-body vibration at 12 Hz (WBV-12), and 20 Hz (WBV-20). Outcome measures
included visual analogue scale (VAS) scores, blood lactate concentration, and knee extensor peak
torque assessed at three time points. Significant main effects of recovery method were observed for
VAS scores (F = 2.892, p = .036, n)2 = 0.248), blood lactate (F = 2.937, p = .034, n? = 0.251), and peak
torque (p < .05). Active recovery interventions, particularly vibration-based modalities, were more
effective than passive rest. WBV-20 demonstrated the most consistent recovery effects, suggesting its
potential as an effective post-exercise recovery strategy.

Keywords: muscle fatigue; recovery intervention; foam rolling; vibration therapy; whole-body
vibration; lactate clearance; isokinetic muscle function

1. Introduction

High-intensity or repetitive exercise induces metabolic stress and neuromuscular fatigue in
skeletal muscle [2]. Muscle fatigue is not merely a state of energy depletion but rather a complex
physiological phenomenon driven by the interplay of peripheral and central fatigue mechanisms.
Peripheral fatigue encompasses ATP depletion, phosphocreatine reduction, H* accumulation,
elevation of inorganic phosphate (Pi), and impaired Ca? reuptake within muscle fibers [2], all of
which interfere with excitation—contraction coupling and diminish force production capacity. Central
fatigue manifests as a progressive reduction in cortical excitability during exercise, resulting in
decreased motor neuron discharge rates and reduced voluntary muscle activation [13]. These fatigue
processes are frequently accompanied by delayed-onset muscle soreness (DOMS), associated with
the release of pro-inflammatory cytokines such as TNF-a and IL-6, sensitization of peripheral
nociceptors, and tissue edema [11]. Collectively, these physiological disturbances impair athletic
performance and recovery capacity, negatively affecting both training continuity and injury
prevention.
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A diverse range of recovery strategies has been proposed to attenuate muscle fatigue and
accelerate physiological recuperation, including cold-water immersion [23], sports massage [38],
compression garments [24], neuromuscular electrical stimulation [3], and foam rolling [4]. Among
these, self-myofascial release (SMR) techniques have attracted considerable attention due to their
accessibility and ease of application. Foam rollers, vibration foam rollers, and whole-body vibration
exercise (WBVE) have been increasingly adopted as recovery tools in both clinical and athletic
settings [4,29].

Foam rolling effectively induces myofascial relaxation and improves lymphatic circulation and
autonomic nervous system regulation through mechanical compression, leading to increased joint
range of motion [9]. The vibration foam roller builds upon conventional foam rolling by incorporating
localized vibratory stimulation, thereby amplifying mechanoreceptor activation and facilitating
simultaneous effects on muscle spindle and Golgi tendon organ function, reflex muscle contraction,
pain inhibition, and neuromuscular recovery [29].

WBVE delivers vibratory stimuli ranging from 15 to 50 Hz, stimulating mechanoreceptors and
the neuromuscular system while inducing increased blood flow, enhanced muscle activation, and
myofascial relaxation [8]. Vibration stimulation is known to elicit the tonic vibration reflex (TVR),
which activates the neuromuscular feedback loop and may thereby contribute to the recovery of
fatigued muscle [30]. Vibration frequencies of 20-30 Hz are considered particularly effective for
improving blood flow and modulating pain, whereas frequencies above 40 Hz are more efficacious
for enhancing muscle activation [37].

Despite the growing adoption of vibration-based recovery strategies, direct comparative
research between recovery modalities remains insufficient, and the physiological response
differences associated with varying vibration frequencies have not been fully elucidated.
Accordingly, the purpose of this study was to comparatively analyze the effects of foam rolling,
vibration foam rolling, and WBVE at 12 Hz and 20 Hz on VAS scores, blood lactate concentration,
and isokinetic muscle joint function following exercise-induced muscle fatigue, and to provide
evidence-based guidance for practical application in athletic and training environments.

