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ABSTRACT: Dancers must be strong and flexible for a balanced body and great perfor-9 

mances. However, dance training and fitness methods are quite divergent between dance 10 

styles, dance coaches and teachers. It was verified in the scientific literature that whole-body 11 

vibration (WBV) training can improve the vertical jump height (VJH) for dancers from dif-12 

ferent styles when compared to other interventions or no intervention. The purpose of this 13 

study was to verify the effects of WBV training on VJH in dancers, compared to other inter-14 

ventions or no intervention, in randomized controlled trials (RCTs), through a systematic re-15 

view with meta-analysis. The search used the databases MEDLINE, LILACS, Cochrane, 16 

PEDro, Psycinfo and Google Scholar (Between 1985-Septemper 2019). RCTs that analyzed 17 

the effects of WBV training on vertical jump height in dancers, compared to other models of 18 

training or no intervention, were included. Four studies met the eligibility criteria; fifty-six 19 

were excluded. The data from the selected studies were extracted by two independent and 20 

blinded reviewers. Four RCTs that assessed 84 participants in total, were included. WBV 21 

training promoted significant improvements in VJH, compared to other interventions such as 22 

intense stretching, or extra dance classes. WBV training proved to be beneficial even with a 23 

short time intervention. 24 

KEY-WORDS: Dancing; WBV; Athletic Performance; Ballet. 25 
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1 

Introduction 26 

27 

Dancers need muscular strength and flexibility to perform (Koutedakis et al., 2007; 28 

Twitchett et al., 2011; Angioi et al., 2012), and need to combine their technical expertise with 29 

an excellent physical condition (Koutedakis & Sharp, 2004). However, many dancers consid-30 

er themselves as artists, not athletes, prioritizing artistic perfection to physical training 31 

(Koutedakis & Sharp, 2004; Wyon, Smith & Koutedakis, 2013). Although dance requires ex-32 

tensive physical effort, dance classes do not always provide sufficient training stimulus to 33 

prepare dancers for the physical demands of performance (Roussel et al., 2014; Wyon, et al. 34 

2004), as the main focus is on technique. 35 

Poor aerobic capacity, lower muscular strength and altered motor control are factors 36 

considered as contributors to musculoskeletal injuries in dancers (Riding McCabe et al., 2014; 37 

Twitchett et al., 2011; Angioi et al., 2012). However, recently, physical training has gained 38 

importance because it helps prevent musculoskeletal injuries and improves technique for 39 

dance professionals (Guidetti et al., 2008). 40 

Traditionally, dancers perceive that dance class provides enough stimulus to physical-41 

ly prepare them to perform (Roussel et al., 2014; Wyon, et al. 2004). Although, as the physi-42 

cal demands of dance increase, and as dancers are asked to perform movements with more 43 

power, bigger ranges of motion and faster speed, they cannot rely on technique classes alone. 44 

Adequate supplementary training programs improve dancers’ fitness elements of body com-45 

position, cardiorespiratory efficiency, and muscular strength (Koutedakis et al., 2007; 46 

Koutedakis & Sharp, 2004). On this way, supplementary training programs are becoming 47 

more and more necessary to improve dancers’ physical capacities, in both small and large 48 

companies, as they are challenged to keep up with the technical demands of artistic directors 49 

and choreographers alike. 50 
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Jumping is an integral aspect of dance performance (Koutedakis & Sharp, 2004). A 51 

number of studies have shown that different interventions have beneficial effects on vertical 52 

jump height (VJH) in dancers. Annino et al. (2007) used an eight-week whole body vibration 53 

(WBV) training intervention resulting in significant increases in VJH for the experimental 54 

group. Lorrenzzetti & Morales (2014) used a plyometric training intervention that significant-55 

ly improved jump height.  56 

WBV has been described to produce gravitational acceleration changes similar to 57 

those of power and strength training, reported to improve muscular power of upper and lower 58 

musculature (Cardinale & Bosco, 2003). The major documented benefit of this kind of train-59 

ing is explosive strength performance, usually considered as VJH (Bosco et al., 1998). Addi-60 

tionally, WBV training protocols require only a limited amount of time and very limited spe-61 

cific skills to be performed (Cardinale & Bosco, 2003).  62 

The use of WBV has become increasingly common as a training method for enhancing 63 

dancer’s VJH (Anino et al., 2007; Wyon, Guinan & Hawkey, 2010; Marshall & Wyon, 2012; 64 

Angioi et al., 2012). Even so, most of the studies are about the effects of WBV training on the 65 

