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ABSTRACT 

Whole body vibration training (WBVT) has gained a lot of interest for its proposed benefits 

across a range of populations both active and injured. The purpose of the present thesis was 

to test the efficacy of WBVT in terms of injury rehabilitation and performance enhancement 

amongst professional and amateur athletes. The five papers submitted for the degree of PhD 

by publication are grouped into two key themes relevant to the development of knowledge 

and evidence to advance a better understanding of the chronic and acute effects of WBVT. 

The themes encompass the efficacy of WBVT (Chronic) as a rehabilitation tool and as an 

addition to a warm-up routine (acute). The explanatory narrative provides a brief background 

to WBVT, a summary of each paper and what the paper has contributed to the field both in 

terms of knowledge and methodological development. The papers presented provide 

evidence that chronic WBVT is an effective method of improving balance and stability in 

athletes suffering functional ankle instability (FAI) (Paper 1). Even when compared to 

traditional methods of rehabilitation for FAI, the addition of WBVT enhances the benefits of 

traditional rehabilitation protocols (Paper 2). The use of acute WBVT enhances reactive 

strength, again showing a significant benefit as an addition to a more traditional warm-up 

(FIFA 11+) amongst amateur soccer players (Paper 3). When training status was considered 

(amateur vs. professional), high frequency acute WBVT stimulus significantly improved 

landing stability (DPSI) amongst professional players only (Paper 4). These differences 

between groups were also identified when examining knee extensor potentiation and force 

output with significant improvements amongst professional but not amateur soccer players. 

Professional players also reported significantly greater beliefs in the effectiveness of WBVT 

(Paper 5). In conclusion the body of work presented discusses the practical and 

methodological implications of the new knowledge presented and identifies a series of future 

lines of research. 
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Chapter One ï Introduction to narrative    

 

This submission for PhD by publication has investigated the use of whole body vibration 

training (WBVT) as a rehabilitation tool amongst athletes suffering functional ankle 

instability (FAI) and as an acute performance enhancement intervention in 

professional and amateur soccer players using a series of randomised control trials (RCT) 

(Figure 1). For each of these papers I was the lead author, preparing the first and subsequent 

drafts of the papers, developing the original research idea, refining the research question, 

developing an appropriate methodology, collecting the data and performing the analysis 

being reported within the paper (see Appendix 6 for co-author signatures confirming this). 

 

The first two papers of the PhD examined chronic (six weeks) WBVT and its effect on 

balance in a balance deficit (FAI) population; in particular the additional benefit it can 

provide to traditional rehabilitation exercises alone. The methodological theme of the 

narrative looked to compare WBVT against sham conditions (exercises in the absence of 

WBVT) instead of a passive control, something recommend in the research to help in the 

critical evaluation of WBVT protocols (Colson et al., 2009). Paper 1 (Cloak et al., 2010) 

investigated the effect of a six week WBVT intervention on improvements in static and 

dynamic balance and postural fatigue amongst athletes suffering FAI. The main outcome of 

this study was a significant improvement in static and dynamic balance amongst the WBVT 

group. One question raised by this paper was whether the addition of a vibration stimulus to 

traditional FAI rehabilitation protocols would have any additional benefits for improvements 

in balance and muscle function. This was the focus of Paper 2 (Cloak et al., 2013) where a 

combination of WBVT stimulus and traditional wobble board training was compared against 

wobble board training alone in improving static and dynamic balance (Cloak et al., 2013).  

The participants were exposed to the combined WBVT and wobble board training had a 
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significant improvement in static and dynamic balance compared to wobble board training 

alone.  

 

The subsequent 3 papers examined the acute effects of WBVT on performance enhancement. 

The basis for this was the increasing numbers of researchers examining the acute application 

of WBVT for subsequent athletic performance enhancement (Cochrane, 2011a, Adams et al., 

2009, Bullock et al., 2008, McBride et al., 2010, Cochrane, 2013). The majority of research 

examining acute WBVT has examined the response in untrained participants (Adams et al., 

2009, Cochrane et al., 2010, Fernandes et al., 2013, McBride et al., 2010, Nordlund and 

Thorstensson, 2007, Pollock et al., 2012, Ritzmann et al., 2011). Accordingly, the response 

of professional/elite athletes to WBVT requires further investigation since this will typically 

be the population who use such instrumentation due to cost and availability. 

 

Paper 3 (Cloak et al., 2014a) was an initial investigation into whether the addition of an 

acute bout of WBVT stimulus to a well-established warm-up (FIFA 11+) would improve 

performance in healthy collegiate soccer players (Cloak et al., 2014a). The results indicated 

that the combination of WBVT and the FIFA 11+ warm-up significantly improved reactive 

strength indices (RSI) compared to the warm-up alone; though neither intervention had any 

effect on agility scores.  The paper discussed the possible benefits the addition of acute 

WBVT may have within a warm-up routine, in particular the possible neuromuscular benefits 

that are associated with characteristics of an effective warm-up. 
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Linked to performance enhancement are landing mechanics and any addition to a warm-up 

routine pre-competition should aim to improve performance and decrease fatigue/injury risk.  

Paper 4 (Cloak et al., 2014b) compared the effects of an acute WBVT stimulus on landing 

mechanics and included a comparison between professional and amateur soccer players. The 

main findings of the paper were that WBVT significantly improved dynamic stability on 

landing amongst professional soccer players and had a negative impact in the amateur 

players. The findings suggested that the high vibration frequency and load may be sufficient 

to produce a positive neuromuscular response in highly trained athletes but may be too great 

a stimulus and therefore detrimental in amateur athletes (Cloak et al., 2014b). As previously 

reported professional/elite and amateur athletes respond differently to WBVT (Osawa and 

Oguma, 2013, Ronnestad, 2009, Issurin and Tenenbaum, 1999). The exact reasons for these 

neuromuscular differences between the two groups required further investigation. 

 

The final paper, Paper 5 (Cloak et al., 2016), was an interdisciplinary paper investigating the 

observed differences between professional and amateur soccer players using an electro-

stimulation protocol to assess force output post-activation potentiation (PAP) and voluntary 

motor unit recruitment amongst participants. The study also examined the participants 

perceived benefit of using acute WBVT; a key component to compliance with any 

intervention in athlete populations (Soligard et al., 2010). The results demonstrated an 

improvement in force output and post-activation potentiation in professional players 

compared to amateur players. It was speculated that this may be mediated by initial starting 

strength levels. What is clear is that the effectiveness of an acute WBVT protocol would 

appear to be one that is mediated by training status (professional vs. amateur); in particular 

the level of muscular strength seems to impact upon physiological indices as well as beliefs 

on the value of acute WBVT. 
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Figure 1: Synopsis of PhD by publication 
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1.1 Whole body vibration training (WBVT)   

 

The scientific papers presented in this thesis focus upon the effect of WBVT in a range of 

settings and participants. Firstly as a rehabilitation tool, and then as an acute addition to a 

structured warm-up. The body of work examined explores some of the contemporary 

questions raised around the use of WBVT and each study presents a unique methodology to 

help answer these questions. During the course of work each study identified a future line of 

research which the proceeding study aimed to investigate. Therefore, the studies submitted 

for this PhD demonstrate a body of work that advances the knowledge around the use and 

efficacy of WBVT. 

 

Vibration training over the past decade has become an increasingly popular training method 

amongst both professional/elite athletes and the general public with both chronic and acute 

environments. The notion that vibration can be beneficial is a new concept to some, as it has 

previously been associated with circulatory, neurological and joint damage associated with 

occupational exposure (Rittweger, 2010, Griffin, 1997). Initial research into the positive 

effects of vibration training with an oscillating bed, examined counteracting the effect of 

immobilisations following best rest on metabolic and physiological function (Toscani et al., 

1949, Sanders, 1936). The works of Nazarov and Spivak (1987) and Issurin et al. (1994) 

were some of the first to consider the use of vibration training in athletes as a means of 

improving strength and flexibility . It was reported that short bursts of superimposed vibration 

alongside traditional resistance exercise improved strength and flexibility compared to 

traditional resistance exercise alone (Issurin et al., 1994). Rittweger (2010) recognised that 

these initial studies led to an increasing interest in the area and the potential for the WBVT to 

be used as a training modality across a range of applied settings. With key authors emerging 
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in the field (Bosco et al., 1999b, Cardinale and Bosco, 2003, Cochrane et al., 2004, Issurin 

and Tenenbaum, 1999, Rittweger et al., 2003),  in combination with a growing commercial 

interest in the devices, there has been a substantial growth in research investigating WBVT 

applications and benefits. 

 

Vibration is a mechanical oscillation, i.e. a periodic alteration of force, acceleration and 

displacement over time. Vibration exercise, in a physical sense, is a forced oscillation, where 

energy is transferred from an ñactuatorò (i.e. the vibration device) to a ñresonatorò (i.e. the 

human body) (Rittweger, 2010). The  amplitude is determined by the oscillatory motion 

(peak to peak displacement in mm) of the device, and the repetition rate of the vibration 

cycles denotes the frequency of vibration (measured in Hertz) (Figure 2) (Cardinale and 

Bosco, 2003). During vibration exercise, the human body is accelerated, which causes a 

reactive force. Importantly, the peak acceleration in sinusoidal oscillation is as a result of the 

frequency (Hz) x Peak displacement (mm) of the vibration platform (Table 1) (Rauch et al., 

2010). The principle upon which it works lies within Newtonôs second law of motion (force= 

mass x acceleration) and by either applying more mass (weights etc.) or more acceleration 

(altering frequency or peak to peak displacement) it is possible to alter forces acting on the 

body (Sá-Caputo et al., 2015). Vibration exercise is mostly practised as whole body 

vibration, i.e. while standing on oscillating platforms, rather than locally applied to the 

muscle itself (Rittweger, 2010).  
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Figure 2: A plot of displacement against time in sinusoidal vibration. The definitions of the 

terms amplitude (A), peak-to-peak displacement (D) and period duration (T) are given in 

Table 1. The frequency (f) corresponding to the period duration is equal to: f = 1 / T (Hass et 

al., 2010). 

