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ABSTRACT 
 

ANNETTE Y. KARIM 
 

USE OF WHOLE BODY VIBRATION TO ENHANCE 
PERFORMANCE IN DANCERS 

 
MAY 2016 

 
 The primary purpose of this study was to investigate the use of WBV to enhance 

performance in dancers. 

Study One assessed the effects of position and frequency, and gender differences 

on perceived exertion during WBV in healthy, active adults.  Study Two examined the 

inter-rater and test-retest reliability in judging the highest jump of good quality of the 1st 

position countermovement jump (CMJ), and the relationship between CMJ height and 

peak isokinetic torque. Study Three assessed the immediate effect of position and WBV 

frequency on 1st position sauté CMJ height, quality, and static and dynamic balance, in 

female professional contemporary dancers. Participants were recruited from Texas 

Woman’s University for Study One and Study Two, and in person among professional 

dancers for Study Three. Participant consent forms were collected, and all studies 

passed TWU IRB review. 

In Study One, there was a significant main effect of position (p=0.004), a 

significant main effect of frequency (p=0.025), and significant marginal means between 

the frequencies of 0 Hz and 50 Hz, (p=0.007). Statistically significant differences in 

perceived exertion were found between genders (p=0.001 to p=0.04).
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In Study Two, there was good to excellent inter-tester agreement within the same day 

(kappa=0.81), good to excellent test-retest between days (ICC 2,1 =0.88). The ICC (2,1) for 

the highest jump when utilizing a single trial was 0.96 compared to ICC (2,k) of 0.98 with 

averaging of two trials.  The SEM at the 95% CI was 0.70 inches, and MDC was 1.93 

inches from the highest good quality jump. There was a strong relationship between CMJ 

height and peak isokinetic torque (r=0.64 to 0.69). In Study Three, the interaction of 

position x time was significant (p=0.01), with significant simple effects between pre and 

post intervention within static plié (=0.001). The interaction of frequency x time was 

significant (p=0.004), with significant simple effects between pre and post intervention, 

within the 30-Hz frequency (p=0.001).  

In healthy, active adults, WBV was well-tolerated. Future studies should consider 

gender differences in perceived exertion, use of the highest single CMJ of good quality of 

three for the single rater, use of the 75-second static-plié position to improve CMJ height, 

and use of the 75-second 30-Hz frequency, 2 to 4-mm amplitude WBV to improve static 

balance in the female professional contemporary dancer. 
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CHAPTER I 
 

INTRODUCTION 
 

A high vertical jump that carries technical precision and artistry is valued in dance 

performance. Precision and artistry include jump height, landing precision, and 

movement and postural aesthetics before, during, and after the jump. Jump height affects 

time to jump landing, a factor in the prevention of common dance injuries.
1 There is 

strong motivation for the dancer to make the physiological changes necessary to increase 

performance without overtraining. Therefore, an efficient method is needed to assist 

physical and aesthetic performance without risking injury from the lack of a recovery 

period. 

Whole Body Vibration (WBV) is administered through a vibration plate with the 

intention of enhancing physical performance. WBV is used to elicit physiological 

changes, such as increased bone mineral density, or neuromotor responses, such as 

improved balance or increased jump height. The WBV plate is a mechanical stimulus, 

with the intensity determined by frequency and amplitude, generating oscillating, vertical 

vibrations ranging from 3.5-15 m/s
2 to the participant’s body through the feet when the 

participant is standing on it.
2, 3

 

The physiologic response during utilization of the WBV has been well-studied.   

Current literature supports the theory that the tonic vibration reflex is elicited by 

vibration transmitted through 1a afferents to the muscle spindle, with α-motoneuron 

stimulation of the extrafusal fibers.
4 The pathways between the activated muscle 

spindles recruit additional motor units, some of which activate at a higher threshold. 
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The immediate “post-activation potentiation” after WBV increases muscle 

activation, which may explain why greater muscle force output occurs with WBV 

plate squatting than squatting without WBV.
5 Additionally, a postural response 

occurs when perturbation activates motoneurons through spinal pathway reflexes, 

stimulating both agonists and antagonists.
4,6

 

The use of WBV to increase jump height has been studied among dancers.
1,7   

While these studies support the use of WBV for improving countermovement jump 

(CMJ) height, the subjects were not professional contemporary dancers, and the 

studies did not look at immediate effect of a short bout of intervention, a period of 

time similar to what would be available during a performance break. Recent 

studies show that CMJ height is affected by WBV dosage, which includes 

frequency, amplitude, time applied, rest, squat type, and the angle of knee flexion.
8,9  

Concurrently, reflex changes and muscle activation are affected by vibration 

frequency, amplitude, and acceleration.
8
 

A CMJ is a single jump that begins with straight knees while standing on 

both feet. A quick semi-squat is then performed, followed by a quick straightening 

of the knees and feet to propel the body vertically into the air. The feet return to the 

ground in reverse sequence. The Just Jump® (JJ) mat system
10 (Probotics, 

Huntsville, AL, USA), an electronic switch mat that is connected to a timer switch 

that records vertical jump height via air time from take-off to landing, is used in 

studying CMJ height,
11,12 and has been found to have well-established concurrent 
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validity.
13 Strong correlation was found between a similar electronic switch mat and 

a force platform.
14

 

There is no conclusive evidence for best WBV dosage when looking at 

immediate effect on CMJ. In general, increased dosages resulted in increased CMJ 

height in prior studies, but decreased CMJ height occurred with WBV given until 

fatigue.
8,9,15-18 Perceived exertion differences have been found by gender with 

different WBV frequencies and in isometric squatting with WBV.
19, 20 The Borg 

Rate of Perceived Exertion (RPE) is a validated measure of perceived effort used in 

WBV studies.
20,21 The effect of different frequency and position combinations on 

perceived effort between genders has not been investigated, but may be important 

when considering baseline participant demographics. Rest interval has been 

investigated, and there is no significant difference between rest intervals on CMJ 

performance to date.
22

 

Balance after WBV has been studied. Improved balance after WBV has been 

found in young female athletes,
23 in healthy male and female adults,

24 and in female 

dancers with 4-15 weeks of intervention.
25 

In contrast, long term WBV intervention did 

not improve balance.
26, 27 The immediate effect of WBV demonstrated improvement in 

bilateral balance found in gymnasts after one 30-second intervention.
17 Reliability and 

validity have been established for static balance using the Balance Error Scoring System 

(BESS),
28-30 and for dynamic balance using the Star Excursion Balance Test (SEBT).

30-33 
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The immediate effect of WBV on female professional contemporary dancers is of 

particular interest to the physical therapist providing a wellness and human performance 

intervention for a similar population in a clinical setting. If WBV contributes favorably 

to the jump height as well as static and dynamic balance performance, then the treating 

physical therapist has a potential tool to facilitate improved performance within a 

wellness session, without the dancer being exposed to potential overtraining. There are 

currently no WBV studies examining 1) the effects of position and vibration plate 

frequency on perceived exertion while performing ballet 1st position plié (standing with 

both feet and hips laterally rotated), 2) CMJ height in 1st position sauté (a ballet jump 

from two feet with the hips laterally rotated), 3) construct validity of the CMJ in 1st 

position sauté, 4) balance in professional contemporary dancers immediately after WBV, 

or 5) 1st position sauté CMJ quality after WBV. No studies to date have used dance 

professionals as raters, compared non-dancer and dancer physical therapists as raters, nor 

used professional contemporary dancers as participants. 

PURPOSE 

The primary purpose of this original research investigation was to assess the 

immediate effect of one intervention of whole body vibration on CMJ height and 

balance in female professional contemporary dancers. Within this investigation, there 

were three separate studies; the first two assessed perceived exertion and reliability as 

preliminary studies for the third study. 
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STUDY ONE 

Whole Body Vibration: The Effect of Position and Frequency on Perceived Effort in 
Healthy, Active Adults 
 

This was a pilot study with a quasi-experimental, randomized, blocked design, 

using random allocation of position and WBV frequency to blinded participants. 

Specific aims and hypotheses. The aims of this study were to assess the effects of 

position and frequency on perceived effort during WBV in healthy, active adults, and to 

examine gender differences in perceived effort. The hypotheses were that there would be 

a significant effect of position and frequency on perceived effort during whole body 

vibration in healthy, active adults, and there would be gender differences in perceived effort. 

Participants. A sample of 30 participants were used, 15 male and 15 female 

subjects, ages 18-35. Inclusion criteria were: healthy individuals who engaged in 

moderate activity participation, as indicated by screening with the Short International 

Physical Activity Questionnaire (IPAQ).
34 Exclusion criteria were: pregnant, active 

cancer, lower extremity fracture within the past year, ligament sprain or 

musculotendinous strain in the past 3 months, surgery within past year, metal plates in the 

body, prior history of migraines, and resting blood pressure >200 mm Hg systolic or >100 

mm Hg diastolic. 

Instrumentation. A Polar FT1 monitor
35 was used to monitor heart rate during 

the warm up session, and a stationary bicycle was used for a portion of the warm up 

session. The Power Plate Pro5 AirAdaptive (PP)
36 was used to provide whole body 
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vibration at different frequencies, and the Borg CR-10
20 was used to measure perceived 

effort. 

Procedures. Each participant completed a single 30-minute session. After 

screening, participant age, weight, and height were collected for BMI calculations. A 5-

minute warm up was conducted, consisting of riding a lower extremity stationary bicycle 

at 40 to 60 revolutions per minute (rpm), while maintaining a heart rate between 120 and 

140 beats/minute, followed by 5 minutes of a dynamic and static stretching protocol.
1  

Each participant stood in one of two different ballet semi-squat positions: Static 

(isometric) 1st position plié or Dynamic (moving) 1st position plié. The PP
29 was set to 

one of three frequencies: 0 Hz (no vibration), 35 Hz (medium setting), or 50 Hz (high 

setting). Six different randomly ordered, participant-blinded frequency/position 

combination trials on the PP
36 were completed. In each trial, participants stood for 30 

seconds, rested for 30 seconds while rating perceived effort, and then repeated the process 

for the each of the other randomly ordered 5 position/frequency combinations. 

Data analysis. A two-factor, within-subjects ANOVA using a multivariate 

approach, examining two levels of position and three levels of frequency, was conducted, 

held against an alpha of 0.05. Independent measures t-tests was used to examine gender 

difference in RPE reports for each position/frequency combination. 
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STUDY TWO 

Assessment of Countermovement Jump Performance in First Position Sauté 
 

Study Two was an exploratory study with a correlational design. 

Specific aims and hypotheses. The aims were to examine the inter-rater 

reliability of physical therapists to judge the quality of 1st position sauté CMJ, to 

calculate the test-retest reliability of jump height within and between sessions, and to 

quantify the relationships between CMJ height and peak isokinetic quadriceps femoris 

torque. The hypotheses were that physical therapists would demonstrate substantial inter-

rater reliability (ҡ>0.6) in selecting the best three jumps in first position sauté, there 

would be a good to excellent reliability (ICC2,1>.75) within and between sessions for 

jump height, and there would be a good to excellent relationship (Pearson’s r>0.75) 

between jump height and peak isokinetic quadriceps femoris torque. 

Participants. The sample of 30 participants from Study One were used in Study 

Two. 

Instrumentation. The Short IPAQ,
34 electronic blood pressure cuff, Polar heart 

rate monitor,
35 and stationary bicycle were used as in Study One. Additionally, the 

Biodex System 3 Dynamometer
37 

was used for testing peak quadriceps femoris and 

hamstring isokinetic torque. The JJ Mat
10 

was used to assess CMJ height. A Sony DCR- 

HC21 digital video camera recorder was placed on a table 32 inches from the floor to 

record the jumps. 
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Procedures. There were two sessions for Study Two, for a total time of 70 

minutes. Screening and warm-up were the same as done in Study One. After the warm-

up in session one, peak quadriceps femoris and hamstring isokinetic torque were 

measured for each individual on the Biodex.
37 The isokinetic protocol was preset at 60°, 

180°, and 300°/second. Participants performed three sub-maximal knee extension/flexion 

repetitions, then 5 maximal repetitions at each speed. The participants then rested and 

watched a 5-minute video demonstration of the 1st position sauté CMJ. The participants 

performed ten practice jumps, told to do their highest, best quality sauté CMJ on the JJ 

Mat
10 in bare feet, with hands on hips. After a 5-minute rest, participants performed 6 

CMJs with a 15-second rest between jumps. Jumps were videotaped from the left side. 

The height of each jump was read from the JJ Mat
10 output screen, which calculates 

height from flight time. In the second session, after the warm-up, the participants 

performed 6 jumps, with the 15-second rest. At another time, two testers independently 

chose the three best quality jumps for each participant that were videotaped during the 

first session, without knowledge of the other’s selections. The two highest jump scores 

from these three trials were used to determine within-session reliability. If a single trial 

demonstrated good reliability, the primary researcher would choose the single highest, 

best quality jump each day for between-session reliability assessment of jump height in 

the third study. 

Data analysis. Kappa statistic was calculated for inter-rater reliability of jump 

quality in session one. Intra-class correlation coefficients (ICC 2,k and ICC 2,1) were 

calculated for the jump height test-retest reliability within and between sessions. The 
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SEM with a 95% confidence interval was calculated to determine the minimal detectable 

change in jump height. Pearson correlations were calculated to determine relationships 

between quadriceps isokinetic torque and 1st position CMJ height. 

STUDY THREE 

The Immediate Effect of Whole Body Vibration on Countermovement Jump Height 
and Jump Quality, and on Balance, in Female Professional Contemporary Dancers 
 

This third study was an experimental double-blinded randomized two group 

design (intervention or placebo) of female professional contemporary dance participants. 

The effect of static and dynamic 1st position demi-plié during WBV on CMJ height and 

balance was examined. Pre and post intervention measurements of 1st position sauté CMJ 

height, and static and dynamic balance were measured. CMJ quality was assessed by a 

rater who was blinded to the pre or post intervention status when selecting the best quality 

jump. 

Specific aims and hypotheses. There were three aims of Study Three. 1) To 

investigate the immediate effect of WBV on CMJ height, 2) To study the effect of WBV 

on static balance, using the Balance Error Scoring System (BESS) and on dynamic 

balance, using the Star Excursion Balance Test (SEBT). 3) To assess jump before and 

after WBV, in female contemporary dancers. The three hypotheses were 1) There would 

be a significant effect of WBV on CMJ height (p<0.025), 2) There would be a significant 

effect of WBV on static and dynamic balance as compared to the placebo control 

(p<0.025), and 3) CMJ quality would improve after WBV (p<0.05). 
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Participants. Participant inclusion and exclusion criteria were the same as in Study 

one, without the IPAQ.
34 All 59 participants were female professional contemporary 

dancers. They were randomly assigned to one of the four following groups: dynamic plié at 

0-Hz WBV, static plié at 0-Hz WBV, dynamic plié at 30-Hz WBV, or static plié at 30-Hz 

WBV. Sample size was calculated as n=48 with G*Power 3.1,
38 from the interaction of 

time and condition in the Despina et al study.
17 An n=60 accounted for participant dropout. 

Instrumentation. An electronic blood pressure cuff, Polar heart rate monitor,
35 

stationary bike, PP,
36  the JJ Mat,

10 and videotaping were used as in Study Two. A 

stopwatch and a metronome were used during WBV. A stopwatch, foam pad, and 

masking tape were used for the Balance Error Scoring System (BESS) and the Star 

Excursion Balance Test (SEBT).
39

 

Procedures. There was one 45-minute session. Participants viewed videos of 1st 

position static and dynamic plies, sauté CMJ, and the BESS and SEBT tests. After the 

warm-up, the participants were given an opportunity to practice the BESS once and SEBT 

four times, prior to CMJ trials. Because dancers already knew how to perform 1st position 

sauté CMJ, they immediately performed three pre-test CMJs on the JJ mat,
10

 videotaped 

from the left side, with a 15-second rest between jumps. Balance was measured with the 

BESS and SEBT.
39 Participants then stood on the PP

36 in 1st position and performed 

either a static or dynamic plié. The unit was set at either 0-Hz or 30-Hz frequency, 2 to 4-

mm amplitude. A single dose, 75-second intervention was given. Immediately after, CMJ 

height was be measured and videotaped, and balance was measured with the BESS and 
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SEBT.
39 All recorded jumps were assessed by the primary researcher for the single 

highest jump of good quality of the three jumps from each of the pre- and post-

intervention sessions. A second tester then chose the single highest jump of good quality 

between the two jumps chosen by the primary researcher, without knowledge of which 

jump was pre or post WBV intervention. 

Data analysis. For the primary aim, alpha was split to control for a type I error. A 

2-way split-plot ANOVA with a multivariate approach was used to analyze CMJ height 

changes, with alpha set at 0.025. For the secondary aim, balance was tested with a 4x2x2 

split-plot MANOVA, with alpha at 0.025. Follow-up 2-way split plot multivariate 

approach ANOVAs were conducted, with alpha at 0.0125. For the third aim, a non- 

parametric, nominal, binomial, one-tailed analysis was conducted at an alpha of 0.05, 

assessing for the choice of best CMJ for the blinded tester. 
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CHAPTER II 
 

LITERATURE REVIEW 
 

 
Chapter II serves as a comprehensive literature review for the dissertation.  The 

chapter will discuss the following main topics: musculoskeletal considerations in the 

dancer; jump considerations; the use of Whole Body Vibration (WBV) as an intervention 

to improve performance; instruments used to assess the dancer’s balance, power, and 

movement quality; additional instruments used in pilot studies; and what is missing in 

current research.  The main topics will serve as a premise for two pilot studies (Chapter 

III and Chapter IV) and support for the final, culminating study on the effect of WBV on 

countermovement jump height, balance, and jump quality in female, professional, 

contemporary dancers (Chapter V).  

MUSCULOSKELETAL CONSIDERATIONS IN THE DANCER 

Professional dancers have a typical progression of dance experience, first in 

extensive training as pre-professionals during adolescence and young adulthood, and then 

in a professional career of dance class and performance. The length and demands of the 

performance season vary among companies. A common focus among professional dance 

companies is dancer physicality, since each company has a repertoire the dancer needs to 

be able to perform repeatedly during a season, without injury occurrence. Longevity in a 

dance career is important; therefore, tracking and preventing injuries through outcomes 

provides valuable information for professional companies, as do annual screenings,
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increasing dancer fitness, and improving physical performance. Jump height, balance, 

and aesthetic competence are commonly used objective measures to evaluate a dancer’s 

physical performance. Last, when considering issues unique to the dancer’s 

musculoskeletal development, the role of the brain and motor control must be reviewed, 

in order to understand how sensory processing might affect the dancer’s performance. 

Injury Incidence and Prevention Outcomes 

Injury occurrence is high among dancers.  Gamboa et al.1 performed an annual 

screening of 204 male and female dancers over a 5-year period. The researchers found 

that while not all injuries are reported when they occur, there is a 67-95% injury report 

among professional dancers and a 77% report among pre-professional adolescent 

dancers. Injury tracking in dancers has demonstrated a bulk of injuries occurs in the 

lower extremity, followed by the spine, and most injuries are a result of overuse. Allen et 

al.2 tracked injuries in a professional ballet company over 1 year and found 4.4 injuries 

per 1000 hours of dance among 355 professional male and female ballet dancers. The 

researchers found an average of 6.8 injuries per dancer, with 64-68% from overuse 

injuries (p<0.05). There were no injuries at the beginning of the 1-year study, and the 

dancers in a professional company experienced a workload of 31.5-35.5 dance-hours per 

week. Regarding injury onset, 20% fell into the “could not recall” category, and 26% fell 

into the “other” category, an indication that many injuries are insidious in onset. The 

largest number of acute injuries occurred during jumping, with 10% occurring during 

small jumps, 6% during medium jumps, and 9% during large jumps. Most injuries  

occurred in the lower leg  (females, 17%; males, 19%), ankle
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(females, 15%; males, 13%), foot (females, 10%; males, 8%), and low back (females, 

16%; males, 12%). Greatest time away from dance as due to stress fractures of the tibia 

and metatarsals, ankle instability, and lumbar facet dysfunction/nerve root pathology. The 

average time away from work per injury was 7 days for females and 13 days for males. 

Among the highest ranked dancers, there was a total of 121 days lost from work due to 

injury per dancer. Female dancers had 2.1 first-time injuries, 1.6 recurrent injuries, and 

0.46 exacerbation injuries per 1000 dance hours. Because many dance injuries occur 

during jumping, there is a need to improve stability and performance during jumps. 

Because a majority of injuries happen due to overuse, there is a need to find preventive 

interventions.  

Weiss et al.3 used a national survey of 184 male and female professional modern 

dancers to evaluate the training and performance demands. In the study, the researchers 

found the mean age of the dancers was 30±7.3 years, and the average Body Mass Index 

(BMI) was 23.6±2.4 kg/m2 for males and 20.5±1.7 kg/m2 for females. While 51% of the 

male dancers began their training in modern dance at the age of 15.6±6.2 years, 55% of 

female dancers started their training with ballet, and much earlier than the males, at an 

age of 6.5±4.2 years. On average, the modern dancers spent 8.3±6.0 hours in class and 

17.2±12.6 hours in rehearsal each week, with 80% reporting taking modern class and 

67% taking ballet class. Additionally, 8.2±6.6 hours of extra non-dance training was 

reported, with Pilates, upper body weight training, and yoga as the most reported forms. 

Performance time averaged 23.3±14.0 weeks/year (range: 2-52 weeks) for females, and 

20.4±13.9 weeks/year (range: 1-40 weeks) for males. Dancers wore 12 different types of 
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shoe wear, though most modern dancers danced barefoot. Future studies should consider 

years of training, type of training, and shoe wear during the intervention and assessment 

of modern dancers.  

With a 30-week performance baseline as a participation cutoff, professional 

modern dancer injuries were tracked in a 5-year study, by Bronner et al.4 In the first two 

years, injury tracking was conducted without intervention, and in the subsequent three 

years, a physical therapist who was a dance medicine specialist was available onsite for 

prevention screening, exercise recommendation, and for rehabilitation intervention. In the 

first three years, 79-81% of the dancers reporting work-related injuries resulted in 

worker’s compensation cases. In the fourth year, this number was reduced to 24%. In the 

fifth year, worker’s compensation cases were reduced to 17%. There was a significant 

reduction in worker’s compensation cases in years 4 and 5 (F[4,35]= 9.52, p<0.01) as 

compared to years 1, 2, and 3.  In post hoc comparisons, there was a significant reduction 

of years 4 and 5 versus years 1, 2, and 3, p<0.01. The researchers found injuries per 1000 

hours of exposure were significantly reduced from 0.51 in year 1, 0.48 in year 2, and 0.57 

in year 3, to 0.29 in year 4, and 0.18 in year 5. Days lost due to injury decreased from 230 

to 58 by the 4th year. Much like the Allen et al.2 study among professional ballet dancers, 

injuries were primarily overuse injuries and typically occurred in the lower extremity and 

back. Of the traumatic injuries, over half of them occurred during performances.4 The 

injury tracking by Allen at al.,2 the preliminary data from prevention and early 

rehabilitation care by Bronner et al.,4 and the training regimen reported in the Weiss et 
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al.3 study reflect the path toward overuse injury and support the need for prevention and 

wellness care by the dance medicine physical therapist.  

In the science of dancer rehabilitation, Liederbach5 discusses the concept of 

repetitive microtrauma as a source of overuse injury. She recommends that clinicians 

evaluate dose-response during exercise and consider whole-body mechanics, motor 

control, and systems interdependence when treating the dancer. She also recommends a 

comprehensive look at the dancer when assessing for risk of future injury.  Interventions 

recommended include the use of plyometric training, perturbation training, and 

proprioception activities. Dancers not only seek effective methods for a speedy 

rehabilitation from injury and for injury prevention, but they also have a strong interest in 

improving performance while maintaining a visually appealing physique. 

Annual Screening 

Musculoskeletal screening is provided in college dance programs and in some 

youth dance academies and conservatories, but it is primarily conducted in professional 

dance companies. While there is currently no evidence that suggests screening results can 

predict future injury, screening information does provide baseline data for both the 

individual dancer and the company.6 Unfortunately, only 54% of modern dance company 

members received healthcare through their employer.3 Therefore, screening, with 

subsequent injury prevention interventions by a dance medicine physical therapist, is of 

great value to both insured and uninsured dancers.  One advantage of pre-season 

musculoskeletal screening is the identification of functional impairments and potential 
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risks for individual dancers and the opportunity to make recommendations for increasing 

physical capacity.  

A growing number of professional dancers in the United States are screened with 

the Dance USA Annual Post-Hire Health Screen for Professional Dancers.7 Medical 

professional members of the Dance USA Taskforce on Dancer Health provide the screen. 

The screen has two primary purposes: 1) To detect potentially life -threatening or 

disabling medical or musculoskeletal conditions that may limit a dancer’s safe 

participation,” and 2) “To detect medical or musculoskeletal conditions that may 

predispose dancers to injury and/or illness during their season.”  The five secondary goals 

are: 1) “To determine the general health of the dancers,” 2) “To assess the fitness level of 

the dancers,” 3) “To counsel the dancers and make recommendations based on the 

screening information,” 4) “To use a standardized screening tool and associated protocols 

to assess dancer health,” and 5) “To introduce new dancers to the company’s health care 

team and the health resources available to them.” Fitness level is determined by height, 

weight, and blood pressure measurements, in addition to scores on the 3-Minute Step 

Test, range of motion, strength, balance, and functional movement tests. While initially 

the Dance USA screen was used in larger-sized, well-known dance companies, it is now 

used in many smaller and medium-sized dance companies throughout the United States. 

Physical therapists provide the screening as well as follow-up recommendations and 

wellness interventions to improve the dancer’s fitness level.   
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The psychometric properties of the Dance USA Annual Post-Hire Health Screen 

for Professional Dancers are promising.  Karim et al.8 found the inter-rater reliability of 

the dynamic posture assessment component was high, with 70% to 100% agreement, 

while Spearman’s rho values ranged from r=0.37 to r=0.99 for 6 of the 10 measurements 

of parallel and turned out demi-plié. The demi-plié is a ballet mini squat done as far as 

the knees will bend without the heels lifting. The demi-plié can be done with the hips, 

knees and feet aligned in parallel, or in “turn out,” with both hips in maximum active 

external rotation.  

Dancer Fitness  

The International Association of Dance Medicine and Science (IADMS) provides 

public web access to several resource papers, one of which discusses fitness in a dancer.9 

They state, “A dancer who is able to jump higher, balance longer and create illusions 

such as floating may not necessarily be a better dancer, but she does have the advantage 

of a greater range of tools with which to produce the desired images of dance 

choreography.” Components of a dancer’s fitness are described by IADMS9 as “aerobic 

and anaerobic capacity, muscle endurance, strength, power, flexibility, neuromuscular 

coordination, body composition, and rest.” Dancer fitness is addressed by additional 

training outside of dance technique classes and rehearsal, in order to improve aesthetics 

and performance, to reduce injury risk, and to extend the dancer’s career.   

 Koutedakis and Jamurtas10 examined current literature for factors that contribute 

to fitness in the dancer. Aerobic capacity, anaerobic capacity, balance of agonist and 

antagonist  
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muscle tension (strength), joint mobility, and power are all areas they suggest examining 

during professional dancer wellness screening. Aerobic capacity in professional dancers 

has been found to be no better than that of pre-professional dancers, indicating a need for 

additional training to increase aerobic capacity in the professional dancer. Isokinetic 

torque, a common measure of strength, has been found to be lower in dancers than in the 

general population, with ballerinas having the lowest measurements. Ironically, the 

anaerobic demands are three times greater during a ballet solo dance piece than during a 

ballet class going beyond the anaerobic threshold, with a change from 3 millimoles/liter 

to 10 millimoles/liter mean blood lactic acid, similar to levels found in elite hockey, 

football, and squash athletes. In terms of strengthening through resistance training, the 

challenge is to increase muscle tension without changing the dancer’s aesthetic 

appearance. In terms of muscle flexibility and joint mobility (MFJM), there were no 

relationships found between increased MFJM and lumbar spine and ankle injuries, 

though 88% of acute injuries occurred during flexibility training. Overtraining occurs in 

professional dancers in a similar way as with high-level athletes, at the end of the 

performance season. 

Dancers endeavor to perform better, but may not have the capacity to meet the 

physical demands of the dance profession. Injuries occur with both overtraining and 

trying to perform outside of physical capacity. Injuries among professional dancers are  

high, with nearly 50% taking between 1-6 days off for injuries in a 12-month period and 

with 90% of the injuries in the lumbar spine, pelvis, and lower extremity. Any new ways  
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of improving capacity of the muscular system or aerobic system in the professional 

dancer must account for effects on aesthetic appearance and potential influence on many 

body systems.  

McCurdy et al.11 studied the relationship between strength, measured in terms of 

torque, and biomechanical alignment. The researchers found a negative relationship 

between torque and knee valgus.  A negative correlation occurred between modified 

unilateral squat peak torque (MSLS) and bilateral hip adduction (r=0.54, p<0.05,), MSLS 

and bilateral knee valgus (r=-0.81, p<0.05), bilateral squat peak torque (BS) and bilateral 

hip adduction (r=-0.50, p<0.05), and BS and bilateral knee valgus (r=-0.77, p<0.05). The 

highest inverse correlation between MSLS and BS and knee valgus occurred during the 

unilateral and bilateral drop jumps (-0.77≤r≤-0.83, p<0.05). Lower hip abduction strength 

correlated with increased knee valgus (r=-0.43, p<0.05), and isometric hip extension 

external rotation correlated with unilateral knee valgus (r=-0.41, p<0.05), therefore, lower 

extremity abduction, extension, and external rotation strength values correlated with 

increased knee valgus, considered a greater risk for injury. The findings support earlier 

research on increased anterior cruciate ligament (ACL) injury risk with increased knee 

valgus, and that the movement patterns that increase risk of an ACL injury are associated 

with poor squat strength. While the McCurdy study did not examine movement quality, 

the literature reflects the current research view that poor movement leads to injury. Future 

interventions should include assessment of movement quality.  