VJH in ballet and modern dance, and there is a lack of research, including clinical trials, in the 66 

last 8 years.   67 

Thus, the present systematic review aims to verify the effects of WBV training on the 68 

VJH in dancers, compared to other interventions or no intervention, in randomized controlled 69 

trials (RCTs), through a systematic review with meta-analysis. This systematic review with 70 

meta-analysis is intended to help dancers, choreographers and dance teachers understand 71 

more about the benefits of WBV for dancers and how it can be integrated into dance training 72 

routines.  73 

 74 

  75 
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Methods 76 

 77 

 This study is a systematic review with meta-analysis design to investigate the effects 78 

of WBV training interventions on the VJH in dancers. 79 

 80 

Eligibility Criteria  81 

 RCT’s included in this systematic review were those that compared WBV training in-82 

tervention, for at least three weeks, with either another group exposed to another exercise pro-83 

tocol or a control group in dancers of any dance style, gender or age that analyzed VJH.  84 

 85 

Study Search and Selection Strategy 86 

 The studies were identified from the databases MEDLINE, LILACS, Cochrane, PED-87 

ro, Psycinfo and Google Scholar. Search for articles was conducted in September 2019. The 88 

search did not restrict languages or periods. The MeSH terms "Dancing", "WBV" and "Jump" 89 

were used in the study search.  90 

 The selection of the studies was done in two phases, by two independent and blinded 91 

reviewers. Firstly, with the reading of the titles and abstracts, the studies that did not present 92 

dancers as population, WBV as intervention and were not RCTs were excluded. In the second 93 

phase the reviewers, still blinded and independent, read the full texts of the studies included in 94 

the first phase and evaluated whether they presented the eligibility criteria for the review 95 

through a table with 5 items produced by Cochrane, and filled independently by the two re-96 

viewers (Higgins & Green, 2008). In the last phase of the selection, each time there was disa-97 

greement between the two reviewers, the evaluation was made by a third reviewer. 98 

 99 

Data Extraction and Risk of Bias 100 
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 The data extraction was also conducted by two independent and blind reviewers, that 101 

verified the methodological characteristics of the studies included, such as: title, authors and 102 

date, objectives, design, type of intervention, frequency and duration of classes, sample num-103 

ber, gender, age, follow-up, comparators between groups and the evaluated outcome (VJH - 104 

Just Jump Test).  105 

 All included studies were assessed for risk of bias by two reviewers, independently 106 

and blindly, in a table proposed by Cochrane (Higgins & Green, 2008) with title, authors and 107 

date, randomization, random sequence generation, secrecy of allocation, blinding of patients 108 

and therapist, blinding of outcome assessors, description of losses and exclusions (with 109 

flowchart), intent to treat. Each study could score a maximum of five criteria. They were de-110 

fined as high risk of bias: less than 3 points; low risk of bias: more than 4 points; or risk of 111 

bias not clear: more than 3 indefinite points (Higgins & Green, 2008). 112 

 113 

Data Synthesis and Data Analysis 114 

 We conducted a meta-analysis for the continuous outcome VJH in RCTs that com-115 

pared WBV training with another exercise intervention. Estimates were computed from the 116 

changes in the scales between the beginning and end of the intervention, their standard devia-117 

tions (SDs) and the sampled "n". Authors of the clinical trials were contacted via e-mail and 118 

undeclared data was provided, if available. If SD values were not available or not provided in 119 

the e-mails, the numbers pre- and post-intervention of the studies were allocated, due to the 120 

similarity between the pre-intervention groups and baseline values. The results are presented 121 

as SDs and calculations were performed using continuous effects models, since the heteroge-122 

neity was 0%. The statistical heterogeneity of treatment effects between studies was assessed 123 

by the Q test and p inconsistency of Cochrane; Forest Plots were generated to show the com-124 
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bined effect and mean difference (MD), calculated with a 95% confidence interval. All anal-125 

yses were performed using Review Manager version 5.3 (Cochrane Collaboration). 126 

 127 

Results 128 

 129 

From the 144 articles identified in MEDLINE, LILACS, Cochrane, PEDro, Psycinfo 130 

and Google Scholar databases, after removal of duplicates, 90 studies remained. Of these, af-131 

ter the reading of titles and abstracts, 48 articles were excluded for not having dancers as par-132 

ticipants or because they were not RCTs. The 12 studies selected on phase 1 were fully read, 133 

and then, 8 were excluded for not meeting the eligibility criteria. Four RCTs were included, 134 

which were in accordance to the eligibility criteria of this research. 135 

Figure 1 shows the flowchart of the studies included in this review. 136 

 137 

(INSERT FIGURE 1 HERE) 138 

 139 

Characteristics and Description of Included Studies 140 

 The four studies included in the review compared a WBV training intervention group 141 

with a group that performed another type of exercise or with a group not exposed to any in-142 

tervention other than regular dance classes. A total of 84 dancers participated in the studies, 143 