 

 

Table 1: Terms used to describe sinusoidal vibration (Rauch et al., 2010) 

 
 

 

The neural adaptations that occur from traditional resistance/power training have been 

reported to be similar to those from WBVT (Bosco et al., 1999a, Bosco et al., 1999b, 

Cardinale and Bosco, 2003, Cochrane, 2011a, Cochrane, 2011b, Rittweger, 2010, Rittweger 

et al., 2003). The human neuromuscular system is a specialised system which has the 
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capability to respond to a variety of stimuli. Increasing the forces (peak acceleration) acting 

on the body has been suggested to promote muscle adaptation and force generating capacity 

(Cardinale and Bosco, 2003). The mechanical action of vibration produces a cyclic transition 

between involuntary eccentric and concentric muscle contractions (Rittweger, 2010).  

Vibration applied to the muscular tendon unit causes rapid change in the length of the muscle 

tendon complex and elicits a tonic vibration response via the tonic vibration reflex (TVR) 

(Hagbarth and Eklund, 1966). This rapid cyclic transition between eccentric and concentric 

contraction is seen to acutely enhance the efficiency of the neuromuscular system (Lienhard 

et al., 2015c). Neuron excitability (monosynaptic and polysynaptic pathways) have also been 

shown to mediate TVR which may lead to adaptation to muscle spindle efficacy and 

adaptation to mechanoreceptors resulting in improved neuromuscular performance and 

muscle coordination (Lienhard et al., 2015c, Rittweger, 2010, Nordlund and Thorstensson, 

2007).   

 

The neurological stimulation provided by WBVT has also been reported during tendon 

stretch reflex investigation. Rittweger et al. (2003)  suggested Ŭ -motoneurons were 

stimulated by WBVT, which in turn recruited higher threshold/larger motor units leading to a 

reported increase in patellar tendon stretch reflex. Other chronic exposure adaptations 

suggested are mechanical dampening leading to absorption of energy and therefore 

generation of heat and increased muscle temperature (Rittweger, 2010). Evidence suggests 

that muscle has such dampening properties in response to vibration stimuli (Wakeling et al., 

2002) and muscle temperature has been associated with improvements in neuromuscular 

power output (Cochrane et al., 2008). Also, ñmuscle tuningò is reported as the bodyôs ability 

to increase muscular activity to reduce the effect of vibration (Nigg and Wakeling, 2001). 

The exact mechanism of the tuning response remains unclear but would appear to rely 
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heavily on muscle spindle response, sensitivity of joint and skin receptors and muscle tendon 

stiffness (Cochrane, 2011b). The efficacy of such a tuning response may be mediated by the 

condition of the corresponding muscle. Previous research suggests a positive neuromuscular 

response to WBVT  may be due to higher sensitivity of muscle receptors and increased 

central nervous system (CNS) responses associated with well-trained participants (Issurin and 

Tenenbaum, 1999). 

 

 

It is important to recognise that very few prolonged WBVT exposure studies suggest 

structural changes in the muscle size or architecture as the load is considered too low and any 

significant hypertrophy is deemed unlikely (Nordlund and Thorstensson, 2007). It is more 

likely neural adaptations occur, permitting gains in muscle strength and power in the absence 

of increases in cross-sectional area of the muscle as typically seen in those new to resistance 

training (Bosco et al., 1999a). One reason why studies examining chronic interventions could 

lead to improvements in muscle function, as Cochrane (2011a) points out, is if the individual 

has an existing neuromuscular deficit such as balance or posture (Delecluse et al., 2003, 

Moezy et al., 2008, Trans et al., 2009, Rees et al., 2009, Melnyk et al., 2008, Bogaerts et al., 

2007b, Torvinen et al., 2002)  or amongst older populations (Bogaerts et al., 2007a, Rees et 

al., 2009) .  Amongst well trained individuals, chronic WBVT exposure would appear to have 

little benefit (Nordlund and Thorstensson, 2007) and WBVT would appear to need to be in 

combination with other traditional methods. Cardinale and Erskine (2008) agree it is unlikely 

that chronic WBVT alone, using the currently available frequency and amplitude settings on 

commercial devices would benefit healthy athletes to a greater extent than traditionally 

periodised resistance training methods.  
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The classic TVR theory is one that has been questioned over time (Nordlund and 

Thorstensson, 2007). Original TVR theory was based on vibration stimuli supplied directly to 

the muscle (Hagbarth and Eklund, 1966). Its applicability therefore to indirect WBVT is 

debatable (Nordlund and Thorstensson, 2007), however that is not to say that there is no 

muscle spindle activity (Cochrane, 2011b) and EMG analysis has previously reported a high 

level of vibration induced muscle stretch reflexes (Ritzmann et al., 2010). The true extent to 

which WBVT effects the neuromuscular system cannot easily be assessed in terms of basic 

electromyography (EMG) activity (Nordlund and Thorstensson, 2007) as problems have been 

highlighted with the interference of motion artefact (Ritzmann et al., 2010). Many studies 

examining EMG activity assume an increase in signal is a reflection of neuromuscular 

contribution due to not filtering motion artefact and this leads to large inter-study differences 

(Fratini et al., 2009b, Fratini et al., 2009a). A more pertinent question is how this vibration 

induced stretch reflex relates to functional outcomes for sports performers using WBVT 

interventions (Ritzmann et al., 2010) .  Nordlund and Thorstensson (2007) suggested if the 

neuromuscular effects of WBVT is to be correctly ascertained there should be a difference in 

voluntary and involuntary activation as assessed by interpolated twitch technique. The idea of 

non-neurogenic factors such as potentiation of muscle twitch force has been suggested 

previously following acute WBVT (Bosco et al., 2000). Cochrane et al. (2010) identified that 

over the course of an acute vibration stimulus it is non-neurogenic twitch potentiation that 

induced improvements in power output and not neurogenic twitch potentiation.  The success 

of acute interventions would therefore appear to be mediated by the initial fitness levels of 

the participants and their ability to tolerate vibration load without the detrimental effects of 

fatigue as reported by other studies examining muscle potentiation (Ebben, 2006, Hodgson et 

al., 2005, Sale, 2002, Seitz et al., 2014). 
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Increasingly, the literature has begun to examine the acute effects of WBVT in a sporting 

context either as part of a warm-up or re-warm-up strategy (Cochrane, 2013, Bullock et al., 

2008, Cardinale and Lim, 2003, Cochrane et al., 2010, Da Silva-Grigoletto et al., 2009, 

Jordan et al., 2010, Lamont et al., 2010, McBride et al., 2010, Rittweger et al., 2003, 

Ronnestad, 2009, Yeung et al., 2014, Lovell et al., 2013b). One of the unanswered questions 

in these studies is whether the addition of WBVT to an already well established warm-up 

routine provides additional benefit. Addressing this key question is something that would be 

particularly relevant for applied practitioners in the field. Also, despite the volume of 

research few studies have investigated professional/elite sport populations, with a few notable 

exceptions (Bullock et al., 2008, Cochrane and Stannard, 2005, Despina et al., 2013, Issurin 

and Tenenbaum, 1999, Lovell et al., 2013b, Ronnestad, 2009). This is particularly relevant as 

amateur and professional/elite athletes have exhibited different responses to WBVT, which 

include power output and flexibility (Ronnestad, 2009, Despina et al., 2013, Issurin and 

Tenenbaum, 1999).  

 

Baseline fitness levels of the participants would more than likely have mitigating effects on 

the outcome measures employed in WBVT studies. Rieder et al. (2015) discussed this as a 

leading cause of inconsistencies amongst studies and remains one of the key criticisms of 

WBVT research. The acute effects have been shown to be a powerful tool in applied settings 

however with mixed results in various populations. One of the key questions for practitioners 

is whether the addition of WBVT has an additional benefit to performance.  According to 

Cardinale and Erskine (2008), WBVT will never replace traditional rehabilitation methods or 

warm-up routines in athletic populations. Due to the expense and facility limitations it is 

important to provide empirical evidence of WBVTôs additional benefits, as well as 

identifying those populations who would most benefit and who also may have a deep rooted 
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belief in their established practices. With the increase in commercial availability and 

literature reporting improvements in strength, power, flexibility and balance (Rittweger, 

2010), WBVT appears to be a viable option for rehabilitation and preparation for 

performance.  The scope of the current papers presented in this thesis is to investigate some 

of the key applied questions surrounding the use of WBVT in athletic populations 

(particularly soccer) that could help inform future practice and add to the growing body of 

knowledge in the area. 

 

Some key recurring themes continue to be raised throughout the WBVT literature which this 

thesis will look to investigate, generate new knowledge, and develop theories that will inform 

future research and practical applications.  

 

i) Is chronic WBVT effective at improving balance and muscle function in 

physically active populations suffering a functional deficit such as FAI in 

comparison to an active control group?  

ii)  Does WBVT stimulus provide any additional benefit in comparison to traditional 

rehabilitation methods (wobble board) in injured populations? 

iii)  Does the addition of an acute WBVT to an already well established warm-up 

routine provide any additional benefit and what are these benefits? 

iv) Do professional/elite and amateur populations differ in their responses to acute 

WBVT and what are the factors which may influence this? 
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1.2 Chronic WBVT and rehabilitation    

Paper 1: Cloak, R., Nevill, A. M., Clarke, F., Day, S., & Wyon, M. A. (2010). Vibration 

training improves balance in unstable ankles. International Journal of Sports Medicine, 

31(12), pp. 894-900 

 

The purpose of the paper 1 (Cloak et al., 2010) was to assess the effect of a six week 

progressive WBVT intervention in collegiate dancers suffering FAI. Functional ankle 

instability is a condition characterised by repetitive episodes of the ankle ñgiving wayò and/or 

incidence of recurrent ankle sprains (Tropp, 2002).  While the cause of FAI remains unclear, 

it has been suggested that both passive structures such as ligaments, articular surface of the 

ankle and neurological structures (i.e. supporting musculature) are damaged at the time of an 

ankle sprain contributing to recurrent instability (Palmieri-Smith et al., 2009).  These 

neurological impairments effect postural control (Arnold et al., 2009, Ross et al., 2009a, 

Sefton et al., 2009), dynamic balance (Eechaute et al., 2009, McKeon et al., 2008, Wikstrom 

et al., 2007) and can contribute to muscle fatigue (Gribble and Hertel, 2004, Palmieri-Smith 

et al., 2009, Powers et al., 2004).  Functional insufficiencies if not treated can lead to 

mechanical/structural insufficiencies and ultimately chronic ankle instability Figure 3. 
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Figure 3: Paradigm of mechanical and functional deficits that contribute to recurrent ankle 

sprains (Hertel, 2002). 