Time commitment outside of dance class and rehearsal must be considered. 

Mistiaen et al.12 conducted a study examining the effect of aerobic and strength training.
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on aerobic power, oxygen consumption, exercise time to 75% of the predicted maximal 

heart rate, aerobic power index submaximal test as indicated by the highest achievable 

level of bicycle resistance, perceived exertion, anthropometric measurements, and quality 

of life among 40 collegiate dancers. The training occurred 3 times per week for 90 

minutes, in addition to dance classes. After the 6-month intervention, the researchers 

found a significant increase in aerobic power (p=0.03), submaximal oxygen consumption 

(p<0.05), exercise time to exhaustion (p=0.02), and level of highest bicycle resistance 

(p=0.02). There was no significant change in Borg RPE score, total score on the SF-36, 

or 1-minute post-exercise recuperation heart rate. The authors reported the dancers 

improved their fitness without a change in aesthetic appearance, based on body mass 

index (p=0.41), though the results demonstrate a significant reduction in waist 

circumference (p=0.03), waist-to-hip ratio (p=0.36), percent body fat (p<0.001), total 

skin thickness (p<0.001), and sacroiliac skin thickness (p<0.001). The standing broad 

jump was significantly improved (p=0.04). Of the 40 dancers in the study, 3 dancers 

dropped out, and 10 were lost to follow-up within the 6-month intervention period.  

Twelve dancers developed injuries. Only 27 of 40 dancers completed the study. While 

the study by Mistiaen et al.12 reflects the dancer’s focus on increasing fitness, and while a 

fitness regimen is supported by the results of the study, the time commitment and injury 

rate that occurs with traditional exercise protocols could be a deterrent for most dancers. 
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Physical Performance 

Redding et al.13 worked on the development of a high-intensity dance movement 

fitness test, comparing oxygen uptake, blood lactate, and heart rate among professional 

contemporary dancers. The researchers compared the physiological measurements taken 

during the dance movement to maximum oxygen uptake measures during treadmill 

testing, using the British Association of Sport and Exercise Sciences protocol. There were 

no significant differences except for heart rate, which was greater during treadmill testing 

(p<0.05). The researchers stated the results support the dance movement fitness test 

provides the intensity required to measure aerobic capacity. Future studies should include 

construct validation.  Limitations to the study include a ceiling effect to the level of blood 

lactate among the more aerobically fit contemporary dancers who did not exceed the 4-

millimole/liter anaerobic threshold in blood lactate. Redding et al.13 compared their 

results among contemporary dancers to a study by Schantz and Åstrand,14 in which ballet 

dancers averaged blood lactate levels of 10 millimoles/liter after performing a strenuous 

ballet variation or pas de deux from 1 of 10 established ballet dance choreographies, and 

up to 13 millimoles/liter after treadmill running to exhaustion with step-wise intensity.  

The lower heart rate during dance movement among contemporary dancers may be due to 

specificity of training, in that dancers are trained to dance, not to run. Another difference 

between the two studies is that the contemporary dance movement is very different from 

ballet movement. Future studies should use clinically measurable outcomes, and specify 

movement components of the measurement tool. 
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The ability to balance and jump with good aesthetic form is valued by dancers, 

dance teachers, choreographers, company directors, dance patrons, and spectators. At an 

early age, pre-professional female ballet dancers are screened for pointe shoe readiness 

by their ability to balance, as assessed by movement tests of the lower extremity and 

trunk, and the ability to demonstrate endurance and proper form during jumps.15 While 

not all dancers become professional ballerinas, the focus on balance and consistency in 

proper jumping form is a baseline requirement for ballet, modern, and contemporary 

dancers. 

Jump Height 

A good jump height requires power, which is involves the speed of a muscle 

contraction in the smallest amount of time possible. Power is not to be confused with 

strength, which involves a maximum contraction. Jump height also involves a 

neuromuscular response to both intentional and reactionary movement. Other factors to 

consider when analyzing jump height are balance, coordination, agility, and the dancer’s 

skill level.9  

Wyon et al.16 studied the effect of gender, level of expertise (principal dancer> 

soloist>first artist> artist), lower extremity differences, the amount of supplemental 

training, the type of supplemental training, and anthropometric factors (skinfold 

thicknesses, girth, lower limb length, height and weight) on jump height in male and 

female professional ballet dancers. There were significant differences found in jump 

height between genders and level of expertise. Male dancers jumped higher than female 

dancers (F[1, 30]=1426.85; p<0.01), and soloists and first artists jumped higher than 
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principals and artists (p<0.05). There was no difference within gender in unilateral jump 

height between right and left. Male dancers had significantly larger girth (F[1, 47]=23.22; 

p<0.01) and leg length (F[1, 47]=49.279; p<0.01) than female dancers. Within gender, 

the male artists had smaller thighs than all other male ranks (p<0.05), and male artists and 

principals had smaller calf girths than first artists and soloists (p<0.05). There were no 

significant differences in girth between ranks for female dancers. Likewise, for all 

dancers, there was no significant difference in jump height relative to the number of 

hours spent training, and no significant difference relative to the type of training. Future 

studies should focus on interventions to increase jump height without significant 

additional training time and should investigate interventions outside of traditional forms 

of dance training. Male dancers participated in more weight training than female dancers 

(F[1, 48]=6.71; p<0.01), while female dancers participated in more aerobic training than 

male dancers (F[1, 48]=13.14; p<0.05). Predictors of jump height were thigh 

circumference (F[1,38]=11.03; p<0.01) and calf circumference (F[1,38]=9.29; p<0.01). 

Interestingly, when the girths were normalized, jump height was found to have no gender 

differences. The larger girths were found with higher jumps, but large girth may not be an 

attribute the dancer desires.   Ballerinas have 77% of the weight-predicted strength values 

as compared to healthy, active non-dancers, an occurrence that is attributed to the smaller 

amount of skeletal muscle in the ballerina, lending support to the theory that strength 

training as a function of increasing muscle bulk is not desired among dancers.17 A 

method that increases jump height performance but does not increase girth is warranted.  
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Jump position is important in pre and post-testing and during intervention. 

Turned-out 1st position is a foundational position for ballet and modern dancers. The 

turned-out first position is a bilateral stance with hip, knees, and feet in external rotation. 

The turned-out 1st position demi-plié (bilateral squat without the heels rising) has been 

used to demonstrate different muscle firing patterns between professional ballet and 

professional modern dancers. Trepman et al.18 found significantly less activation of the 

tibialis anterior (p<0.001) and more activation of the medial gastrocnemius (p<0.05) in 

modern dancers, during 1st position demi-plié. Significant between-group differences 

occurred in vastus lateralis and vastus medialis activation during different phases of the 

demi-plié, where the ballet dancers’ activation peaked at the end of the rising phase, the 

modern dancers’ activation peaked in mid-cycle (p<0.001 for each muscle). The 

differences between ballet and modern dancers are attributed to the increased hip external 

rotation and genu varum found in the ballet dancers, which results in increased postural 

sway and vasti activation at the end of the rising phase. Accounting for between-group 

differences is necessary to decrease the variance introduced by a dancer’s style.  

Balance 

Krasnow et al.19 developed the Performance Competence Evaluation Measure 

(PCEM), based on movement evaluation systems previously done by Bartenieff and 

Parrott,20 and the Aesthetic Competence Evaluation by Chatfield and Barnes.21 The dance 

researchers also developed the Dynamic Alignment Measure (DAM), which examines 

body alignment during a grande plié. Markers to electronically measure whole-body 

alignment were placed behind or above the ear, at the acromion, at the center of the 
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ribcage, on the superior iliac crest, at the center of the hip joint, at a lower leg reference 

point, and at the center of the base of support in turned out dance first position.  Both 

tools were developed to measure the effect of imagery and conditioning on performance 

and alignment on 22 collegiate dance students, over an 8-week intervention. The PCEM 

was found to have good intra-rater reliability (r=0.93), and good inter-rater reliability 

(r=0.99), but no validation study has been done to date.  The PCEM improved over time 

in all groups (F[1, 15]=21.7, p=0.0003) with no significant main effect of group. The 

DAM was better in the groups that were assigned less movement prior to performing the 

grande plié (F[1, 15]=10.3, p=0.003). The researchers could not prevent the confounding 

effects of history or additional training in the 8-week intervention period. The authors of 

the study recommended future studies examine dynamic movement rather than static 

positions, as there was more variability in subjects in the dynamic movement condition. 

A simplified movement analysis that can be completed in a short period of time is 

warranted in future studies.  

In 2002, Van Emmerik et al.22 reviewed prior research on balance and postural 

control and found older adults varied more at the boundaries of anterior and posterior 

stability, whereas younger adults had less variability and wider boundary distances. Older 

adults reached their boundary, or limits of stability, earlier than younger adults and had 

decreased lateral stability.  Postural sway from a center of pressure during static stance is 

no longer a sufficient measure of balance, as the body that is too rigid in a small range 

may have difficulty making adaptive responses to complex balance challenges. Van 

Emmerik et al.22 support a paradigm shift from considering unpredictable movement 
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variability as pathological to viewing the variability as a higher level of coordination and 

motor control. The authors propose testing at limits of stability instead of measuring 

balance in a static position.  

Kiefer et al.23 studied balance between male and female ballet dancers and a 

control group of non-dancers. The participants had to stand on two feet and sway with a 

moving target. The researchers found the dancers demonstrated better ankle-hip coupling 

reaction to visually-induced sway than controls in single limb stance (F[1,54]=4.11, 

p<0.05, ηp
2=0.07). It is thought that dancers have increased neuromuscular control and 

increased perceptual sensitivity, which makes them able to adapt to changes in new 

patterns.   

Dancers need to maintain balance in both static positions and in dynamic 

movements.  Schmit et al.24 studied both postural stability and postural sway between 

collegiate dancers and track athletes. The researchers found that while there was no 

difference in postural stability between groups, the dancers demonstrated significantly 

better dynamic control during postural sway (p< 0.05) than track athletes. Simmons et 

al.25 compared balance in professional ballet dancers to non-dancer controls by changing 

visual, vestibular, and somatosensory input during sensory organization testing in static 

stance. The researchers found the ballet dancers used a hip strategy for balance when 

somatosensory and visual input was altered. There was no significant difference between 

ballet dancers and controls during eyes open and eyes closed conditions. The ballet 

dancers demonstrated significantly greater anterior-posterior postural sway than controls 

when somatosensory input was altered (p<0.01). Because there was no difference when 
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visual input was altered and because there was a difference when somatosensory input 

was altered, there is support that ballet dancers use the somatosensory system in ballet 

training and have difficulty when forced to rely on visual and vestibular input, or 

vestibular input alone. Future studies should consider testing balance as a function of 

somatosensory input among dancers. 

Trepman et al.18 studied muscle EMG and postural sway during demi-plié in 

professional ballet and modern dancers. The dancers performed 60 demi-pliés. Modern 

dancers used the medial gastrocnemius more than ballet dancers  (df=1, X2=4.60, p<0.05), 

and ballet dancers used the tibialis anterior more than modern dancers (df=1, X2=11.82, 

p<0.001) in stance, between demi-pliés. At the end of the rising phase of the demi-plié, 

ballet dancers demonstrated significantly more activation of the vastus lateralis (df=1, 

X2=27.64, p<0.001), and significantly more activation of the vastus medialis (df=1, 

X2=29.71, p<0.001), than the modern dancers. Modern dancers demonstrated more 

activation of the gluteus maximus in mid-cycle (df=1, X2=12.98, p<0.001), and in the 

rising phase (df=1, X2=14.71, p<0.001), than ballet dancers. In mid-cycle, ballet dancers 

demonstrated more adductor activation (df=1, X2=4.86, p<0.05). Regardless of group or 

movement, there was greater activation of the lateral gastrocnemius than the medial 

gastrocnemius (df=1, X2=9.82, p<0.005). In mid-cycle, between the lowering and the 

rising phases of the demi-plié, there was greater activation of the gluteus maximus than 

the hamstrings (df=1, X2=16.54, p<0.001), and greater activation of the adductors than the 

hamstrings (df=1, X2=22.08, p<0.001), regardless of group. The researchers found a 

forward sway occurred during the downward phase of the demi-plié, and a backward 
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sway during the rising phase of the demi-plié, regardless of group. Future studies should 

examine movement norms in dancers in terms of postural sway. While the direction of 

sway was the same between groups, the muscle EMG was different and there was no 

measurement of amount of sway between groups.  Future intervention studies should 

consider minimizing baseline variability by studying dancers from one type of dance 

training. 

Two theories dominate current literature in terms of the mechanism involved in 

balance reactions.  One theory suggests the co-contraction of agonist-antagonist muscles 

promotes dampening at larger amplitude perturbations, and the other theory promotes a 

neural closed-loop system that detects and responds to rapid changes. In both cases, the 

neuromuscular response is involved. Simmons et al.26 investigated a third pathway to 

balance reactions by investigating the neuromuscular response in female ballet dancers 

between the ages of 20-22 years and in age-, height-, and weight-matched controls. The 

researchers anticipated three different neuromuscular responses: 1) a short-latency (SL) 

response, which is a stretch-reflex from the mono-synaptic or oligo-synaptic pathway, 2) 

a medium-latency (ML) response, which travels through a “low level polysynaptic spinal 

reflex,” and 3) a long-latency (LL) response, which transmits through the transcortical 

loop. The SL and ML responses are tracked through electromyography at the 

gastrocnemius, and the LL and is tracked at the anterior tibialis. The participants stood on 

a forceplate that rotated to increase dorsiflexion by 8°, at a rate of 50° per second, with a 

visual-blocking surround (NeuroCom Inc, Clackamas, OR). There were 20 trials, with a 

computer-randomized 1-5 second rest between trials. Surface EMG was taken from the 
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medial gastrocnemius and the anterior tibialis. There was no significant difference 

between groups during SL and ML responses, but there was a significantly faster time in 

LL response for dancers  (t=2.5, p<0.02) as compared to controls. Dancers also 

demonstrated significantly less variance in activation of the anterior tibialis, (t=2.15, 

p<0.05). The results demonstrate that ballet dancers use a different neuromuscular 

pathway than controls during this specific balance challenge. Ballet dancers had a faster 

neuromuscular response with less variance, and more readily used a transcortical pathway 

in response to balance perturbation. Future studies should consider retesting with modern 

dancers, as the Trepman et al.18 study demonstrated modern dancers activated the medial 

gastrocnemius significantly more than the ballet dancers, and the ballet dancers activated 

the anterior tibialis more than the modern dancers.  

Postural stability may be influenced by limb preference, with one limb bearing 

more initial force than the other during jumping and during dance activities that require 

balance. While ballet classes train both right and left sides, in general, all barre and center 

routines are started with the right leg as the gesture limb and the left leg as the supporting 

limb. Mertz et al.27 examined the relationship between postural stability and dancer lower 

limb laterality preference by tracking the center of pressure (COP) and ground reaction 

force (GRF) in landing 5th position dance jumps among male and female university ballet 

dancers. GRF was tested on the AccuGait force plate (Advanced Mechanical Technology 

Inc., Watertown, MA). Of the 30 dancers, 21 dancers chose the right leg as the preferred 

landing leg and 15 chose the left leg as the one with perceived better balance. There were 

no significant differences between laterality preference and COP, and no significant 
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differences between laterality preference and GRF. Limits to this study may have been a 

lack of power in the multivariate analysis. Confounding factors may have come from 

baseline differences, such as years of training, technique differences, and anthropometric 

differences among the dancers, as the authors did not report baseline p-values. While the 

Mertz et al.27 study did not demonstrate significant in COP and GRF based on laterality, 

the study reflects the value of examining jumping, balance, and movement quality in 

dancers. Future studies should use a validated definition of laterality, conduct a power 

analysis for sample size estimation, and provide baseline demographics.  

Rein et al.28 studied balance as a function of postural control and functional ankle 

stability between professional dancers, amateur dancers, and non-dancers, using the 

Biodex Stability System (BSS, Biodex Medical Systems, Shirley, New York, USA). The 

researchers found postural control was significantly better in professional dancers than in 

the other groups (p<0.02). Interestingly, professional dancers balanced more in the 

antero-lateral and less in the postero-medial part of their feet in comparison with amateur 

dancers and controls (p<0.02). While amateur dancers had a significantly increased 

plantar flexion of both feet compared to the control group (p<0.02), professional dancers 

had greater plantar-flexion range of both feet in comparison to all other groups (p<0.02).  

The professional group had better position sense at 130° for the right leg (p<0.02). 

Peroneus brevis reaction time was better in amateur dancers in comparison to controls 

(p<0.02). Though the more difficult balance tests in the Rein et al.67 study may be a better 

way to measure dancers, who are regularly active at increased joint ranges, a simple, 
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portable, inexpensive system of measurement that is challenging enough for all levels of 

dancers is needed for use in the clinic and dance studio. 

Aesthetic Competence 

Angioi et al.29 examined the association between fitness components and aesthetic 

competence in 11 pre-professional and 6 professional level contemporary dancers, using 

a new aesthetic competence tool. The fitness components were anthropometrics, 

flexibility, muscular power, muscular endurance, and aerobic capacity. Anthropometrics 

were measured as height, weight, and body fat via skinfold caliper measurement. 

Flexibility was measured actively and passively in développé à la seconde. Muscular 

power was measured by taking the standing jump height in ballet 1st position with hips 

externally rotated and without use of the arms, then repeated unilaterally, on each leg. 

Muscular endurance was measured by counting the number of modified kneeling pushups 

and the time a plank was held. Aerobic capacity was measured using the Dance Aerobic 

Fitness Tool (DAFT).  Aesthetic competence was measured by performing a 60 second 

choreography.  Raters scored the dancers in the following categories: movement control, 

spatial skills, accuracy of movement, technique, dynamics and rhythmic accuracy, 

performance qualities, and overall performance. The raters used a Likert scale, and the 

scoring criteria are described as follows: “1-3 = little or no ability to perform elements as 

required; 4-6 = some elements performed appropriately; 7-9 = elements performed 

appropriately for about 80% of the time; 10 = elements performed appropriately during 

the whole performance.” Inter-rater reliability was excellent for the total score (r=0.96, 

p<0.01). There were significant correlations between aesthetic competence and jump 
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ability (r=0.55) and between aesthetic competence and pushups (r=0.55).  The best 

predictor of aesthetic competence was pushups (R2=0.30, p=0.03), though a higher 

prediction power occurred with the interaction of pushups and jump ability (R2 =0.44, 

F=11.6, p=0.004). Scores on aesthetic competence between student and professional 

dancers were significantly different (p<0.05). The excellent inter-rater reliability in the 

Angioi et al.29 study lays a foundation for movement assessment without the time and 

expense of computer-assisted movement analysis. 

The Brain and Motor Control  

Calvo-Merino et al.30 found male professional ballet dancers demonstrated 

stronger responses during functional MRI in the premotor cortex, parietal cortex, and 

superior temporal sulcus while watching ballet movement compared to watching 

Capoeira movement, (p<0.05), and experts in Capoeira responded similarly while 

observing Capoeira movement versus ballet movement (p<0.01). The control group did 

not have any significant changes in brain response regardless of type of dance viewed. 

The results of the study suggest a motor representation of complete action patterns occurs 

in the brain, with a differentiation of movement style. The study supports the mirror 

system, in which the brain is able to recognize learned, skilled movement. Therefore, 

further research should take dance movement style into consideration, and limit studies to 

the same type of style, to prevent potential confounders in the independent variable. 

Couillandre et al.31 examined the effect of explaining the kinesiology of the demi-

plié and providing mental imagery on the performance of the demi-plié, and of the first 

position ballet jump, in 7 female professional ballet dancers. During the demi-plié, the 
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researchers looked at the maximum knee flexion angle, and the ratio of surface EMG 

(SEMG) via root mean square of the vastus lateralis/biceps femoris, and the tibialis 

anterior/soleus muscle pairs. The researchers considered a ratio equal to 1 as an 

indication of no change after intervention. A lower ratio indicated less muscle activity 

and a higher ratio more muscle activity. During the jumps, the researchers looked at the 

jump height, the maximum vertical acceleration, the time taken to reach the maximum 

jump height, the SEMG ratio, the ratio of sagittal vertical acceleration variation, and the 

relationship between both ratios in the ascending and descending phases of the jump. The 

researchers found no difference in maximum knee flexion angle in dancers performing 

the demi-plié, or in the height of the first position jump after intervention. The 

researchers did find increased biceps femoris SEMG activation (p=0.02) during the demi-

plié, and immediately before the jump (p=0.04), after intervention. There was also an 

increase in tibialis anterior muscle activation (p=0.02), and a significant decrease in 

vastus lateralis activation (p=0.04), after intervention. There was less sagittal 

acceleration, indicating improved postural control, after intervention (p=0.02). A 

significant linear regression ratio occurred, as sagittal acceleration decreased, biceps 

femoris activation increased (p<0.05). The researchers attribute the improved postural 

control, or “less bucking” to the increased activation of the biceps femoris and tibialis 

anterior.  It is worth noting that Simmons et al.26 found tibialis anterior activation 

occurred faster in ballet dancers than in controls during balance reactions, indicating the 

efficiency of use of a transcortical loop, and Trepman et al.18 found the professional ballet 

dancers activated the tibialis anterior, while the modern dancers used the medial 
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gastrocnemius. Future studies should distinguish between muscle activation and cortical 

pathways as potential routes to improved movement.  Because mental imagery and 

kinesiological awareness have an effect on muscle activation and posture control, future 

studies may benefit from inclusion of these interventions, and studies need to control for 

this potential confounder. 

In summary, musculoskeletal considerations that are important to the professional 

dancer include physical performance, jump height, balance, aesthetic competence, and 

motor control. The use of annual screenings and advocacy for injury prevention in the 

dance community is a platform for the investigation of potential performance 

enhancement interventions. Because dance jumps occur frequently in dance class and 

performance, jump considerations will be examined in detail in the following section. 

JUMP CONSIDERATIONS 

Jump height and quality and static and dynamic balance are important variables to 

consider in the dance population. These variables will be accounted for in the design of 

the third study of the dissertation, as described in Chapter 5 on female professional 

contemporary dancers.  Prior research on muscle activation, footwear, rest interval, 

stretching, fatigue, and types of measurement tools will be discussed as follows. 

Muscle Activation  

Sousa et al.32 examined lower extremity muscle activation through surface EMG 

as percent maximum voluntary contraction, ground reaction forces on a force plate, and 

type of muscle contraction during three consecutive double and single limb ballet jumps. 

The relationship of co-activation of the adductors and rectus femoris was good for the 
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first jump (r=0.67), and moderate for the second jump (r=0.49).  A good correlation was 

found between the rectus femoris and the ground reaction force for the first jump 

(r=0.72), and for the second jump (r=0.75).  Co-activation of the medial gastrocnemius 

and the soleus was excellent (r=0.80) for the first jump and good for the second jump 

(r=0.70).  A moderate inverse correlation occurred between the medial gastrocnemius and 

the tibialis anterior for the first jump (r=-0.47), and for the second jump (r=-0.59). The 

researchers found a pre-activation of the hamstrings prior to landing, with the maximum 

EMG occurring before the maximum ground reaction force. The muscle co-activation 

and pre-activation findings are important for decreasing ground reaction forces and 

dampening these forces that could potentially travel up the body through bone. While the 

Sousa et al.32 study demonstrates there is a definite activation sequence of the rectus 

femoris, hamstrings, medial gastrocnemius, and soleus during single and double limb 

ballet jumps, the measurement values were highly influenced by small changes in form 

during each jump, limiting the generalizability of the research findings. Future studies 

should consider defining the term, “good jump form.” It is interesting to note the inverse 

correlation of the tibialis anterior and medial gastrocnemius, as Trepman et al.18 found 

the tibialis anterior was used by ballet dancers, and the medial gastrocnemius was used 

by modern dancers during demi-plié. Future studies should examine the relationship 

between the 1st position demi-plié and the 1st position sauté, a ballet jump that moves 

through the 1st position demi-plié.  
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Footwear 

Yan et al.33 examined the effect of shoe type on ballet 2nd position sauté, in female 

student ballet dancers. The 2nd position sauté is a ballet jump with legs apart, and with 

lower extremity externally rotated.  The dancers tried barefoot and four different types of 

jazz shoes (Chorus [Bloch Cabaret S0306], Elastabootie [Bloch Elastabootie S0499L], 

Evolution [Bloch Evolution Dance Sneaker S0510], and Boost [Bloch Classic Boost 

S0538L]), and stood with each foot placed on a separate force plate (Model 9287BA, 

Kistler, Switzerland). A 14-camera motion analysis system (Eagle and Cortex 1.1.4.368, 

Motion Analysis Corporation, Santa Rosa, CA, USA) was used to measure ankle, knee, 

and hip angle range of motion (ROM). The dancers did eight jumps, and the first and last 

jump were removed from the analysis, with the mean values taken from the remaining six 

jumps. The researchers found that all jazz shoe designs increased knee and ankle sagittal 

ROM (p<0.05), and decreased ankle frontal plane ROM and midfoot ROM in all three 

planes (p<0.05), as compared to barefoot. There was no significant effect of jazz shoe 

design on hip sagittal angle. The authors33 surmised that the shoe wear may decrease the 

dancer’s ability to use her body to absorb impact, requiring dancers to rely more heavily 

on greater knee angles during landing while wearing the jazz shoes vs. landing on bare 

feet. Unreported by the authors, another consideration is the effect of somatosensory and 

proprioceptive input that may be affected by shoe wear. Because shoe wear has been 

found to make a difference, it is important to account for shoe wear in future studies that 

involve dancers performing jumps.  
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Rest Interval  

McCann et al.34 examined the effect of rest interval and exercise type on ground 

reaction force and vertical jump height among healthy men (20.86±1.77 years of age) and 

women (19.14±0.38 years of age). They found, when measuring vertical jump height, 

that the ideal rest interval was 4 minutes (p=0.02 in post hoc analysis) when comparing 4- 

and 5-minute rest intervals. There was no significant difference in peak GRF and no 

significant correlation between the increase in VJ height and increase in peak GRF.  

Unfortunately, the researchers did not study rest periods less than 4 minutes. However, 

there appears to be evidence that a rest interval of 4 minutes results in improved forces in 

jumps, and this should be considered when designing future studies with this population. 

Stretching 

Morrin et al.35 studied the effect of static stretching (SS) (quadriceps, hamstrings, 

gastrocnemius, and gluteus maximus), dynamic stretching (DS) (quadriceps, hamstrings, 

gastrocnemius), the combination of both dynamic and static stretching, or no stretching 

(NS) on balance, vertical jump, and range of motion (ROM) in 10 female dancers 

between the ages of 22-32 years who had more than 3 years of contemporary dance 

training. The study was not randomized, and all participants did one of each of the 

protocols after the warm up exercises, separated by two days. The researchers found 

significantly greater ROM after SS than after DS (p=0.001), and significantly greater 

ROM after a combination stretch as compared to DS (p=0.03), in post-hoc analyses. The 

main effects of stretch on vertical jump (VJ) height (F[3,7]=24.35, p<0.001) and balance 

{F[3,7]=8.710, p<0.001) were also significant. In post hoc comparisons, VJ performance 
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following DS (p=0.001) and combination stretch (p=0.01) was significantly greater than 

SS, and the combination stretch demonstrated significantly better balance scores (p=0.02) 

as compared to SS. Behm and Chaouachi36 reviewed 114 random-controlled trials 

between 1989 and 2010 that contained an analysis of the effect of static and dynamic 

stretching on at least one of the following measures: maximum voluntary contraction of 

isometric force, 1 repetition maximum force, isokinetic torque, balance, vertical jump, 

sprinting, running, agility and other performance measures among healthy, active adults. 

The researchers calculated effect sizes for each study, and an overall effect size analyzing 

variables such as stretch duration. They measured against an effect size of 0.4 as a small 

change, 0.4-0.7 as a moderate change, and over 0.7 as a large change. The researchers 

found static stretching over 90 seconds resulted in a moderate reduction in force/power 

(effect size (ES)=0.61), a small reduction in jump height (ES=0.27), and a small 

reduction in sprint speed (ES=0.08). For static stretches lasting 30-90 seconds, there was 

a moderate reduction in force/power (effect size (ES)=0.62), a small reduction in jump 

height (ES=0.14), and a small reduction in sprint speed (ES=0.29). For static stretches 

lasting 0-30 seconds, there was a small reduction in force/power (effect size (ES)=0.004), 

a small reduction in jump height (ES=0.08), and a small reduction in sprint speed 

(ES=0.25). The authors attribute some of the reduction in force production to static 

stretching at the point of discomfort.  The decrease in force and power may be due to a 

decrease in neuromuscular response as the muscle spindles are inhibited from the stretch 

and 1α afferents send slower and fewer messages to the α-motoneuron. To catch up, the 

nervous system has to work harder, and there is earlier neural fatigue. In contrast to static 
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stretching, where longer durations resulted in decreases in force and power production, 

the researchers found longer duration dynamic stretches of 90 seconds or more resulted in 

increases in isokinetic force and power, as compared to dynamic stretching less than 90 

seconds (p=0.006). The authors support static stretching for long-term changes in range 

of motion, and dynamic stretching for acute range of motion changes and as a warm-up 

activity that simulates the activity that will be performed. Future studies should consider 

the effect of stretching method on range and on vertical jump height. 

Fatigue 

Ortiz et al.37 examined peak knee and hip joint angles during single limb drop 

jumps and single limb up-down 10-repetition hop tests among physically active women 

between the ages of 24-32 years. The researchers found good reliability for all variables 

in the average of five trials for the single limb drop jump (ICC≥0.75), and good reliability 

in one trial for the 10-repetition single limb up-down test (ICC≥0.77). The researchers 

used four cameras with a 60-Hertz (Hz) sampling rate, synchronized to a 1000-Hz 

sampling Rate force plate (AMTI, Watertown, MA). The researchers found fatigue was a 

factor influencing performance in prior studies,38 and while they provided rest between 

trials for their participants, could not rule out the influence of fatigue on performance 

during trials in their study. They recommended future research studies consider the effect 

of fatigue with multiple measures.  