2. Materials and Methods

2.1. Participants

A total of eight male amateur swimmers volunteered to participate in this study. All participants
were fully informed of the study’s purpose, procedures, potential risks, and expected levels of
physical exertion prior to enrollment. Written informed consent was obtained from all participants.
This study was approved by the Institutional Review Board (IRB approval number: 201906-5B-090-
01).

This study employed a within-subjects repeated-measures crossover design, in which each
participant completed five experimental sessions at one-week intervals. At each session, participants
performed light stretching and warm-up activities, followed by a standardized rest period of at least
10 minutes, after which baseline measurements were obtained and the fatigue induction protocol was
administered. One of five recovery interventions —no treatment (control), FR, VFR, WBV-12, or WBV-
20—was applied in randomized order, with each intervention separated by one week. VAS scores,
blood lactate concentration, and isokinetic muscle joint function were measured at three time points:
at rest, five minutes post-fatigue, and immediately post-intervention. Participants’ physical
characteristics are summarized in Table 1.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2232.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 March 2026 d0i:10.20944/preprints202603.2232.v1

3 of 10

Figure 1. Experimental Design and Protocol

Amateur Swimmers (n = 8, Male)

Crossover Design — 5 Sessions
1-week washout interval between sessions

Isokinetic Muscle Fatigue Protocol
Cybex 660 | 4 Sets (60°/ 180° / 240°/sec) | Both Legs

(@ No Treatment (2) Foam Roller (®) Vibration FR (& WBV 12Hz (5) WBV 20 Hz

(Control) 6 muscles 45Hz +FR Galileo platform Galileo platform
Rest 15 min 1 minx6 /50 bpm Same method as (2) 2minx5/4mmamp 2minx5/4 mmamp

Outcome Measurements (3 time points: Rest / Post-fatigue / Post-intervent
VAS | Blood Lactate Concentration | Isokinetic Peak Torque (%BW) — 60°/sec, Bc

Statistical Analysis
One-way ANOVA + LSD post-hoc | a=.05 | SPSSv24.0

B ool B = roamRoller B V- vibration FoamRoller [l wev 12+ B wevzon:

Figure 1. Experimental Design and Protocol. FR = Foam Roller; VFR = Vibration Foam Roller; WBV = Whole-
Body Vibration.

Table 1. Physical Characteristics of Participants (Mean + SD).

Fat Career
(%) (years)
Subjects (n = 8) 25.1+2.7 175.8 +5.8 75.7 + 8.1 245+27 144+6.5 6.1+3.0

Note. Values are presented as mean + standard deviation. BMI = body mass index.

Variables Age (years) Height (cm) Weight (kg) BMI (kg/m?)

2.2. Exercise-Induced Muscle Fatigue

Knee extensor and flexor muscle fatigue of both dominant and non-dominant limbs was induced
using an isokinetic dynamometer (Cybex 660 Norm System; Cybex Inc., USA). Participants were
seated with the hip flexed at approximately 90°, and the axis of rotation of the dynamometer was
aligned with the lateral femoral epicondyle. The fatigue induction protocol, adapted from Kang et al.
[17], consisted of one set comprising 5 repetitions at 60°/sec, 10 repetitions at 180°/sec, and 30
repetitions at 240°/sec, performed for four sets for both limbs. The complete protocol is presented in

Table 2.
Table 2. Muscle Fatigue Protocol of the Isokinetic Test.
Item Angular Velocity (°/sec) Repetitions (REP) Recovery Time Sets

Right lower extremity 60 5 1 min 30 sec 4
Right lower extremity 180 10
Right lower extremity 240 30

Left lower extremity 60 5

Left lower extremity 180 10

Left lower extremity 240 30

Note. Recovery time (1 min 30 sec) was applied between sets. Four sets were performed for both right
and left lower extremities.

2.3. Recovery Interventions

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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(1) No Treatment (Control): Following the fatigue induction protocol, participants remained
seated in a chair for 15 minutes without any treatment.

(2) Foam Roller (FR): A foam roller (Hyperice VYPER 2.0; Hyperice, Irvine, CA, USA) was
employed. The protocol was adapted from Cheatham et al. [9] and targeted six muscle groups:
gastrocnemius, gluteus maximus, iliotibial band, hamstrings, hip adductors, and quadriceps. Each
group was rolled from origin to insertion for one minute under body weight, followed by a 15-second
rest. Rolling cadence was standardized using a metronome at 50 bpm in 3/4 time.