 

The rationale for the study was developed from an increasing body of knowledge reporting 

neuromuscular improvements from WBVT (Bosco et al., 1999a, Cardinale and Bosco, 2003, 

Cochrane, 2011a, Rittweger, 2010, Rittweger et al., 2003) . More recently this had 

encouraged the use of WBVT as a rehabilitation tool and method for improving stability and 

balance (Moezy et al., 2008, Trans et al., 2009, Rees et al., 2009, Bogaerts et al., 2007b, 

Torvinen et al., 2002). With the reported large neuromuscular deficit associated with FAI 

(Palmieri-Smith et al., 2009, Arnold et al., 2009, Docherty et al., 2005, Eechaute et al., 2009)  

the inclusion of WBVT would appear to warrant further investigation. Cardinale and Erskine 

(2008) reported that, considering the recent findings in the literature of WBVT, more studies 

were required to evaluate the possibility of using such modalities in the rehabilitation of the 
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most common athletic injuries of the lower limbs. However, there is a lack of research 

looking at physically active athletic populations in WBVT studies, with much of the early 

research focusing on elderly populations in rehabilitation (Arnold et al., 2009). FAI is a 

prevalent condition amongst dance populations (Hiller et al., 2004, Weigert and Erickson, 

2007) so any new means of improving performance outcomes and subsequent injury risk 

reduction warrants investigation. Access to a population who place a high demand on balance 

and postural control on landing (Thacker et al., 1999) provided an excellent opportunity to 

investigate the effect of chronic WBVT on both dynamic and static balance measures. 

Function of the peroneus longus muscle group (which is suggested as being compromised in 

those suffering FAI) and is a possible reason for subsequent repeated injury was also 

investigated.  This is particularly prevalent among female ballet dancers due to the time they 

spend en pointe (balancing on the tips of their toes in ballet shoes) and can have an impact on 

performance and career progression (O'Loughlin et al., 2008). A range of dependent variables 

were identified to assess both static and dynamic balance as well as muscle function, 

something that was highlighted as a requirement in the area of ankle instability research 

(Ross et al., 2009b) as well as providing a number of lines of possible future enquiry. 

 

 

The WBVT protocol consisted of two sessions per week over a progressive six week 

protocol, systematically increasing in both frequency and duration, and therefore overall load 

(Rauch et al., 2010). The protocol had the specific aim of focusing on lower body function 

and maintained a very basic set of lower limb exercises. The manipulation of the duration and 

frequency of the WBVT was done with the aim of providing a progressive overload to 

participants. The results of the study showed significant improvements in the Star Excursion 

Balance Test (SEBT) scores and static balance in comparison to control groups, both of 

which have been identified as key indicators of neuromuscular deficit in conditions such as 
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FAI (Arnold et al., 2009). Single leg exercises with WBVT have previously demonstrated 

improvements in balance, however, only over a longer period with more exposures per week 

(Moezy et al., 2008, Trans et al., 2009, Rees et al., 2009). Thus the research produced a 

method of reducing rehabilitation time for clinicians using a simple set of exercises. There 

was no significant change in the fatigue of the peroneal longus muscle, which may have been 

contributed to by the complexity of the assessment task. The results clearly demonstrated that 

WBVT had the ability to improve certain aspects of balance; however, any change in 

peroneus longus activity was not apparent, one possible reason discussed was the difficulty  of 

the task not being sufficient to establish appropriate levels of fatigue. Dance movements, 

such as demi-pointe, may be too technical or cause too much discomfort to allow for 

prolonged periods of activity to achieve this level of fatigue (Hiller et al., 2004) during EMG 

analysis. 

 

Overall paper 1 (Cloak et al., 2010) introduced new knowledge into the body of work around 

WBVT and rehabilitation with some interesting results and avenues for future studies both in 

terms of the population and improving and refining the methodologies used. One limitation of 

paper 1 (Cloak et al., 2010) was the lack of a comparison with a more traditional 

rehabilitation method as well as the lack of an activity for the control group. The first point 

refers to the fact that although the results show positive findings amongst dancers, the cost of 

the equipment used would raise the question amongst practitioners of how the more 

traditional means of rehabilitation to improve balance and muscle function fare in 

comparison. The economic consideration of rehabilitation intervention is something that 

needs to be considered before implementation (Verhagen et al., 2005b, Gianotti and Hume, 

2007). This ñcost-benefitò ratio should be something all applied research considers in an 

exercise science setting where funding for squads needs to be considered rather than just 
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individuals (Sitler and Horodyski, 1995, Verhagen et al., 2005b).  In particular, what is the 

effect size of the intervention (something not reported in paper 1), and how it compares to 

traditional rehabilitation methods is required. Hopkins et al. (2009) discusses the importance 

of analyzing effect size particularly in studies examining the effectiveness of treatment 

protocols in sports medicine. Many quantitative studies are described as having statistically 

significant results when they are in fact trivially small and clinically unimportant (Carver, 

1993). For the reader to appreciate the magnitude or importance of a studyôs findings, the 

results sections should include some measure of effect size in the results section (Fan, 2001). 

Effect size is a term used to describe a group of indices that measure the magnitude of a 

treatment effect (Kotrlik and Williams, 2003). Effect size is different from traditional 

significance tests because these measures focus on the meaningfulness of the results and 

allow the ability of researchers to judge practical significance of results presented (Kotrlik 

and Williams, 2003). 

 

The SEBT may be also considered a limitation of the study as it is not a particularly 

challenging dynamic balance assessment. The SEBT, although defined in the literature as a 

dynamic balance task, does not replicate the demands of many sports or the environments 

where ankle injury will occur (Bressel et al., 2007). Postural sway variables from a force 

platform are often  considered the ñgold standardò for measuring balance, and in particular 

dynamic postural stability index (DPSI) (Bressel et al., 2007, Wikstrom et al., 2005). 

However, the availability of a force plate in field settings may be limited. Therefore, a more 

dynamic balance test that requires minimal equipment and has a single leg landing 

component needs to be considered. This is type of dynamic stability task would be a better 

replication of when injury occurs, going from a unloaded to loaded condition; one of the most 
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common playing scenarios preceding a non-contact injury to the lower extremities is landing 

from a jump (Fauno and Jakobsen, 2006, Fong et al., 2007).  

 

Paper 2: Cloak, R., Nevill, A., Day, S., & Wyon, M. (2013). Six-Week Combined Vibration 

and Wobble Board Training on Balance and Stability in Footballers with Functional Ankle 

Instability. Clinical Journal of Sport Medicine, 23(5), pp. 384-391 

 

 

Following on from paper 1 (Cloak et al., 2010) the main focus of paper 2 (Cloak et al., 

2013) was to investigate the effects of combined WBVT and wobble board training against 

wobble board training alone in a group of amateur soccer players. The comparison of WBVT 

to a more traditional means of rehabilitation (wobble board) was something highlighted for 

future research in paper 1 (Cloak et al., 2010).  The introduction of a new piece of equipment 

onto the market (Vibrosphere; ProMedvi) which incorporated vibration stimulus in a wobble 

board provided an opportunity to investigate the exact effects of the vibration stimulus. This 

equipment had previously been used in a limited number of studies (Trans et al., 2009, 

Beaudart et al., 2013) in elderly populations, showing some success in improving 

proprioception (Trans et al., 2009). The study focused on participants suffering FAI, a 

common complication following ankle injury (Suda et al., 2009), however the population was 

changed to soccer players. The reason for this was twofold.  Firstly, ankle sprains make up 

one of the most common injuries in soccer (Woods et al., 2003) and therefore improving 

outcome results following injury could have a big beneficial impact on a large number of 

participants. Especially when reported soccer is responsible for a third of all sport related 

injuries in Europe (Høy et al., 1992, Inklaar et al., 1996). Secondly, the long-term 

implications of recurrent ankle injury are well documented in soccer (Kuijt  et al., 2012, 
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Drawer and Fuller, 2001, Cloke et al., 2009) , with an increased prevalence of osteoarthritis 

of the ankle in this group compared to the general population in later life (Kuijt  et al., 2012).  

 

Traditional wobble board training has been a popular method for rehabilitation of ankle 

injuries (Holmes and Delahunt, 2009), although results have sometimes been equivocal as to 

its effectiveness (Powers et al., 2004, Verhagen et al., 2005a).  Van der Wees et alôs. (2006) 

systematic review considers wobble board training a clinically relevant means of improving 

balance and function in injured ankles. The rationale behind the proposed benefits is the 

combination of  improving proprioception through increased mechanoreceptor feedback and 

restoring neuromuscular feedback to the participant (Rozzi et al., 1999).  EMG analysis has 

also shown that wobble board training has the ability to stimulate muscles of the lower leg 

(tibialis anterior/posterior, peroneus longus and flexor digitorum longus) and subsequently 

may have the ability to improve muscle responses to rapid changes in ankle permutations to 

maintain stability (Osborne et al., 2001). Cimadoro et al. (2013) highlights that active control 

of the centre of mass (COM) on unstable surfaces is coupled with a significant increase in 

lower limb muscle activity,  concluding that athletes should incorporate wobble board 

exercises into both training and rehabilitation to improve sensorimotor function, ankle 

strength and joint stability. Interestingly the proposed CNS proprioceptive and neuromuscular 

control systems (Figure 4) of wobble board training would appear to have similar patterns  to 

the ones stimulated by WBVT (higher brain function and feedback loop, muscle spindles/ 

type 1a afferent motor neurons and mechanoreceptors) (Figure 5). This coupled with the fact 

contraction of the muscle during WBVT (as would be present when controlling COM on an 

unstable surface), appears to increase overall activity of that muscle (Ritzmann et al., 2013, 

Di Giminiani et al., 2012). Thus, it would suggest a mutual benefit from the combination of 

WBVT and unstable surface training in rehabilitation settings. 
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Figure 4: Paradigm of central nervous system (CNS) proprioceptive and neuromuscular 

control (Hertel, 2002). 