Schantz and Åstrand14 found fatigue with running to exhaustion correlated with 

increased blood lactate to levels of 13 millimoles/liter, and to 10 millimoles/liter after 

performing strenuous ballet variations in ballet dancers. Their findings support the 
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physiology behind fatigue, since greater lactate levels were associated with stopping the 

treadmill test due to the inability to continue. The inability to continue is a demonstration 

of failed neuromuscular performance. While the dancers were able to perform their 

variations, the 10 millimoles/liter blood lactate level is high. The need for dancers to 

continue performing in spite of fatigue may affect neuromuscular performance. 

Therefore, fatigue would be an important consideration for future studies that test jump 

height immediately after an intervention that may contribute to fatigue.  As well, the 

number of trials done should be the least number with the most reliability. 

Measurement Tools 

Jump height has been measured many ways in past research, from simple non-

electronic markers on a pole, to optical timing systems and pressure mats. Bosquet et al.39 

found good concurrent validity and excellent correlation (r=0.99, p<0.001) between two 

optical timing systems, the Optojump (Microgate, Italia) and the IR-mat (Ergotest, 

Sweden). Both systems consisted of two bars placed across from each other, which cast 

infrared light beams.  These beams then identified exactly when the feet passed through 

the light during jumps. An alternative measurement tool is the pressure mat. The Just 

Jump Mat System® (JJ) is a pressure mat that calculates jump height as a function of the 

time in the air between the jump takeoff and the jump landing.40 JJ kinetics, 

instrumentation, validity, and reliability will be discussed in the section entitled, 

“Instruments Used to Assess the Dancer.”  

 In summary of jump considerations, muscle activation sequence is influenced by 

jump form, or posture, and hip and knee angles are increased, while ankle angle is 
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decreased when dancers jump while wearing jazz shoes. A 4-minute rest interval is 

recommended between jumps, static stretching results in increased range, dynamic 

stretching increases vertical jump, fatigue affects jump performance, and while the 

optical timing systems have excellent reliability and validity, the Just Jump Mat System®  

(JJ), a pressure mat, is an alternative tool for measuring jump height. 

THE USE OF WHOLE BODY VIBRATION (WBV) AS AN INTERVENTION 

Whole Body Vibration (WBV) is a new intervention tool, used among athletes 

and dancers for performance enhancement, and by physical therapists with patients who 

have musculoskeletal and neurological rehabilitation needs. WBV is usually applied by 

having the person stand on a vibration platform, which oscillates with a preset vibration 

frequency and amplitude and transfers the vibration to the person standing on it. Some 

researchers and clinicians have participants sit on the plate, while other participants 

perform pushups or planks on the plate. This section on WBV will discuss the 

neurophysiological mechanisms, physiological considerations, and mechanics involved in 

WBV. There will also be a discussion of the effect of different intensity and design 

variables from prior studies using WBV.  This section on WBV concludes with 

description of different types of whole body vibration plates, and a detailed discussion on 

the Power Plate Pro 5 AirAdaptive® as an intervention platform. 

Neurophysiological Mechanisms 

The neurophysiological mechanism of the stretch reflex within a muscle has been 

studied in prior publications using sinusoidal electrical stimulation of 1α afferent nerves 

located in the muscle spindle.41-43 The excited 1α afferent nerves transmit the stimulation 
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to the spindle’s motor neurons and to motor neurons of synergistic muscles, while 

inhibiting motor neurons of antagonist muscles.  At the same time, the 1α afferent nerves 

communicate through several spinal pathways, using single and multiple synapses.41 The 

muscle stimulus is not affected by central fatigue, and a predictable response can be 

determined by setting a frequency that keeps exciting the stretch reflex, much like muscle 

twitch caused by electrical stimulation of a muscle can be made to achieve tetany, or a 

constant contraction.41 Tonic vibration reflex (TVR) is the stretch reflex response to 

vibration stimulation of the muscle through 1α afferents nerves, considered outside of 

supraspinal control in early studies.42 

In addition to the 1α loop stretch-reflex, characteristic of TVR, there is a pre-

synaptic inhibition of both the H-reflex and the same 1α afferent stretch reflex, through 

GABAergic interneurons.43 Reflex inhibition also occurs, as there is decreased sensitivity 

in primary spindle ends, and transmitter depletion. It appears there are both tonic and 

phasic responses in the same muscle during muscle stimulation. Likewise, in the 

antagonist muscle, there is a corticospinal pathway that can over-ride reciprocal 

inhibition from spinal pathways.44 During stimulation of the patellar tendon, the 

hamstrings, acting as an antagonist muscle, did not respond as expected, and instead of 

becoming inhibited, co-contracted. The corticospinal pathway is further supported by 

studies in which transcranial stimulation elicited a motor potential and could effect the 

other side of the body.45,46 

Cardinale and Bosco.47 provide a good description the activation of neurosynaptic 

pathways during vibration application, summarized as follows. Vibrations applied to the 
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muscle affect both the muscle spindles and the Golgi Tendon Organs (GTOs). The 

muscle spindles’ mechanoreceptors in the skin, joints, and secondary endings activate 

gamma motoneurons, while at the same time activating the alpha motoneurons through 

the stretch-reflex loop. Through monosynaptic and polysynaptic pathways, the alpha and 

gamma motoneurons provide feedback to the muscle spindle and to the brain. At the 

same time, the GTOs modulate the stiffness of the muscle through alpha motoneurons 

and through interneuron feedback to the brain. The areas affected are the primary and 

secondary somatosensory cortex and the supplementary motor area of the brain. The 

neuromuscular system is enhanced by feedback from the brain, which includes hormone 

changes that affect muscle force.  

The application of whole body vibration (WBV) while standing on a vibration 

plate assumes the presence of both the mechanism of the TVR through the 1α afferents, 

and the mechanism of suppression through presynaptic inhibition. Zaidell et al.48 used 

surface EMG on the medial soleus and tibialis anterior and a load cell to measure plantar 

flexion force (PFF). The participants were seated in a chair on solid ground, with the 

knees bent at 30 degrees (°) to simulate a squat, with the tested foot on the vibration 

plate. Each participant received 70 seconds of vibration at 25 Hz or 50 Hz, through WBV 

or direct Achilles tendon vibration (ATV), unloaded and then loaded with 45% of the 

participant’s body mass. All 8 participants did all conditions, with a 2-minute rest 

between, in randomized order.  Each participant was also given math problems to solve 

as a mental distraction to minimize a voluntary contraction. The authors found WBV 

vertical acceleration was greater with a 25-Hz frequency (p<0.005). No difference in PFF 
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or EMG was found between ATV and WBV. At 50 Hz, loaded PFF increased over time 

for both ATV and WBV. It is worth considering that while Zaidell et al.48 were careful to 

isolate the muscle contribution of primarily the lower leg, the response to WBV with the 

knee flexed at 30° while sitting may be different than while standing. The transmission of 

the vibration from the vibration plate to the human body is affected by the position of the 

person standing on the plate. Trepman et al.18 found postural sway affected muscle firing 

patterns. Future studies should account for position while receiving WBV. 

Direct vibratory stimulation of a muscle belly or tendon has also been studied.42,49 

The researchers found that contraction of the muscle increased with a pre-stretch or with 

voluntary isometric contraction during direct stimulation.42 Stimulation of the muscle 

with direct vibration could increase its active contraction, and stimulation of antagonist 

muscles could decrease the active contraction of the agonist muscle.50 The use of 

vibration with an active contraction is supported as the Golgi tendons responded better to 

vibration with the presence of an active muscle contraction,51 and passive muscle belly 

stimulation did not excite synergistic muscles inserting into the same tendon.52 While 

EMG readings were not increased with maximal contraction during high frequency 

vibrations, certain frequencies of vibration can increase the 1α discharge from motor 

units that are already at maximum force.50,53 Generalizability of these studies on the 

effect of direct vibration stimulation is limited, as the vibration was applied directly to a 

single muscle belly or tendon.  WBV is considered an indirect application of vibration. 

There is no evidence in studies to date that TVR during direct stimulation is the same 
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mechanism that occurs during WBV.54 Future studies should consider the effect of a pre-

stretch or of an active contraction during WBV. 

Postural response to TVR during direct stimulation has been studied. Thompson 

et al.55 stimulated bilateral Achilles tendons of standing participants, and found 

adaptations in posture above the ankle joint.  There was a backward shift in the trunk 

(p<0.05), pelvis (p<0.05), hips (p<0.01), and knees (p<0.01) during stimulation.  At 5 

minutes after cessation of stimulation, there was either the under-correction or 

overcorrection of posture. The authors conclude that postural response to TVR is not 

limited to the ankle, but affects proprioception in other joints as well. Proprioception of 

other joints was not tested; therefore other mechanisms may have contributed to this 

postural response. 

In addition to TVR, or the stretch reflex, there is a supraspinal pathway involved 

in changes in the body that occur during WBV, explained through studies on the 

Hoffman reflex (H-reflex). Ryder et al.56 describe the H-reflex as “the electrical analog to 

the spinal stretch reflex.” The difference is the H-reflex occurs through the 1α afferent 

nerve, not through the muscle spindle. The H-reflex allows the examination of the 

motoneuron excitement from central mechanisms. At low levels of electrical stimulation, 

the action potential is found in the 1α afferent sensory axon first and then the 1α efferent 

motor axon, which generates an M-wave. The M-wave requires more electrical 

stimulation, as the efferent axons are smaller and have a higher threshold. The M-wave 

occurs at higher levels of stimulation, while the H-reflex occurs at lower levels of 

stimulation.57 Ryder et al.56 describe the Hmax/Mmax ratio as it occurs in dancers, which is 
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summarized as follows. The H-reflex can occur without the M-wave and will reach a 

maximum level, where the maximum number of alpha motoneurons can be activated 

through the sensory afferent electrical stimulation, known as Hmax.  Eventually, the Hmax 

decreases as the M-wave increases, until all motor efferents are activated, and the M-

wave plateaus at the Mmax. The Hmax/Mmax ratio represents changes in spinal level 

inhibition, as Mmax is not involved in spinal pathways. Dancers have been found to have 

smaller Hmax/Mmax ratios, indicating better cortical control over sensory input that affects 

motor output.  The smaller ratio indicates the dancer is able to limit the amount of 

cortical input that would activate alpha motoneurons. This ability occurs through pre-

synaptic inhibition and interneuron modification of descending supraspinal messages to 

the motoneuron and is the theory behind improved motor control in dancers vs. non-

dancers. Because of these differences in motor control, future studies in motor control 

with dancers should limit control groups to the dancer population. 

McBride et al.58 did not find significant increases in average integrated EMG, 

Hmax/Mmax ratio, the ratio between the H-reflex and M-wave response after WBV. 

Ritzmann et al.6 found significant decreases in the Hmax/Mmax ratio, (p<0.05) during and 5 

minutes after WBV. The stretch reflex was significantly reduced (p<0.05) immediately 

afterward, but recovered to the previous level 5 minutes after WBV. The studies by 

Ryder et al.,56 McBride et al.,58 and Ritzmann et al.59 support the use of WBV as a 

possible intervention that affects the Hmax/Mmax ratio and improves motor control in the 

short term.  
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Armstrong et al.60 studied the effect of WBV on the H-reflex and on 

countermovement jump (CMJ), with random assignment of frequency (30 Hz, 35 Hz, 40 

Hz, and 50 Hz) and amplitude (2-4 mm and 4-6 mm) as independent variables. The knees 

were bent at 10°, and the parallel bilateral isometric squat was held for 1 minute. CMJ 

was done 5 times before WBV, and 3 times every 5 minutes for 30 minutes after WBV. 

There was a significant effect of time (p=0.008), but not of frequency or amplitude. Five 

and 10 minutes post WBV found significant difference in CMJ (p<0.001) as compared to 

baseline, with a mean CMJ increase of 0.47 inches at 5 minutes post WBV, and 0.44 

inches at 10 minutes post WBV. The study was limited by an uneven distribution of men 

and women, which may explain the many outlier measurements across all conditions. The 

study was also limited by the 0.5-inch measurement calibration of the Vertec, which was 

used to assess jump height. The H-reflex also demonstrated variability between 

participants, with some demonstrating potentiation and others suppression. The study did 

not use the participants as their own controls, another threat to the study’s validity.  

While there are studies to support increased stretch reflex and H-reflex, the 

mechanism of how this is accomplished is not clearly supported by current research.61-

63,43 No study to date has examined the pattern of motor unit recruitment or reflex 

inhibition during WBV, nor has any study examined the specific contributions of the 

corticospinal pathway. While there is a lack of evidence to support the corticospinal 

pathway as a direct contributor to improved motor control, H-reflex studies have served 

to support the theory that additional mechanisms are involved during WBV. In spite of 

the lack of evidence, mechanisms to consider during indirect stimulation through WBV 
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are the alpha and gamma motoneuron pathways that increase motor firing and 

synchronization, neuromuscular facilitation through increasing load, muscle coordination 

enhancement, and central, cortical pathway re-organization.64 

In summary, the mechanism of WBV is therefore attributed to the use of the H-

reflex, the stretch reflex, supraspinal pathways, and through central nervous system 

stimulation to cause muscle tuning.43 The muscle tuning occurs through peripheral 

muscle stimulation, peripheral muscle inhibition, and synergistic muscle excitement.  The 

result is neuromuscular coordination improvement such as motor unit firing, motor unit 

recruitment, and synchronization,64 and it is dependent on intensity (frequency, 

amplitude, acceleration, duration) and exercise.65 

Physiological Considerations  

WBV has been found to elicit physiological changes. Variables that need to be 

considered in the application of WBV are physiological responses to the WBV intensity, 

the applied load, the rest duration, the total length of time in WBV training, the body 

position during WBV, and the resonance, which depends on body position and body 

weight. The following subsection will discuss potential physiological changes after WBV 

use, both potential ill effects, and potential physiological gains and adaptations. 

Potential ill effects. Adverse effects of WBV over long-term, chronic exposure in 

prior literature include “cognitive changes, vertigo, motion sickness, low back pain with 

or without degenerative changes in the lumbar spine, visual impairment, epilepsy, and 

cerebrovascular diseases, hemodynamic alterations, and changes of the mRNA 

expression in osteoblasts…and genotoxic effects in terms of sister chromatid exchanges 
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in lymphocytes”41 At the 2006 1st American Conference on Human Vibration, researchers 

reported detrimental effects on the myelin in nerves of the hind legs of rats.66 Myelin 

damage occurred in rats’ tail nerves at both low and high frequencies (between 30 Hz and 

800 Hz) after 4 hours.  At the same conference, there was a report of repositioning errors 

in humans after experiencing 20 minutes of sitting on an unpadded seat at 5 Hz, with 

difficulty with wakefulness in males while sitting for 12 minutes at 10 Hz.66 

Contraindications to use of WBV include circulatory system impairments such as 

severe cardiovascular disease, early post-operative wounds, new inflammation, diabetes, 

and physical status that could be negatively affected by vibration, such as tumors, acute 

hernia, spondylosis, discopathy, pacemakers, and recently placed surgical hardware, such 

as used in knee and hip surgeries, as well as acute migraine and a history of epilepsy.67 

There are rare occurrences of vibratory angioedema, an uncomfortable, but not life-

threatening response to WBV.43 Future studies using WBV should be short-term, short-

duration, and should screen potential participants for contraindications. 

Potential physiological gains and adaptations. WBV has been found to 

decrease chronic musculoskeletal pain perception, such as found in chronic back 

disorders.68 Pain reduction through vibration is thought to occur via the gate theory, 

where peripheral nerves receive vibration input.  The vibration closes the gate to sensory 

messages sent to the brain regarding pain.69 Support for the gate theory is found in studies 

on delayed onset of muscle soreness (DOMS).  At a high frequency (80 Hz), WBV 

created a reduction in pain perception in participants with DOMS.70 WBV has been found 

to assist recovery from DOMS, which occurs 24-48 hours after exercises, but there is no 
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definitive post-exercise WBV application protocol to date.71 Rhea et al.72 found that after 

exercise, participants that received WBV and did stretching had 22-61% less muscle pain 

than those who stretched without WBV. Both groups stretched for 10 minutes, twice a 

day for 3 days, after strenuous exercise.  Lau and Nosaka73 demonstrated a significant 

reduction in not only muscle soreness, but in plasma creatine kinase levels in the 

participants who used the WBV intervention. These studies support WBV as an 

intervention to decrease muscle pain after intense exercise training. It is possible that pain 

decreases as a result of an increase in blood flow and subsequent improvement in waste 

disposal. Another possible mechanism is inhibition of the sensory receptors at the 

musculotendinous junction as a response to vibration.71  

There may be mechanisms of pain reduction outside of the gate theory that 

include supraspinal pathways and cortical changes. Vibration has been found to alleviate 

pain in patients with complex regional pain syndrome I (CRPS I).74 As CRPS I is 

considered to be a central nervous system disease, it is thought that CRPS I pain 

alleviation occurs through cortical changes.74 

Total peripheral resistance (TPR) in blood vessels has been found to decrease 

after WBV, and with a reduced TPR, there is an increase in blood flow to the muscles.75 

The increase in blood flow to the muscles occurs as smaller vessels increase in diameter.  

Lateral movement affects smaller blood vessels, and they change into an elliptical shape 

that matches the sinusoidal frequency applied to the body.75 Skin blood flow increases at 

frequencies of 30 Hz and lower. It is thought that WBV creates a demand for oxygen in 

the muscle, with a greater demand in a contracting muscle, and the body meets the 
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demand by increasing the perfusion of blood to the muscle in need.76 WBV transfers 

energy through vibration, with the body acting as a dampening unit, absorbing the 

frequency, and giving off heat.43 Fuller et al.77 examined energy transfer to the muscles 

during WBV, in a systematic review. The authors found mixed results in the areas of 

muscle blood volume, muscle blood flow velocity, and muscle blood flow. WBV had a 

positive effect on arterial diameter but had no effect on muscle temperature. Increases in 

muscle perfusion were associated with increases in vibratory load (p<0.001). The change 

in muscle perfusion can be calculated as follows: percent change in muscle 

perfusion=(29.5xlog10 vibratory load)-73.7.  

Additional studies have supported the therapeutic use of WBV for the following 

populations: women with fibromyalgia; children with cerebral palsy; patients who have 

experienced a stroke; patients with a spinal cord injury; patients with Parkinson’s disease; 

and patients who have multiple sclerosis, osteogenesis imperfecta, spina bifida, anterior 

cruciate ligament repair, or type 2 diabetes. Bone density has been found to increase in 

post-menopausal women and older women, and in children with cerebral palsy, but has 

mixed outcomes in young women.43 

Endocrine response to WBV has been studied.  Bosco et al.78 found significant 

increases in testosterone (p=0.03), increases in growth hormone (p=0.02), and decreases 

in cortisol concentration in collegiate men (p=0.03), immediately after ten 60-second 

on/60-second off bouts of WBV. The researchers also found increased power of the 

rectus femoris and vastus lateralis, after intervention. At the same time, there was 

decreased EMG activity, suggesting a more efficient neuromuscular system. In prior 
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studies,43,79,80 there are conflicting reports of testosterone and cortisol levels, though there 

is consensus in reporting increased levels of growth hormone, increased catecholamines, 

increased serum free fatty acids, and decreased blood glucose levels. WBV has been 

found to increase ATP turnover, but WBV is not an efficient system for fat reduction and 

cardiorespiratory improvement. 

In addition to the afferent information provided by the cutaneous receptors and 

the muscle proprioceptors at multiple joint segments, a postural response to WBV occurs 

through the central nervous system (CNS).81 The theory is that WBV pulls the attention 

of the (CNS) by providing multiple afferent messages. Prior studies81-83 have shown that 

when vibration is applied to the tibialis anterior or to the forefoot, the body responds with 

a backward sway, and when vibration is applied to the Achilles or heel, the body 

responds with a forward sway. When the forefoot and heel are simultaneously stimulated, 

or when the tibialis anterior and gastrocnemius are simultaneously stimulated, the body 

responds with both muscles acting as antagonists to each other.84,85 The central nervous 

system (CNS) has to respond to the mixed afferent input from antagonist muscles and 

multiple joints in the kinetic chain.86 The simultaneous application of vibration to the 

forefoot and to the heel occurs while standing on the WBV plate, causing the body to 

respond with postural righting mechanisms. Kavounoudias et al.84 discovered that 

participants were able to maintain upright with equal WBV frequency stimulation of the 

hindfoot and forefoot, but had increased postural sway in response to a difference in 

WBV frequency between hindfoot and forefoot, regardless of the frequency. The 

researchers concluded the CNS was able to adjust for pressure differences in the foot with 
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postural righting. Future studies should consider postural sway during WBV, and study 

the difference in balance with holding on to the device and not holding on, both during 

and after WBV. 

WBV has been found to enhance knee joint stability,62 functional movements 

such as sit and reach,87 and forward lower extremity split in competitive gymnasts.88 In 

contrast to the improvements in flexibility found after WBV intervention in prior 

studies,87,88 Cronin et al.89 found no significant change in extensibility of the hamstrings 

with a 34-Hz frequency, 3-mm amplitude vibration to the mid-belly of the hamstring. 

Two threats to construct validity are the placement of the vibration at the mid-belly of the 

muscle, which may cause a stretch reflex and increase muscle recruitment instead of 

inhibiting the muscle, and the position of the leg, which was in 90° knee flexion and 90° 

hip flexion with no stretch on the hamstring tendons proximally or distally. In another 

study, Herda et al.90 did not find increased extensibility of the triceps surae after direct 

vibration on the Achilles tendon at 70 Hz for 20 minutes. One possible confounder is the 

researchers measured ankle dorsiflexion limited by soft tissue stiffness, and did not take 

baseline passive ankle joint range. A joint limitation may have limited the end range of 

triceps surae extensibility. The difference between the conflicting flexibility studies is the 

Cochrane et al.87 and Kinser et al.88 studies measured functional, whole-body movements, 

such as reaching and performing the front splits, and the Cronin et al.89 and Herda et al.90 

studies analyzed the change in the stiffness of one muscle. For the dancer, it is more 

applicable to examine functional movement and performance ability, vs. mechanistic, 

isolated changes. 
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In muscle power studies, Cochrane et al.91 found the use of five minutes of 

vibration through a dumbbell, set at a 26-Hz frequency, and a 4-mm amplitude, resulted 

in an increase of acute peak power by 5% (p<0.001) in the middle trapezius muscle in 

healthy men. Recent studies81 have shown increases in leg press power in volleyball 

players, in elbow flexion power in elite boxers, and in jump height in elite hockey players 

and active women after WBV. Osawa et al.92 conducted a meta-analysis and found 

significant increases in muscle strength (standardized mean difference [SMD]=0.76, 95% 

confidence interval[CI]=0.21-1.32; p=0.007) and countermovement jump, which is 

considered a power movement (SMD=0.87, 95% CI=0.29-1.46; p=0.003), after WBV.  

In summary, potential physiological gains and adaptations include pain 

reduction,74 improved blood flow,75,76 increased levels of growth hormone,78 increased 

catecholamines,43 increased serum free fatty acids,43 decreased blood glucose levels,43 

improved bone density,80 improved postural sway control,43 increased muscle 

extensibility,87,88 and increased muscle power. 43,78,91,92 

Mechanics 

Frequency, amplitude, acceleration, and intervention duration together define 

WBV intensity.64,93 The human body responds to WBV with different tissue frequencies.  

The frequency must be more than the 5 to 10-Hz resonance frequency of the whole body 

to overcome the body’s ability to dampen the applied frequency, in order to provide a 

therapeutic dosage. Near resonance frequency, there will be muscle reflex response, but 

not increased muscle force.  At a high frequency (>100-150 Hz) the muscle, which has 

already reached fused tetany, is stimulated out of synch with the frequency that is being 
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applied and cannot contribute to stimulus summation.41,75 WBV frequency should not be 

below 20 Hz, as the resonant frequency of the lower extremities is 20 Hz.43,94 It is 

recommended by some that safe and effective WBV should be given at a 30-Hz 

frequency, with a 5-mm amplitude, limited to under 8 minutes.43,95 In a 2011 systematic 

review, Cochrane93 found no injuries were reported when WBV was given acutely and 

intermittently. In the systematic review, Cochrane93 reported a study by Abercromby et 

al.,54 who found greater muscle activation occurred with a 30-Hz frequency, and 4-mm 

amplitude in the vastus lateralis, gastrocnemius, tibialis anterior, and biceps femoris. For 

athletes, a low amplitude (1-2 mm), frequency not below 20 Hz, 20-60 seconds of WBV 

exposure is recommended.  

Safety during WBV is determined by the dampening that occurs through the 

body. Less dampening occurs with the knee straight than with the knees bent.43,94,96,97 The 

body, acting as a resonator, if kept rigid, will experience an increase in frequency. In 

contrast, when there is muscle recruitment, dampening occurs through the system, and 

the body experiences less resonance.43,96,98 Therefore, when there is more weightbearing 

on the forefoot, there is an increase in dampening from use of the ankle plantarflexors, 

and when bending the knees, there is an increase in dampening from use of the 

quadriceps. To maximize dampening, postures should be held to avoid head and trunk 

vibration.  

The amplitude, A, is half the peak-to-peak (p-p) amplitude during WBV, and the 

peak acceleration (aPeak) during the oscillation is calculated as aPeak=ω2A, where ω is the 

angular frequency, calculated as ω=2πf=2 x 3.14 x the frequency.   Peak acceleration on a 
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person’s body’s mass exerts a force onto the person standing on the vibration plate. The 

peak forces can be helpful or harmful, depending on the impact on the body, and the 

impact on the body is dependent on dampening and resonance.43,93 The vibration plate 

acts as an actuator, with the springs acting like pistons that emit an actuator frequency. 

The human body receives the vibration as a resonator, with a resonant frequency. The 

resonant frequency is determined by the body system, represented as a mass with a spring 

mechanism that has stiffness and dampening through the calf and thigh muscles.99 

Prior Studies Using WBV 

This section will provide a literature review of WBV research in regards to 

intensity variables such as frequency and amplitude, long duration intervention, and short 

duration intervention on strength, power, neuromuscular activation, and on balance.  

Variables used in prior WBV research will be discussed, such as load and WBV, knee 

angle and WBV, and shoe wear and WBV. Last, prior studies on the effect of WBV on 

postural sway, the effect of WBV on power, and WBV use in dancer research will be 

presented. 

Frequency and amplitude studies. The outcomes of various combinations of 

frequency and amplitude that have been used in prior research on WBV will be reviewed 

in the following section. Pollock et al.100 studied the effect of low (2.5-mm baseline-to-

peak) and high (5.5-mm baseline-to-peak) amplitude at WBV frequencies between 5 Hz 

and 30 Hz on muscle activity and acceleration. The WBV intervention was done on a 

rotational platform (Galileo 2000, Novotec Medical GmBH, Germany), which promotes 

pelvic rotation. Bipolar surface EMG was measured with 1000 times amplification and 
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sampled a 2000 Hz with an AtoD converter (CED 1401, Cambridge Electronic Design 

Limited, Cambridge, U.K.) and band pass filtered between 20 and 450 Hz (Bagnoli-4, 

Delsys Inc., Boston, MA). The researchers found that high amplitudes created greater 

EMG at most frequencies, (p<0.05 to p<0.001). Muscles that did not have significant 

changes were the gluteus maximus in all conditions, the rectus femoris at a frequency of 

5 Hz, the soleus at 25 Hz, and the biceps femoris at 15 Hz and at 20 Hz for both high and 

low amplitudes. EMG increased linearly with frequency in all muscles except gluteus 

maximus and biceps femoris. Accelerations ranged from ∼0.2 to 9.0 g and decreased 

with distance from the platform. Acceleration at the head was <0.33 g in all conditions. 

The greatest acceleration of the knee and hip occurred at ∼15 Hz and decreased with 

increasing frequency. For future studies, the authors recommended higher frequencies in 

order to experience less acceleration, and higher amplitudes, in order to increase muscle 

activation.  

Two studies examined the effect of a higher WBV frequency on jump height. 

Ronnestad101 randomly assigned WBV frequencies (0 Hz, 25 Hz, 35 Hz, or 50 Hz) at a 3-

mm p-p amplitude, for those receiving WBV, among 13 male and 4 female healthy 

adults. The researchers found the 50-Hz setting resulted in a significant difference in 

CMJ height among untrained individuals (p<0.05). No frequency resulted in significant 

CMJ height among strength-trained individuals. Potential confounding factors were as 

follows. 1) The jumps were performed while lifting a barbell that was 85% of each 

participant’s mass. 2) The jumps were performed on the vibration plate, inside of a Smith 

machine, a type of weight lifting device. 3) All participants lifted a barbell with the both 
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the squat and countermovement jumps. 4) All jumps were done on the vibration plate in 

the off position.  The set up may have affected the jump approach, which may have 

created a difference between the participants who were also strength-trained on a Smith 

machine, and those who were not.  

Petit et al.102 studied the effect of high and low WBV frequency and amplitude on 

knee isometric and isokinetic voluntary torque, and jump performance. Isometric 

contraction was performed at 60° and isokinetic torque was performed through a 90° 

range to full extension using the Biodex® (Biodex Medical Systems, Inc., Shirley, NY, 

USA) The researchers randomized male participants into 50-Hz high frequency, 4-mm 

high amplitude (HH), 30-Hz low frequency, 2-mm low amplitude (LL), and control (C) 

groups on a vertical vibration plate (Silverplatine, 100x65 cm, Silver®Développement, 

France). The intervention duration was 18-20 minutes, 3 sessions/week, for 6 weeks. 

There were significant increases in knee extensor eccentric voluntary torque (p< 0.01), 

knee flexor isometric voluntary torque (p< 0.05), and jump performance (p< 0.05) for 

HH group. Regardless of the group, knee extensor muscle contractile properties (p< 0.05) 

were enhanced. It is noteworthy that the Petit et al.102 study was among male participants 

and the Ronnestad101 study used primarily male participants. It may be that a higher 

frequency and amplitude of WBV is more effective for men than for women. 