(3) Vibration Foam Roller (VFR): The same device and protocol as the FR condition (Hyperice
VYPER 2.0) were used, with the device’s internal vibration function activated at 45 Hz throughout
the session [9,29].

(4) Whole-Body Vibration at 12 Hz (WBV-12): A vibratory platform (Galileo; Novotec Medical
GmbH, Germany) delivered vibration at 12 Hz with an amplitude of 4 mm. Each bout consisted of 2
minutes of vibration followed by 1 minute of rest, for five sets (15 minutes total). Participants
maintained an upright torso posture with the knee joint flexed to approximately 120° [30,37].

(5) Whole-Body Vibration at 20 Hz (WBV-20): The same vibratory platform was used with the
frequency adjusted to 20 Hz at an amplitude of 4 mm. The session structure was identical to WBV-12
(five sets of 2 minutes vibration and 1 minute rest; 15 minutes total), maintaining the same
standardized posture [30,37].

2.4. Outcome Measures

Muscle Pain Assessment: Perceived fatigue was assessed using a visual analogue scale (VAS).
Participants marked their perceived level of fatigue on a 100 mm horizontal line anchored at 0 (no
fatigue) and 10 (extreme fatigue). Assessments were conducted at three time points: at rest, five
minutes post-fatigue, and immediately post-intervention.

Blood Lactate Concentration: Blood samples were collected from fingertip capillaries using a
standardized single-use lancet. Approximately 25 pL of capillary blood was collected and
immediately analyzed using a portable lactate analyzer (Biosen C-line; EKF Diagnostics, Germany;
measurement range: 0.5-40 mmol/L; CV < 3%). All samples were analyzed by the same investigator
to minimize inter-operator variability.

Isokinetic Muscle Function: Isokinetic peak torque was measured using the Cybex 660 Norm
System. The range of motion was restricted to 0° to 100°. Participants were seated with the knee joint
axis aligned with the dynamometer’s axis of rotation. An isokinetic angular velocity of 60°/sec was
selected, with five repetitions per set. Knee extensor and flexor peak torque (%BW) was assessed after
the final fatigue set and after each recovery intervention.

2.5. Statistical Analysis

All data were analyzed using SPSS Statistics version 24.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics are reported as mean + standard deviation (SD). A one-way repeated-measures
analysis of variance (ANOVA) was applied to identify differences among recovery interventions at
each time point. Where significant main effects were detected, post-hoc comparisons were conducted
using the Least Significant Difference (LSD) method. Statistical significance was set at a = .05 for all
analyses. Effect sizes were calculated using eta squared (n?) and interpreted according to
conventional thresholds: small > 0.01, medium > 0.06, large > 0.14.

3. Results

3.1. Changes in VAS Scores After Recovery Interventions

VAS scores at each time point are presented in Table 3. No significant main effect of recovery
method was observed at rest (F = 0.522, p =.720, n2 = 0.056) or five minutes post-fatigue (F = 0.144, p
= .964, n? = 0.016). A significant effect of recovery method was observed following recovery
interventions (F =2.892, p=.036, n?=0.248). Post-hoc LSD analysis revealed that VAS score reductions
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were significantly greater in the FR, VER, WBV-12, and WBV-20 conditions compared to the no-
treatment control (a>Db, ¢, d, e).

Table 3. Effects of Recovery Interventions on Perceived Fatigue (Mean + SD).

Time a b c d e
Point (Control) (FR) (VFR) (WBV-12) (WBV-20)
Rest 1.38+0.92 1.63+£0.92 1.75+1.39 2.13+1.55 2.13+£1.36 0.522 .720 0.056 NS

PF 725+1.16 750+1.41 7.00+1.60 7.25+1.58 7.50+1.93 0.144 .964 0.016 NS

PR 5.75+0.89 3.88+1.81 3.38+1.73 3.88+1.73 3.88+1.64 2.892 .036* 0.248 a>b,c,d, e

Note. Values are presented as mean + SD. n? = eta squared effect size. NS = not significant. * p < .05.