 

 

Figure 5: The effects of vibration stimulus on humans. The figure illustrates stiffness 

regulation during vibration stimulation. The quick change in muscle length and the joint 

rotation caused by vibration trigger both alpha (a) and beta (y) motor neurons to fire to 

modulate muscle stiffness (Cardinale and Bosco, 2003). 
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As identified in paper 1 (Cloak et al., 2010) the addition of a dynamic balance task was 

required to better replicate the demands of the sport and provide sufficient functional 

challenge to the participant. Single leg triple hop for distance (SLTHD) is a clinically valid 

tool for assessing strength and power characteristics in healthy athletes, while tasking balance 

(Hamilton et al., 2008).  The SLTHD not only provides a valid and reliable outcome measure 

of an intervention (Reid et al., 2007), but provides valuable baseline data for any future return 

from injury and is field based requiring little equipment to administer (Reid et al., 2007). 

More importantly, the participantsô ability to maintain stability when dealing with the 

permutations of landing are highly correlated with their ability to control ankle position and 

reduce injury risk  (Osborne et al., 2001).  The theme of easily administered, quick and 

reliable field based tests was also continued with the use of the Y balance test, a modification 

of the SEBT test used in paper 1 (Cloak et al., 2010). Performance of all eight reach 

directions however was seen as unnecessary when evaluating deficits related to FAI because 

of considerable redundancy among some of the reach directions reported (Hertel et al., 2006). 

The modified SEBT test or Y balance test (Plisky et al., 2006) has 3 rather than 8 directions, 

anterior (Ant), posterior medial (PM), and posterior lateral (PL) SEBT directions and has 

been shown to be the most effective assessment of balance in participants with FAI (Hertel et 

al., 2006, Plisky et al., 2006).  

 

 

The protocol used in paper 2 (Cloak et al., 2013) for the combined vibration and wobble 

board training continued the theme of progressive volume overload across a six week period 

(twice per week). The increment in WBVT frequency was similar to paper 1 (Cloak et al., 

2010) ranging from 30-40 Hz (4mm), however the total exposure time was less per week due 

to the fact the complexity of exercise was increased.  Task difficulty of each exercise was 

manipulated as recommended by Ergen and Ulkar (2008) under supervision of a qualified 



29 

 

instructor. These recommendations included a progressive increase in task difficulty and 

volume of exercises by manipulating exposure time, resistance (with the addition of an 

external load) and finally a sport specific component in the final weeks of the intervention. 

The wobble board only training group did the same exercises on the specialised wobble board 

(Vibrosphere, ProMedvi) but in the absence of any vibration stimulus and the control group 

continued normal activity. The results were similar to paper 1  (Cloak et al., 2010) with 

static balance and control of COM significantly improved for the vibration intervention in 

comparison to no vibration. In addition, anterior and posterior lateral reach distances (Y-

balance) were significantly greater in the vibration group.  Paper 2 (Cloak et al., 2013) 

highlighted a large effect size (Partial Eta2 = 0.66) in COM distribution improvement and a 

small effect size in modified SEBT improvement (Partial Eta2 = <0.30). Interestingly SLTHD 

(an indication of power and landing competency) showed that the addition of vibration 

provided significant improvement in performance. This was the first indication in the thesis 

of the neuromuscular adaptations in strength and power that had previously been suggested 

(Bosco et al., 1999a, Bosco et al., 1999b, Cardinale and Bosco, 2003, Cochrane, 2011a, 

Cochrane, 2011b, Rittweger, 2010, Rittweger et al., 2003). 

 

Paper 2 (Cloak et al., 2013) provided new evidence that the addition of vibration stimulus 

had further benefit to wobble board training alone. This study developed and presented an 

original and effective six-week rehabilitation protocol with practical significance to 

practitioners. In particular, this was the first study to examine a new piece of equipment 

entering the market (Vibrosphere, ProMedvi) on an athletic population. One of the main 

criticisms of the research touched on in the discussion is the clinical significance of the 

findings. The standard of clinical significance addresses the question of whether as a group 

the treated individuals are distinguishable from others following treatment (Kendall et al., 
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1999). The more pertinent question therefore, is the effect size of these results and 

longitudinal epidemiological evidence on injury occurrence post treatment. Although 

moderate effects sizes were reported in static balance this needs to be tempered with the 

relatively small sample sizes (commonly an issue when looking at populations of  injured 

athletes) (Knowles et al., 2006) and the lack of follow-up information on re-injury. The cost 

benefit ratio mentioned in the paperôs discussion is also an important consideration. 

Rittweger (2010) identified a flood of marketing and commercial drivers in the WBVT area 

that need investigation to substantiate claims. In comparison to relatively cheap wobble 

boards (or other unstable surface devices) the Vibrosphere (ProMedvi) and its addition of 

vibration stimulus to traditional rehabilitation methods would appear to be a particularly 

expensive option and possibly lacks practicality in large squad settings. 

 

The results of Paper 2 (Cloak et al., 2013) added new knowledge on the positive effect the 

addition of WBVT has on balance, neuromuscular function and flexibility using rigorous 

methods which enabled comparison to more traditional interventions. The scope and 

practicality for it to be used as a rehabilitation intervention has some issues in particular cost 

benefit ratio and practicality. However, the combined results of paper 1 (Cloak et al., 2010) 

and paper 2 (Cloak et al., 2013) indicate a set of positive adaptations from WBVT that could 

be considered desirable in preparation for performance (Bishop, 2003, Soligard et al., 2010, 

Zois et al., 2011), all be it these results were seen in an injured population. Cardinale and 

Erskine (2008) highlighted the need for  more research in acute WBVT and warm-up 

settings. The review paper by Cochrane (2013) following the publication of  paper 2 (Cloak 

et al., 2013) suggests the scope for WBVT to impact on performance may be best suited in a 

warm-up/acute capacity in healthy active participants. With the results and knowledge gained 

in papers 1 (Cloak et al., 2010) and 2 (Cloak et al., 2013) this appeared to be an avenue of 
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investigation that warranted further analysis in a systematic and precise manner to contribute 

to knowledge in the area. 

 

1.3 Acute WBVT in amateur soccer players 

Paper 3: Cloak, R., Nevill, A., Smith, J., & Wyon, M. (2014). The acute effects of vibration 

stimulus following FIFA 11+ on agility and reactive strength in collegiate soccer players. 

Journal of Sport and Health Science, 3(4), pp. 293-298. 

 

The purpose of paper 3 (Cloak et al., 2014a)  was to investigate the acute effects of adding a 

high frequency WBVT exposure to a well-established warm-up routine, to see if some of the 

positive neuromuscular attributes discussed in paper 2 (Cloak et al., 2013) could be 

replicated.  Paper 2 (Cloak et al., 2013) demonstrated improvements in postural control and 

power production; two very important characteristics when preparing for an effective warm-

up routine (Bishop, 2003). This is particularly true in soccer, a sport that encourages these 

positive physiological abilities in players prior to competition or training (Arnason et al., 

2004).  When discussing intervention protocols with participants during papers 1 (Cloak et 

al., 2010) and 2 (Cloak et al., 2013) they would report feelings of ñfreshnessò and ñbeing 

energeticò immediately post WBVT. Although this is acknowledged as anecdotal and may 

have been largely down to increased peripheral blood flow following WBVT (Rittweger et 

al., 2000, Kerschan-Schindl et al., 2001), this warranted further investigation. My own 

applied work had also begun to look more at preparation for performance amongst 

professional/elite soccer players and although parts of paper 1 (Cloak et al., 2010) and 2 

(Cloak et al., 2013) had been implemented amongst injured players there seemed greater 

scope for the effective use of acute WBVT in a club setting prior to performance. 
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The literature for WBVT had begun to change focus from chronic WBVT in athletic 

populations due to some of the reasons previously discussed relating to practicality and 

effectiveness (Cardinale and Erskine, 2008, Preatoni et al., 2012, Rittweger, 2010) and had 

begun to investigate acute WBVT prior to/or during breaks in competition or performance 

(Bullock et al., 2008, Despina et al., 2013, Lovell et al., 2013b, Ronnestad, 2009, Cochrane, 

2013). A number of publications had reported the positive benefits of acute WBVT on a 

number of physiological variables. For example Cochrane (2013) suggested a number of 

positive benefits acute WBVT could have as part of an athleteôs warm-up such as power 

output, sprint speed, flexibility and muscle temperature. Due to its low metabolic cost and 

time efficient nature, acute WBVT could offer some substantial benefits to coaches in a 

warm-up setting. However, more research is required on the exact mechanisms and how it 

works in combination with other warm-up practices (Cochrane, 2013). The time efficient 

nature of WBVT is particularly relevant in soccer, with Towlson et al. (2013) reporting that 

time constraints were one of the biggest considerations for practitioners when performing a 

warm-up or half-time re-warm-up amongst professional soccer players. Therefore, it would 

appear that acute WBVT could have a place in this setting. Cardinale and Boscoôs (2003) 

summary of the potential mechanisms determining an increase in neuromuscular performance 

following acute WBVT is illustrated in Figure 6. WBVT stimulates the neuromuscular 

system to produce reflex muscle activation. If the vibratory stimulus is acute, it subsequently 

creates the potential for a more powerful and effective voluntary muscle activation (Cardinale 

and Bosco, 2003). 
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Figure 6: Diagram illustrating the potential mechanisms that mediate the enhancement of 

force-generating capacity after acute WBVT (Cardinale and Bosco, 2003). 