Ritzmann et al.103 found EMG knee extensor and ankle plantarflexor activity of 6 

different leg muscles increased as frequency increased (p<0.05) when comparing 

incrementally increasing frequencies between 5 and 30 Hz of WBV, in young men and 

women. In a 2005 literature review, Luo et al.104 found 30 Hz the best frequency to elicit 
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immediate increases in maximum voluntary contraction of knee extensors (p<0.05), and 

in EMG (p<0.05), when compared to 120 Hz. Among trained and untrained male and 

female participants, the 30-Hz to 50-Hz frequency range was the most effective for 

muscle activation.  

Cardinale and Lim105 found that standing in a half squat position on the vibration 

plate at 30-Hz WBV frequency elicited the largest EMG root mean square of vastus 

lateralis, (p<0.05) in female professional volleyball players, as compared to WBV at 0 Hz 

and at 50 Hz. EMG readings at all frequencies were better than at no frequency, and there 

was no significant difference between 30 Hz and 40 Hz. The researchers recommended 

the 30-Hz frequency and 2 to 4-mm amplitude as the most effective setting for muscle 

power in females.  

Gerodimos et al.106 investigated the effect of WBV frequency and amplitude on 

flexibility and jump height in females between the ages of 18-23. Flexibility improved 

significantly (p<0.01) in all frequencies (15 Hz, 20 Hz, 30 Hz) and amplitudes (4 mm, 6 

mm, 8 mm) in the intervention groups as compared to the control group, but there was no 

significant change in jump height. The jumps were squat jumps, the vibration was 

gradually increased over 1 minute and then held for five minutes at 10° knee flexion, and 

the vibration was transmitted through a side-to-side alternating platform. Future studies 

should consider the type of platform used and type of jump tested.  

Giorgos and Elias107 found the 30-Hz frequency, 2.5-mm p-p amplitude, 2.28-g 

setting resulted in a 3% increase in CMJ height (p<0.05), an 8% increase in the number 

of jumps in 30 seconds (p<0.05), and a 7% increase in mean height in the jumps done in 
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30 seconds, as well as an increase of 8% of mean power of the jumps done in the 30 

seconds in the intervention group. The groups were randomly assigned to intervention 

and control, healthy men and women with no pre-test group differences.  

In summary for WBV interventions among female participants , a 30-Hz 

frequency, 2 to 4-mm amplitude WBV setting is recommended for use to increase power, 

neuromuscular changes, and CMJ height.  

Long duration intervention. Longer WBV intervention periods have been used 

in most of the studies conducted to date. These studies will be reviewed in the following 

subsection. Fort et al.108 studied the effect of 8 weeks and of 15 weeks of vertical WBV 

(Nemes Bosco Platform, Byomedic, Barcelona, Spain) intervention on CMJ (Ergojump-

Bosco System, Byomedic, Barcelona, Spain) and static balance. The researchers looked 

at the center of pressure (Podocomputer/CbsScanGraf Computational Bio-Systems, S.L., 

Barcelona, Spain) during single-limb balance and during the one-leg hop test in young 

elite female athletes. The single-limb balance was considered a test of static balance, and 

the single-limb hop test was considered a test of dynamic balance. The athletes did 5 

static and 5 dynamic exercises on the vibration plate, for 30-60 seconds per exercise, and 

at a frequency between 25-35 Hz, with training time and WBV frequency increases over 

each week. The amplitude was set at 4 mm, and the rest between exercises was held at 60 

seconds for the entire study. Significant increases were found in CMJ after 8 weeks (7%, 

p<0.001), after 15 weeks (10%, p=0.005), and between 8 weeks and 15 weeks (3%, 

p<0.001). Significant increases were found in the single-leg hop test, for the right and the 

left leg, at 8 weeks (right leg: 10%, p<0.001, left leg: 10%, p=0.002) and at 15 weeks 
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(right leg: 14%, p=0.001, left leg: 15%, p=0.004). There was a significant decrease in the 

center of pressure at 8 weeks (right leg: (222%, p=0.04, left leg: 235%, p<0.001) and at 

15 weeks (233%, p=0.03 and 234%, p=0.04). There were no significant findings for the 

single-leg hop test or for static balance when comparing the results at 8 weeks to the 

results at 15 weeks. The findings of this study support use of 8 weeks of WBV 

intervention to improve jump height and both static and dynamic balance.  

In a 4-month study, Torvinen et al.109 studied the effect of WBV intervention  

(Kuntotäry, Erka Oy, Kerava, Finland), on both CMJ (Contact platform, Newtest, Oulu, 

Finland), and postural sway (Biodex Stability System, New York, NY) in healthy, non-

athletic, men and women between the ages of 19-38 years. The participants performed 

static and dynamic squatting, weight shifting, light jumping, and standing on their heels 

with a gradually increasing load of 25-35 Hz, from 2 minutes the first week to 4 minutes 

by month 2. For all conditions, a 2-mm p-p amplitude was used. The researchers found 

the gravitational acceleration was 2.5 g with the 25-Hz frequency, 3.6 g with the 30-Hz 

frequency, 4.9 g with the 35-Hz frequency, and 6.4 g with the 40-Hz frequency, with g as 

the gravitational acceleration of the Earth, g=9.81meters/second2. The results of the study 

demonstrated a 2-cm increase in jump height in the WBV group  (95% CI, 6– 15%, 

p<0.001) at 2 months, and at four months, there was an increase of 2.5 cm, (95% CI, 4– 

14%, p=0.001). There were no significant improvements in postural sway at two or four 

months. Torvinen et al.110 continued the same study to the eighth month and found a 

significant increase in jump height (95% CI, 2.8–13.1%; p=0.003) but no significant 

change in balance, bone density, or muscle strength. The Torvinen et al. studies109,110 
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support the use of a frequency range between 25 Hz and 35 Hz, over 4 months to increase 

CMJ in healthy men and women. 

Colson et al.111 studied the effect of 12 sets of 20-minute sessions (3x/week, for 4 

weeks) of squatting with WBV (100x65 cm Silverplatine first generation, Silver ® 

Développement, Valbonne, France) on knee extensor strength and squat jump height in 

randomly assigned male and female competitive basketball players between the ages of 

18-24 years. The WBV was set at a 40-Hz frequency and a 4-mm p-p amplitude. The 

participants stood in a semi-squat position with both feet flat on the vibration plate and 

then in the semi-squat position in plantar flexion, alternating between the positions for 30 

seconds, with a 30-second rest period between squats. The researchers found increases in 

maximal voluntary isometric strength of the knee extensors (p<0.001) and in squat jump 

height (p<0.05). There were no significant differences in countermovement jump, drop 

jump, 30-second rebound jump, and 10-minute sprint. Future studies should consider this 

type of training if the goal is to improve the squat jump. The specific position on the 

vibration plate may train a specific sequence of muscle recruitment.  

Chen et al.112 conducted an 8-week randomized controlled trial using high-

frequency WBV (Magtonic Zen Pro TVR-6900) and low-frequency WBV (Magtonic Zen 

Pro TVR-4900) in healthy, young, male and female adults. The study examined the effect 

of different WBV frequencies and amplitudes on a 30-second, static, single limb balance, 

measuring the center of pressure (COP) area and COP speed, the height of two 

consecutive countermovement jumps (CMJ), and muscle activation of the rectus femoris 

and the biceps femoris via surface EMG root mean square. The settings for the 
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intervention groups were 32-Hz frequency, 1-mm p-p amplitude, and 18-Hz frequency, 3-

mm p-p amplitude. The control group received no WBV.  The participants performed an 

increasing number of sets of dynamic squats (2 per second for 60 seconds at 90°-150° of 

full 180° knee extension).  Post-intervention CMJ height was significant in all groups for 

the first jump, (p<0.05), but only significant in the intervention groups for the second 

jump, (p<0.05). Vertical ground reaction impulse was only significant for the 

intervention groups in both post-test jumps (p<0.05). The COP area was significantly 

decreased for the intervention groups (p<0.05), and COP speed was significantly 

increased for the 32-Hz frequency, 1-mm p-p amplitude (p<0.05), but not for the 18-Hz 

frequency, 3-mm p-p amplitude. Rectus femoris activation was decreased in the 32-Hz 

group, and increased in the 18-Hz group. This is an interesting finding, as the study by 

Bosco et al.78 also demonstrated increased jump power but decreased rectus femoris 

EMG activation after a 26-Hz WBV frequency. Studies by Ryder et al.,56 McBride et 

al.,58 and Ritzmann et al.59 also demonstrated an improvement in motor control with 

either no change or a decreased Hmax/Mmax ratio after WBV, without an increase in EMG.  

The results of the Chen et al.112 study support use of 8 weeks of 32-Hz frequency, 1-mm 

p-p amplitude WBV to increase jump height and balance and decrease rectus femoris 

activation in healthy individuals. Future studies using WBV should consider studying 

muscle power as indicated by CMJ height, neuromuscular changes through EMG, and 

motor control via balance measurements after intervention. For professional dancers, the 

desire to jump higher and balance better without increased rectus femoris bulk warrants 

an investigation into WBV as an exercise intervention for improving performance. The 
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limitation for professional dancers is the lack of extra time to commit to 8 weeks of 

additional training.  

Short duration intervention. Prior research on short-duration WBV intervention 

will be presented in the following subsection.  Da Silva-Grigoletto et al.113 studied the 

dose-response to a single exposure (30, 60, or 90 seconds) of 30-Hz WBV frequency and 

4-mm p-p amplitude (Nemes, Ergotest, Rome, Italy) on CMJ height, squat jump height, 

and knee extensor muscle power in healthy young men. The authors also studied the 

effect of repetition (3, 6, or 9 sets of WBV). There was a significant increase in CMJ with 

the 60-second set (4%, p<0.01), a significant decrease with the 90-second set (3%, 

p<0.01), and no significant difference with the 30-second set. For the squat jump, there 

were significant increases with the 30-second set (2%, p<0.05) and the 60-second set 

(4%, p<0.01), and there was a significant decrease (3%, p<0.05) with the 90-second set 

of WBV. Muscle power increased after the 30-second set (2%, p<0.05) and the 60-second 

set (5%, p<0.001) of WBV. In terms of repetition, the authors found a significant 

increase for the CMJ after 3 (4%, p<0.05) and 6 sets (5%, p<0.01), a significant increase 

for the squat jump after 3 (2%, p<0.05) and 6 sets (5%, p<0.001), and a significant 

increase in peak power after 3 (5%, p <0.05) and 6 sets (5%, p<0.01). The study supports 

the 60-second, single dose of 30-Hz WBV frequency and 4-mm p-p amplitude to increase 

muscle power, CMJ, and squat jump height. 

In a 45-second WBV intervention with randomly-ordered frequencies and 

amplitudes among female participants, Bazett-Jones et al.114 found that increasing the 

acceleration increased the CMJ height, with “significant increases in the 40-Hz, 2-4-mm, 
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2.80-g (p=0.006) and 50-Hz, 4-6-mm, 5.83-g (p=0.013) accelerations compared to the 1-

g (control) acceleration”114 The jumps were performed with a stick held behind the back 

on top of the shoulders instead of with hands held at the hips. One potential confounder 

when comparing this study to others is the effect of changing the body’s center of gravity 

of the body by holding the arms held up at shoulder height. The participant’s jump is 

made easier by raising the center of mass by raising the arms up, but balance may be 

more difficult. 

While earlier research43 found isometric force was decreased by 5% after WBV, 

McBride et al.58 found increased isometric maximum voluntary contraction of the triceps 

surae 1 minute after WBV (9%, p<0.05) and 8 minutes after WBV (10%, p<0.05), 

without an increase in Hmax/Mmax ratio.  The participants performed 3 sets of bilateral 

squats and 3 sets of unilateral squats with 30-second rest periods between squats, and a 

full minute of rest between each set of 3 squats. The 30-Hz frequency, 3.5-mm amplitude 

WBV intervention was given for 30 seconds. The study by McBride et al.58 supports the 

use of a 30-Hz frequency and 3.5-mm amplitude setting for increases in muscle force, 

without increases in motor neuron excitability, and potential improvement of motor 

control. 

In a 2005-2006 systematic review of the short-term application of WBV, Rehn et 

al.115 found two good quality case studies and three good quality random-crossover 

design case studies. No two studies were designed the same.  Two of the studies applied 

WBV for 4 minutes, two studies used a 5-minute application, one study used 10 minutes, 

and each had varying rest periods. The different settings used in these five studies ranged 
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between a 15 to 30-Hz frequency and a 2 to 10-mm p-p amplitude in men and women 

between the ages of 16-35 years. The five studies on short-term application will be 

described as follows. In one of the case studies, Bosco et al.11 found significant increases 

in jump height and dynamic leg press muscle force output after 10 sessions of 60-second 

on, 60-second off WBV, with 100° knee flexion, in active, 20-30 year-old males. The 

researchers used a 26-Hz frequency, 4-mm p-p amplitude, 17-g setting. In the other case 

study by De Ruiter et al.116 among active young men, maximum force was reduced after 

one intervention of WBV use. The researchers used a 30-Hz frequency and 8-mm p-p 

amplitude WBV intervention, which consisted of five repetitions of 60 seconds on and 

120 seconds off as the protocol. The study may have been limited by a lack of power, as a 

repeated measures analysis of variance was performed with 5 measures taken from only 7 

participants. Of the three random crossover case studies, Cochrane et al.87 found using 

WBV at a 26-Hz frequency a 6-mm p-p amplitude resulted in a significant increase 

(8.1±6 %) in jump height with arm swing, in female field hockey players between the 

ages of 16-28 years. In the second random crossover case study, Torvinen et al.117 found 

increased jump height and strength in men between the ages of 24 and 33 years, using a 

15 to 30-Hz frequency, 10-mm p-p amplitude WBV, for 4 minutes with light movement. 

In the third random crossover case study, Torvinen et al.117 found no change in muscle 

performance or balance in men between the ages of 18-35 years, after incrementally 

increasing the WBV frequency by 5 Hz for 4 minutes straight, between 25-40 Hz and at a 

2-mm p-p amplitude. The systematic review of these 5 case studies has mixed support for 

the use of a 30-Hz frequency in short-term WBV application for muscle force 
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improvement, with good support to improve jump height but not for balance or muscle 

performance. Future studies should consider using an experimental design and 

conducting a power analysis for sample size.  

Turner et al.118 studied the acute effect of different frequencies (0 Hz, 30 Hz, 35 

Hz, 40 Hz) of WBV vertical oscillation (Nemes LS Bosco System, Rieti, Italy) on CMJ 

(JJ mat system, Probotics, Inc, Huntsville, AL, USA). They preset the 8-mm p-p 

amplitude and randomized the frequency intervention order among 12 active, healthy 

men. Each participant received 30 seconds of WBV. There was a significant main effect 

for time (F[1,11]=11.86, p<0.01), with a very large effect size (r=0.72), and a significant 

frequency x time interaction effect (F[3,33]=8.51, p<0.01), with a large effect size 

(r=0.66). The 40-Hz frequency was the only frequency with a significant post 

intervention CMJ increase (average 6.9% increase: t[11]=5.93, p<0.001). This study 

supports the use of a higher WBV frequency and higher WBV amplitude among male 

participants to increase CMJ height. 

Cormie et al.119 found a 30-second intervention of 30-Hz frequency, 2.5-mm p-p 

amplitude WBV increased CMJ height (p<0.05) between the intervention and sham 

control groups of men immediately post intervention. There was no difference between 

groups at 5 minutes, 15 minutes, and 30 minutes after intervention. There was no 

significant difference between groups in muscle EMG of the vastus lateralis, vastus 

medialis, or biceps femoris at any post-test time. The Power Plate (North America Inc., 

Northbrook, IL) vibration unit provided vertical vibration, and the jumps were tested on 

the Quattro Jump Portable Force Plate 9290AD (Kistler Instruments Corp., Amherst, 
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NY). This study supports the use of a 30-second WBV intervention at a 30-Hz frequency, 

2.5-mm p-p amplitude to improve CMJ height immediately after intervention in men. 

In studies in female participants, Kisner et al.88 used a 30-Hz frequency, 4-mm p-

p amplitude during 4 bouts of 10 seconds of WBV-assisted stretching and found 

significant increase in hamstring flexibility (p<0.002), acutely, among young, female 

gymnasts.  

Despina et al.120 studied the acute effects of 75 seconds of a 30-Hz frequency, 2-

mm amplitude WBV intervention on explosive strength, flexibility, and balance among 

competitive female rhythmic gymnasts, using the participants as their own controls. The 

WBV unit was the Galileo Fitness, Novatec, Germany, a side alternating vibration plate. 

Post-test measurements were done immediately after and at 15 minutes after intervention. 

Explosive strength was tested on the Optojump device (Microgate, Italy). The researchers 

tested squat jump, CMJ, right single limb squat jump (RL), and left single limb squat 

jump (LL). There was no significant difference after WBV for the squat jump, and no 

significant difference in flexibility. There was a significant difference after WBV in the 

CMJ measured after 1 minute (p<0.05), and after 15 minutes (p<0.01). There was a 

significant difference in the RL after 1 minute (p<0.01) and after 15 minutes (p<0.01), 

and in the LL after 1 minute (p<0.01) and after 15 minutes (p<0.05). Dynamic balance 

was assessed by testing weight shift and limits of stability, with the Equitest 

computerized dynamic posturography system (NeuroCom International). A significant 

condition x time interaction was found in the anterior-posterior stability of the WBV 

intervention condition at the 15-minute measurement (F[2,20]=3.5, p=0.05, η2=23.2%). 
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For limits of stability, only the 15-minute measure was significant between control and 

WBV groups (p<0.01). The Despina et al.120 study supports the use of 75 seconds of 

WBV, at a 30-Hz frequency and 2-mm amplitude, to immediately improve balance and 

jump height among competitive rhythmic gymnasts, for whom it is important to balance 

while testing physical limits and for whom jump height is a necessary demonstration of 

explosive strength and aesthetic bravado. 

Dabbs et al.121 studied the effect of rest time (no rest, 30 seconds, 1 minute, 2 

minutes, or 4 minutes) after WBV on CMJ height in 15 men and 15 women who 

recreationally participated in lower extremity strength and power training. All 

participants received 2 minutes of a 30-Hz frequency, 6.5-mm amplitude WBV 

intervention (MedVibe NitroFit Deluxe vibration platform, Scottsdale, AZ, USA). The 

participants performed a “one quarter squat” every 5 seconds for 30 seconds, paused 

without WBV for 30 seconds, and resumed, until they received a total of 2 minutes of 

WBV. The participants then performed three CMJs on a force plate (Advanced 

Mechanical Technology, Inc., Watertown, MA, USA) after the allocated rest time. A 

vertical jump-testing device (EPIC Athletic Performance Inc., Colorado Springs, CO, 

USA) was placed next to the force plate to measure jump height. Participants served as 

their own controls and performed two randomized trials per session, with a 10-minute 

break between WBV and rest interval allocations. There was a significant increase in 

jump height after WBV as compared to control in post hoc pairwise comparisons of 

maximum values (p<0.05, power=0.45, effect size=0.39) despite rest interval. It is 

interesting to note the means differ by just over 2 cm (Control jump height =54.44±13.74 
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cm, max value jump height = 56.93±13.98 cm). The results of this study support 

immediate measurement of CMJ jump height after short duration WBV, and a significant 

difference of 2.25 cm among recreationally active men and women.  

Load and WBV. Hazell et al.122 studied EMG readings during maximum 

isometric voluntary contraction after an intervention of increasing load during WBV in 

healthy, active, collegiate men. The participants served as their own controls and rested 

for 5 minutes between 8 different load and WBV conditions. In each condition, the 

participant performed 7 squats, at a 1-second up, 1-second down rate.  The researchers 

found a significant increase in the muscle activation of the tibialis anterior, the vastus 

lateralis, the biceps femoris, and the gastrocnemius, after increasing the load to 30% of 

the body mass during squats with WBV at a 45-Hz frequency, 4-mm p-p amplitude as 

compared to no vibration (p<0.05). The only vibration x load interaction was for the 

tibialis anterior at 45 Hz, (p=0.03). When load was applied in the control condition 

without WBV, there was a significant decrease in EMG readings the tibialis anterior 

(p<0.05), while there was a significant increase after load was applied with WBV 

(p<0.05). The results of the Hazell et al.122 study support the theory that muscle activation 

increases in men, when loading a body mass 30%, with movement, at a higher frequency 

WBV.  

Resistance training and WBV. Lamont et al.123 studied the effect of 6 weeks of 

resistance training plus WBV (SQTV) on “explosive” isometric force in healthy, active 

men. The groups consisted of a control group (n=6), a resistance-training group (n=6), 

and a SQTV group (n=6). The SQTV group was given 50-Hz WBV at both low (2 to 4-
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mm) and high (4 to 6-mm) amplitudes, using the triplanar Power Plate Next Generation 

vibrating platform (Power Plate USA). The researchers found significant increases in the 

rate of force development to initial peak in force in the SQTV group as compared to the 

control group (p=0.04) and the group with resistance training only (p=0.04). There is 

support for the use of WBV with resistance training to increase the rate of force 

development. It is worth noting the use of a higher frequency in male participants in this 

study145 and the Hazell et al.122 study and the use of lower frequencies among female 

participants by Kisner et al.88 and Despina et al.120 

Knee angle and WBV. Abercromby et al.54 studied the effect of type of 

contraction (isometric, eccentric, concentric), knee angle (dynamic at 10°–15°, 16°–20°, 

21°–25°, 26°–30°, 31°–35°, and static at 18.5°±3°), and type of vibration plate (vertical 

vibration on the Power Plate, rotational vibration on a Galileo prototype) on EMGrms 

readings of the tibialis anterior, the lateral biceps femoris, the vastus lateralis, and the 

lateral gastrocnemius. Dynamic squats were performed at a rate of 60 beats per minute, 

held at the bottom of the designated (10°–15°, 16°–20°, 21°–25°, 26°–30°, 31°–35°) 

angle for 2 seconds, then returned to the starting position of 5° knee flexion. The static 

squats were held in 18.5°±3° knee flexion. All conditions were performed on the 

vibration plate with either the 0-Hz or the 30-Hz frequency. A 4-mm p-p amplitude was 

set for the 30-Hz frequency.  EMGrms readings were done with band-stop filters to 

account for overestimation from motion artifacts. The authors found both types of 

vibration increased EMGrms readings for all of the muscles recorded (p<0.05).  Vertical 

vibrations resulted in the greatest changes in EMGrms for the tibialis anterior during 
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dynamic squatting. The best knee angle was between 16°-20° for dynamic squatting, and 

during isometric squats for all muscle EMGrms readings, with the exception of the tibialis 

anterior. The analysis was a 2x3x2 repeat measures ANOVA examining vibration (0 Hz 

or 30 Hz), contraction type (isometric, concentric, eccentric), and vibration direction 

(vertical, rotational) for each of the four muscles. Based on the percent increase in 

EMGrms  readings from baseline, the authors recommend static squatting at a smaller 

angle on rotational plates for future studies, though both types of vibration resulted in 

significant EMGrms increases. The authors did not report an interaction or significant post-

hoc findings. The study supports the use of a 30-Hz frequency and static squatting at 

18.5°±3° knee flexion to increase muscle activation. Limitations to the study were that 

there was only one static squat angle of 18.5°±3° knee flexion, the Galileo rotational 

device was a prototype, there were only 16 participants, and the study was a non-

randomized, repeat measures, crossed design, where all participants did all conditions. It 

is interesting that the vertical vibration affected the tibialis anterior, as Simmons et al.25 

found the tibialis anterior activation indicated the use of the transcortical loop, a pathway 

used to improved motor control and muscle activation without hypertrophy.  

Ritzmann et al.103 studied the effect of vibration plate type, knee flexion angle, 

frequency, load, and stance position on EMG activity of knee extensors and plantar 

flexors in collegiate volunteers. The researchers found EMG activity was highest for the 

knee extensors when the knee joint was flexed at 60° vs. at 10° or at 30° (p< 0.05); for 

the plantar flexors at 10° of knee flexion (p<0.05) and for plantar flexors in a forefoot 

stance vs. on weight bearing on the heels (p<0.05) while using a 5-Hz to 30-Hz WBV 
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frequency range. An increase in neuromuscular activation occurred with adding a bar 

weight that was 1/3 of the participant’s body weight, placed on the participant’s shoulders 

(p<0.05), when compared to controls. Increasing the vibration to 30 Hz resulted in 

increased EMG activity, compared to the EMG at lower frequency levels (p<0.05). Using 

a side-altering WBV platform yielded higher EMG activity than when using a 

synchronously vibrating platform (p<0.05). The authors recommend future studies should 

consider the use of a 30-Hz WBV frequency on a side-alternating WBV platform at 60° 

knee flexion to increase knee extensor activity. Future studies should consider stance 

position and the effect of weight shifting, as weight on the forefoot increases activation of 

the plantar flexors, and weight on the hindfoot increases activation of the knee extensors. 

Future studies should also consider the effect of maintaining a specific knee angle, as 

compared to moving through a range of angles. 

Cochrane et al.124 studied the effect of moving vs. isometric squats, with and 

without WBV, on vastus lateralis temperature in men and women. The researchers used a 

26-Hz, 6-mm p-p amplitude WBV (Galileo Sport, Novatec, Pforzheim, Germany) for 10 

minutes on a side-to-side alternating platform, with the knees bent at 55°. The researchers 

found a time x WBV interaction (p<0.01) with increases in muscle temperature, 

supporting the theory that WBV “warms up” the muscle. There was no significant 

temperature difference between moving squats vs. static squats during WBV, though 

there was a significant interaction of WBV x squat x time (p<0.01). The research 

supported the use of static squats with WBV. The authors recommend investigation of 
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higher frequencies and the contribution of dampening through postural responses during 

dynamic squats and WBV. 

Avelar et al.125 studied the effect of knee flexion angle and WBV on vastus 

lateralis neuromuscular activation with 4th-order band-pass filtered and average rectified 

signal of surface EMG root mean square and acceleration transmissibility in men between 

the ages of 18 and 35 years. A 30-Hz frequency and 4-mm p-p amplitude was given on a 

vertical sinusoidal platform (FitVibe, GymnaUniphy NV, Bilzen, Belgium). The 

researchers found knee flexion at 90° produced greater EMG, when compared to 60° 

(p<0.001), with and without WBV. The addition of WBV did not increase EMG readings 

at 90° and 60° knee flexion. There was no significant interaction of WBV and knee angle 

on EMG. WBV increased acceleration in the knee vertical direction (Y) (p<0.001) and 

knee medio-lateral direction (Z) (p<0.001), and in the hip vertical direction (Y) (p<0.001) 

and hip medio-lateral direction (Z) (p<0.001). Acceleration was independent of knee 

angle. The interaction between different angles of knee flexion and the addition of WBV 

on transmissibility of acceleration was not significant. Therefore, a knee angle of 90° 

produces a greater EMG regardless of WBV, and the application of WBV increases 

acceleration transmissibility regardless of knee angle without changing the EMG. The 

Avelar et al.125 study challenges the concept of WBV as an enhancement protocol to 

increase muscle activation through acceleration transmission.  While the traditional tonic 

vibration reflex model uses WBV to increase muscle stiffness as the muscle attempts to 

dampen the vibration, the results from the Avelar et al.125 serve as a reminder that other 

mechanisms may be involved. 
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Carlucci et al.126 investigated larger knee flexion angles during WBV. The 

researchers looked for the optimal vibration frequency (OVF) (20 Hz to 55 Hz) 

corresponding to the maximum muscle activation (RMSmax) during squats at 90° and 

120° knee flexion. RMSmax was highest at 90° knee flexion (p<0.001) and squatting to 

fatigue (p=0.04). Knee flexion angle did not significantly correlate to OVF The Carlucci 

et al.148 study supports the findings in the Avelar et al.125 study, where the highest 

RMSmax occurs at 90° knee flexion.  

Cook et al.127 investigated the effect of knee angle (30° or 40°), vertical WBV 

frequency (VF: 20 Hz, 25 Hz, 30 Hz, 35 Hz, 40 Hz) and vertical amplitude (VA: 1.5-mm 

low, or 3-mm high) on three directions of acceleration transmission to the shank and 

thigh in male adults. At the shank, medial-lateral acceleration was greatest at higher VF 

(p<0.05), higher VA (p=0.03), and increased knee angle via a deeper squat (p<0.05). The 

highest medial-lateral accelerations at the shank were associated with frequencies 

between 30 Hz and 35 Hz, for both vibration amplitudes and knee angles (p<0.05). 

Vertical acceleration at the shank was greatest at the lower VF (p=0.03), the higher VA 

(p=0.03), and a deeper squat (p<0.05). Anterior-posterior acceleration at the shank was 

higher at the lower VF (p=0.03), the higher VA (p=0.03) and a deeper squat (p<0.05). At 

the thigh, medial-lateral acceleration was higher with VF (p< 0.05) and VA (p=0.03) but 

was not affected by knee angle. Vertical acceleration at the thigh was not affected by 

depth of squat, was greatest at higher VA (p<0.05) and lower VF (p=0.03). Anterior-

posterior acceleration at the thigh was higher with VA (p=0.03), lower with VF (p=0.03), 

and was not dependent on knee angle. The authors attribute dampening as the mechanism 
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that occurs at the ankle and knee at the 35 to 40-Hz frequency, because the frequency is 

above the skeletal resonance of 5-10 Hz, and above the soft tissue resonance of 15-30 Hz. 

At lower frequencies and higher amplitudes, there is less dampening and the acceleration 

would travel to more proximal structures. A lower amplitude is recommended for ankle 

interventions, and higher amplitude is recommended to challenge the knee. The deeper 

knee flexion angle corresponded to increased shank acceleration, demonstrating the effect 

of knee angle on dampening between joints. The authors also suggested that acceleration 

transmission and dampening are subject to anatomical and postural response differences 

between participants. Future studies should consider controlling for postural response 

during WBV and anatomical differences between participants. 