F P n?  Post-hoc

Post-hoc comparisons. conducted using LSD. PF = Post-fatigue, PR = Post-recovery, a =no treatment;
b = foam roller; ¢ = vibration foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

3.2. Changes in Blood Lactate Concentration After Recovery Interventions

Blood lactate concentrations at each time point are presented in Table 4. No significant main
effect was observed at rest (F = 0.419, p = .794, n2 = 0.046) or five minutes post-fatigue (F = 0.066, p =
992, n? = 0.007). A significant effect was observed following recovery interventions (F = 2.937, p =
.034, 2 = 0.251). Post-hoc LSD analysis indicated that lactate reductions were significantly greater in
the FR, VFR, and WBV-20 conditions compared to control (a > Db, ¢, e).

Table 4. Comparison of Blood Lactate Concentration Across Recovery Methods (Mean + SD, mmol/L).

Time a b C d e

Point (Control) (FR) (VFR) (WBV-12) (WBV-20)

Rest 1.74+044 180+1.26 159+0.36 1.47+043 1.44+057 0419 .794 0.046 NS
PF 10.15+1.95 10.00 +1.88 10.07 +£2.37 10.41 £2.18 9.95+1.36 0.066 .992 0.007 NS
PR 572+1.79 4.70+147 3.72+1.01 5.16+151 3.92+0.95 2937 .034* 0.251 a>b,c e

Note. Values are presented as mean + SD. 12 = eta squared effect size. * p <.05. Post-hoc comparisons

F P 1n? Post-hoc

performed using LSD. PF = Post-fatigue, PR = Post-recovery, a = no treatment; b = foam roller; c =
vibration foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

3.3. Changes in Blood Lactate Recovery Rate After Recovery Interventions

The blood lactate recovery rate was calculated as follows: Recovery Rate (%) = [(Lactate post-
fatigue — Lactate post-intervention) / (Lactate post-fatigue — Lactate at rest)] x 100. Results are
presented in Table 5. A significant effect of recovery method was observed (F = 4.625, p = .004, n? =
0.346). Post-hoc LSD analysis revealed that the lactate recovery rate was significantly higher in the
FR, VFR, and WBV-20 conditions compared to control (a <b, ¢, e).

Table 5. Comparison of Blood Lactate Recovery Rate Across Recovery Methods (Mean + SD, %).

Item a b ¢ d N F 2 Post-hoc
(Control)  (FR) (VER)  (WBV-12) (WBV-20) PN
5218+ 6745+ .
. + 3. . + 3. . + 3. . . . <
PR vy 7510876 5973802 70.82£ 802 4625 004 0346 a<bc e

Note. Values are presented as mean + SD. 1)? = eta squared effect size. ** p <.01. Post-hoc comparisons
performed using LSD. PF = Post-fatigue, PR = Post-recovery, a = no treatment; b = foam roller; c =
vibration foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

3.4. Changes in Isokinetic Knee Extensor Variables After Recovery Interventions

Results for the right knee extensor are presented in Table 6. No significant main effect was
observed following the fatigue protocol (F = 0.965, p = 439, n? = 0.099). A significant effect was

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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observed after the recovery intervention (F = 2.975, p = .032, n)2 = 0.254). Post-hoc LSD analysis
indicated that WBV-12 and WBV-20 produced significantly greater improvements than the no-
treatment control, and WBV-20 also produced significantly greater improvements than FR (a < d, e;
b<e).

Results for the left knee extensor are presented in Table 7. No significant main effect was
observed after fatigue induction (F = 0.910, p = 469, )2 = 0.094). A significant effect was observed
following recovery interventions (F = 4.006, p = .034, )2 = 0.314). Post-hoc LSD analysis indicated that
WBV-20 produced significantly greater improvements compared to both the no-treatment control
and FR (a, b<e).