 

The initial aim of paper 3 (Cloak et al., 2014a) were to assess whether acute WBVT would 

have any additional benefit to an already well established warm-up routine.  

Research which examines physical preparation strategies, every attempt must be made to 

control as many confounding factors as possible to provide accurate results. It is of little 

value to compare interventions to a passive control group as difference in muscle temperature 

alone will impact upon results and provide practitioners with little relevant applied 

information (MacIntosh et al., 2012). The FIFA 11+ was chosen due to its popularity and 

reported effectiveness as a warm-up protocol in soccer (Steffen et al., 2013). FIFA 11+ was 

developed in 2006 in cooperation with the Santa Monica Sports Medicine Foundation 

(SMSMF), and the Oslo Sports Trauma and Research Centre (OSTRC), as a complete warm-
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up programme to prevent injuries in amateur soccer players (Bizzini et al., 2013). The injury 

prevention programme (FIFA 11+), developed by FIFA with the aim of incorporating an 

effective warm-up and reducing intrinsic injury risk factors in soccer has been validated in 

soccer populations (Steffen et al., 2008b, Tegnander et al., 2008). However, the FIFA 11+ 

warm-up, although well established as a means of reducing injuries, has been questioned as 

having minimal effect on physical performance outcomes in soccer players (Lindblom et al., 

2012, Steffen et al., 2008a, Impellizzeri et al., 2013). Vescovi and Van Heest (2010) 

suggested that developing warm-up protocols with not only injury prevention benefits but 

also performance benefits, would make it easier to convince coaches to implement such 

programmes. Researchers have discussed additions to the FIFA 11+ warm-up protocol to 

help realise performance enhancements (Impellizzeri et al., 2013). Impellizzeri et al. (2013)  

however, points out that any such additions to the FIFA 11+ need to consider fatigue 

(worsening of performance) and time efficiency. 

 

Paper 2 (Cloak et al., 2013) discussed that one of the key factors in the use of WBVT in 

athletic populations is it should complement other methods. On its own, the evidence for 

chronic WBVT having any meaningful effect on performance is questionable amongst 

trained populations with no underlying neuromuscular disorder/injury (Hortobágyi et al., 

2015, Osawa and Oguma, 2013, Preatoni et al., 2012, Rehn et al., 2007, Yeung et al., 2014, 

Cardinale and Erskine, 2008). This was confirmed recently by Hortobágyi  et al. (2015) 

whose systematic review of the effects of chronic WBVT alone in healthy athletic 

populations showed relatively small and inconsistent effects on athletic performance and 

advocated more proven traditional means (e.g., resistance training). The acute effects of 

WBVT as an addition to a warm-up in conjunction with more traditional training methods 

would appear to have more scope for benefits amongst healthy/trained individuals with a 
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training history (Bullock et al., 2008, Cochrane, 2013, Despina et al., 2013, Lamont et al., 

2010, Osawa et al., 2011, Rønnestad et al., 2013, Ronnestad, 2009). However, paper 3 

(Cloak et al., 2014a) was the first in the literature to investigate whether the addition of 

WBVT to a standardised warm-up routine has any additional benefit in comparison to an 

active control group, thereby answering one of the key criticisms of most previous acute 

WBVT studies that a passive control group is unrealistic (Nordlund and Thorstensson, 2007). 

Paper 3 (Cloak et al., 2014a) provided an original exploratory paper into the effects of acute 

WBVT combined with a well-established warm-up protocol (FIFA 11+). The combination 

had never previously been investigated and the effect of acute WBVT in healthy athletic 

populations was a significant change in focus of the thesis. Balance and injury risk were not a 

focus of the outcome measures used in paper 3 (Cloak et al., 2014a). The initial focus was to 

identify any neuromuscular effects (RSI) and performance outcomes related to a key 

determinant of soccer performance (agility) (Bloomfield et al., 2007). Paper 3 (Cloak et al., 

2014a) was also a move away from the chronic progressive overload model used in paper 1 

(Cloak et al., 2010) and 2 (Cloak et al., 2013) and instead used a high frequency acute load 

(40hz + 4mm). One of the easiest ways to increase overall load is to increase frequency 

(Ritzmann et al., 2013) and as previously identified the larger the muscle displacement (due 

to increases in frequency or amplitude) the greater muscle activation during the acute WBVT 

stimulus (Fratini et al., 2009b).  

 

From the findings of Paper 3 (Cloak et al., 2014a) it is suggested that the addition of 30 

seconds of an isometric squat WBVT at 40Hz + 4mm improved some characteristics of RSI 

but not agility. One initial reason for the improvements in RSI discussed is due to increased 

efficiency in the stretch shortening cycle (SSC)(Fernandes et al., 2013). In particular an 

improvement in the short-latency stretch reflex would mean a significant reduction in contact 
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time (CT), as this corresponds to the reflex after ground contact (Komi, 2000). The above 

suggestion of an increase in short-latency stretch reflex is questionable as such 

neuromuscular changes could also benefit the 505 agility test scores, but this was not the 

case.  An alternative explanation for the results may have to do with the acute suppression of 

muscle spindle activity. Rittman et al. (2011) discussed the idea that vibration stimulus has 

been linked to suppression of Ia  afferent pathways caused by pre-activation (Crone and 

Nielsen, 1989). However, as the SSC is a combination of Ia afferent inputs and cortical 

contribution (Taube et al., 2012b), the current results may suggest that an increase in cortical 

contribution (via supraspinal  centres) compensates for a reduction in Ia afferent transmission 

following acute WBVT. This proposes that supraspinal centres not only initiate jumping and 

landing movements but also pre-programme at least part of the muscular activation pattern to 

support a lack of afferent input (Taube et al., 2012a). This may explain the difference in 

improvements between RSI and 505 agility time. Ritzmann et al. (2011) suggested that 

depending on the complexity of the motor task there was a greater cortical contribution and a 

reduction in Ia afferent recovery time. Therefore it could be argued that the motor complexity 

of the drop jump protocol during the RSI protocol was greater than that of the 505 agility 

protocol and therefore benefited from this (Ritzmann et al., 2011). Figure 7 illustrates the 

complex nature of SSC movements in which the CNS has to coordinate and adjust the 

contribution of anticipated (feedforward controlled) and feedback controlled neuromuscular 

activity incorporating cortical, subcortical, and spinal levels (Taube et al., 2012a). 
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Figure 7: Interaction of feedforward and feedback control during stretch-shortening cycle 

movement (Taube et al., 2012a) 

 

A decrease in the recruitment threshold of motor units could also be suggested as a factor for 

the decreases in CT (Pollock et al., 2012), with an increase in spindle sensitivity improving 

detection on landing and a lowering of recruitment threshold meaning an increase in the 

velocity of contraction (Pollock et al., 2012). The 505 agility time results were discussed 

from a number of viewpoints: the complexity of the skill, a fatigue effect or alternately, it was 

just a case of the overall limited exposure (30 seconds). Although this exposure time has been 

seen as sufficient for simple tasks like jumping (Turner et al., 2011), it might not be for more 

complex skills (Cochrane et al., 2004). Although not significant, a negative trend in 505 

agility was discussed, so any increase in exposure may have accelerated this worsening in 

performance due to fatigue and needs to be considered. Therefore agility results may raise the 
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questions about possible fatiguing nature of acute high frequency WBVT. The interaction of 

all the technical factors on agility  makes it difficult to identify the components that 

ultimately influence performance when looking at acute WBVT (Cochrane et al., 2004). 

Agility may therefore not be the most sensitive or valid performance measure of 

neuromuscular responses following acute WBVT but does hold ecological validity. 

 

Overall paper 3 (Cloak et al., 2014a)  provided new evidence that a relativity short duration 

of WBVT in combination with a well-established warm-up protocol can provide some 

immediate neuromuscular benefits. This work also contributed to the body of work on the 

FIFA 11+ as well as acute WBVT. The paper was an introduction to the topic of acute 

WBVT in soccer players and raised some important applied questions. Firstly, the key to any 

addition to a warm-up protocol is to enhance performance and any additions to an athleteôs 

warm-up should not cause fatigue or worsening of performance which may result in injury 

(Impellizzeri et al., 2013). Although not significant, paper 3 (Cloak et al., 2014a) does 

suggest that an increase in acute WBVT exposure may have an negative impact on agility 

performance and needs further investigation. More relevant however is the suggestion of 

possible suppression of Ia afferent feedback caused by acute WBVT, which may impact on 

balance and postural control or cause fatigue to the musculature involved in these tasks. 

Results from Papers 1 and 2 suggest those systems which effect balance are stimulated 

during chronic WBVT exposure so it could be assumed that this may be true during acute 

WBVT. 

 

A test that specifically looks at complex tasks such as landing stability and is a sensitive and 

reliable measure that can detect changes following acute WBVT would help in investigating 
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suggestions of fatigue and worsening of balance. One of the most common injury 

mechanisms amongst soccer players is to the lower extremity during jump/landing scenarios 

(Wong and Hong, 2005). Therefore, the potential for positive benefits following acute 

WBVT is large. However, before acute WBVT can be advocated for safety reasons this 

should be investigated. The issue of safety around WBVT has mainly focused on industrial 

risk  (Rittweger, 2010, Griffin, 1997) however, the possible safety implication that acute 

exposure may have on different groups may also be warranted if we are to advocate acute 

WBVT across various populations/levels of expertise. The second key finding of paper 3 

(Cloak et al., 2014a) is that acute WBVT could be a time efficient addition to a warm-up or 

more likely a re-warm-up strategy in soccer. If considered as a re-warm-up strategy playing 

facilitates would need to be considered and realistically professional/elite players would be 

the population that would have the resources to implement such a protocol (Towlson et al., 

2013). Therefore, it is important to look at how professional/elite players respond to acute 

WBVT, firstly to assess the potential effect it may have on landing stability and as the 

conclusion of paper 3 (Cloak et al., 2014a) suggest more acute WBVT studies are needed to 

be conducted amongst various populations. In particular professional/elite groups, those most 

likely to be users and those where potential for injury/worsening in performance would have 

the biggest impact. 
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1.4 Professional and amateur responses to acute WBVT  

 

Paper 4: Cloak, R., Nevill, A., & Wyon, M. (2014). The acute effects of vibration training on 

balance and stability amongst soccer players. European Journal of Sport Science, 14, pp1-7.  