Shoe wear and WBV. Marin et al.128 found shoe wear during WBV affected 

muscle EMG of the medial gastrocnemius and vastus lateralis in healthy, active men. The 

men randomly experienced four WBV conditions: with and without shoes at a 2-mm 

amplitude and with and without shoes at a 4-mm amplitude. All conditions used a 30-Hz 

frequency. The researchers found the highest EMG activation of the vastus lateralis EMG 

using the 4-mm p-p amplitude without shoes (+63%, p< 0.01). The highest EMG of the 

medial gastrocnemius occurred using the 4-mm p-p amplitude with shoes (+143%, 

p<0.01).  The results of the Marin et al.128 study support neuromuscular activation is 

affected by wearing shoes, with the highest activation in the medial gastrocnemius and 

vastus lateralis occurring without shoes. Because shoe wear decreases neuromuscular 

activation, future studies that measure neuromuscular changes should consider providing 
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the WBV intervention without shoes, to increase knee and ankle muscle extensor 

activation.  

WBV and postural sway.  The effect of WBV on balance has been studied, in 

the areas of postural sway, dynamic balance, and static balance.108-110,112,117,120,129-131 

Torvinen et al.109,110,117,129, conducted several studies on the effect of WBV on balance, 

both short and long-term interventions. There were no significant improvements in 

postural sway at two or four months,109 or at 8 months,110 after longer duration 

interventions.  

Torvinen et al.129 studied the effect of a short, 4-minute duration of a 15 to 32-Hz 

WBV frequency on balance and muscle performance in healthy men and women, 

between the ages of 24 and 33 years. Dynamic balance was measured by fast backward 

walking in tandem, an unvalidated test. There were no significant differences in balance 

between the control and the intervention groups. Future studies should consider the use of 

validated, reliable dynamic balance measurement tools.  

Dickin et al.132 studied the acute effects of different frequencies (0 Hz, 30 Hz, 50 

Hz) and amplitudes (2 mm, 5 mm p-p) of 4 minutes of WBV on postural sway (meters 

from the center of gravity) in healthy adults, between the ages of 19-24 years. Postural 

sway was measured as frequency of occurrence and complexity/predictability with the 

NeuroCom SMART Balance Master (NeuroCom International; Clackamas, OR). On a 

flat surface, postural sway frequency increased after WBV (p=0.04), regardless of the 

WBV frequency or amplitude. There was no change in sway complexity/predictability. 

With somatosensory and visual alteration, there were significant improvements in 
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postural control, with a decrease in sway frequency (p=0.05), and decreased complexity 

(p=0.01) acutely after WBV. The results of the Dickin et al.132 study support WBV as an 

intervention to improve postural control in conditions that alter visual and somatosensory 

input. The NeuroCom instrument demonstrated a large range of reliability in recent 

testing by Pickerill and Harter.133 The inconsistent reliability of the tool creates 

questionable validity for it use in measuring balance. Future research should consider the 

relationship between increased postural sway with improved postural control after WBV, 

and test balance with validated, reliable physical performance measures that alter visual 

and somatosensory input. 

Van der Zee et al.134 found a 30-Hz, 1.9-g acceleration WBV intervention 

improved the motor performance, sensory-motor abilities and increased c-Fos proto-

oncogene protein and choline-acetyltransferase immunoreactivity in the brain of mice. 

The changes indicate alterations in the septohippocampal circuit, which contributes to 

spatial learning. The results imply WBV can contribute to changes in spatial learning, 

which is tracked by chemical changes in the brain. The results of the Van der Zee 

study134 may lay a foundation for future studies on the relationship of chemical changes 

and postural control in the human brain. Future studies should consider spatial learning as 

one way motor performance improves after WBV. 

MacIntyre and Cort135 tested postural response through trunk muscle activation 

after 10 minutes of seated WBV. The researchers found a 10-19% slower reaction time in 

the trunk muscles of the participants who received a 0.55 m/s2 acceleration WBV 

intervention, as compared to no acceleration in the control group. There was a main effect 
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of group in the muscles tested: external oblique (p=0.01), internal oblique (p=0.02), 

rectus abdominis (p=0.04), thoracic erector spinae, multifidus (p=0.04), latissimus dorsi 

(p=0.01), and lumbar erector spinae (p=0.04). Future studies should consider WBV 

intervention in a stance position. 

Pollock et al.136 studied the difference between an 8-mm p-p and a 4-mm p-p 

WBV amplitude on knee and ankle joint position sense (JPS) (CED 1401, Cambridge 

Electronic Design Limited, Cambridge, UK), cutaneous sensation (Semmes–Weinstein 

Aesthesiometer, Rolyan-Ability One, WI, USA), and balance (tri-axial Accelerometer, 

3D-BTA, Vernier Software and Technology, OR, USA). The participants stood with 

slightly bent knees in bare feet, on an alternating WBV platform (Galileo 2000, Novotec 

Medical GmBH, Germany), with the frequency at 30 Hz, for five 1-minute bouts, with a 

30-second rest between each bout. The researchers found that neither the 4-mm nor the 8-

mm amplitude affected JPS (p>0.05). The 4-mm amplitude vibration reduced sensation at 

the foot and ankle immediately after WBV (p<0.008), but was recovered at 15 minutes 

after WBV. The 8-mm amplitude WBV decreased sensation at the foot, ankle and 

posterior shank for the entire 30-minute test period (p<0.008). Balance was decreased in 

the vertical plane at 30 min after WBV (p<0.05), regardless of amplitude. Future studies 

should consider the acute effect of WBV on balance and sensation at the ankle and foot, 

when participants receive a WBV intervention in bare feet. The study may have been 

limited by a lack of power, and the balance test may not have been challenging enough to 

demonstrate a change. Results of prior studies on the effect of WBV on postural sway are 

mixed and demonstrate the need for additional studies of the effects of WBV on balance. 
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Missing in the literature is the study of immediate effects of WBV on balance, using 

validated, reliable, clinically reproducible balance tests. 

WBV and power. The ability to increase power without increasing the muscle 

bulk that is associated with strength training is valued in some physical performance 

populations. Gaining power without increasing muscle hypertrophy is valued by dancers, 

who need high, powerful jumps, while maintaining a lean body appearance. In prior 

studies, WBV has been found to increase isodynamic knee extension power,137 jump 

power78 and jump height,137 considered a measurement of power.  

Cochrane et al.138 tested the effect of 10 minutes of stationary cycling, dynamic 

squatting during WBV, and a hot water bath immersion on CMJ height and muscle 

temperature in moderately active men (n=6) and women (n=2), between the ages of 21-

35 years. The researchers found a significant increase in CMJ height (p<0.001), and in 

muscle temperature after 26-Hz, 6-mm amplitude WBV (p<0.001). The researchers also 

found a significant increase in CMJ and muscle temperature after 10 minutes of biking, 

and after a hot bath. While the change in jump height was greatest after WBV, there was 

no significant difference in outcomes between the three interventions in post-test 

measurements. The study may have been limited by lack of power from a small sample 

size. The study supports WBV with dynamic squats (3 seconds up, 3 seconds down, to 

90º) as an effective warm up and treatment to increase muscle power.   

In contrast, De Ruiter et al.139 found 11 weeks of 5-8 sets of 1-minute applications 

of 30-Hz frequency, 8-mm amplitude WBV causes inhibition and results in less 

strength/force of the quadriceps femoris. Hug et al.140 found increasing the muscle 
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activation of the vastus medialis/vastus lateralis is questionably related to strength gains 

in a literature review of studies on patellofemoral pain. Therefore, at present, there is no 

proof that a change in muscle activation pattern creates muscle strength. While WBV can 

activate muscles, it is not currently recognized as a way to build muscle strength. WBV is 

supported as a way to increase power, yet at present, it is only a theory that this occurs by 

way of neuromuscular facilitation.65,137,141,142 

WBV use in dancer research. Jakobsen et al.143 found 12 weeks of one-hour 

sessions of heavy resistance training without WBV increased CMJ height in male 

recreational soccer players (p<0.05). While heavy resistance strength training has proven 

effective in increasing CMJ height, it is unlikely the dancer has the time required to make 

such a change. Additionally, the muscle hypertrophy that accompanies heavy resistance 

training is not an aesthetic that is valued in dancers.   

A more efficient, less time-consuming method is needed. In the study by Wyon et 

al.,144 female collegiate dancers were given two 30-second bouts of 35-Hz frequency, 4-

mm amplitude WBV, for each of 5 different positions, for 6 weeks. There was a 

significantly higher CMJ height for the intervention group, (F[1,32] = 3.046; p< 0.05), as 

compared to the control group.  

Annino et al.145 studied the effect of WBV on CMJ height and mechanical power 

in high level, pre-professional female ballet dancers. There was random assignment of the 

22 dancers into either a control group or an experimental group. CMJ was assessed with 

the hands placed on hips during the CMJ, which was performed on an electronic switch 

mat (Ergojump; Boscosystem, Rieti, Italy). Mechanical power was tested with a 
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horizontal leg press machine (Technogym, Gambettola, Italy) with increasing loads of 50 

kg, 70 kg, and 100 kg. In all measures, knee flexion was standardized to 90°. Vertical 

synchronous, 30-Hz, 5-mm p-p amplitude, and 5-g magnitude WBV intervention  

(Nemes LC device, Boscosystem, Rieti, Italy) was given in a dosage of five 40-second 

applications, with 60 seconds of rest between each application. The intervention was 

given to the experimental group every other day, 3 times per week, prior to ballet class, 

for 8 weeks. After the 8 weeks, the experimental group demonstrated significant CMJ 

gains (p<0.001), with a medium effect size (0.67). In leg press power, the experimental 

group demonstrated significant increases in average force, average velocity, and average 

power (p<0.05 to p<0.001), with a large effect size range in the 70-kg and 100-kg 

conditions (0.33-1.80). There were significant increases in average velocity (p<0.01), and 

average power (p< 0.01) in the 50-kg condition. No significant differences were found in 

the control group. The authors recommend the 30-Hz frequency as a training setting to 

improve CMJ and muscle adaptation. One limitation of this study is the authors only 

reported within group differences, with no information on between group differences. 

Another limitation is the intervention was done in a 100° ballet half squat with both feet, 

both knees, and both hips externally rotated (ballet 1st position) in ballet slippers, while 

CMJ is typically tested in parallel stance. The authors did not state if the jumps were 

performed in parallel stance or in 1st position, nor did they state if the jumps were done 

with or without ballet slippers or other shoe wear.  Future studies should consider 

recreating the environment of the dancer, in terms of shoe wear, the intervention position, 

and the CMJ position.  
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Marshall and Wyon146 studied the effect of 8 sessions of WBV on CMJ height, 

active range of motion (AROM) of the développé, and leg anthropometry in female ballet 

conservatory students, using an intervention group and a control group. The développé is 

a ballet move that requires the gesture leg to demonstrate hip external rotation and 

abduction, while the knee moves into flexion and then into extension. A high-reaching 

développé is sought after by dancers.  The intervention group was given 30 seconds of a 

35-Hz frequency, 8-mm amplitude WBV intervention, for each of 9 positions, over 4 

sessions, with 2 sessions per week. Then the intervention was given for 40 seconds at a 

40-Hz frequency for 4 sessions, with 2 sessions per week at the same amplitude. The 

control group reproduced the positions without the WBV. Positions were described as 

follows: “1st and 2nd position demi-plié, high toe raise, pelvic bridge with the back on the 

floor and feet on the platform, right leg leading lunge (with just the front foot on the 

platform), left leg leading lunge, a bent-over hamstring hold with a 90° angle between the 

torso and the legs, and an active hip flexor exercise (développés) on each leg.”146 The 

researchers found a significant increase CMJ height in the intervention group, as 

compared to the control group (F[1,15]=6.24, p<0.05). There was a significant 

improvement in the height of the développé for the intervention group compared to the 

control group (right leg: F[1,15]=11.17; p<0.01; left leg: F[1,15]=15.218; p<0.01). There 

were no significant changes in anthropometry for either group. Unfortunately, the CMJ 

height was tested in parallel, not in any of the intervention positions. The repeat measures 

ANOVA did not account for the variance introduced by the nine test positions and the 

two different frequencies, therefore the results may be inflated. Future studies should 
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account for the variance in the statistical analysis. Use of the same intervention and test 

position should be considered, and correlation between CMJ and increased height of the 

développé, or a standardized test of neuromuscular efficiency, should be investigated. 

With the exception of the study in gymnasts by Despina et al.,120 all other WBV 

studies in dancers144-146 were done over longer exposures, and none were among 

professional dancers.  Therefore, future studies should consider the effect of shorter 

dosages of WBV on CMJ, balance, and movement quality in professional dancers. Prior 

studies support for the use of a 30-Hz frequency, vertical sinusoidal WBV among dancers 

to increase CMJ height. The use of WBV among dancers to improve balance and postural 

control with validated outcomes is lacking in current research to date. 

Types of Whole Body Vibration Plates 

The type of WBV platform needs consideration. This section will discuss the 

different types of WBV plates.  There are plates that provide vertical sinusoidal 

acceleration, side-alternating vertical acceleration, or horizontal acceleration.147 The 

vertical sinusoidal plate gives a continuous application of in-phase frequency to both 

limbs when standing on the vibration plate. The side-alternating plate provides alternating 

high and low phases of each frequency, so when one limb is experiencing the top of the 

frequency curve, the other limb is at the bottom. The horizontal acceleration plate 

provides horizontal vibration and is not used in most of WBV literature to date. Pel et 

al.147 analyzed the differences between 3 different, 3-dimensional vibration plates: the 

PowerPlate®, the Galileo-Fitness®, and the PowerMaxx®. The PowerPlate® 

demonstrated the best instrument consistency, as it did not vary significantly in vibration 
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frequency between loaded and unloaded conditions (person on vs. person off). Root mean 

square acceleration was greater in the anterior to posterior direction (arms=2.2 g) than 

vertical (arms= 1.0 g) or side-to-side (arms=0.3 g) directions at a 30-Hz frequency, with a 

62 kg person performing a squat on the machine. Transmission of vertical acceleration 

was greater at the ankle than at the knee, and greater at the knee than at the hip joint at 

the 25-Hz, high amplitude (8- mm p-p) setting. The Galileo® had the highest vertical 

acceleration (15 gravitational units), the PowerPlate® the next highest vertical 

acceleration (8 gravitational units) and the PowerMaxx® the least vertical acceleration (2 

gravitational units). The PowerMaxx® was found to accelerate in primarily the horizontal 

plane.  A near-perfect sine wave occurred in the vertical direction for the PowerPlate® at 

a 30-Hz frequency. The authors suggest the use of biomechanical or biological markers 

during WBV in order to maintain consistency of acceleration in 3 dimensions. 

Ritzmann et al.103 found the side-alternating (Novotec Medical, Pforzheim, 

Germany) platform produced greater EMG neuromuscular activity than the synchronous, 

vertical sinusoidal platform (Power Plate Germany, Frankfurt am Main, Germany) 

(p<0.05). Marin and Rhea148 performed a meta-analysis and found the vertical sinusoidal 

platforms had a mean overall treatment effect size of 0.99, as compared to the side-

alternating platforms, which had a mean overall treatment effect size of 0.36, (p< 0.05). 

The choice of WBV platform in future studies should consider the not only 

neuromuscular activity, but treatment effect.  

Ritzmann et al.130 also investigated jump height after the use of a side-alternating 

WBV platform (Galileo Sport, Novotec Medical, Pforzheim, Germany) in healthy, young 
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adult men and women. WBV was set at a 25-Hz frequency, 4- mm amplitude for the 

intervention group, with a matched control group that did not receive vibration. Both 

groups performed exercises on the plate, and the intervention group received WBV 

during the exercises. The study was done over four weeks, with two sets of exercise per 

day, three days per week, and one rest day between.  In the first set during each session, 

the participants did 3 minutes of exercise on the vibration plate, 5 minutes the second 

week, and 8 minutes the third and fourth weeks. In the second set for each session, 

regardless of week, after a three-minute rest, the participant was told to exercise on the 

plate until exhaustion, up to 20 minutes. The exercise position was sustained bilateral 

plantarflexion, with 10° knee flexion. Jumps were performed from 90° knee flexion on a 

force plate (Leonardo, Novotec Medical GmbH, Pforzheim, Germany), and bilateral 

balance was tested on a force plate (AMTI, Watertown, USA). The researchers did not 

find a significant difference between groups in CMJ height but did find a significant 

improvement in the center of pressure (p<0.05), and in muscle endurance (p<0.05).  The 

exercise position and jump requirement of 90° knee flexion are potential reasons for the 

poor CMJ height results. Future studies should consider the effect of setting a knee 

flexion requirement on participants during CMJ testing, as the participant checking for 

degree of knee flexion may require a pause, invalidating the construct of the CMJ jump. 

It is also possible that the side-alternating plate promotes muscle endurance, and may not 

be the best choice for WBV intervention to increase CMJ height or muscle power. 

Fagnani et al.149 used a 35-Hz frequency, 4-mm amplitude, 17-g dosage of 

vertical sinusoidal WBV with varied lengths of application time, (ranging from three sets 
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of 20 seconds to four sets of 1-minute intervals) in female athletes, between the ages of 

21-27 years, three times per week, for 8 weeks. The researchers randomly assigned an 

intervention the athletes to an intervention group and a control group.  For the 

intervention group, there was a significant improvement of bilateral knee extensor 

strength (p<0.001), CMJ (p<0.001), and flexibility (p<0.001), as compared to baseline 

measurements. There was no significant improvement in the control group. In summary, 

prior research has found vertical sinusoidal WBV increased CMJ height and flexibility,149 

and a larger treatment effect (Effect size 0.99)148 while side-alternating WBV increased 

muscle endurance,130 muscle EMG,103 and flexibility.106  

A compelling argument for the use of vertical sinusoidal WBV is the treatment 

effect size in the meta-analysis by Marin et al.148 Future studies should consider the use 

of low frequency, low amplitude, short dosage, and vertical sinusoidal WBV when 

examining the effect of WBV on CMJ height and flexibility. Furthermore, the good 

instrument consistency of the Power Plate® should be considered when choosing the 

brand of vertical sinusoidal WBV plate. 

Power Plate Pro 5 AirAdaptive ® as the Intervention Platform 

Vertical Sinusoidal WBV is usually given in a pre-determined frequency, which is 

periodic and oscillatory, by having the participant stand on the WBV platform, or “plate.” 

With most plates, the frequency is transmitted in a vertical direction.41 The Power Plate 

Pro5 AirAdaptive® adds both anterior-posterior and medial-lateral directions, applying 

the given frequency in three planes of perturbation to the person standing on it, through 

synchronous, oscillating springs.43,150 The Power Plate Pro5 AirAdaptive® is intended to 
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simulate “real life” three-dimensional perturbation. The kinematics and instrumentation 

of the Power Plate Pro5 AirAdaptive®, a concept summary of WBV, and the validity and 

reliability of vertical sinusoidal, synchronous WBV will be discussed in the following 

subsections. 

Kinetics. The Power Plate Pro5 AirAdaptive® uses three planes of movement, 

though the applied frequency is primarily in the vertical direction. The following 

kinematic derivations are from a paper by J. Kelderman.67 The participant’s body 

responds to perturbation that comes from the WBV frequency and amplitude when 

standing on the WBV plate. The body sways, and there is muscle contraction and 

relaxation. As the body moves, it goes in and partially out of phase with the vibration 

frequency coming from the plate. The movement of the body allows it to experience 

acceleration, exerting a force on the body’s mass. If Force = Mass x Acceleration, and 

Work = Force x displacement, then the power gains are similar to working with an 

increased load, since Power = Work/Time. Since Acceleration = Velocity/Time, the plate 

set at a 30-Hz frequency will provide 30 vibrations/second, so one vibration takes 0.033 

seconds. At a 4-mm p-p amplitude, it is a 0.004 m distance. The velocity is then 

V=distance/time, which is 0.004m/0.033 sec=0.12 m/s, and 

Acceleration=V/t=0.12/0.033=3.67 m/s2. If a 130 pound (lb), or 59 kilogram (kg) person 

stood on solid ground, typical force on the body is F=M x a=59 kg X 9.8 m/s2=578 

Newtons of Force.  On the vibration plate, you will have F= 59 kg X (9.8 m/s2 x 3.67 

m/s2)= 2,122 Newtons of force added to the body in the primary vertical direction. A 130 

lb person receiving a 30-Hz frequency, 4-mm amplitude WBV intervention will receive 
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3.7g’s (g=gravitational acceleration, or 9.8 m/s2) of force to the body, over 3 times the 

force of standing without WBV. This calculation does not take into account the angular 

velocities of the anterior-posterior and medial-lateral directions, nor the combination of 

the waves of perturbation.  

Support for the calculated force can be found in a study by Bazett-Jones et al.,151 

in which WBV was measured with an accelerometer. The researchers found that at a 0-

Hz frequency, 0-mm amplitude of WBV, there is a measurement of 1 g.  At a 30-Hz 

frequency, 2 to 4-mm amplitude of WBV, the researchers measured 2.16 g’s. At a 40-Hz 

frequency, 2 to 4-mm amplitude of WBV they measured 2.80 g’s, at a 35-Hz frequency, 

4 to 6-mm amplitude of WBV they measured 4.87 g’s, and at 50-Hz frequency, 4 to 6-

mm amplitude of WBV, they measured 5.83 g’s.  

Instrumentation. The Power Plate Pro5 AirAdaptive® device has a 1.3 meter 

tower that holds the control panel and the hand rails. The frequencies available are 

between 25-50 Hz and can be adjusted by 1-Hz increments.152  The time increments are 

preset at 30 seconds, 45 seconds, and 60 seconds, and time can be added in 15-second 

increments. The amplitude selections are either low (2 mm, or 4 mm p-p), or high (4 mm, 

or 8 mm p-p). At a 30-Hz frequency and 2-mm amplitude, the peak acceleration of 3.62 g 

will be experienced by a 57-kg female.153 

The maximum load the plate can carry is 500 lbs, or 227 kg. The device weighs 

348 lbs, or 158 kg, and runs on hospital-certified power supply. There are three levels of 

air bellow springs: level 1 is for people under 130 lbs, level 2 for people between 130-
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200 lbs, and level 3 for people over 200 lbs. The air bellow springs allow for movement 

in the medial to lateral and anterior to posterior directions.154  

A person standing on the plate either maintains a static, non-moving position or is 

performing a dynamic movement, such as bending and straightening the knees. The 

body’s kinetic chain responds to vibration in the active structures, such as in the muscles 

that serve to dampen the vibration, and in the passive structures, such as in bones. Typical 

lower extremity exercises that are performed on the vibrating surface of the plate are 

squats, lunges, and bridges.67 In summary, the components that contribute to variation 

during the exercises done on the plate are as follows. 1) The exercises can be concentric, 

eccentric, isometric, and executed at different speeds, 2) The vibration setting can be set 

with different combinations of frequency, amplitude, and time, and 3) The number of 

repetitions can be altered. 

WBV concept summary. The premise for the use of the Power Plate Pro V 

AirAdaptive® is that the triplanar perturbation accentuates the response to vibration. The 

following section is a concept summary of the events that occur with WBV, as covered in 

previous sections. The response to WBV is an increase in power, strength, flexibility, and 

blood circulation, through neurological and myogenic adaptations. Neurologically, there 

is an improvement in the co-contraction of muscle synergists while inhibiting antagonists, 

an increased recruitment of number and type of motor units, and an improved 

organization of nerve impulses.  The muscle spindle responds by reflexively contracting, 

and at the same time, the muscle’s Golgi tendon organs respond to the attenuated 

contraction by reflexively relaxing, in order to control the amount of muscle tension.  
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This action of both reflex contraction and reflex inhibition of the same muscle allows for 

increases in power and flexibility after WBV. Flexibility is also helped by the increase in 

blood flow to the muscle.  If there are weeks or months of WBV, there will be increases 

in muscle hypertrophy, leading to strength gains, while during short-term WBV, fast-

contracting white muscle fiber recruitment occurs, leading to power gains.67  

Reliability and validity. Pel et al.147 compared the Power Plate® (Power Plate 

International, The Netherlands), the Galileo-Fitness® (NovotecMedical GmbH, 

Germany) and the PowerMaxx® (DS-produkte GmbH, Germany). The researchers found 

the Power Plate® was the most consistent of all three plates when carrying different body 

weights and using different knee flexion angles, within the 25 to 50-Hz frequency range, 

at both the low and high amplitude settings. The Power Plate did not vary significantly in 

vibration frequency between loaded and unloaded conditions (person on vs. person off), 

indicating good instrument reliability. Root mean square acceleration (arms) was greater in 

the anterior to posterior direction (arms=2.2 g), than in the vertical direction (arms=1.0 g), 

or in the side-to-side (arms=0.3 g) directions at a 30-Hz frequency, with a 62-kg person 

performing a squat on the machine. Transmission of vertical acceleration was greatest at 

the ankle joint, and then at the knee joint, and least at the hip joint, at a 25-Hz frequency 

and high (8-mm p-p) amplitude, with the participant performing a 100° knee flexion 

parallel squat. The results of this study support the instrument reliability of the Power 

Plate®.  

The Power Plate® WBV platform has been used in several research studies that 

serve to support the construct validity of the instrument as an intervention. The studies 
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were described in detail in earlier sections of this literature review and are briefly 

summarized in this subsection. An additional study on the effect of WBV frequency, 

amplitude, and duration of intervention on muscle power using the Power Plate will be 

reported at the end of this section to further demonstrate construct and instrument 

validity.  

Cormie et al.119 used a vertical sinusoidal Power Plate® WBV platform (Power 

Plate North America Inc., Northbrook, IL) at a 30-Hz frequency and a 2.5-mm p-p 

amplitude, and found increased CMJ height (p<0.05) between a 30-second intervention 

group and a sham control group of men, immediately post intervention. Lamont et al.123 

found the use of both low and high amplitude settings at a 50-Hz frequency of WBV with 

resistance training resulted in strength gains in men, as compared to resistance training 

without WBV (p=0.04) or to no intervention (p=0.04). The researchers used the triplanar 

sinusoidal Power Plate Next Generation® (Power Plate USA).  

Abercromby et al.53 used the vertical sinusoidal Power Plate® (Power Plate North 

America LLC, Culver City, CA), and a prototype horizontal plane rotational Galileo 2000 

(Orthometrix, Inc.,White Plains, NY) WBV platform at a 30-Hz frequency and a 4-mm 

p-p amplitude, and found increases in neuromuscular response for each device after 

intervention in healthy adults (p<0.05).  

Mester et al.75 used the vertical sinusoidal Power Plate® to study the effect of 

frequency and amplitude on changes in circulation and jump height in collegiate athletes. 

The researchers recommend a 1- to 2-mm low amplitude as a starting place when 

working with elite athletes.  The researchers also recommend not using lower than a 20-
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Hz frequency, to prevent transmission of the vibration to the head. Last, a 20-60 second 

exposure is recommended for each vibration exposure. 

Ritzmann et al.130 compared a side-alternating vibration platform (Novotec 

Medical, Pforzheim, Germany) and the Power Plate® synchronous vibration platform 

(Power Plate Germany, Frankfurt am Main, Germany) under progressive loads, and under 

different angles and frequencies. The researchers found the side-alternating platform 

intervention promoted greater surface integrated EMG readings at all angles and 

frequencies, as compared to the Power Plate®. The authors attribute the effect to 

decreased dampening at the ankles, and increased vibration transmission to the muscles 

above. The Power Plate® has demonstrated good instrument consistency, with little 

variation within each frequency of synchronous WBV. The unchanging application of 

frequency not make it the best choice for studies in resistance training combined with 

WBV, as compared to side-alternating WBV.147 

Adams et al.150 used the triplanar Power Plate® vibration platform (Power Plate 

North America Inc., Northbrook, Ill), and studied the immediate effect of WBV on power 

in 22 healthy men and women with no prior use of WBV. The researchers used different 

combinations of frequency (30 Hz, 35 Hz, 40 Hz, and 50 Hz), amplitude (low, 2–4 mm or 

high, 4–6 mm), and intervention duration (30 seconds, 45 seconds, and 60 seconds), in 

randomized sequence among participants. Post-test measures were done at 1 minute, 5 

minutes, and 10 minutes after WBV. There was a significant time x amplitude x 

frequency interaction (p=0.02), with significant post hoc differences between low and 

high amplitudes, between the pre and the immediately post intervention measurement 
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(p=0.02), and between the immediately post and 1 minute post (p=0.04) intervention 

measurements. Increases in peak power, as calculated by normalized CMJ height, was 

greatest in the low frequency-low amplitude, and high frequency-high amplitude 

combinations (p<0.05). The results of the studies by Adams et al.150 and Cormie et al.119 

support the use of a 30-Hz frequency and a low (2 to 4-mm) amplitude to increase power 

in healthy adults. In summary, the use of the Power Plate® carries construct validity as 

an intervention to increase neuromuscular response and CMJ height as a demonstration of 

power, in healthy adults. The Power Plate Pro5 AirAdaptive® has not been used in 

studies among professional dancers to date.  

INSTRUMENTS USED TO ASSESS THE DANCER 

In this dissertation study, several physical performance measures will be used to 

assess the dancer. Jump height was measured with the Just Jump Mat System (JJMS). 

Dynamic balance was measured with the Star Excursion Balance Test (SEBT). Static 

balance was measured with the Balance Error Scoring System (BESS). Jump quality was 

assessed through video analysis. The following sections will describe each measurement 

tool, and discuss the psychometric properties of each instrument, as found in current 

research literature. 

The Just Jump Mat System® 

The Just Jump Mat System®  (JJMS) is a pressure mat that calculates jump height 

as a function of the time between the jump takeoff and the jump landing.40 Kinematics, 

instrumentation, validity, and reliability of the JJMS will be discussed as follows. 
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Kinetics and instrumentation. The JJMS indirectly calculates jump height by 

measuring flight time from jump takeoff to jump landing. The system is made of a 27-

inch square mat connected to a hand-held computer device. Jump height (H) is calculated 

as H = -1/8(g*t2), where g = 9.81 meters/second2 and represents gravitational 

acceleration, t = time, and H is represented in meters. Pond40 gave the mathematical proof 

for the calculation of jump height as a function of flight time as follows: 

Vf = final velocity, and Vi = initial velocity 

Vf = Vi+g*t 

For half the total flight time, which is the peak of the jump: 

0 = Vi + g(t/2) so Vi =  -g(t/2) 

H = Vi t + ½gt2 and H = Vi(t/2) + ½g(t/2)2 

Substituting Vi = -g(t/2) into the H = Vi(t/2) + ½g(t/2)2 

H = [-g(t/2)](t/2) + ½g(t/2)2 and H = -½g(t/2)2  and H = -1/8gt2 

H = -1/8(-9.81)t2 

Reliability and validity. Reliability is a requirement for establishing validity. 