42 in the intervention groups and 42 in the comparator groups.  144 

Table 1 summarizes the characteristics of the 4 RCTs included in this review, present-145 

ing: characteristics of the trainings and participants, interventions versus comparators, and 146 

analyzed outcomes.   147 

 148 

(INSERT TABLE 1 HERE) 149 
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 150 

Angioi et al. (2012) included WBV and resistance training in their study. The training 151 

consisted of a one-hour-long circuit, twice a week, for six weeks. The intervention group (IG) 152 

was compared to a control group (CG) with the same sample number of dancers who prac-153 

ticed one more hour per week of contemporary dance during the same period. The training 154 

circuit focused on local muscle endurance and aerobic conditioning, and the WBV protocol, 155 

on muscle power. As a result, there were significant increases in the intervention group of 156 

lower limb muscle power, upper limb muscle endurance and aerobic fitness, among others. 157 

Annino et al. (2007) analyzed the effect of eight weeks of WBV training on VJH in 158 

elite adolescent dancers. The intervention consisted of WBV training three times a week, al-159 

ways done before ballet practice. During the training period, the IG and CG undertook the 160 

same amount of ballet practice. After the intervention period, the 11 participants in the IG 161 

significantly increased their VJH and power (p <0.001).  162 

Marshall and Wyon (2012) studied the effects of four weeks of WBV training were 163 

investigated on 17 pre-professional female dance students. They assessed jump height, active 164 

ROM and legs anthropometry. The training consisted of 30 seconds per position at a frequen-165 

cy of 35 Hz, displacement of 8 mm in the first two weeks and 40 seconds at 40 Hz in the last 166 

two weeks. Nine positions were used on the platform: a narrow and wide semi squat (first and 167 

second position, in plié, respectively), high toe rise, pelvic bridge, pelvic bridge with the back 168 

on the floor and feet on the platform, right leg leading lunge, a bent-over hamstring hold with 169 

a 90o angle between the torso and the legs, and a active hip flexor exercise (développés) on 170 

each leg. The control group performed the same exercises, but without vibration. The IG 171 

showed improvement in the VJH (p <0.01) and active ROM, but no significant difference was 172 

reported for anthropometric data (leg girth measurements). 173 
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Finally, a study performed a six-week intervention, with 18 university dancers, divid-174 

ing them into control and intervention group (Wyon, Guinan & Hawkey, 2010). The IG car-175 

ried out 2 sessions a week for 6 weeks of static-position WBV training with 2 rest days be-176 

tween the sessions. They held each position twice for 30 seconds at a frequency of 35Hz and 177 

amplitude of 4mm. The positions were: demi-plié in first position, right leg leading lunge 178 

(with just the foot on the platform), left leg leading lounge, high toe raise (maximal plantar 179 

flexion) and bent over hamstring hold (legs remained straight and the torso bent over from the 180 

waist more than 90º). The CG was exposed to a similar isometric contraction stress. The re-181 

sults showed a significant improvement in VJH (p <0.05) in the IG. The power of lower limbs 182 

was assessed by a vertical jump, in which the participants, bare feet, started it off standing in 183 

ballet first position on a digital vertical jump meter (Takei Yashiroda, Japan). Afterwards, 184 

they performed a demi-plié and immediately jumped as high as possible, keeping heels to-185 

gether, externally rotated hips and pointed feet. The IG showed a significant improvement in 186 

VJH (p <0.001). 187 

 188 

Risk of Bias and Methodological Quality 189 

 Three studies were defined as high risk of bias (less than 3 points): Annino et al. 190 

(2007); Marshal & Wyon (2012); and Wyon, Guinan & Hawkey (2010). One study presented 191 

an unclear risk of bias (between 3 and 4 points): Angioi et al. (2012). The four RCTs found to 192 

be eligible, all were randomized, but only two presented adequate randomization sequence 193 

generation and reported allocation concealment: Angioi et al. (2012), and Wyon, Smith & 194 

Koutedakis (2013). Two described their losses and exclusions: Angioi et al. (2012), and 195 

Wyon, Smith & Koutedakis (2013). None of the studies blinded patients and therapists, be-196 

cause in studies with practical interventions, such as those looking at dance technique classes, 197 

this blinding is not feasible. 198 
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The methodological quality and risk of bias of the included studies are presented in 199 