Table 6. Comparison of 60°/sec Peak Torque (%BW) of Right Knee Extensor Across Recovery Methods (Mean +

sD).
a B c d e
I F 2 Post-h
tem  Control) (FR) (VFR) (WBV-12)  (WBV-20) p 1 Posthoc
186.75 +
PF 5;62 9i+ 192,75 +33.25 190.13 +25.88 202.50 +24.88 212.25+50.77 0965 439 0099 NS
PR 1161'673; 201.25 +41.47 216.13 +38.92 228.88 +50.94 252.25+50.77 2.975 .032* 0.254 a;‘j’ee"

Note. Values are presented as mean + SD. 1?2 = eta squared effect size. * p < .05. Post-hoc comparisons
performed using LSD. PF =Post-fatigue, PR = Post-recovery, a =no treatment; b = foam roller; c= vibration
foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

Table 7. Comparison of 60°/sec Peak Torque (%BW) of Left Knee Extensor Across Recovery Methods (Mean +

SD).
a b c d e
2 -
Ttem o ntrol) (FR) (VER) (WBV-12)  (WBV-200 © P n* Posthoc
PF 19;&;? 181.50 + 31.86 197.25+24.92 205.00 + 24.84 202.88+30.64 0910 469 0.094 NS
180.75 +
PR 07 185253121 212.00£49.42 216.63£47.43 227.63+47.69 4006 034 0314 ab<e

Note. Values are presented as mean + SD. 12 = eta squared effect size. * p < .05. Post-hoc comparisons
performed using LSD. PF = Post-fatigue, PR = Post-recovery, a =no treatment; b = foam roller; c = vibration
foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

3.5. Changes in Isokinetic Knee Flexor Variables After Recovery Interventions

Results for the right knee flexor are presented in Table 8. No significant main effect was detected
after fatigue induction (F = 0.796, p = .536, )2 = 0.083). Following recovery interventions, a significant
effect was observed (F = 3.540, p = .047, n? = 0.288), with WBV-20 producing significantly greater
improvements than both the no-treatment control and FR (a, b <e).

Results for the left knee flexor are presented in Table 9. No significant main effect was observed
after fatigue induction (F = 0.186, p = .944, )2=0.021) or after recovery intervention (F = 1.350, p = .271,
n?=0.134).

Table 8. Comparison of 60°/sec Peak Torque (%BW) of Right Knee Flexor Across Recovery Methods (Mean +

SD).
a b c d e

I F :  Post-h

M Control)  (FR) (VFR) (WBV-12)  (WBV-20) P " FPost-hoc
102,50 +

PE  99.75+28.84 2852? 108.50 + 14.78 106.25+17.33 118.63+22.30 079 536 0083 NS
10150 +

PR 99382725 7 F 11463+2184 119382617 129.50£2566 3540 047 0288 ab<e

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Note. Values are presented as mean + SD. 1?2 = eta squared effect size. * p < .05. Post-hoc comparisons
performed using LSD. PF =Post-fatigue, PR = Post-recovery, a =no treatment; b = foam roller; c= vibration
foam roller; d = WBV 12 Hz; e = WBV 20 Hz.

Table 9. Comparison of 60°/sec Peak Torque (%BW) of Left Knee Flexor Across Recovery Methods (Mean +
SD).

Item a b c d e F ) Post-
(Control) (FR) (VFR) (WBV-12)  (WBV-20) P hoc
PF 100.75+23.19 9425+2442 102.63+22.93 103.63+27.42 101.13+22.07 0.186 944 0.021 NS

PR 93.38+25.63 93.38+21.80 106.75+26.05 109.75+31.85 120.13+32.51 1.350 .271 0.134 NS

Note. Values are presented as mean + SD. 12 = eta squared effect size. Post-hoc comparisons performed
using LSD. PF = Post-fatigue, PR = Post-recovery, a = no treatment; b = foam roller; c = vibration foam
roller; d = WBV 12 Hz; e = WBV 20 Hz.