Factors that may influence jump reliability are the number of jump trials, the effect of 

fatigue, the effect of sequencing, the type of jump, and the reliability of the measurement 

tool. Reliability can be affected by the way a participant jumps. Since jump height is 

calculated by flight time, if a participant jumps and pulls the legs up into flexion, she will 

increase her flight time. Therefore, it is important to maintain straight knees during jump 

flight time. The following two studies discuss the criterion-referenced instrument  
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reliability of the JJMS, and the intersession reliability of measurement of CMJs using the 

JJMS. 

Intersession reliability was tested in a repeat measures ANOVA by Moir et al.155 

The researchers looked at the highest CMJ, and the mean of 3 CMJs in men and women 

during 4 test periods, separated by 1 week, over 4 weeks. The CMJs were performed on 

the JJMS.  The ICCs for the men were good to excellent for the highest jump (ICC=0.87-

0.93, 95% CI), and good to excellent for the mean (ICC=0.89-0.93, 95% CI). The ICCs 

for the women were good to excellent for the highest jump (ICC=0.87-0.94, 95% CI), 

and excellent for the mean (ICC=0.90-0.95, 95% CI). The researchers recommend using 

the highest jump in future research, as the difference between the highest jump and the 

average jump was insignificant.  

Nuzzo et al.156 tested the reliability of the JJMS, the Vertec® (Sports Imports, 

Hilliard, OH, USA), and the Myotest®  (Myotest, Inc., Switzerland) among women who 

had no prior CMJ experience. For the JJMS, the researchers found an SEM of 1.6 cm for 

the first session, and an SEM of 1.9 cm for the second session, with 3 trials per session. 

The MDC can be calculated as 1.96*(√2)*SEM =4.43 cm for the first session, and 5.3 cm 

for the second session. The upper values of the 95% confidence intervals were used to 

calculate the SEM, and the SEM can be used as the MCID when using the distribution 

method.157 The female participants were not trained in CMJ.  

Pond40 studied the validity and reliability of the Just Jump System® (JJS, also 

known as the Just Jump Mat System®, referred outside of the Pond study as JJMS). 

Pond40 compared the JJS to two criterion references: the Vertec® (V), and video data 
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(BMVJ), in measuring CMJ height. There was good reliability of the JJS for the best 

score between days for day 1 (r=0.71, p<0.001), and there was good reliability for the 

average of 3 scores between days (r=0.72, p<0.001). Correlation for the JJS and the 

criterion references was excellent within day 1 (ICC=0.94) and excellent within day 2 

(ICC=0.93). The best of the three jumps for the JJS and the criterion references were used 

to calculate simple and multiple validity coefficients.  Simple validity coefficients were 

excellent between the JJS and the BMVJ (r=0.90, p<0.001), and good between the JJS 

and the V (r= 0.82, p<0.001). The multiple validity coefficients were good for day 1 

(r=0.89, p<0.001), and good for day 2(r= 0.83, p<0.001). The multiple validity 

coefficients included age, weight, and height, and the jumps from the JJS and the BMVJ. 

The Pond study supports the reliability and validity of the JJS to measure CMJ height.  

Leard et al.158 compared the Just Jump Mat System® (JJMS) (Probotic, 

Huntsville, AL), the Vertec® (Vertec, Sports Imports, Hilliard, OH), and the criterion 

reference of a three-camera motion analysis system (Peak Motion Analysis System, 

Vicon Peak, Centennial, CO). The researchers found both the JJMS and the Vertec® had 

a significant Pearson’s correlation to the criterion reference, (JJMS r=0.97, Vertec® 

r=0.91). When the researchers looked at differences between the devices with an 

ANOVA, there were significant differences between the three means, (F[2,235]=5.51, 

p<0.05), and in post hoc analyses, there was a significant difference between the Vertec® 

and the criterion reference (p<0.05).  In the post hoc analysis, there was no significant 

difference between the JJMS and the criterion reference. Based on the results by Leard et 
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al.,157 the JJMS is considered a valid tool for testing jump height in lieu of a 3-camera 

system.  

Cairealláin et al.159 studied the CMJ, the squat jump (SJ), and the drop jump (DJ), 

comparing a force plate (AMTI OR6-5 force platform) to a jump mat (FLS JumpMat,® 

Tyrone, England). The researchers found a strong correlation between the jump mat and 

the force plate in CMJ (r=0.99) and SJ (r=0.96), but only a moderate correlation in the DJ 

(r=0.68). Kenny et al.160 also used the same set up as Cairealláin et al.159 to test CMJ, SJ, 

and DJ height. The researchers found excellent test-retest reliability for the jump mat 

(ICC=0.99), and force plate (ICC=0.99), when testing CMJ and SJ, indicating excellent 

concurrent validity. In regression analysis, r2=0.99 with a y-intercept error value of -0.01 

for CMJ, and similarly with SQ (r2=0.92 with y-intercept error value of -0.009). 

Confidence intervals demonstrated bias toward CMJ and SJ for both the jump mat and 

force plate (p<0.05). The studies by Kenny et al.160 and Cairealláin et al.159 validate the 

jump mat as an appropriate tool for testing CMJ and SJ. 

Dias et al.161 studied the concurrent validation of jump height, measured as the 

flight time (FT), and by double integration of the vertical ground reaction force (DIF), as 

compared to the video method (VID) as a criterion reference. The study included 26-29 

year-old men and women.  Each participant performed 15 CMJs, with a 60-second rest 

between jumps.  Significant differences were found between VID and FT (p<0.01), and 

between VID and DIF (p<0.01). A high linearity was found during linear regression 

analysis, predicting jump height from the FT considering the VID as reference (r2=0.98, 

p<0.0001), and predicting jump height from the DIF considering the VID as reference 
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(r2=0.99, p<0.0001). The authors do not think the FT or DIF methods are valid, but 

because both the FT and DIF have a predictable systematic error and linearity with the 

criterion reference, the authors support the use of FT as a measure, because it is simpler 

and less expensive than the other methods.  

Markovic et al.162 studied seven explosive power tests [Sargent jump (SAR), 

Abalakow’s jump with arm swing (ABL-A) and without arm swing (ABL-NA), squat 

jump (SJ), countermovement jump (CMJ), and two horizontal jumps (standing long jump 

and standing triple jump)] in men. Reliability was high in all explosive power tests (α 

coefficients=0.93-0.98). SJ and CMJ had the greatest reliability (r=0.97 and r=0.98, 

respectively), and the highest correlation between jumps (r=0.89). The principal 

component factor that explained 66% of the total variance was explosive power. All 

seven tests had high correlation coefficients with the principal component (r=0.76-0.87). 

The CMJ had the highest correlation with the principal component, explosive power 

(r=0.87). Because the correlation between the tests and the principal component factor 

represent the test’s factorial validity, it was determined that CMJ had the best factorial 

validity of all seven tests. CMJ is supported as a test of explosive power. 

The minimal detectable change (MDC) in CMJ height will be discussed as 

follows. Claudino et al.163 found the effect size improved after CMJ stabilized in healthy 

men, a change in individual standard error of measurement (SEM) from 1.35±0.51 cm to 

0.83±0.26 cm, with an effect size of 1.29. The SEM can be used to calculate MDC. The 

MDC is calculated as the smallest detectable difference, as SDD = 1.96*(√2)*SEM.164 

The MDC in the Claudino et al.163 study was 3.7 cm before CMJ stabilization, and 2.3 cm 
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after CMJ stabilization in men. The authors used two sessions in which at least 16 jumps 

were practiced for familiarization. Future studies should consider the use of a 

familiarization session, or use participants that regularly perform the CMJ. 

The calculation of MCID based on the SEM at the 95% confidence interval from 

the baseline standard deviation of the intervention group is calculated as follows:165 

MCID  =  X*SDbaseline{√[2×(1−r)]}, where X=1.96, SD baseline is the standard 

deviation at baseline, and r is the ICC reported, and the MDC=1.96*(√2)*SEM. 

Wyon et al.144 tested CMJ on the JJ Mat System in female pre-professional 

collegiate dancers, pre and post WBV. Baseline standard deviation (SD) of the 

intervention group was 1.94 cm. The intraclass correlation coefficient (ICC) was 0.872. 

For the female collegiate dancers in the Wyon et al.144 study, the MCID was then 

calculated as follows: MCID = 1.96*1.94{√[2×(1−0.87)]} = 1.96*1.94(√0.26) = 

1.96*1.94* 0.51 = 1.94 cm. The smaller MCID may be due to the dancer’s training, in 

which CMJ is part of everyday class. In ballet terms, the CMJ is called a sauté, a 

movement that is practiced in every class.  

Given the MCID was lower for collegiate dancers, who are trained in CMJ, as 

compared to the MCID in females in the Nuzzo et al.156 study, who were not trained in 

CMJ, it may be appropriate to consider 1.94 cm inches as the MCID for CMJ using the JJ 

Mat in female professional contemporary dancers, who are more similar to the collegiate 

dancers, though reliability of the ballet jump is not tested to date.  In summary, the JJMS 

is a valid measure of CMJ height, CMJ is a valid measure of power, and there are MCID 

and MDC values that can be calculated from prior studies. 
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The Star Excursion Balance Test (SEBT) 

A description of the Star Excursion Balance Test (SEBT), and studies on the 

validity, and the reliability of the SEBT will follow in the following section.166 

Description. The Star Excursion Balance Test (SEBT) is a dynamic balance test 

that is a star grid marked by 8 lines that cross at 45° angles to each other.166 The 

participant stands on one foot with the hands on the hips and reaches as far as possible in 

each of the 8 directions, in the following order: anterior, anteromedial, medial, 

posteromedial, posterior, posterolateral, lateral, and anterolateral. Four to six practice 

trials are recommended prior to the test measurement, and values should be normalized to 

leg length.166 Figure 1 is an illustration of the SEBT. 

Figure 1. Star Excursion Balance Test166,a 

 

 

 

 

 

 

 
 
 
 
 

166Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-   stability 
Accessed March 22, 2014. 
aAssuming left stance: P=Posterior, PM=Posteromedial, PL=Posterolateral, M= medial, 
L= lateral, A=Anterior, AM= Anteromedial, AL=Anterolateral 
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Reliability and validity. Munro and Herrington164 performed a repeat-measures 

analysis of learning effect, reliability, and measurement error while using the SEBT 

among normal, healthy adults, between the ages of 22 and 26 years. In terms of learning 

effect, the measurements stabilized after 4 trials. Test-retest reliability was good to 

excellent between sessions, in trials 5-7 (ICC 0.84-0.92, 95% CI 77.84-94.00, SEM 2%-

3%, and SDD 6% to 8%). Future studies should consider four practice trials prior to 

measurement using the SEBT. 

Kinzey and Armstrong167 examined the reliability of the SEBT among healthy 

male and female collegiates between the ages of 18-35 years. The participants performed 

6 trials of the SEBT in each of the 4 directions: left and right anterior, and left and right 

posterior. The participants would reach anterior and posterior right while standing on the 

left leg, and anterior and posterior left while standing on the right leg. The researchers 

calculated the average of the 3 best trials in one day, then retested 7 days later with the 

same methodology.  The researchers found excellent test-retest reliability for the left-

anterior direction (ICC(2,1)=0.90), good test-retest reliability for the left-posterior 

direction (ICC(2,1)=0.87), poor reliability for the right-anterior direction (ICC(2,1)=0.67), 

and good reliability for the right-posterior direction (ICC(2,1)=0.82). The researchers 

observed less stability among participants when the test was performed at a faster speed, 

and no two exact performance measures were found within participants. Future studies 

should consider potential confounders such as stance limb, and speed of reach during 

testing. 
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A systematic review of peer-reviewed SEBT studies between the years of 1980 

and 2012 was conducted by Gribble et al.168 The SEBT was able to identify balance 

changes after exercise intervention in participants with chronic ankle instability (p=0.03).  

The SEBT identified neuromuscular training differences (p<0.05), and identified core 

stability training differences (anteromedial p=0.001, medial p<0.001). The authors found 

the SEBT stabilized after four practice trials, and that test-retest reliability was high 

between four trials and three additional trials (ICC=0.84-0.92). Future studies should 

consider four practice trials as a sufficient number prior to testing. A large shared 

variance was found in reaching all eight directions, as the reach in one direction was 

highly correlated with reached in the other directions. The researchers recommend three 

test directions, anterior, posteromedial, and posterolateral.  The three directions were 

made into the Y-balance test. Intratester reliability for the three directional test is good, 

(ICC=0.85-0.89), and intratester reliability is also good, (ICC =0.97-1.00).  Future studies 

should consider use of the Y-balance test’s anterior, anterolateral, and posterolateral 

direction in place of the SEBT.  Gribble et al.168 also found reach distance is affected by 

foot shape. Participants with pronated feet reached further in the anterior and 

anteromedial directions. Participants with supinated feet reached further in posterior and 

posterolateral directions. Participants with supinated feet reached further in the lateral 

direction than participants with pronated feet, but not further than those with neutral feet. 

No difference in reach was found for pes cavus, pes planus, and pes rectus feet.  The 

authors recommend that future studies should not account for foot type, as differences are 

inconsistent in studies to date. Circadian rhythm has influence on scores on the SEBT, 
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with better scores in the morning than the afternoon and evening. Between genders, 

women had better postural control. Future studies should consider staying within one 

gender, and keeping pre and post-test times the same time of day.  

Batson169 constructed a SEBT by taping adhesive tape on a Marley® dance floor, 

and tested reach in 31 contemporary dance students under four different conditions. 1) 

Perform the normal SEBT without specific instruction, 2) Perform the SEBT as fast as 

possible, 3) Answer questions aloud as a cognitive interference while performing the 

SEBT as fast as possible, and 4) Perform the SEBT while standing on an Airex® foam 

pad and moving at the participant’s desired pace. The researchers found a good 

correlation between leg length and reach for most directions (r≥0.70, p=0.01). A 2x3x8 

repeat measures ANOVA resulted in no significant difference in reach between the limb 

with a prior injury and the unaffected limb under the normal SEBT condition. There was 

homogeneity of performance in the three modified tests, and no significant difference 

between test conditions. It is worth noting the small sample size of 33 dancers in a 2x3x8 

ANOVA may have influenced the power of the study. Future studies should perform a 

power analysis prior to setting a sample size. Calculating normalized leg length should be 

considered. Batson169 commented on the redundancy of the SEBT, recommending the 

“Y” test for future studies. 

Filipa et al.170 studied the predictive relationship between the SEBT and 

functional turnout angle (FTA) in pre-pubescent dancers between 5-9 years old. The 

researchers used only 3 directions of reach: anterior (A), posteromedial (PM), and 

posterolateral (PL), and found SEBT performance while standing on the dominant limb 
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was a significant predictor of FTA (p=0.02, r2=0.49). The SEBT composite reach score 

(CRS) for each limb was calculated as follows: CRS = (A+PM +PL)/(LLx3)x100.  Future 

studies might consider the use of only three directions and stance on the dominant limb, 

as dancers need to be able to balance on both limbs equally in their repertoire.  

Munro and Herrington164 re-examined the SEBT and found 4 trials were needed 

for each direction before the measurements stabilized, and found the smallest detectable 

difference (SDD) for each direction. The SDD was calculated from the standard error of 

measurement (SEM), which was calculated from the pooled standard deviation 

[SD(pooled)], and from the intraclass correlation coefficient (ICC) as follows: SEM = 

SD(pooled)*[√(1-ICC)], so SDD = 1.96*(√2)*SEM. The SDD was 7% in the anterior 

direction, 6% in the anteromedial direction, 8% in the anterolateral direction, 7% in the 

medial direction, 8% in the lateral direction, 8% in the posterior direction, 8% in the 

posteromedial direction, and 7% in the posterolateral direction, of the normalized 

excursion distance. The normalized excursion distance is the distance based on individual 

leg length, and is calculated as follows: normalized excursion distance = (measured 

excursion distance/leg length)x100. In the anterior direction, with a mean of 84 cm, and 

with an ICC of 0.88, the SEM was 2.0 cm, and the SDD was 5.7 cm. Future studies 

should compare results in each direction to the SDD from the Munro and Herrington164 

study.  

Plisky et al.171 studied the relationship between SEBT reach distance and lower 

extremity injury in male and female high school basketball players. The reach distance 

was normalized to leg length. The researchers only used the anterior, the posteromedial, 
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and the posterolateral directions.  The researchers found the intra-rater reliability was 

good for the anterior direction (ICC(3,1)=0.84), good for the posteromedial direction 

(ICC(3,1)=0.82), good for the posterolateral direction (ICC(3,1)=0.87), and excellent for leg 

length measures (ICC(3,1)=0.99). Males with a reach distance ≥4 cm between anterior 

right and anterior left were 2.5 times more likely to have a lower extremity injury 

(p<0.05). Females with a composite reach distance less than 94% of their limb length 

were 6.5 times more likely to have a lower extremity injury (p<0.05). Plisky et al.171 

support the use of the SEBT during physical exams to identify injury risk. 

Gribble and Hertel172 examined the relationship between foot type, ankle 

dorsiflexion, hip internal range of motion (ROM), hip external ROM, height, leg length, 

gender and SEBT reach values, in an attempt to create normalization in measurement. 

The participants were active, healthy men and women between the ages of 22-26 years. 

The researchers found a significant correlation between normalized leg length and reach 

(p<0.05) and height and reach (p<0.05) in the anterior, anteromedial, medial, 

posteromedial, posterior, and anterolateral directions. No significant correlations 

occurred between ankle range and reach, or between hip range and reach. No significant 

difference in reach distance was found between right and left limbs. Men reached further 

than women in three directions, indicating gender differences. Normalized leg length was 

calculated as (excursion distance/leg length) x100. The researchers recommend 

normalized leg length is conducted when performing participant comparisons. Because of 

the results of the Gribble and Hertel172 study, future studies should consider normalizing 

the leg length, and studying one gender when using the SEBT. 
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Earl and Hertel173 used surface EMG root mean square to analyze the muscle 

firing patterns of the vastus medialis oblique (VM), vastus lateralis (VL), medial 

hamstring MH), tibialis anterior (TA), and gastrocnemius muscles in recreationally active 

men and women between the ages of 20-29 years, while they performed the SEBT. The 

researchers found significant differences in muscle activation for all but the 

gastrocnemius, depending on the direction of reach. The VM was activated most in the 

anterior reach (p=0.04), the VL lowest in the lateral direction (p=0.001), as compared to 

all other directions. MH was higher in the anterolateral direction (p<0.005), compared to 

lateral, anterior, medial, and anteromedial directions. BF was activated more in directions 

that did not include an anterior component or the medial direction (p<0.03), AT was 

highest in directions that included a posterior component (p<0.005). One limitation to 

this study is the lack of evidence demonstrating a relationship between muscle activation 

and reach distance. Because the direction of reach mitigates the activation pattern of 

muscles in the lower extremity, with the exception of the gastrocnemius, and because 

muscle activation can vary between participants, future studies should consider 

calculating a composite score.  

A limit to the studies described in the preceding sections is the analysis of 

neuromuscular activation of the lower extremity without consideration of the contribution 

of the movement of the hip. Pollard et al.174 studied the kinematics (three dimensional 

motion analysis system (Vicon, Oxford Metrics LTD, Oxford, England), ground reaction 

forces (force plate), and surface EMG (percent maximum voluntary isometric 

contraction) among 11 to 20-year old female club soccer players during drop jump 
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landing. The researchers found the participants with low hip and knee combined flexion 

angles (154°±13°) demonstrated significantly more knee valgus (p=0.02), more knee 

adductor moments (p=0.03), less energy absorption at the hip (p<0.001) and knee 

(p=0.02), and greater vastus lateralis EMG (p=0.005), as compared to the women in the 

high hip flexion group (190°±16°).  

In contrast, Hertel et al.175 analyzed male and female participants between the 

ages of 18-24 years with chronic ankle instability (CAI), using the SEBT. The 

researchers looked at the involved limbs of the CAI group (n=48), the uninvolved limbs 

of the CAI group and both limbs from the control group (n=126), and both limbs of both 

groups (n=174). For all 3-factor analyses, the posteromedial reach score was the most 

strongly correlated task with the computed factor (α>0.90). All tasks produced alpha 

scores greater than 0.67. The results support reaching in the posteromedial direction as a 

single valid direction in participants with CAI, a good representation of all component 

directions. Future studies among participants with CAI should consider use of only one 

direction as a measure of dynamic balance.  

Cloak et al.131 used the SEBT as a measure of dynamic balance in 38 female 

collegiate dancers with functional ankle instability. Half of the group received 6 weeks of 

WBV intervention, with the following protocol order. 1) 10 minutes at a 30-Hz 

frequency, performing 3 sets of 50 seconds of single limb heel raises, and 3 sets of 50 

seconds of single limb squats, on each leg, 2 days/week for 2 weeks, 2) 12 minutes at a 

35-Hz frequency, performing 3 sets of 60 seconds of single limb heel raises, and 3 sets of 

60 seconds of single limb squats, on each leg, 2 days/week for 2 weeks, and 3) 14 
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minutes at a 40-Hz frequency, performing 3 sets of 70 seconds of single limb heel raises, 

and 3 sets of 70 seconds of single limb squats, on each leg, 2 days/week for 2 weeks. The 

control group did not participate in WBV, or in any exercise protocol. Normalization of 

reach distance was calculated as follows: normalized reach=(reach distance/leg 

length)x100. The researchers found significant differences between the control group and 

the WBV group. Longer reach was found in the anterior (p=0.04), anterior medial 

(p=0.04), medial (p<0.05) and anterior lateral (p=0.02) directions for the WBV group. A 

possible confounder to the results of this study is the use of single limb exercises on plate 

in the WBV group and no additional exercises for the control group. It would be difficult 

to control for the effect of the exercises without both groups participating in the same 

exercises.  It is also interesting that in this study, center of pressure was better in the 

control group at the post-test, (p=0.04). Future studies should include a control group that 

mimics the WBV intervention group in all aspects aside from the use of WBV. 

Hutt and Redding176 tested the effect of an “eyes-closed” ballet class on balance, 

using the standard SEBT (basic SEBT), and four modifications of the SEBT, among 

female pre-professional ballet dancers. The modifications were a timed SEBT 

(mSEBTtimed), a cognitive challenge SEBT (mSEBTcogint), a random reach SEBT 

(rSEBT), and a random reach timed SEBT (rSEBTtimed).  The timed SEBT and 

cognitive challenge SEBT were the same as in the Batson study.169 In the random reach 

SEBT and timed random reach SEBT, the participants were told where to touch as soon 

as they lifted their reach foot, in random order. The researchers also put a force plate in 

the center of the star to test center of pressure for anterior-posterior sway and lateral 
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sway, comparing the eyes closed (EC) and the eyes open (EO) ballet training exercises. 

The researchers found significant changes from baseline in the EC group, but not in the 

EO group in four of the five SEBT measures (basic SEBT (t[9]=-3.26, p=0.01), 

mSEBTtimed (t[9]=3.09, p=0.01), mSEBTcogint (t[9]=3.46, p=0.01), and rSEBTtimed 

(t[9]=4.64, p<0.01). Future studies should consider validation of the modified versions of 

the SEBT, or use only the validated SEBT. The Hutt and Redding176 study demonstrates 

the ability of the SEBT to demonstrate change after intervention in female pre-

professional ballet dancers, and should be considered as a test of balance in future studies 

among dancers. 

Filipa et al.177 studied the effect of an 8-week neuromuscular training program on 

balance in uninjured female soccer players. The study was non-randomized, with a 

control group and an experimental group, and balance was tested using the SEBT. The 

intervention group had significant improvement in the composite score (p=0.03) and 

standing on the left limb (p=0.04). There was significant improvement in the 

posterolateral direction when standing on both the right limb (p=0.01) and the left limb 

(p=0.04), and in the posteromedial direction when standing on the left limb (p=0.03). 

There was no significant difference in the control group. While the interventions did not 

include WBV, the SEBT is validated as a tool to identify changes from neuromuscular 

intervention.   

In summary, the SEBT has predictive validity in lower extremity injury among 

high school basketball players and in functional turnout angle in pre-pubescent dancers, 

and has SDD values for each direction, based on normalized leg length.  
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The Balance Error Scoring System (BESS)  

The Balance Error Scoring System (BESS) will be described, and the validity and 

reliability of the BESS will be discussed in the following section. 

Description. The Balance Error Scoring System (BESS) is a test of static, 

standing balance, and will be described in this section.178 The test components are 

performed in bare feet on two surfaces: standing on the firm ground, and standing on a 19 

inch x 15.25 inch x 2.5 inch thick medium density foam pad (OPTP Pro Balance Pad, 

Minneapolis, Minnesota, USA). The 3 test positions are as follows: standing with the feet 

together, standing on the non-dominant limb (dominant limb is described as the limb one 

would kick a ball with), and standing in a tandem stance, with the dominant limb in front. 

In total, there are 6 test conditions for the BESS, with each of the 3 test positions 

performed on firm ground and repeated on a foam pad. Each condition is held for 20 

seconds, with the eyes closed and the hands on the hips. Mistakes on the BESS are 

counted as follows: moving the hands off the hips; opening the eyes; step, stumble, or 

fall; abduction or flexion of the hip beyond 30°; lifting the forefoot or heel off the testing 

surface; or remaining out of the proper testing position for greater than 5 seconds. The 

maximum number of mistakes is 10 mistakes for each of the 6 conditions, and the total 

score is calculated from the sum of errors in all 6 conditions. For each condition, when 

the maximum number of 10 mistakes is reached, the test continues for the full 20 

seconds, but the counting of mistakes is capped at 10 mistakes. 

Reliability and validity. In the same systematic review of 29 studies published 

between the years of 1999 and 2000, Bell et al.179 also investigated the reliability of the 
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BESS. Inter-tester reliability was moderate to excellent (ICC[2,1 ]=0.78-0.96), intra-tester 

reliability ranged from poor to excellent (ICC=0.60-0.92). Test-retest reliability was 

moderate in young adults (generalizability coefficient=0.64), but excellent if the average 

of three scores was taken (generalizability coefficient: male=0.92, female=0.91). Future 

studies should consider training the raters, and taking the average of three scores during 

the BESS test. 

Broglio et al.180 performed a test-retest generalizability study with the BESS 

(Balance Pad, Alcan Airex, Switzerland)) among young, healthy, male and female 

participants between the ages of 18-22 years. The overall reliability of the BESS was 

good (G=0.64). Test-retest reliability was excellent within gender (G=0.92 for males, and 

G=0.91 for females), with > 50% of variance from gender differences. Future studies 

should keep balance testing within one gender, to control for variance. Clinically 

acceptable reliability (r>0.80) was established when 3 BESS trials were administered in a 

single day or 2 trials were administered at different time points. The researchers observed 

that the participants improved with practice, so to eliminate learning as a potential 

confounder, the researchers recommend all participants should practice the BESS. 

Concurrent validation of the Balance Error Scoring System (BESS) and an 

Objective Balance Error Scoring System (oBESS) was conducted by Brown et al.178 The 

researchers placed 7 markers on the participant’s body, to track the participant’s linear 

accelerations and angular velocities (Inertial Measurement Units, Shimmer, Realtime 

Technologies Ltd., Dublin, Ireland), while the participant performed the BESS balance 

test components.  With the information from the markers, the researchers used 
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computerized algorithms to calculate a score, and compared the calculated score with the 

standard method of scoring by visual assessment. Visual assessment was conducted by 4 

experienced raters, through video analysis. The test components were performed on two 

surfaces: standing on the firm ground, and standing on a 43 cm x 43 cm x 10 cm thick 

medium density foam pad (SunMate foam, Columbia Foam Inc, BC, Canada). The test 

positions are as described previously.  Inter-rater reliability was good between the 4 

raters, for the BESS (ICC(3,1)=0.91), the subcomponent BESS on firm ground 

(ICC(3,1)=0.82), and the subcomponent BESS on foam (ICC(3,1)=0.95). The oBESS had 

good correlation with the BESS (ICC(3,1)=0.92). The oBESS was able to fit mean rater 

score of the BESS with feedback from just one marker at the forehead (ICC(3,1)=0.92). 

The Brown et al.178 study supports the concurrent validity of the visually-scored BESS 

against the instrument-supported objective measures of the oBESS. Future studies should 

consider the use of visual scoring via the BESS by video analysis. 

Perry and Koehle181 studied the relationship between the BESS and the Functional 

Movement Screen (FMS). The BESS is a test of static balance, while the FMS identifies 

movement asymmetries.  The FMS was found to have low bivariate correlation (r=0.07, 

p=0.50) with the BESS, a demonstration of discriminant validity. Future studies should 

consider the BESS as a test of static balance, and should consider use of dynamic test, 

when evaluating balance.  

In a systematic review, Bell et al.179 investigated the validity of the BESS. The 

researchers examined 29 studies published in peer-reviewed journals between the years 

of 1999 and 2010. Criterion-related validity was found significantly correlated between 
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the BESS and the target sway among male athletes, as measured by a force plate (r=0.31 

to 0.79, p<0.01). Construct validity has been established among various populations, with 

the greatest emphasis on ankle instability (effect size [95% CI]=1.1) and athletic 

concussions (effect size [95% CI]=1.00-1.32). Effect size (ES) was calculated as ES = 

(mean 1-mean 2)/pooled standard deviation. Construct validity has been validated against 

conditions, such as fatigue (ES [95% CI]=0.9-2.1), bracing vs. barefoot (ES [95% 

CI]=2.6), dehydration (ES [95% CI]=0.1), and neuromuscular training (ES [95% 

CI]=3.9-7.5). Content validity has been established in the concussed, the fatigued, the 

elderly, and participants with ankle instability. The BESS has been used to assess athletes 

in soccer, gymnastics, basketball, and in people between the ages of 20-69 years. For 

healthy 20-39 year-old men and women, the average BESS score was 10.9 errors. For 20-

69 year-old community-dwelling adults, the average BESS score was 11.0 errors. The 

BESS is supported as a valid measure of barefoot balance among 20-69 year-old men and 

women. Future studies should compare BESS scores to the average of 11 errors as a norm 

among healthy adults between the ages of 20 and 29 years. 