Table 2.   200 

 201 

(INSERT TABLE 2 HERE) 202 

 203 

Analyzed outcome for WBV: VJH 204 

 Meta-analysis was performed only for the VJH outcome, with the only two studies that 205 

presented a similar methodology. The graph of the meta-analysis can be seen in Figure 2. 206 

 207 

(INSERT FIGURE 2 HERE) 208 

 209 

The Figure 2 presents the VJH measures in the two RCTs (Marshall & Wyon, 2012; 210 

Wyon, Guinan & Hawkey, 2010) that used the Vertical Jump Mat test, applying it to a total of 211 

38 participants. The results showed significant improvements in favor of the IG, exposed to 212 

WBV training, that presented a better result in the test (6.52 cm, CI = 3.31 to 9.73 cm, p = 213 

0.00001). The results showed, with 0% heterogeneity (p = 0.88), significant improvements in 214 

favor of the intervention with WBV training, which was conducted concomitantly with the 215 

regular dance practices of the sample, demonstrating the effectiveness of this type of training 216 

to improve the VJH in dancers, with a difference of -1.15 confidence interval between -2.03 217 

and 0.27 and a statistically significant value p <0.0001. 218 

 219 

 220 

Discussion 221 

 222 
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 The aim of this systematic review was to verify the effects of WBV training on the 223 

VJH in dancers, compared to other interventions or no intervention. The findings of the stud-224 

ies included in this review showed that WBV training presented better responses in dancers’ 225 

VJH than other types of training interventions, such as: stretching exercises, other styles of 226 

dance classes or increased hours of regular dance classes. 227 

It was detected, after 8 weeks of WBV training, performed three times a week before 228 

the ballet practice, a significant increase in VJH in the IG (Annino et al., 2007). WBV training 229 

is effective in increasing VJH even with very low volume and intervention time (e.g.: only ten 230 

minutes per week for six weeks) (Wyon, Guinan & Hawkey, 2010). WBV intervention was 231 

beneficial in shorter intervention periods (4 weeks) and in better-conditioned dancers, which 232 

makes this type of training very effective for this population (Marshall & Wyon, 2012). These 233 

findings are of great relevance, since improved vertical jumping helps dancers develop their 234 

technical skills, facilitates a wider variety of movements and contributes towards a longer ca-235 

reer, due to the lower risk of injuries. 236 

Twitchett et al. (2011) suggests that larger samples would provide better analysis of 237 

the effects of WBV training in dancers. Other authors also suggest that a six-week follow-up 238 

already showed effective results for this population (Wyon, Guinan & Hawkey, 2010; Angioi 239 

et al., 2012). Studies suggest supplemental training should be of short duration and adapted to 240 

the high-volume schedules of dancers, as otherwise there is a potential risk of overtraining 241 

(Koutedakis, 2000; Wyon, 2010). Nevertheless, with a few hours of training per week, a very 242 

positive result was observed in the VJH, which presented significant increases in all studies 243 

included on this review. 244 

In order to improve dance technique, on a daily basis, dancers often perform exercises 245 

that may become harmful if over-repeated. If prescribed correctly, WBV training is capable to 246 

improve VJH (Koutedakis et al., 2007; Wyon, 2010; Angioi et al., 2012; Marshall & Wyon, 247 
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2012). However, physical supplemental training is only beneficial when practiced on a regular 248 

basis. Therefore, dance companies, choreographers, dancers and related professionals should 249 

look at how physical supplemental training can be integrated into their present schedules, as 250 

they have proven to be essential in promoting benefits for this population. Hence, in order to 251 

be able to exercise and continue to improve their aesthetics and performance, dancers can use 252 

WBV, and not only artistic or technical training (Marshall & Wyon, 2012). 253 

Furthermore, to play an effective role in helping dancers, a supplementary training 254 

program should include specific activities to support their training technique. Such a program 255 

could focus on prime and synergist muscles, with the aim of balancing antagonistic pairs and 256 

developing the posterior muscle chain.  257 

 258 

 259 

Study limitations 260 

 261 

Although this systematic review with meta-analysis was performed with the maximum 262 

methodological rigor possible, some limitations should be highlighted. The main difficulties 263 

for the eligibility of the studies were: lack of randomization; very different evaluative instru-264 

ments and, in some studies, instruments created specifically for that research; lack of clear 265 

methodology; and lack of specificity about details of clinical trials, even when further expla-266 

nations were received via email.   267 

In relation to the studies included in this systematic review, we found the majority of 268 

the intervention protocols did not provide sufficient details to be replicated.  Moreover, the 269 

included studies used a wide variety of measuring instruments and methods. This situation 270 

makes it difficult to evaluate methodological quality and study bias risks. Regarding interven-271 