4. Discussion

Recovery from acute exercise-induced muscle fatigue encompasses restoration of
neuromuscular stability, maintenance of metabolic homeostasis, and normalization of muscle
functional capacity. The present study compared five recovery interventions and demonstrated that
vibration-based modalities—specifically VFR and WBV-20—produced significant improvements
across multiple physiological recovery indices, including VAS scores, blood lactate concentration,
and isokinetic muscle joint function. These findings may be attributed to the distinct yet
complementary physiological mechanisms of foam rolling and vibratory stimulation, including
mechanical compression, mechanoreceptor stimulation, muscle spindle activation, and autonomic
nervous system modulation.

With respect to VAS scores, all active interventions—FR, VFR, WBV-12, and WBV-20—produced
significantly greater reductions compared to the no-treatment control. These analgesic effects are
consistent with prior research demonstrating that foam rolling and vibration-based strategies
significantly reduce VAS scores [9,11]. Mechanistically, foam rolling reduces myofascial adhesions
through localized mechanical compression and activates the parasympathetic nervous system to
promote autonomic stabilization [9]. Vibratory stimulation acts upon peripheral mechanoreceptors—
particularly AP mechanoreceptors and proprioceptors within muscle spindles—to inhibit pain
transmission at the spinal dorsal horn [33]. Vibration also reduces the excitability of Ad and C fiber
nociceptive pathways and activates inhibitory interneurons at the spinal level, inducing gate control
analgesia [13].

With respect to blood lactate concentration, FR, VFR, and WBV-20 produced significantly greater
lactate reductions compared to the no-treatment control. Vibration-based interventions enhance local
blood flow in skin and fascial tissues and stimulate lymphatic circulation, thereby accelerating the
clearance of accumulated lactate and hydrogen ions (H*) from muscle fibers [23]. Notably, WBV-20
most effectively facilitated metabolic recovery, consistent with prior evidence that vibratory
stimulation promotes both intramuscular lactate diffusion and vascular reuptake simultaneously [4].

Regarding muscle functional recovery, vibration-based interventions yielded superior outcomes
across multiple neuromuscular indices. These findings align with prior studies [30,32] demonstrating
that vibration stimulation activates group la afferent fibers within muscle spindles, enhancing
neuromuscular function. By increasing a-motor neuron responsiveness and eliciting the TVR,
vibratory stimulation augments neuromuscular excitability [30]. The TVR is particularly important
during fatigued states, as it transiently restores the voluntary drive of the central nervous system, re-
facilitating voluntary muscle contractions [18]. Furthermore, vibration accelerates motor unit
recruitment and increases the discharge rate of alpha motor neurons, positively influencing fast-
twitch muscle fiber activation [32]. Collectively, these findings suggest that WBV-20 may offer a
strategically advantageous recovery approach in high-performance sport environments requiring
rapid neuromuscular restoration.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Several limitations should be acknowledged. The sample was restricted to young male amateur
swimmers, which limits the generalizability of the findings to other populations. Future research
should incorporate participants of diverse sexes, ages, and training backgrounds to broaden the
applicability of these results. Additionally, the specific effects of varying vibration parameters—
including frequency, amplitude, session duration, and stimulation site—warrant more detailed
investigation. Subsequent studies should also integrate multi-layered physiological assessments
including inflammatory markers, oxidative stress indicators, and hormonal responses to provide a
more comprehensive evaluation of these recovery modalities.

5. Conclusions

The present study demonstrated that among the various post-fatigue recovery interventions
examined, vibration-based modalities yielded superior recovery responses overall. In particular,
whole-body vibration at 20 Hz (WBV-20) produced the most consistent and pronounced
improvements in perceived fatigue, blood lactate concentration, and isokinetic muscle function
following acute exercise-induced fatigue, indicating meaningful physiological recovery responses
that may translate into practical performance benefits.

The findings suggest that WBV-20 may simultaneously influence neuromuscular and metabolic
systems, thereby facilitating a more efficient restoration of functional capacity impaired by fatigue.
Compared with passive rest, vibratory stimulation appears to accelerate recovery processes through
enhanced neuromuscular activation and circulatory support. Consequently, WBV-20 may represent
a strategically advantageous recovery modality in athletic contexts where limited recovery time and
repeated high-intensity efforts necessitate rapid restoration of performance capacity.
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