Finnoff et al.182 found Minimum Detectable Change (MDC) scores for the total 

BESS for the same rater to be 7.3 points, and 9.4 points between raters. The MDC 

indicates a change score that is outside of measurement error. The high MDC value for 

the BESS may problematic, with a floor effect, making changes difficult to recognize. 

Future studies should consider using the MDC of the BESS as a measure of the effect of 

an intervention. 
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Iverson and Koehle183 developed normative data for the BESS. The researchers 

studied healthy participants between the ages of 20-69 years, and found a small positive 

correlation between BESS scores and age (r=0.34, p<0.001). BESS performance was 

similar for participants between the ages of 20-49, and significantly declined between 

ages 50-69. Women who were overweight performed significantly more poorly on the 

test compared to women who were not overweight (p<0.0001, Cohen’s d=0.62). Future 

studies should compare age and gender-matched normative data. 

Normative data rankings for female participants between the ages of 20-29 years 

is Superior= 0 to 5 mistakes, Above Average= 6 to 7 mistakes, Broadly normal= 8 to 14 

mistakes, Below Average= 15 to 19 mistakes, Poor= 20 to 25 mistakes, Very Poor= 26 or 

more mistakes. For female participants between the ages of 30-39 years, the rankings are 

scored as Superior= 0 to 4 mistakes, Above Average= 5 to 6 mistakes, Broadly normal= 7 

to 15 mistakes, Below Average= 16 to 19 mistakes, Poor= 20 to 27 mistakes, Very Poor= 

28 or more mistakes. 

Susco et al.184 studied BESS scores after participants exercised to an exertional 

level of 15, considered “Hard” on the Borg 15-point scale Rating of Perceived Exertion 

(RPE). The Borg RPE is a subjective measure that is reported by the participant on 

perceived effort, and will be described in detail in section 6. The Borg RPE was given 

pre-exercise, midway through exercise, immediately post-exercise, 5 minutes post-

exercise, 10 minutes post-exercise, and 15 minutes post-exercise. The BESS was tested 

pre-exercise and post-exercise, with the post measurement time randomly assigned. All 

participants were measured again with the Borg RPE and the BESS at 20 minutes after 
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intervention, regardless of group assignment.  The BESS was given to all participants in 

this order: double firm, single firm, tandem firm, double foam, single foam, and tandem 

foam. The Borg RPE had significant time (F[4,380]=915.6, p<0.001) and group 

(F[4,95]=145.5, p<0.001) main effects, and a time-by-group interaction (F[16,380]= 82.5, 

p<0.001). The mean RPE scores were 6.3±0.6 before exertion (indicating “no exertion at 

all”), 17.8±1.7 (indicating a “very” to “very, very hard” level of exertion) immediately 

after the exertion protocol, and 7.9±1.6 (a “very” to “very, very light” level of exertion) 

20 minutes after the exertion protocol. BESS scores within had significant time 

(F[2,190]=242.2, p<0.001) and condition (F[5,475]=905.2, p<0.001) main effects, and 

time-by-BESS condition interaction (F[10,950]=10.3, p<0.001). Across time, scores 

during the first post-test measurements were significantly greater than at both the pretest 

and the second post-test. The occurrence of errors from greatest to least were as follows: 

single foam > single firm and tandem foam > tandem firm > double foam and double 

firm. The BESS scores between the exertion and the control groups revealed a significant 

difference in groups on BESS performance by time (F[8,190]=19.1, p<0.001) and a time-

by-BESS condition interaction (F[40,950 ]=1.6, p=0.014). Post-test I scores for all the 

exertion groups were higher than pre-test scores and were also higher than the first post-

test score of the control group.  The second post-test scores for all exertion groups were 

no different than their pretest scores after 20 minutes of rest. Future studies that involve 

immediate post-intervention BESS testing should consider the use of the Borg RPE 

during the intervention, as there was a difference between the first and the second post-

test measures for all exertion groups. 
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In summary, the BESS has moderate to excellent inter-tester and test-retest 

reliability, and fair to excellent intra-tester reliability. Reliability was best with practice 

sessions and with an average of 3 trials. Future studies should consider practice sessions 

and the average of three trials. 

The Star Excursion Balance Test (SEBT) and Balance Error Scoring System (BESS) 

The relationship between the Star Excursion Balance Test (SEBT) and the 

Balance Error Scoring System (BESS) will be given in the following section.166 The 

BESS is considered a test of static balance, and the SEBT a test of dynamic balance. 

Clark et al.185 studied the relationship between the single limb balance test (SLB), the 

modified BESS (mBESS), and the modified SEBT (mSEBT), using the mSEBT as the 

criterion measure. The researchers also studied the inter-rater and test-retest reliability of 

each of the balance tests among healthy, collegiate men and women. There was random 

assignment of the participants for the balance test sequence, and all 34 participants 

performed each of the 3 tests. The SLB test is done with eyes closed for 10 seconds. The 

mBESS was modified from the original BESS test. The researchers took out the double 

limb stance test position on both firm and foam surfaces, kept the tandem with dominant 

foot in front test position and the single limb stance on the non-dominant foot test 

position on both surfaces, and added a single limb stance on the dominant foot test 

position on both surfaces. The mSEBT is modified from the 8 lines of the original SEBT 

by using only the anterior, posteromedial, and posterolateral directions. The researchers 

found poor correlation between the mBESS and the mSEBT, (p<0.05, r=-0.35, r2=0.12), 

and a moderate association on Fischer’s exact test between the SLB and the mBESS 
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(p=0.48), but not for the SLB and the mSEBT. There was excellent inter-rater reliability 

for the mSEBT (ICC[2,1]=0.91), and poor reliability for the mBESS (ICC[2,1]= 0.61). 

Agreement was excellent between raters (κ[2,k]=1.00). Test-retest reliability was excellent 

for the mSEBT (ICC[2,1]=0.98), and moderate for the mBESS (ICC[2,1]=0.74). Test-retest 

agreement was poor for the SLB (κ[2,k]=0.21). The study may have been limited by the 

addition of standing on the dominant foot in the SLB test, an unvalidated measure. The 

results demonstrate the construct validation mBESS as a test of static balance, with good 

convergent validity between the mBESS and SLB, and good divergent validity of the 

mSEBT and the SLB, in Fischer’s exact tests. Weak association between the mBESS and 

the SEBT may indicate they are both tests of balance, but test different component of 

balance, as the mBESS is thought to test static stability while the mSEBT tests dynamic 

stability.  The inter-rater and test-retest reliability was excellent for the mSEBT, and poor 

for the mBESS.  Future studies should consider using the full BESS, and the modified 

SEBT. 

Balance between female dancers and active non-dancers was examined by 

Ambegaonkar et al.,186 using the BESS and the SEBT. Dancers had better scores on the 

BESS (p<0.001, dancers: 12.0±6.9 errors, non-dancers 25.3±9.1 errors). Dancers had 

greater reach in the SEBT in the following directions: medial (right, p=0.03, dancers: 

90.4±4%, non-dancers: 86.5±6%; left p=0.04, dancers: 90.7±5%, non-dancers: 86.7±6%) 

and posteromedial (right, p=0.01, dancers: 92.6±6%, non-dancers: 87.0±6%; left, p=0.01, 

dancers: 93.9±6%, non dancers: 87.9±6%) but not in the anteromedial direction, with 

directions relative to the stance leg. There were no side-to-side differences in reach 
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(p=0.24, dancers: 87.8±5%, non-dancers: 88.5±5%) Limits to this study are there were 

only 3 directions examined for the SEBT. Future studies should include only validated 

versions of the SEBT, and participants should be similar at baseline in order to detect true 

differences in studies that test pre and post-intervention outcomes. Because dancers 

reached further than non-dancers in some directions, future studies should consider the 

effect of greater baseline reach distances on the MCID. 

In summary, the SEBT and the BESS are validated, reliable measures, and should 

be considered as performance measures of dynamic balance (SEBT), and static balance 

(BESS).  

Video Analysis 

Description. Video analysis is performed visually, with the viewer assessing 

movement from a television or computer screen. A Sony DVR microcassette personal 

video camera is placed at distance that captures the movement of the dancer without 

alteration of the camera zoom. The videos are copied onto DVDs and viewed on laptop 

computers.  

Video analysis without computer algorithms has been used in dance medicine 

research to visually identify differences between classical ballet and contemporary 

dancers, and to analyze differences between ranks among ballet dancers. Wyon et al.187 

used video analysis to examine differences between professional classical ballet dancers 

and professional contemporary dancers. The researchers reviewed 45 professional 

contemporary dance performance videos (of 21 male and 24 female dancers) and 48 

professional ballet dance performance videos (of 24 male and 24 female dancers), by 
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random selection. The researchers reviewed each dancer’s movement by watching and 

timing the length of dance time, the rest time, counting the number of certain movements, 

and gauging the intensity of the performance. The researchers found significant 

differences in exercise intensity (p<0.001), movement direction variation (p<0.001), and 

in discrete skills (p<0.05).  Ballet dancers spent more time in “hard” exercise intensity 

(p<0.001), but had longer rest periods (p<0.001), as compared to contemporary dancers.  

Contemporary dancers spent more time in “very light” exercise intensity (p<0.05), in 

“light” exercise intensity (p<0.001), and in “moderate” exercise intensity (p<0.001), as 

compared to ballet dancers. There was a significantly more time spent in “hard” exercise 

intensity dance by female ballet and male contemporary dancers. Ballet dancers had more 

movement direction variation than contemporary dancers (p<0.001). In discrete skills, 

ballet dancers performed more assisted partner lifts (p<0.001), more partner support 

(p<0.05), more solo lifts (p<0.05), more jumps (p<0.001), and more pliés (p<0.01), than 

contemporary dancers.  Limits to the study are in the descriptors used to score intensity, 

movement direction change, and discrete skills. The score criteria were created for this 

study, without established validity or reliability. Future studies should consider use of 

measures that have established psychometric properties. 

Twitchett et al.188 reviewed 48 video performances, examining differences 

between 3 levels of ballet dancers (24 male, 24 female, 16 principal, 16 soloist, 16 

artists). Principals and soloists spent more time at rest than artists (p<0.05), and 

principals spent more time in moderate intensity dancing than soloists and artists 

(p<0.05). Males spent more time in lifting than females, regardless of rank (p<0.05). 
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Future studies should consider video analysis within the same gender. It is interesting to 

note that in both the Wyon et al.187 and Twitchett et al.188 studies, there was no comment 

on how the videos that were recorded and evaluated. Future studies should consider 

videotaping from the same distance, using the same instrument to record all videos.  The 

same viewer, such as a computer, should be used to view recordings. The following 

section will provide a description of the instrument used for video analysis, and a report 

on the validity and reliability of video analysis in research to date. 

Reliability and validity. Padua et al.189 studied the inter-rater reliability of the 

Landing Error Scoring System-Real Time (LESS-RT), a clinical, real-time, in-person 

assessment tool for analyzing jump movement. The researchers used the LESS-RT to rate 

lower extremity biomechanics during jumps, by watching three sets of complete tests 

through video analysis. The participants jumped down from a box onto a landing mat, 

then immediately jumped up from the mat and land again. The raters viewed the jumps 

from the front and from the side.  The researchers found excellent inter-rater reliability 

(ICC[2,1]=0.72-0.81, SEM=0.69-0.79) of the LESS-RT. The findings were similar to the 

LESS in reliability (ICC[2,1]=0.84) and in precision (SEM=0.71). The LESS and the 

LESS-RT are the same measure, except the LESS-RT is scored in real-time. Future jump 

movement studies should consider the validation of and the use of the LESS or the LESS-

RT in specific populations, and consider the use of real-time movement analysis as 

equivalent to movement analysis performed at a later time, when using the LESS or 

LESS-RT. 
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Brunnekreef et al.190 studied inter-rater and intra-rater reliability during video 

analysis of gait, among non-experienced, experienced, and expert raters. The researchers 

examined 12 items in stance phase time, trunk lean, arm swing, pelvic rotation, hip 

extension, knee flexion and extension, and ankle plantarflexion. They found a higher 

inter-rater reliability among experts (ICC=0.54; 95%CI:0.48-0.60) as compared to non-

experienced raters (ICC=0.40; 95%CI:0.36-0.44), and as compared to experienced raters 

(ICC=0.42; 95%CI:0.38-0.46). The intra-rater reliability of experts was also higher 

(ICC=0.70 for rater 1, and ICC=0.74 for rater 2), as compared to non-experienced raters 

(ICC=0.57, ICC range=0.52-0.62) and experienced raters (ICC=0.63, ICC range=0.57-

0.70). Future studies should consider rater expertise when performing video analysis of 

movement. 

Ekegren et al.191 compared inter-rater and intra-rater reliability during 

observational video analysis and during three-dimensional motion analysis of dynamic 

knee valgus during drop jump landing. The researchers found excellent inter-rater 

reliability at time 1 (κ=0.80, 95%CI=0.62-0.98) and good inter-rater reliability at time 2 

(κ=0.77, 95%CI=0.59-0.95).  Intra-rater reliability was excellent, with a 90% agreement 

between time 1 and time 2 ratings (κ=0.80, 95%CI=0.65-1.00) for the first rater, 92.5% 

agreement (κ=0.85, 95%CI=0.72-1.00) for the second rater, and 87.5% agreement 

(κ=0.75, 95%CI=0.58-1.00) for the third rater. Observational video analysis is a reliable 

method of assessing knee valgus during drop jumps. Future studies should include inter 

and intra-rater reliability testing, if observing a type of movement that has not been 

validated to date. 
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Nilstad et al.192 studied the reliability between 3 physiotherapists engaged in real-

time observational screening of knee valgus in 68 elite female soccer players. The 

researchers found good to very good inter-rater agreement (percent agreement=70%-

95%, κ=0.52-0.92). The highest discriminant accuracy was for knee valgus (ROC=0.85-

0.89). The correlation between real-time observational screening and a three-dimensional 

motion analysis was moderate (r=0.54-0.60, p≤0.001), and was not significantly 

correlated when observing hip abduction moments (r=0.09-0.11, p>0.05). The difference 

between the study by Nilstad et al.192 and the study by Padua et al.189 is Nilstad et al.192 

only looked at knee valgus from the frontal plane, while the Padua et al.189 study looked 

from both the frontal and sagittal planes. The Padua et al.189 study also looked at more 

than 1 scored criteria. Future studies should consider use of the sagittal plane view, and 

assessment of more than one body area. 

Dogramac et al.193 used a mini DV camera (Panasonic, Osaka, Japan) to capture 

running distances during futsal sport events. The researchers compared the distances 

estimated by visual video analysis to a criterion measure of a physically measured 

distance, and to the distance measured by a global positioning system. The researchers set 

the video camera at a specified distance of 15 meters, and height of 5 meters, in order to 

capture the entire test area. The researchers found a significant difference between the 

criterion method of actual measured distances and GPS (p<0.01), and GPS and visual 

video analysis (p<0.01). There was no significant difference between the criterion 

measure and visual video analysis. In reliability testing, there was no significant 

difference in paired t-tests among 10 raters in terms of visual video analysis of distance, 
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duration, and frequency, with the exception of sprinting duration (p=0.02) The use of 

video visual analysis is valid and reliable in running analysis. Future movement studies 

should consider use of video analysis. 

Knudson194 studied the inter-rater reliability and the validity of video analysis to 

rate knee angle during vertical jump among kinesiology students and basketball coaches, 

as compared to the criterion measure of computer-digitized videography. The 12 jump 

participants were female college students. The researchers found 6 of 10 kinesiology 

student raters were reliable in rating knee angle during vertical jump by looking at a 

video (r=0.65-0.98), as compared to 1 of 5 basketball coaches (r=0.69).  Of the 6 reliable 

raters, the mean reliability was excellent (r=0.87), and validity coefficient was moderate 

(r= 0.76). The researchers account for the discrepancy in reliability between coaches 

students to the training students receive in their curriculum. The students were trained to 

analyze jump movement as part of their curriculum, while the coaches were not. There is 

support for the use of video analysis of jump movement, in trained raters.  Future studies 

involving two or more raters during video analysis should consider testing the reliability 

between raters. 

Ekegren et al.191 examined the intra-rater and inter-rater reliability and the validity 

of observational video analysis of dynamic knee valgus in 40 soccer players during drop 

jump landing, as compared to a three-dimensional motion analysis system that calculated 

hip, knee, and ankle angles. The 3 raters were physical therapists. Intra-rater reliability 

was good to excellent among the 3 raters (κ=0.80-92.5), and inter-rater reliability was 

good for trial 1 (κ=0.80), and moderate for trial 2 (κ=0.77).  Reliability will be discussed 
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further in the section on reliability that follows. In terms of validity, sensitivity was 

ranged from 67-87% and specificity ranged from 60-72%. The result support reliability 

and validity using observational video analysis by physical therapists to rule in dynamic 

knee valgus. The authors consider the specificity score enough to screen for knee valgus, 

as all raters were able to identify when the knee angle was greater than 10.83°. The 

method is not sensitive enough to rule out dynamic knee valgus. Future studies should 

investigate the sensitivity and specificity of observational video analysis when measuring 

dependent variables that have not been investigated in prior research. In summary, the 

video analysis method has construct validity among trained raters as a way to analyze 

running and jumping and to rule in knee valgus. 

In summary, the use of video analysis has good validity and reliability as a 

method for assessing movement. 

ADDITIONAL INSTRUMENTS USED IN PILOT STUDIES 

The Biodex System 3 Dynamometer®, the International Physical Activity 

Questionnaires (IPAQ) Short Last 7 Days Telephone Format (S7T), and the Borg CR-10 

will be described in the following section, with a review of the validity and reliability of 

each instrument. 

The Biodex System 3 Dynamometer® 

 A description of the instrumentation and use of the Biodex System 3 

Dynamometer®,203 a discussion of the assessment of power versus strength, and studies 

on the validity and reliability of the Biodex System 3 Dynamometer® will be given in the 

following section. 
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Description. The Biodex System 3 Dynamometer® (BS3D)203 is an electronic 

dynamometer that is connected to a computer system. The computer calculates speed and 

torque from the input the dynamometer provides on force, angle, and time. The following 

descriptive information is from the Biodex system 3 Pro® Application/Operation 

Manual.195 The BS3D is capable of measuring isometric, isotonic, isokinetic, reactive 

eccentric, and passive forces during isolated agonist/antagonist muscle contractions of the 

upper and lower extremities.  The BS3D can calculate concentric speeds of 1°-

500°/second, with torques of 0.5-500 foot-pounds. The BS3D can also measure 

passive/eccentric speeds of 1°-300°/second, with the passive mode at 0.25°/second, and 

the eccentric torque from 1-400 foot-pounds. Speed accuracy of the BS3D is ±1°/second, 

and the torque accuracy is ±1% of the full scale of 500 foot-pounds. The BS3D has a 

position range from 0° to 330°, with a position accuracy of ±1° of rotation. The torque-

verification fixture is 50 foot-pounds, ±0.5 foot-pounds. The computer component also 

has a LCD flat panel color monitor and color printer. The computer system requires a 115 

VAC, 60-Hz, 4-amp power source. The computer’s Clinical Data Station (CDS) and 

Controller Cart (CC) require a 208/230- VAC, 50 to 60-Hz, 8-amps, 20-A isolated power 

source. The BS3D is 1,350 pounds, with the following dimensions: the CDS is 27” wide 

x 24” deep x 66” high, the CC is 50” wide x 26” deep x 50” high, and the T-base and 

Biodex chair is 52” wide x 65” deep x 60” high. The entire system is categorized as a 

“Class 1 Ordinary Equipment,” with the following compliance specifications: the ETL is 

listed in compliance with: UL2601-1 & CAN/CSA C22.2 No. 601.1. EN 60601-1-1. The 

CE is marked for EMC (ElecroMagnetic Compatibility) per EN60601-1-2 and includes 
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EN55011, IEC 801-2,IEC 801-3, IEC 801-4, and IEC 801-5, and uses a hospital grade 

plug.   

Power versus strength. The following section will discuss the difference 

between power and strength, as measured by the BS3D. The BS3D, when used during the 

isokinetic protocol, controls for speed at all angles of movement, and can therefore be 

used to measure torque output. Strength is not speed dependent, but power is, so the 

measurement of torque with speed as a controlled variable is used to calculated power. 

The BS3D controls for speed while recording angular displacement and torque. The 

values are used to calculate work, and power is derived from work calculations.196 The 

derivation of power is as follows: Pm=Fm * vm, where Pm is muscle power, Fm is muscle 

force, and vm is the velocity of muscle shortening.  The velocity of muscle shortening is 

vm=∆l/∆t, where ∆l is the change in length, and the ∆t is the change in time. Torque is 

calculated as M=Q * r * cosα=MQ* cosα , where M is the torque, Q is the weight on the 

lever, and r is the lever arm radius. Maximum power can be calculated from the Biodex 

data as Pmax=Mmax * ω, where Pmax is maximum power, and Mmax is muscular torque, and 

ω is angular velocity.197 Future studies should set the BS3D to the isokinetic protocol, 

when investigating power. 

Reliability and validity. Drouin et al.198 studied the mechanical reliability and 

the validity of the BS3D as compared to criterion measures of position, torque, and 

velocity. The researchers measured every 5° to determine position. For torque, the 

researchers set calibrated weights on the end of the lever arm and took an isometric 

measure. For velocity, the researchers physically accelerated the lever arm over a 70° arc, 
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from 30°/second to 500°/second. The researchers found excellent mechanical trial-to-trial 

reliability (ICC[2,1]= 0.99-1.00 for position, ICC[2,1]= 0.99 for torque, ICC[2,1]= 0.99 for 

velocity), excellent day-to-day reliability (ICC[2,k]= 0.99 for all comparisons) and 

excellent instrument validity (ICC[2,1]= 0.99 for all comparisons) for measuring position, 

torque, and velocity, as compared to the criterion reference. Concentric velocities were 

valid to 300°/s. Isometric torque and position measures are valid for clinic and research. 

The BS3D can be considered a reliable and valid tool for measuring position, torque, and 

velocity. 

Fiering et al.199 studied isokinetic test-retest reliability for Biodex® (Biodex Corp, 

Shirley, NY) in healthy young adults, between the ages of 20-35 years. The researchers 

found isokinetic test- retest reliability was excellent for knee extension peak torque (at 

60°/second, r=0.95; at 180°/sec, r=0.96; at 240°/sec, r=0.95; and at 300°/sec, r=0.97) and 

excellent for knee extension work (at 60°/sec, r=0.96; at 180°/sec, r=0.97; at 240°/sec, 

r=0.96 and at 300°/sec, r=0.95). Future studies can consider the Biodex® an excellent 

tool for isokinetic measures of peak torque and single repetition work, with excellent test-

retest reliability. In summary, the BS3D is a valid instrument for measuring of torque, 

which is used to calculate power, and the BS3D is a reliable instrument for measuring 

position, torque, and angle, with excellent trial-to-trial and day-to-day reliability. 

The BS3D has been tested for instrument validity. Zawadzki et al.197 found the 

torque of the BS3D was within the manufacturer’s error of ±1.0%, less than 0.4% 

different than the torque applied, during static tests, and had an error of 0.9% for 

isokinetic tests. The calculation for difference between what the dynamometer reads 
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(indications of the dynamometer) and the applied torque is δ=(MB/Mw – 1) * 100%, 

where MB=indications of the dynamometer, and Mw=the applied torque. The static, 

angular application of torque on the lever was measured by attaching a weight Q to the 

lever, a distance of r from the axis of rotation. In a horizontal position, Mw=Q * r. To 

account for the gravitational force at a given angle from the horizontal, M=Q * r * 

cosα=MQ * cosα. The BS3D is able to directly measure time, torque, and angular 

position, and power can be calculated from these measurements. In summary, the BS3D 

is considered a valid measurement tool for both static and isokinetic tests.  

The International Physical Activity Questionnaires (IPAQ) 

A description of the International Physical Activity Questionnaires (IPAQ)200 will 

be given in the following section. Validity and reliability studies of the IPAQ will be 

reviewed. 

Description. The IPAQ200 is subjective measure of physical activity participation. 

The questionnaire respondent participates in answering a set of questions. There is a long 

form, used to gain detailed data, and a short form, used as a brief survey. The short form 

is available in a telephone format, and in a self-administrated format. The IPAQ Short 

Last 7 Days Telephone Format (S7T)200 contains caller script, for use when speaking with 

the participant. The IPAQ S7T can be used by an interviewer during a phone call, or 

taken independently by the participant. The self-administered format has the same 

questions as the telephone format, without the caller script. The IPAQ is available in 

many languages and is used in many countries. The IPAQ S7T is found in Appendix A.  
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Reliability and validity. Booth et al.201 studied the validity and reliability of 4 

IPAQ short forms and 4 IPAQ long forms, in 12 countries, with data gathered from 14 

centers, among men and women between the ages of 18 and 65 years. Test-retest 

repeatability was examined by giving the same IPAQ form on two separate occasions, 

one week apart.  The IPAQ long form had good test-retest repeatability (ρ= 0.81, 

95%CI=0.79-0.82), and the IPAQ short form also had good test-retest repeatability (ρ= 

0.76, 95%CI=0.73-0.77). The test-retest reliability of the S7T was good (N=300, ρ=0.74), 

In summary, the IPAQ long and short versions, and the S7T version of the IPAQ has 

good reliability. Future studies can consider the IPAQ long forms, IPAQ short forms and 

ST7 to be valid and reliable tools for assessing physical activity participation. 

Booth et al.201 studied criterion validity by comparing a self-report IPAQ to a 

criterion reference, which was the physical activity recorded on the Computer Science 

and Application’s Inc., (CSA model 7164, Shalimar, FL) accelerometer (CSA) over a 7-

day period. Concurrent validity was tested, by having the participants complete both an 

IPAQ short form and an IPAQ long form, in the same day. The reliability results will be 

reported in the next section, under reliability. In the criterion validity analysis between 

the IPAQ and the CSA, there was fair to moderate agreement for both the long forms, 

(N=744, pooled ρ=0.33, 95%CI=0.26-0.39), and for the short forms and (N=781, ρ=0.30, 

95%CI=0.23-0.36).  In the concurrent validity analysis, there was moderate agreement 

between the short and long forms (ρ=0.67, 95%CI=0.64-0.70.), and moderate agreement 

between the short forms (ρ=0.58, 95%CI=0.51-0.64).  
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The IPAQ is validated among healthy adults. Hagströmer et al.202 found 

concurrent validity between the IPAQ and journals kept by healthy men and women, with 

significant correlation in total physical activity (ρ=0.55, p<0.001), and in vigorous 

physical activity (ρ=0.71, p<0.001), but not in moderate activity. In summary, the IPAQ 

has been validated by objective criterion measure using the CSA, and by subjective 

concurrent measures. A consideration in use of the IPAQ is overestimation in some 

populations, and underestimation in others. 

The Borg Ratings of Perceived Exertion (Borg RPE) 

A description of the Borg Ratings of Perceived Exertion (Borg RPE), and the 

validity and reliability of several versions of the Borg RPE scales will be given in the 

following section.203 

Description. The Borg RPE is a subjective measure of perceived exertion, or 

effort.203 The Borg RPE contains three contributing domains 1) The perceptual domain, 

which receives input peripherally, centrally, and psychologically, 2) The physiological 

domain, which is affected by heart rate, muscle EMG, mechanomyography, body 

temperature, blood lactate, blood pressure, PH, and potassium ions, and 3) The 

performance domain, which considers work capacity, maximum oxygen uptake, and 

heart rate. The three domains were the foundation for validation studies of the Borg RPE, 

the Borg CR-10, and the Borg CR-100.203  

The Borg RPE scale. The Borg RPE scale is intended to provide a 

psychophysical scale that reflects both physical and mental work.204 The Borg RPE 

increases linearly with heart rate and work calculated from bicycle ergometer readings. 
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The original scale ranges from 6 to 20, a 15-grade scale. The Borg RPE scale is found in 

Figure 2. 

Figure 2. Borg RPE Scale204 

 
6 No exertion at all 

7 

Extremely light 

8 

9 Very light 

10 

11 Light 

12 

13 Somewhat hard 

14 

15 Hard 

16 

17 Very hard 

18 

19 Extremely hard 

20 Maximal exertion 

  
The Borg CR-10 scale. The Borg RPE is not able to provide ratio level 

comparisons. Therefore, the Borg CR-10 was created.204 The Borg CR-10 scale is a 

category ratio scale, with a range from 0 to 10, with 0 as “Nothing at all” and 10 as 
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“extremely strong (almost max).” There is an anchor without a number, designated as the 

term “Maximal,” which allows the rater to imagine a greater intensity of exertion, while 

at the same time scoring their highest exertion as a 10. The Borg CR-10 Scale can be 

found in Figure 3. 