 
 

11 
 

tion intensity, which is a key parameter, we found it was sometimes omitted or presented in a 272 

non-standard form, in either relative or absolute terms.  273 

 274 

 275 

Conclusion 276 

 277 

 The results of the present study showed that WBV training is an effective short-term 278 

methodology to induce improvements in dancers VJH when comparing with other types of 279 

training interventions. According to the data presented in this study, it is important to include 280 

a specific supplementary training program in the dancers’ routine to improve their physical 281 

capacities and to prevent injuries, enhancing their technical skills, facilitating a wider variety 282 

of movements and contributing towards a longer career. Another important finding from the 283 

study is that a few hours of WBV training per week provided a very positive result in the 284 

VJH. 285 

Nevertheless, we would like to highlight that there is a scarcity of conclusive evidence 286 

due to the lack of research in this area.  The lack of methodological detail in the selected stud-287 

ies, the diversity of intervention types and assessment methods undermine the analysis in this 288 

systematic review.  289 

Therefore, there is a need to conduct more research and establish some methodological 290 

guidelines for future RCTs. It is suggested that more RCTs need to be conducted to investi-291 

gate the effects of WBV training on VJH, studying other dance genres (not only ballet or 292 

modern dance) with more scientific rigor. 293 

 294 
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Table 1 - Summary of study characteristics 371 

STUDY CHARACTERISTICS PARTICIPANTS INTERVENTION OUTCOMES 
 
Angioi et 
al., 2012 

 
Period: 6 weeks  
IG: 2x week: 1h of training 
exercises  
CG: 2x week: 1h more of 
contemporary dance 

 
24 contemporary dancers 
Gender: F 
Age: 27 ± 5.9 
IG: n=12 
CG: n=12 

 
Strength Training and 
WBV in circuit versus 
Contemporary Dance 

 
Anthropometry, Body Composi-
tion, Muscle Power, Upper muscu-
lature Resistive Strength, Aerobic 
conditioning (Tests + Choreo-
graphic Sequence) 

Annino et 
al., 2007 

Period: 8 weeks 
IG: 3x week - WBV train-
ing 
CG: 5x week - 
1.30hofclassical ballet 

22 elite classical dancers 
Gender: F and M 
Age: 21.25 ± 1.5 
IG: n=11 
CG: n=11 

WBV vs. Classical 
Ballet Training 

VJC; Knee extensor performance 
in selected external loads (50, 70 
and 100 kg) 

 

Marshal & 
Wyon, 2012 

Period: 4 weeks  
IG: 2x week - 30s per posi-
tion in freqs. 35Hz (4 ses-
sions) and 40s per position 
at 40Hz (4 sessions).  
CG: 25h of classes + re-
hearsals per week 
 

20 dance conservatory pu-
pils Gender: F  
Age: IG (22 ± 1.17); CG 
(25 ± 5.92)  
IG: n = 10  
CG: n = 10 
 

WBV vs. Modern 
Dance Training 

Jump height; Active range of mo-
tion of the hip (développé height); 
Anthropometric variables of the 
legs 

Wyon, 
Guinan & 
Hawkey, 
2010 

Period: 6 weeks  
IG: 2x WBV at 35 Hz for 5 
minutes  
CG: Similar isometric con-
traction stress, but without 
vibration 

18 dance graduate stu-
dents 
Gender: F 
Age: IG (19 ± 0.78); CG 
(21.1 ± 0.67) 
IG: n=9 
CG: n=9 

WBV Training versus 
Strength Training 

VJC 

* Legend: CG = Control Group; IG = Intervention Group. 372 
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Table 2 - Methodological Quality Assessment 373 
Author/ Year Generation of 

random sequence 
Concealment 
of Allocation 

Blinding of Patients 
and Therapists 

Blinding of 
Evaluators 

Description of Losses 
and Exclusions 

Intent to 
Treat 

TOTAL 

Angioi et al., 
2012 

Y Y N¹ NI Y NI 3 

Annino et al., 
2007 

NI NC N¹ NI N NI 0 

Marshal and 
Wyon, 2012 

NI NC N¹ NI N NI 0 

Wyon, 
Guinan and 
Hawkey, 
2010 

NI NC N¹ NI N NI 0 

*Legend:  Y = Yes; N = No; NC = Not clear; NI = Not informed; N1 = This parameter will not be taken into account. 374 
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Figure 1 - Flowchart diagram of articles selection process 375 

 376 
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Figure 2 - VJH Meta-analysis 388 
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