 

Seiler and Kjerland (2006) were two of the first authors to recognise that data from 

professional/elite athletes subjected to specific interventions in traditional experimental 

designs were scarce. This population rarely wishes to alter their training in the interest of 

research and access can be difficult (Seiler and Kjerland, 2006). Central to this observation 

was the recognition that studies based on untrained, or moderately trained individuals should 

not be uncritically used as evidence for prescription to professional/elite athletes (Seiler and 

Kjerland, 2006). Even in the early work of Issurin and Tenenbaum (1999), professional/elite 

and amateur athletes were recognised as responding differently to WBVT stimulus. The 

research proposed the reason for this being increased sensitivity of muscle receptors and 

differences in CNS responses amongst professional/elite athletes, and there was also a 

significant difference in peak power output between groups post-WBVT.  As previously 

reported, WBVT as a substitution for a well-designed resistance training programme has 

limited effectiveness amongst professional/elite athletes (Preatoni et al., 2012, Cardinale and 

Erskine, 2008). More recently, Hortobágyi et al. (2015) suggested not enough has been done 

to investigate the effects of WBVT amongst professional/elite athletes despite the immense 

popularity of the topic reflected in the large numbers of whole body vibration studies 

published annually (Hortobágyi et al., 2015).  

 

Amongst well trained athletes who have reported stiffer muscle-tendon units (Kubo et al., 

2002) and the ability to produce higher force outputs, WBVT may have the capability of 
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increasing muscle output immediately prior to exercise however, further research is 

recommended to investigate WBVT as a warm-up activity (Cochrane, 2013). Paper 1  

(Cloak et al., 2010) suggested that physically active participants may respond faster to 

WBVT than sedentary populations (6 weeks not 8 weeks as a rehabilitation protocol). 

Another important consideration when programming acute WBVT for trained participants is 

that a well-developed muscle-tendon unit allows for increased vibration dampening capacity, 

and therefore vibration frequency needs to be a sufficiently high load (>30 Hz, 4mm, >60sec) 

to elicit a positive response amongst trained populations (Bullock et al., 2008, Issurin and 

Tenenbaum, 1999, Lovell et al., 2013b, Padulo et al., 2014, Ronnestad, 2009). In contrast, 

Bullock et al. (2008) suggested that a possible trade off with increasing WBVT load is a 

distribution in proprioceptive ability, in their case joint position sense. As discussed in paper 

3 (Cloak et al., 2014a),  Impellizzeri et al. (2013) points out that any additions to a warm-up 

routine need to consider fatigue (worsening of performance) and should not increase the risk 

of injury. With the prevalence of knee and ankle injuries in soccer due to non-contact means 

such as landing (Wong and Hong, 2005) any alteration in proprioceptive feedback or fatigue 

needs to be investigated. The discussion from paper 3 (Cloak et al., 2014a) indicates an 

improvement in the short-latency stretch reflex would mean a significant reduction in CT, as 

this corresponds to the reflex after ground contact (Komi, 2000). Also, increased muscle 

spindle sensitivity and a decrease in recruitment threshold of motor units are also  suggested 

as a key factor for the decreases in CT (Pollock et al., 2012), with an increase in spindle 

sensitivity improving detection on landing and a lowering of recruitment threshold meaning 

an increase in the velocity of contraction (Pollock et al., 2012). Ritzmann et al. (2011) 

however suggests suppression of Ia afferent pathways caused by pre-activation following 

acute WBVT. As  SSC is a combination of Ia afferent inputs and cortical contribution (Taube 

et al., 2012b) this may suggest that an increase in cortical contribution (via supraspinal  
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centres) compensates for a reduction in Ia afferent transmission following acute WBVT.  

These are theoretical assumptions based on the literature and suggest acute WBVT has the 

possibility to impact positively on performance when preparing for competition. In particular, 

the ability to produce rapid contractions to deal with the changing permutations on landing. 

However, itôs also suggested that afferent feedback (crucial to stability and balance; see 

Figure 4) may also be influenced by WBVT. 

 

Paper 3 (Cloak et al., 2014a) had examined possible mechanisms of acute WBVT as an 

addition to a well-established pre-performance warm-up amongst amateur soccer players. In 

applied soccer settings however, it would be more likely in acute settings it would be used 

during breaks in play. Towlson et al. (2013) examined the importance of active re-warm-up 

activities highlighting its importance but also the typical time available to practitioners being 

limited (3-5minutes). Taking the work of Towlson et al. (2013) into consideration and from 

applied experiences, due to time constraints the optimal use of acute WBVT would be during 

the half time interval and timings should try and replicate this. This was recently confirmed 

as a crucial period  by the recommendations for half time strategies in teams sports from 

Russell et al. (2015) and colleagues (Figure 8).  Re-warm-up strategies in sport as a whole 

have begun to gain more attention in team sports (Lovell et al., 2013a, Russell et al., 2015, 

Towlson et al., 2013, Weston et al., 2011) . A growing body of evidence has demonstrated 

reduced high-speed running (HSR) activities immediately after the half-time interval  

(Weston et al., 2011, Russell et al., 2015).  Lovell et al. (2013b) highlighted that a passive 

half-time interval reduced sprint, jump and dynamic strength performance in semi-

professional soccer players. Alternatively, the addition of acute WBVT during half time 

attenuated these performance decrements (Lovell et al., 2013b).  
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Figure 8: Theoretical model of strategies suggested during 15 minute half time period 

(Russell et al., 2015). 

 

Laboratory-based research in the applied sports sciences is conducted based on the 

assumption of ecological validity. Specifically, recommendations are made to the athletic 

population based upon laboratory findings (Jobson et al., 2007). Paper 4 (Cloak et al., 

2014b) was specifically interested in further examining some of the themes raised in paper 3 

(Cloak et al., 2014a) and in other published studies around neuromuscular responses to acute 

WBVT and how professional/elite and amateur athletes respond. To increase the ecological 

validity of the study the stability test was a single leg landing task (Fauno and Jakobsen, 

2006) and time allowed for intervention was 15 minutes (corresponding to a half-time 

scenario) (Towlson et al., 2013, Russell et al., 2015) were incorporated into the methodology. 

Also paper 4 (Cloak et al., 2014b) employed an active control group for comparison as one 

of the criticisms of acute WBVT research is the comparison of results to a passive control 

group (Nordlund and Thorstensson, 2007). A true control group in applied research suffers a 

conflict between internal and external validity (Page, 2012) . Internal validity requires 

rigorous control of variables; however, internal validity does not support realȤworld 

generalisability (external validity).  In some situations, a true control group is not possible or 

ethical; therefore, ñquasiȤexperimentalò designs are often used in applied research where the 
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control group receives a standard treatment (Page, 2012).  More recently, Rieder et al. (2015) 

highlighted only a handful of WBVT publications that indicate significant gains in lower 

limb muscle strength when protocols include an active control group performing the same 

exercises required from the group exposed to WBVT. This is vital when the acute WBVT 

takes place during isometric conditions such as an isometric squat where the isometric 

contraction alone may be the cause of any neuromuscular effect observed (Rixon et al., 2007) 

and is a vital methodological consideration for all WBVT research. 

 

The complexity of the stability tasks needed to be improved from those used in previous 

papers 1 (Cloak et al., 2010) and 2 (Cloak et al., 2013). Required was something which 

increased the ecological validity of the research and better replicated the stability demands of 

the sport, while sensitive enough to identify changes in balance following acute WBVT. 

Postural sway variables from a force platform have often been considered the ñgold standardò 

for measuring dynamic balance and although no gold standard has been defined for dynamic 

balance, more sophisticated techniques, such as the DPSI (Wikstrom et al., 2005)(Figure 9) 

has been identified as a highly valid and reliable technique for detecting postural changes in 

athletic populations (Bressel et al., 2007). The Y balance test was also included in paper 4 

(Cloak et al., 2014b), although not as sensitive as DPSI, practically, it requires minimal 

equipment and is considered clinically ñfriendly,ò particularly when conducted with other 

field tests and also provides valuable comparative data other practitioners can use (Bressel et 

al., 2007). Another important consideration with the Y balance test is its ability to detect 

changes in flexibility. The anterior reach direction of the Y balance test has previously been 

suggested as requiring the greatest amount of dorsiflexion (Gribble et al., 2009).  The 

protocol used had an increase in overall WBVT training exposure (3x 60 sec) at the same 

loading of paper 3 (Cloak et al., 2014a)(40hz + 4mm), this was chosen as sufficient stimulus 



45 

 

for acute settings as previously described (Issurin and Tenenbaum, 1999, Lovell et al., 2013b, 

Padulo et al., 2014, Ronnestad, 2009) and also to fit into a realistic time frame for a re-warm-

up strategy (Russell et al., 2015, Towlson et al., 2013). Before acute WBVT all participants 

completed a basic warm-up on a cycle ergometer, another traditional means of maintaining 

muscle temperature during half-time (Mohr et al., 2004, Lovell et al., 2007), again to give a 

comparison to the active control group as opposed to a passive control. 

 

Figure 9: Dynamic postural stability index (DPSI) procedure (Sell, 2012). Participants 

started 70 cm from the centre of the force plate and jumped over a hurdle placed at 50% of 

each participants maximal jump height with both legs before landing on the force plate on the 

dominant leg, stabilizing as quickly as possible, and maintaining this position for 3 seconds. 

 

Results indicated that amongst professional players DPSI improved in comparison to amateur 

soccer players. These differences between professional and  amateur player responses were in 

contrast to previous research that found acute WBVT had little effect on balance (Despina et 
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al., 2013). However, Despina et al. (2013) used a static single leg balance task, which as 

previously mentioned lacks sensitivity (Bressel et al., 2007), as well as the fact the population 

examined had a highly developed balance skill set (elite gymnasts) so the balance task would 

not be a sufficient challenge for them (Aydin et al., 2002). The findings of paper 4 (Cloak et 

al., 2014b), in comparison to previous research between professional/elite and amateur 

players (Ronnestad, 2009), also highlights some key differences in methodological  issues 

when comparing acute WBVT studies. Landing is characterised by a very specialist set of 

motor programmes including pre-activation, eccentric contraction followed by concentric 

contraction (Komi, 1983). The motor output in the pre-activation phase just prior to touch-

down in drop-jumps, as well as part of the muscular activation after touch-down (in the 

eccentric phase), is anticipatory  (Zuur et al., 2010). The muscular activation after touch-

down is reactive to the permutations of the landing because spinal reflexes (short latency 

response, SLR) are elicited at touch-down and contribute to the motor output (Zuur et al., 

2010) and was previously reported in relation to contact times during RSI scores in paper 3 

(Cloak et al., 2014a). Increases in the short-latency stretch reflex  response of the stretch 

shortening cycle have been identified as a possible factor in the increase in power production 

post-vibration stimulus at higher vibration protocols >40Hz (Fernandes et al., 2013). In 

particular an improvement in the short-latency stretch reflex would mean a significant 

reduction in contact time permutations, as this corresponds to the reflex after ground contact 

(Komi, 2000).  Any such reductions in landing permutations could contribute to a reduction 

in DPSI amongst professional soccer players. The results of the study introduced new 

theoretical concepts about how different populations respond to acute WBVT as well as a 

rigorous methodology (DPSI) on how to accurately assess stability in future WBVT research 

using athletic populations. 
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The few studies that have reported improvements in balance using basic force platform data 

from landing tasks following acute WBVT amongst healthy amateur participants have used a 

lower vibration frequency (<30hz and 4mm) (Sanudo et al., 2012, Despina et al., 2013). This 

was in contrast to the higher stimulus (40hz and +4mm) used in paper 4 (Cloak et al., 

2014b), which was chosen due to its popularity amongst the few studies using 

professional/elite athletes or highly trained male participants (Issurin and Tenenbaum, 1999, 

Ronnestad, 2009, Lovell et al., 2013b, Padulo et al., 2014). However, as previously reported 

there may be a trade-off between vibration intensity and proprioception (Bullock et al., 2008) 

and previous research on locally applied vibration stimulus has reported disruption to 

proprioceptive function of foot and ankle (Pollock et al., 2011, Weerakkody et al., 2009). 

With previous research recognising differences between neuromuscular response to WBVT 

due to higher sensitivity to muscle receptors and increased CNS responses (Issurin and 

Tenenbaum, 1999) it is suggested by the present findings that higher WBVT intensities 

(>40hz 4mm) may be acceptable for professional/elite trained individuals and not amateur 

athletes. Although not significant, DPSI increased (got worse) following acute WBVT 

amongst amateur participants.  This supports some of the suggestions in paper 3 (Cloak et 

al., 2014a) and the work of (Impellizzeri et al., 2013) that the effective warm-up should not 

cause fatigue prior to performance, particularly when this could affect postural stability, 

something consistently linked with increase in injury risk (Wikstrom et al., 2007). The paper 

therefore provides a cautionary note for practitioners to consider the training level of the 

population and the subsequent tasks they will be performing post-treatment when considering 

the use of acute WBVT at this intensity. 
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Paper 5: Cloak, R., Lane, A. and Wyon, M. (2016) Professional soccer player neuromuscular 

responses and perceptions to acute whole body vibration differ from amateur counterparts. 

Journal of Sports Science and Medicine, 15, pp.57-64 

 

Methodologically the research had begun to investigate the acute effects of WBVT with a 

more sensitive set of measures. Paper 4 (Cloak et al., 2014b) had identified significant 

postural stability differences between professional and amateur soccer players as well as an 

increase in ROM. Although the main findings identify a significant difference between 

groups (amateur vs. professional), and provides coaches/sports scientists with some practical 

considerations as well as increasing the knowledge within the area, the neuromuscular 

differences that may have mediated these factors were beyond the scope of paper 4 (Cloak et 

al., 2014b). Further research was recommended to investigate how training status (amateur 

vs. professional) effects neuromuscular responses to acute WBVT (Cloak et al., 2014b).  

 

The literature has hypothesised about various neuromuscular factors which occur due to 

WBVT such as increased excitability, recruitment and PAP (Cochrane, 2013, Bullock et al., 

2008, Cardinale and Lim, 2003, Da Silva-Grigoletto et al., 2009, Lamont et al., 2010, 

Ronnestad, 2009, Lovell et al., 2013b) without specifically examining the direct 

neuromuscular effects on these variables, even those that have failed to compare effects on 

different populations (those most likely to use such an intervention) or considered timings 

and structure as part of a warm-up or half-time intervention (Cochrane et al., 2010, Jordan et 

al., 2010, McBride et al., 2010, Rittweger et al., 2003, Yeung et al., 2014). MacIntosh et al. 

(2012) states that to firstly identify the role of PAP during a structured warm-up it must be 

clearly identified with muscle twitch potentiation measurements. Once the methodology 
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acknowledges this and other factors are controlled such as an active control group, then the 

effect PAP has on performance outcomes can be accurately assessed post warm-up 

(MacIntosh et al., 2012). The literature on acute WBVT had begun, as previously mentioned,  

to focus more on performance routines and half-time interventions (Cochrane, 2013, Lovell et 

al., 2013b, Russell et al., 2015), the thesis has added new knowledge in terms of looking at 

possible injury prevention mechanisms paper 4 (Cloak et al., 2014b). However, for a 

complete and effective acute warm-up/re-warm-up strategy Russell et al. (2015) suggested a 

PAP type activity is crucial before play in team sports or in the final stages of re-warming-up 

prior to the second half (Figure 8). Time efficient methods of warming-up in soccer and 

creating a PAP stimulus is an increasingly popular topic area for those preparing players for 

competition (Zois et al., 2015).  

 

Throughout the data collection of this body of work the perceptions athletes held for WBVT 

as a training method were noted in discussions with participants. The nature of the 

intervention means that participants in the control group would conduct the exercises on the 

platform in the absence of vibration. Depending on the participantsô beliefs on WBVT this 

may have affected the participantsô belief as to whether they were receiving a beneficial 

treatment or not. The theoretical contribution to the literature is that a significant difference 

appears between amateur and professional athletes, and Yeung et al. (2014) speculates that 

the groups may also perceive the effects of acute WBVT in very different ways, with highly 

trained participants responding to the sensations of acute training stimulus with subsequent 

improved effort in comparison to amateur participants who just feel tired after acute WBVT 

stimulus. Until paper 5 (Cloak et al., 2016) beliefs and perceptions of how/if the WBVT has 

impacted upon performance had not been assessed. Therefore, the perception/beliefs each of 

the groups had in the intervention itself and whether there is a significant difference between 
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amateur and professional players was recorded. Beliefs in the likely effectiveness of an 

intervention or ergogenic aid have been found to have an incremental effect on performance 

(Beedie and Foad, 2009).  Individuals who positively believed that an intervention will be 

effective appear to gain greater benefits than participants who do not. Results from Beedie 

and Foad (2009) suggests that a belief effect could shape the efficacy of an intervention.  

Paper 3 (Cloak et al., 2014a) discussed the importance of coach and player buy-in when 

prescribing an intervention and the work of Soligard et al. (2010) indicates compliance is 

crucial for any intervention to be successful was highlighted. Finch (2011) discusses the need 

for the effectiveness of injury prevention interventions to include information from 

stakeholders (participants) on how they perceive the effectiveness of the intervention, and not 

just physical outcome measures. A research design that includes a multidisciplinary design to 

evaluate the physical performance outcomes (i.e. Strength, PAP etc.) as well as the behaviour 

changes and perceptions of intervention (beliefs) are also highly recommended by Finch 

(2011).  Assessing this difference in beliefs may provide new knowledge and also a possible 

theoretical framework for future acute intervention studies.  

 

All the previous papers had assumed the participants perceived the benefits of WBVT 

alongside a positive neuromuscular response (Cloak et al., 2013, Cloak et al., 2014a, Cloak et 

al., 2014b, Cloak et al., 2010). Paper 5 (Cloak et al., 2016) examined these two phenomena 

on professional and amateur participants by incorporating a muscle twitch interpolation 

technique and a questionnaire on the participantsô perceptions of the WBVT intervention.  

The twitch interpolation method would also allow confirmation of actual voluntary and 

involuntary neuromuscular responses (Jordan et al., 2010). The introduction of a twitch 

interpolation tests was a highly sensitive test to look at neuromuscular responses, in particular 

those non-neurogenic in nature such as PAP (Jordan et al., 2010). Paper 3 (Cloak et al., 
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2014a) and 4 (Cloak et al., 2014b) had discussed the fact that agility and single-leg landing 

have a large skill component that requires a very specialist set of efficient movement patterns 

and improvement in it has many other factors contributing to success (i.e. skill level, 

technique, learned behaviours etc.)(Cochrane et al., 2004). This could be particularly 

influential in a group where skill levels represent a discrete difference between professional 

and amateur soccer players (Rebelo et al., 2013). An interpolated twitch technique in the 

methodology allowed for the skill element to be removed, and a more sophisticated look at 

the neuromuscular responses (Cochrane et al., 2010, Jordan et al., 2010, Yeung et al., 2014) 

as well as a quick performance outcome to be fed back to participants (knee extensor peak 

isometric force). The introduction of twitch interpolation methods was one of the most 

invasive used in all the projects and it took a period of time to establish this project. 

Establishing these projects with professional/elite athletes takes time and trust (Seiler and 

Kjerland, 2006) and was a key consideration when conducting the research. 

 

Results indicated that acute WBVT significantly improved knee extensor force output 

amongst professional players in comparison to amateur players. In particular this appeared to 

be mediated by non-neurogenic means in terms of improvements in PAP as previously 

reported (Cochrane et al., 2010, Jordan et al., 2010). Interestingly, there were also significant 

differences in the perceptions of the benefits of acute WBVT, with professional athletes 

perceiving the intervention as beneficial to subsequent performance in comparison to amateur 

players. These findings provided a new body of knowledge to the literature in how amateur 

and professional soccer players respond to acute WBVT. A substantial body of work exists 

which has examined the effect of training status on responses to traditional PAP type 

conditioning exercises which has been proposed as a major factor in differences in 

potentiation effect  between stronger and weaker athletes (Seitz et al., 2014, Chiu et al., 2003, 
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Seitz and Haff, 2015). The evidence from the current findings suggests a similar theoretical 

model should be examined in how acute WBVT effects subsequent performance based upon 

the training level of the participants and rest periods prescribed. This initial exploration of the 

neuromuscular differences in response to acute WBVT provides a number of new themes that 

warrant further investigation such as muscular strength levels of the participants, rest periods 

and optimal dose response. These findings also provide support for McCall et al. (2015), that 

more intervention studies, specifically within professional/elite soccer, are required as 

making assumptions based on amateur participantsô data may be misleading. The large body 

of work in WBVT using amateur participants which was one of the key drivers for 

investigating professional and amateur differences in Paper 4 (Cloak et al., 2014b) and 5 

(Cloak et al., 2016) has highlighted a particular need for this in WBVT as well. Professional 

and amateur player differences have further reaching implications for practitioners if the 

results are mediated by the initial starting strength of the players. The addition of acute 

WBVT could be seen as an advanced training tool and not to be used on younger or less 

experienced players.  

 

Overall paper 5 (Cloak et al., 2016) provides some key new knowledge with regards to acute 

WBVT differences between professional and amateur soccer players and beliefs around the 

intervention. In particular, a larger body of knowledge on how professional/elite and amateur 

athletes respond to WBVT is required to understand its effectiveness and what may influence 

its efficacy (Cardinale and Erskine, 2008). It also raises some key theoretical points that 

warrant further investigation such as whether the effectiveness of the acute WBVT is 

mediated by the condition or strength levels of the participant to dissipate fatigue following 

acute WBVT conditioning exercise (Figure 10). 
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Figure 10: A hypothetical model presented by (Tillin and Bishop, 2009) of the relationship 

between PAP and fatigue following pre-conditioning exercise (window 1). Following the 

conditioning exercise fatigue dissipates at a faster rate than PAP, and a potentiation of 

subsequent explosive performance is realised during recovery (window 2).  

 

As previously mentioned, this PAP benefit tends to be seen in muscularly stronger athletes 

who can deal with the conditioning stimulus and dissipate fatigue quicker to gain maximal 

PAP benefits (Chiu et al., 2003, Seitz et al., 2014, Seitz and Haff, 2015). This was previously 

seen with more traditional conditioning exercises (i.e. % of 1RM resistance exercise) 

however, the present results would suggest that this is also a contributing factor to the success 

of acute WBVT and needs to be considered before prescribing.  Although this is the first 

paper to look at the effect of training level of neuromuscular responses in soccer some key 

hypotheses are also raised that require further enquiry. These include the time course of the 

PAP; this is particularly pertinent with regards team sports like soccer. Zois et al. (2015) 

indicated that a high intensity warm-up that included PAP inducing conditioning exercises 

can provide performance benefits to soccer players which can last for up to 30 minutes. 
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MacIntosh et al. (2012) would question the theoretical model (Figure 8) (Russell et al., 2015) 

on PAP forming part of a warm-up protocol due to its limited duration in long duration events  

(i.e. match play). The duration and practical performance implications on soccer performance 

on the key determinants of performance (i.e. speed, agility, distance covered, repeated sprint 

ability, and jump ability) requires further analysis. 

 

A greater battery of strength diagnostic information is also required. Isometric contraction is 

a good indicator of muscle potential (Keogh et al., 1999) and in particular  isometric 

contraction provides a high amount of muscle activation of the quadriceps  muscle groups 

during twitch interpolation technique (Babault et al., 2001).  However, this type of diagnostic 

testing is difficult  and expensive; more field based tests of strength and power (i.e. 1RM, 

CMJ or RSI) would provide an easier guide for coaches to use when prescribing WBVT, and 

more importantly, deciding who will gain the greatest benefit. Amongst active amateur  

populations a load of < 20Hz  and 2mm amplitude  is considered sufficient to produce 

positive neuromuscular effects (Lienhard et al., 2015b), higher loads, such as the ones used in 

the current paper (40Hz and 4mm)  should maybe only be considered for professional athletes 

who have the physical characteristics to deal with such a load. More research examining 

optimal loading on WBVT is needed across a range of frequencies and amplitudes is required 

(Lienhard et al., 2015b). Lienhard et al. (2015a) argues that higher WBVT loads benefit 

highly active individuals due to stiffer muscle-tendon units. However, a cautionary note is 

required in that these same muscle-tendon units may also put highly trained individuals at a 

higher risk of vibration induced injury. It is important not to just keep increasing load with 

the view that neuromuscular performance will improve in a linear fashion.  
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The beliefs surrounding the perceived benefits of acute WBVT requires further exploration of 

which the exact mechanism as to how professional and amateur players rationalise acute 

WBVT differently.  As previously mentioned the belief the participant has in the 

intervention, particularly an acute intervention prior to performance, has implications for 

success and adherence. One possible reason is that WBVT with high frequencies and 

amplitudes produces higher ratings of perceived exertion (RPE), as there appears to be a 

correlation between frequency and RPE (Marin et al., 2015, Bertucci et al., 2015). The acute 

WBVT as a preconditioning exercise does produce fatigue as our PAP results would suggest 

and as presented in Figure 10. The differences in how the professional and amateur athletes 

perceive this fatigue could explain the differences in belief in the intervention, as physical 

fitness in soccer players appears to influence session RPE (Milanez et al., 2011, Rabelo et al., 

2016). Amateur players may have perceived the WBVT as much harder than professional 

athletes and therefore not seen it as beneficial. Whichever, the reasoning behind the 

differences in beliefs surrounding acute WBVT requires further investigation: what is clear is 

there is a difference. In professional soccer where the biggest barriers to warm-ups and half 

time re-warm-ups are players having their own set routines (which they do not want to 

disrupt) and a unwillingness from coaching staff to incorporate new methods (Towlson et al., 

2013), additional information on player beliefs concerning the intervention may offer 

particular scope for influencing some of these factors and remains to be addressed. 

 

 

 

 

 

 



56 

 

Chapter Two - Thesis Conclusions and Directions for Future Studies 

 

With regards the use of WBVT the thesis presented has examined some of the key questions 

around its effectiveness and presented a new body of evidence on its efficacy in chronic and 

acute settings as well as introducing new theoretical concepts which may suggest its benefits 

to an athlete or team. 

In conclusion: 

ü A simple progressive overload of WBVT improves balance of FAI amongst injured 

dancers (Paper1). 

ü The addition of WBVT to a traditional progressive rehabilitation protocol provides a 

significant benefit to soccer players suffering FAI in comparison to traditional 

rehabilitation methods alone (Paper 2). 

ü Acute WBVT as an addition to a well-established warm-up routine in soccer (FIFA 

11+) improves aspects of RSI but not agility in amateur soccer players (Paper 3). 

ü Professional soccer players show significant improvements in DPSI following cycling 

combined with acute WBVT in comparison to amateur players. Both groups show an 

improvement in flexibility (Paper 4). 

ü Professional soccer players show significant improvements in knee extensor force 

output and PAP in comparison to amateur players when acute WBVT is combined 

with cycling. Professional players also perceive the intervention as beneficial 

compared to amateur players (Paper 5). 
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Figure 11: Paradigm of the benefits of acute and chronic WBVT and the factors 

which may influence its effectiveness. 

 

 

The thesis has identified a number of areas for future research and factors which may 

influence WBVT effectiveness (Figure 11). The chronic application of WBVT presented in 

papers 1 (Cloak et al., 2010) and 2 (Cloak et al., 2013) have shown balance and strength 

improvements amongst athletic populations suffering FAI. Future studies employing large 

cohorts of participants and evaluating longitudinal injury epidemiology data post WBVT are 

required, to understand the long term impact WBVT has at reducing injury incidence in 

comparison to other methods. The results show particular scope for other clinical populations 

who also suffer with a loss in balance and muscle function which could increase injury risk or 

those suffering long term conditions such as Cerebral Palsy or Multiple Sclerosis. It is 
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important to also consider adherence and practicality of such interventions to truly evaluate 

their feasibility as a rehabilitation tool.  

 

The acute application of WBVT shows particular capacity to positively influence warm-ups 

or re-warm-ups in team sports. However, papers 3 (Cloak et al., 2014a), 4 (Cloak et al., 

2014b) and 5 (Cloak et al., 2016) have identified a number of possible mediating factors that 

require further investigation such as optimal intensity and duration of WBVT, the efficacy of 

the intervention to actual match performance and the training status of the participant. Future 

studies should also consider using more sophisticated in vivo techniques to examine changes 

muscle and tendon function. These should include transcranial magnetic stimulation (TMS) 

to assess afferent and cortical signals post WBVT and electromyography during WBVT with 

the appropriate filtering of mechanical noise would also provide superior information on how 

participants respond to WBVT. Individual differences and optimal intensities and durations 

for each user will exist as with any training intervention. Information from the above 

suggestions could help to individualise WBVT to fully maximise the benefits. Finally, the 

difference in beliefs between populations requires further investigation and is a model that 

could be used across other interdisciplinary projects investigating acute performance 

enhancement interventions.  
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Paper 1: Cloak, R., Day, S., Nevill, A., and Wyon, M. (2010) Vibration training improves 

balance in unstable ankles. International Journal of Sports Medicine, 31, pp. 894-900.
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