Figure 3. The Borg CR-10 Scale204 
0 Nothing at all 

0.5 Extremely weak (just noticeable) 

1 Very weak 

2 Weak (light) 

3 Moderate 

4 

5 Strong (heavy) 

6 

7 Very strong 

8 

9 

10 Extremely strong (almost max) 

 

• Maximal 

 
Reliability and validity of various Borg scales. Day et al.205 studied the Borg 

Session RPE, which is a 0 to 10 scale without the anchor, in participants performing 

different intensity exercises (90% of 1 repetition max (RM) as high-intensity (H), 70% 1 
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RM as medium-intensity (M), and 50% 1 RM as low-intensity (L) exercise). There was a 

significant difference between the baseline and exercise (p<0.05) for all levels of 

exercise. The M RPE was significantly higher than the L RPE (p<0.05), and the H RPE 

was significantly higher than the L RPE (p<0.05), and the M RPE (p<0.05). The 

reliability of the session RPE to predict the same value over 2 different trials of the same 

intensity was excellent (ICC=0.88, 95%CI=0.70-0.96 for reliability. While the Borg 

Session RPE is supported by the results of the Day et al. study, {{107 Day 2004;}} future 

studies should consider use of the Borg CR-10, which contains an anchor beyond the 10 

rating, for ratio-level parametric analyses. 

Chen et al.206 conducted a meta-analysis, examining the relationship between 

physiological criterion measures and the Borg RPE. The researchers found a moderate 

relationship in weighted mean validity coefficients between the Borg RPE compared to 

heart rate (r=0.62), to blood lactate concentration (r=0.57), to percent maximal oxygen 

uptake (%VO2max, r=0.64), to oxygen uptake (VO2, r=0.63), to ventilation (r=0.61), and 

to respiration rate(r=0.72).  

Eston et al.207 examined the predictive validity between the Borg 6-20 RPE and 

maximal oxygen uptake (VO2max), in healthy men and women. The researchers looked at 

each of 3 ranges of RPE and VO2: 9-17, 11-17, and 9-15, and extrapolated the range to 20 

RPE, to predict VO2max. There was no significant difference between predicted VO2max 

and VO2max at volitional exhaustion (F[2,34]=0.60, p=0.56).  VO2max predicted from trial 2 

of the 2-min protocol resulted in the most accurate prediction (r=0.95), compared to both 

trials in the 4-min protocol (r=0.88 for trial 1, r=0.79 for trial 2). The results of this study 
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support ratings of perceived effort can be used as a guideline to predict maximal aerobic 

power when the participant is engaged in 2 minutes of submaximal exercise.  

Garcin and Billat208 studied the relationship between the RPE and exercise 

duration, and RPE and exercise intensity during “all out runs” to 90%-100% VO2max, 

using the Borg 6-20 RPE. There was a significant correlation between RPE and exercise 

intensity (p<0.01, r=0.91) and between RPE and exercise duration (p<0.01, r=0.86). The 

Borg 6-20 RPE is supported as a reliable measure of exercise intensity and duration. 

Kurt et al.209 used the Borg RPE to evaluate perceived exertion in 16 male college 

students, while performing the Wingate anaerobic power test, after WBV intervention. 

Participants were in either of 2 WBV intervention groups:  Group 1 received a low 

setting of 25-Hz frequency, 2-mm p-p amplitude WBV, and Group 2 received a high 

setting of 40-Hz frequency, 2-mm p-p amplitude WBV. Both groups received WBV 

every other day, for 6 weeks. In both groups, the Borg RPE was not significant. The 

authors attribute the lack of change in RPE to physical adaptation to repetitive testing of 

the Wingate test, a threat to construct validity. Future studies should consider the effect of 

repetitive testing on construct validity, in regards to RPE.  For the low frequency group, 

there was a significant increase in peak power (p<0.01, r=0.89), in relative peak power 

(p<0.01, r=0.85), in mean power (p<0.05, r=0.89), and in relative mean power (p<0.01, 

r=0.84). There were no significant increases after high frequency WBV intervention.   

Low frequency WBV is supported as a result of this study. Future anaerobic power 

studies should consider the use of a low frequency WBV intervention.  
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Marin et al.210 studied the effect of the vertical vibration frequency (25 Hz, 35 Hz, 

and 45 Hz), amplitude (1-mm low, and 3.5-mm high), and the use of a mat pad during 15 

seconds of isometric squatting with WBV (Fitvibe Excel, Fitvibe, GymnaUniphy NV, 

Bilzen, Belgium) on RPE in older adults. In post hoc comparisons, the researchers found 

a significant difference in RPE between the 25-Hz and the 45-Hz frequencies (p<0.01), a 

significant difference in RPE between the high and low amplitude settings (p<0.01), and 

a significant difference in use of a soft mat, (p<0.05) at a 35-Hz frequency, high 

amplitude setting. Limits to the study are in the design. The researchers had the 

participants rank the RPE as a 10 out of 10 as standing without a mat, in a squat, on the 

vibration plate at a 45 Hz frequency, high amplitude, on a 0 to10 RPE scale. Future 

studies should give a validated outcome measure in the same construct as intended in 

prior validity and reliability studies, or perform a new validation study.  

In another study, Márin et al.211 used a similar design to study RPE among 

recreationally active college students. The researchers used 3 WBV frequencies (25 Hz, 

35 Hz, and 45 Hz), both low (1 mm p-p) and high (3.5 mm p-p) amplitudes, and an 

acceleration range from 12 to 89 m/s2. In addition to WBV, the participants squat-lifted 

increasing loads while standing on the WBV plate. The researchers found a significant 

relationship between load and RPE (r=0.97, p<0.01) and acceleration and RPE (r=0.95, 

p<0.01). The study was limited by the use of a 2-way ANOVA (exercise load x exercise 

mode) when there were 12 independent variables to account for in the study of RPE. 

Future studies should consider accounting for multiple variables during the statistical 

analyses.  
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Rittweger43 studied the Borg RPE during WBV and during squat performance. At 

the same metabolic rate, RPE was significantly greater during WBV (p=0.03) than during 

squat performance.  The researchers concluded perceived exertion was not related to 

metabolic rate, and that WBV and squat performance were differently exerting exercises. 

Future studies in WBV in new populations with under-researched independent variables 

should assess RPE.  

Cesarelli et al.212 studied the difference in neuromuscular response and the Borg 

RPE in 14 healthy men and women, during static and dynamic squat performance, with 

and without WBV. The knee angle was held at 90° for the isometric squat, and between 

90° and 100° for the dynamic squats. Neuromuscular response was examined through 

filtered surface EMG during the exercises. A 26-Hz frequency and a 4-mm p-p amplitude 

was used for the WBV intervention (Vibroplate by TSEM SpA). All participants 

performed all conditions, in randomized order. Neuromuscular response to WBV was 

significant as compared to no WBV (p<0.05) during both static (increase of 63%) and 

dynamic (increase of 108%) squats. No significant differences were found in RPE 

between conditions. The weakness of this study is in the statistical analysis, where paired 

t-tests were performed, and does not account for the variance introduced by 4 conditions, 

and in the small sample size. Future studies should consider a larger sample size, account 

for variance, and retest RPE during static and dynamic squats during WBV. 

Shibata et al.213 studied participant discomfort differences in gender during WBV. 

The researchers used a self-made 5-point Likert scale, with the following descriptors: ‘‘1: 

not uncomfortable, 2: a little uncomfortable, 3: fairly uncomfortable, 4: uncomfortable, or 
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5: very uncomfortable.” The researchers had the participants stand on a platform and then 

added accelerations in the vertical, the lateral, and the anterior-posterior directions at a 1 

to 20-Hz frequency, with 0.2 m/s2, 0.4 m/s2, and 0.8 m/s2 accelerations. There was a 

significant effect of gender (p<0.001), of vibration axis (p<0.001), of acceleration 

(p<0.001), and there was a significant interactions between vibration axis x acceleration 

(p<0.001), and gender x acceleration (p<0.001).  There was no difference between 

vibration axis x gender. There was no difference between genders for vertical 

acceleration. Perceived discomfort was lower for females at lower accelerations, and 

higher at higher acceleration. Future studies should use a validated measure, such as the 

Borg RPE or the Borg CR-10, and retest RPE among gender and condition, on the 

individual WBV platform. 

Reliability and validity of the Borg CR-10. Marks et al.214 validated the Borg 

CR-10 in studies between perceived exertion as work measured by a bicycle ergometer, 

and perceived exertion to various sound tones. Correlation was significant for the Borg 

CR-10 and for heart rate at 65 Watts (p<0.01, r=0.50), at 98 Watts (p<0.01, r=0.75), at 

131 Watts (p<0.01, r=0.66), at 163 Watts (p<0.01, r=0.66), and at 196 Watts (p<0.01, 

r=0.67).  There was no significant correlation between the Borg CR-10 and heart rate at 

33 Watts. Correlation coefficients between heart rate and perceived exertion transformed 

by equivalent loudness were significant at 98 Watts (p<0.01, r=0.55), at 131 Watts 

(p<0.01, r=0.50), at 163 Watts (p<0.01, r=0.52), and at 196 Watts (p<0.01, r=0.49). The 

researchers conclude the individual participants are able to make absolute comparisons 

between loudness and exertion, therefore, the correlations between loudness and 
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perceived effort, and between work and perceived effort are supported. The Borg CR-10 

is supported as a valid measure of perceived exertion, in participants with different 

physical capacities. In terms of numerically defined ratio scales, Borg, E. compared the 

Borg CR-10 and the Borg CR-100 and found no significant differences in response 

grades.203  

Roschel et al.215 used the Borg CR-10 to rate perceived effort (RPE) between 

squat exercises with and without WBV in university students. Squat exercises consisted 

of 5 repetitions of 10 squats at 70% 1 RM. WBV (Fitvibe 600, Gmna Uniphy, Belgium) 

was set at a 30-Hz frequency, 2 to 4-mm amplitude. All squats were performed on the 

WBV plate. A significantly greater RPE was reported by participants performing squats 

with WBV than by participants performing squats without WBV (p=0.04). Mean RPE 

scores were 6.2±0.7 for the squat exercises and 8.3±0.7 for the squat plus 30-Hz WBV. 

Future studies should consider reproducing the RPE portion of the Roschel et al.215 study 

if using a different vibration plate.  

MISSING IN CURRENT RESEARCH 

In ballet, contemporary, and modern dancers, the first position sauté is an 

important skill, supported in prior studies as part of a fitness screen for pre-professional 

and professional contemporary dancers,29 in screening professional contemporary 

dancers,13 in testing university dancers for performance competence,19 in testing ballet 

dancers for pointe readiness,15 and in testing the difference between levels in a ballet 

company.55 Contemporary dance is a term often interchanged with modern dance, and 

though some may debate there is a well-defined category for modern dance that is 
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separate from contemporary dance, most of contemporary dance is closer to modern 

dance than to ballet.13 Studies on company demographics demonstrate that ballet and 

modern companies are different in terms of time spent in practice,3 and in muscle EMG 

firing patterns, though they are similar in overuse injury occurrence.18  

No WBV studies have been conducted on professional dancers to date, and no 

studies have been conducted on professional contemporary dancers examining 1st 

position sauté CMJ after WBV.  No studies to date have used the 1st position demi-plié, 

or turned out semi squat, during WBV. No studies to date have examined the difference 

in outcomes after a WBV intervention in a static turned out 1st position demi-plié, nor 

after a WBV intervention in a dynamic, or moving turned out 1st position demi-plié. No 

studies to date have considered the aesthetic quality of the first position sauté after WBV, 

and no studies to date have examined static balance, and no studies to date have 

examined dynamic balance, in the professional contemporary dancer after WBV. Last, no 

WBV studies in professional dancers have used a control group, nor performed a 

randomized, controlled trial.  The aim of the third study, as described in Chapter 5 of this 

dissertation research, is to cover the gap in current research: to examine the effects of 

WBV on first position sauté CMJ height and quality, and on balance in female 

professional contemporary dancers. 
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CHAPTER III 
 

WHOLE BODY VIBRATION: THE EFFECT OF POSITION AND FREQUENCY ON 
PERCEIVED EXERTION IN HEALTHY, ACTIVE ADULTS 

 
INTRODUCTION 

Whole Body Vibration (WBV) is an exercise platform used by people in a wide 

range of the population in age, neuromuscular diseases, and musculoskeletal impairments 

with the intention of enhancing physical performance.  Vibration platforms are found in 

physical therapy clinics, fitness clubs, and private homes across the United States.  WBV 

is used to elicit physiological changes, such as increased bone mineral density1 or 

neuromotor responses, such as improved balance or increased jump height.2 The WBV 

plate is a mechanical stimulus, with the intensity of the vibration stimulus determined by 

a frequency and an amplitude, generating an oscillating perturbation ranging from 3.5-15 

g.2 

There are a variety of studies on the performance effects of WBV in healthy 

populations, such as the examination of WBV effects on strength and jump height in 

sample populations of basketball players,3,4 volleyball players2,5 and ballet dancers.6 

However, there is no consensus to date for the most optimal position, frequency, and 

duration for each population.7 Although beneficial gains have been documented, such as 

improved muscle electromyographic activity and knee extensor muscle power with larger 

vibration frequency levels,6,8,9 detrimental effects such as faintness, nausea, skin 

erythema, edema, and pain have been found in persons with long term WBV exposure.10 
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In one study of collegiate dancers, after a 6-week intervention of WBV at 35 Hz 

for 5 total minutes twice a week in five different positions, vertical jump height increased 

significantly.11 In another study on basketball players, exposure to WBV in two different 

positions 3 times a week for 20 minutes of WBV training for a total of 4 weeks resulted 

in a statistically significant increase in voluntary isometric strength of the knee extensors 

and squat jump height.12  

The effect of a short duration of intervention has been examined in only a few 

studies. One study found that durations of 30 and 60 seconds resulted in increased jump 

ability as well as power output, but the 90-second intervention resulted in decreased jump 

height.13 Another study found a 75-second 30 Hz-frequency 2-mm amplitude WBV 

intervention resulted in increased CMJ height among competitive rhythmic gymnasts.14 

While early studies have yielded significant results, demonstrating beneficial effects of 

the use of whole body vibration for human performance enhancement, there is room for 

consideration of the variance introduced by the number of positions and the interaction 

between position, frequency, and duration.  

To date, no study has examined the experience of perceived exertion with 

differences in vibration frequency and static or dynamic body position. Perceived 

exertion between genders was not significantly different between genders during 1-

repetition-max exertion knee extension trials,15 nor during cycling or treadmill exercise,16 

but it was significantly higher for women during arm ergometry (p<0.05),17 as compared 

to men. Perceived exertion as a function of WBV acceleration was lower for women 

during the lower 0.2 m/s2 WBV vertical acceleration (p<0.001) and significantly higher 
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during the higher 0.8 m/s2 accelerations (p<0.001) as compared to men. To date, no study 

has examined the difference between genders based on position and frequency during 

WBV. 

PURPOSE 

The purpose of this study was to assess the effects of position and frequency on 

perceived exertion during WBV in healthy, active adults. 

Research Aims 

 The research aims were: 1) to compare the effect of a moving, dynamic 1st 

position plié (a ballet semi-squat with the lower limbs in lateral rotation) to a static 1st 

position plié on perceived exertion, 2) to compare the effect of 3 different frequencies (0 

Hz, 35 Hz, 50 Hz) on perceived exertion, 3) to compare the effect of the combination of 

position (static plié, dynamic plié) and frequency (0 Hz, 35 Hz, 50 Hz) on perceived 

exertion, and 4) to examine the difference between genders in perceived exertion during 

WBV. 

Research Questions 

1) Is there a significant increase in perceived exertion in the 

participants who performed moving, dynamic 1st position pliés as 

compared to those who performed a sustained, static 1st position 

plié? 

2) Is there a significant increase in perceived exertion in the 

participants who received a 35-Hz WBV frequency or 50-Hz 
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frequency as compared to those who received a 0-Hz WBV 

frequency?  

3) Is there a significant increase in perceived exertion in the 

participants in the dynamic plié-35 Hz WBV frequency condition 

and the dynamic plié-50 Hz WBV condition as compared 

participants in all other position and frequency conditions? 

4) Is there a significant difference between genders for dynamic plié-

35-Hz WBV frequency condition or the dynamic plié-50-Hz WBV 

condition, as compared to participants in all other position and 

frequency conditions? 

Hypotheses 

1) There is a significant increase in perceived exertion in the 

participants who performed moving, dynamic 1st position pliés as 

compared to those who performed a sustained, static1st position 

plié (p<0.05). 

2) There is a significant increase in perceived exertion in the 

participants who received a 35-Hz WBV frequency or 50-Hz 

frequency as compared to those who received a 0-Hz WBV 

frequency (p<0.05, respectively). 

3) There is a significant increase in perceived exertion in the 

participants in the dynamic plié-35-Hz WBV frequency condition 

and the dynamic plié-50-Hz WBV condition as compared to 
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dancers who participated in all other position and frequency 

conditions (p<0.05, respectively). 

4) There is a significant difference between genders for dynamic plié-

35-Hz WBV frequency condition or the dynamic plié-50-Hz WBV 

condition, as compared to participants in all other position and 

frequency conditions (p<0.05, respectively). 

METHODS 

Participants 

The 39 study participants signed approved consent forms following explanation of 

the study. Participants were excluded from the study if they reported presence of active 

cancer, chance of pregnancy, lower extremity fracture within the past year, surgery 

within past year, strain or sprain within the past 3 months, metal plates in the body, or 

history of migraines. They were invited to participate in the study if moderate physical 

activity participation was reported on the International Physical Activity Questionnaire 

Short Last 7 Days Telephone Format (Short IPAQ).18 The Short IPAQ can be found in 

Appendix A. Table 1 depicts participant’s demographic information. This study was 

approved by the Texas Woman’s University Institutional Review Board.  

Table 1. Chapter 3 Study 1 Participanta Demographics 
Characteristics Male M(SD)b Female M(SD) 
Age  25.44 (3.28) 24.71 (2.53) 
Weight in Kilograms 78.28 (12.03) 64.09 (8.84) 
Height in Centimeters 176.18 (7.64) 166.14 (8.09) 
BMIc 25.23 (3.85) 23.20 (2.71) 
aThere was a convenience sample of 18 male and 21 female non-dancer participants.  
bM(SD)=Mean(Standard Deviation).  
cBMI-Body Mass Index.	
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Procedure 

Subjects participated in one 30-minute session. After completing a demographic 

questionnaire the participants performed a 5-minute warm up similar to the protocol done 

by Wyon et al.11 consisting of riding a lower extremity stationary bicycle at 40 to 60 

revolutions per minute (rpm), while maintaining a heart rate between 120 and 140 beats 

per minute. Afterwards, the participants also completed 5 minutes of a preset routine of 

dynamic and static stretching of the gastrocnemius, soleus, hamstrings, and quadriceps 

muscles. Participants then stood in bare feet on the Power Plate Pro5 AirAdaptive® WBV 

Platform in one of two different ballet semi-squat positions, static 1st position plié or 

dynamic 1st position plié.  

The Power Plate was set to one of three frequencies: 0 Hz (no vibration), 35 Hz 

(medium setting), or 50 Hz (high setting). In total, 6 trials on the Power Plate were 

completed, with each trial using a different frequency/position combination.  Frequency 

and position were randomly ordered. Participants were blinded to the frequency setting, 

with the vibration unit settings covered.  Participants maintained the first randomly 

assigned combination for 30 seconds, rested 30 seconds, and then repeated the process 

for the other 5 position and frequency combinations.  At the end of each combination 

application, the Borg RPE was assessed, with the participants pointing to a level on the 

rating chart that was equivalent to their perception of exertion during the trial. 
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Outcome Measure 

The outcome measure used to assess perceived exertion was the Borg CR-10 Rate 

of Perceived Exertion (RPE) scale.19 The Borg CR-10 scale is a category ratio scale, with 

a range from 0 to 10, with 0 as “Nothing at all” and 10 as “extremely strong (almost 

max),” but contains an anchor without a number, designated as the term “Maximal.” The 

use of an anchor allows the rater to imagine a greater intensity of exertion, while at the 

same time scoring their highest exertion as a 10. The Borg CR-10 is found in Figure 3 of 

Chapter II. 

Data Analysis 

A 2-factor, within-subjects ANOVA using a multivariate approach, examining 2 

levels of position and 3 levels of frequency, was conducted through PASW 18.0 for Mac 

against an alpha of 0.05.  An independent measures t-test was use to examine the 

difference in perceived exertion between genders.  A Levene’s Test for Equality of Error 

Variance was conducted and Homogeneity of Variance was tenable, with p>0.05.  

RESULTS 

Means and standard deviations for perceived exertion are found in Table 2. There 

was no significant interaction of position and frequency. A statistically significant main 

effect of position and significant main effect of frequency were found, as shown in Table 

3. Significant marginal means were found between the frequencies of 0 Hz and 50 Hz, 

found in Table 4. Statistically significant differences were found between genders for all 

combinations, as shown in Table 5, Table 6, and Figure 4. 
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Table 2. Perceived Exertion19 During Each Position and Frequency 
Frequency M(SD)a 

Position 0 Hzb 35 Hz 50 Hz 
Static Pliéc 2.03 (1.33) 2.28 (1.17) 2.41 (1.21) 
Dynamic Pliéd 1.67 (1.03) 2.00 (1.08) 2.08 (0.81) 
aM(SD)=Mean(Standard Deviation). 
bHz=Hertz. 
cballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
dballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2-seconds down. 
19Perceived exertion was measured by the Borg CR-10 scale 
 
Table 3. The Effect of Position & Frequency on Perceived Exertion19 

 F dfa p 
Main Effect of Positionb 9.917 1.38 0.004 
Main Effect of Frequencyb 4.686 2.37 0.025 
Interaction of Position X Frequency 4.447 2.37 0.938 
aDf=degrees of freedom 
bsignificant main effect, held against an alpha of 0.05, in a 2-factor within-subjects 
ANOVA with a multivariate approach 
19Perceived exertion was measured by the Borg CR-10 scale 

 
Table 4. Frequency Estimated Marginal Means 
 Mean Difference Standard Error p 
0 vs. 35 .295 0.151 0.058 
0 vs. 50a .397 0.140 0.007 
35 vs. 50 .103 0.090 0.263 
asignificant marginal means, held against an alpha of 0.0167 
 
Table 5. Perceived Exertion19 Differences Between Genders 

Frequency M(SD)a 
Position 0 Hzd 35 Hz 50 Hz 
Static Pliéb women 1.62 (1.20) 1.81 (0.98) 1.95 (1.07) 
Static Plié men 2.5 (1.33) 2.83 (1.15) 2.94 (1.16) 
Dynamic Pliéc women 1.19 (0.75) 1.57 (1.03) 1.81 (0.81) 
Dynamic Plié men 2.22 (1.06) 2.50 (0.92) 2.39 (0.70) 
aM(SD)=Mean(Standard Deviation). 
bballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
cballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2-seconds down 
dHz=Hertz. 
19Perceived exertion was measured by the Borg CR-10 scale 
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Table 6. Perceived Exertion19 Between Genders  
 Frequency 

0 Hz 35 Hza 50 Hz Position t dfb pc t dfb pc t dfb pc 

Static Pliéd  2.16 37 0.037 3.00 37 0.005 2.77 37 0.009 
Dynamic Pliée  3.55 37 0.001 2.95 37 0.006 2.37 37 0.023 
aHz= Hertz.  
bdf=degrees of freedom 
cp<0.05 is significant, held against an alpha of 0.05, in an independent measures t-test 
dballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
eballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2seconds down 
19Perceived exertion was measured by the Borg CR-10 scale 
 
Figure 4. Comparison of Perceived Exertion19 Between Genders 

 
aHz=Hertz 
19Perceived exertion was measured by the Borg CR-10 scale 
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DISCUSSION 

Results demonstrated that RPE values increased as vibration frequencies 

increased in both positions of static plié and dynamic plié; however, no combination of 

frequency/condition resulted in an RPE greater than 3.5 in individual data, indicating 

moderate exertion levels.  The means did not result in a rating higher than 3, with most of 

the perceived exertion between very weak and moderate for all categories. The 3.5 RPE a 

reasonable rating for young, healthy adults unaccustomed to the application of WBV. 

While Cesarelli et al.20 found no significant changes in the perceived exertion rate 

between static and dynamic squat exercises with and without vibration, the current study 

demonstrates a linear relationship with increased frequency and RPE values. In this 

study, the main effect of position indicates better tolerance to dynamic plié vs. static plié 

in regards to RPE values, but since both types of positions were rated between weak and 

moderate, either position could be used in healthy young adults.   

Across the board, all frequency/condition combinations resulted in statistically 

significant differences between men and women, demonstrating increased perceived  

exertion values reported by males, in contrast to the results reported by O’Connor et al.17 

It is possible that in the study sample of healthy young adults who were primarily 

physical therapy students, there was a competitive nature between genders.  Regardless of 

the reason behind the difference between genders, the current study suggests genders 

should be separated for WBV intervention analyses.  

Perceived exertion did not increase as number of trials increased, suggesting there 

was no cumulative effect of intervention on fatigue, though future studies should consider 



 
152	

tolerable interventions.  Ideally, the most effective, best-tolerated dosage with the least 

time involvement would be worth investigating in future studies.  

Limitations to this study include generalizing to populations outside of young 

healthy adults and to other positions. This study cannot be generalized for protocols of 

increased repetitions, longer durations of vibration, other positions, or higher frequencies. 

Further assessment is needed for persons with chronic conditions, neurological 

impairments, balance deficits, and debilitating diseases, and for protocols of greater 

dosages than in the current study. Strengths of this study include randomization of the 

participants, blinded intervention, and use of a validated outcome measure. 

CONCLUSION 

Regardless of position or frequency, WBV was well tolerated by healthy, active 

adults for the 6 sets of 30-second intervals. Higher frequencies resulted in increased RPE 

values reported by both men and women. Dynamic plié was better tolerated than static 

plié.  Gender differences in perceived exertion should be considered in future studies 

using whole-body vibration.  Clinical Significance: This study demonstrates that both 35-

Hz and 50-Hz WBV frequencies result in increased RPE values, versus no vibration, with 

good tolerance.  Whole body vibration can be utilized by healthy, active adults with 

frequencies ranging from 35-50 Hz without perceived detrimental effects.



 
153	

CHAPTER IV 
 

ASSESSMENT OF COUNTERMOVEMENT JUMP PERFORMANCE IN FIRST 
POSITION SAUTÉ 

 
INTRODUCTION 

 
This study examined the inter-rater and test-retest reliability of the assessment of 

the 1st position sauté, also known as the 1st position Countermovement Jump (CMJ), and 

the construct validity of the CMJ as a measurement of power. The Just Jump Mat 

System® (JJ) (Probotics, Huntsville, AL, USA) is a relatively novel piece of equipment 

that indirectly measures vertical excursion during jumping, an activity that is measured in 

athletic performance.1 The JJ was determined to be valid in measuring vertical jump 

height when compared to a 3-camera system by Dias et al.,2 with a Pearson correlation 

coefficient of 0.967. Leard et al.3 found a significant correlation between the JJ, the 

Vertec®, and the 3-camera system in measuring standard vertical jump height.  The 

reliability of the JJ has been examined in previous studies using standard 

countermovement jumps (CMJ).4 These are jumps typical of those performed by athletes, 

in parallel bilateral hip, knee and foot alignment. However, the reliability of the JJ cannot 

be generalized from procedures using standard CMJs to CMJs in the ballet first position 

sauté.  One study5 found a significant increase in jump height of the 1st position CMJ 

after WBV intervention (p<0.05) but did not assess the reliability of the jump.  

 Standard CMJ has been found to have a significant relationship with isokinetic 

strength dynamometer protocols during knee extension at 120° per second 
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(p<0.05) and moderate relationship at 180 degrees per second (p<0.05 for right knee 

extension and p<0.001 for left knee extension).6 While a high correlation between 

concentric and eccentric quadriceps strength and vertical jump height has been 

demonstrated in some studies,7 other studies have found that vertical jump height did not 

improve despite an increase in quadriceps muscle fiber size and quadriceps muscle 

activity.8 According to Annino et al.,9 isokinetic strength is an impairment level outcome 

that has been demonstrated to relate to functional countermovement jump height in 

dancers. While Wyon et al.5 studied dancers performing the CMJ as a first position sauté 

(a ballet semi-squat CMJ with the lower extremities in lateral rotation), there was no 

measurement of isokinetic strength.  Annino et al.9 studied isokinetic strength and CMJ 

height, but the dancers did not jump in first position sauté.  The isokinetic strength 

protocol of the Biodex®System 3 Dynamometer (BS3D) controls for speed at all angles 

of movement, and can therefore be used to measure torque output. Strength is not speed-

dependent, but power is, so the measurement of torque with speed as a controlled variable 

is used to calculated power, with preset isokinetic protocols such as 60°, 180°, and 300° 

per second.  Therefore, isokinetic strength as measured by the BS3D can be used to 

calculate power. Since CMJ is also considered a measure of power,10 the correlation 

between the two measures serves as a means to construct validation. No studies to date 

have examined the relationship between isokinetic strength and first position sauté CMJ, 

which will be termed 1st position CMJ in this study. 
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PURPOSE 

 The primary purposes of this study were to determine the reliability of physical 

therapists to judge the quality of 1st position CMJ and the test-retest reliability of jump 

height.   A secondary purpose was to determine construct validity of the 1st position CMJ 

as a measurement of power. 

Research Aims 

 The research aims were: 1) to investigate the inter-rater reliability in the visual 

assessment of the highest best quality 1st position CMJ, 2) to determine the test-retest 

reliability in the height of the 1st position CMJ of good quality. 3) to establish the 

relationship between isokinetic strength of the quadriceps femoris and CMJ height. 

Research Questions 

1) Is there good inter-rater reliability in the visual assessment of the best quality 

1st position CMJ? 

2) Is there good test-retest reliability in the height of the 1st position CMJ of good 

quality? 

3) Is there a significant relationship between isokinetic torque of the quadriceps 

femoris and 1st position CMJ height? 

Hypotheses 

1) There is good inter-rater reliability in the visual assessment of the best quality 

1st position CMJ (κ≥0.60).11  

2) There is good test-retest reliability in the height of the 1st position CMJ of 

good quality (ICC ≥0.80).11  



 
156	

3) There is a significant relationship between isokinetic torque of the quadriceps 

femoris and 1st position CMJ height (r≥0.40).11  

METHODS 

Participants  

 The study included 39 non-dancer healthy young adults, 18 male and 21 female, 

ages 21 to 32 years, recruited from the physical therapy classes at Texas Woman’s 

University. The following were exclusion criteria for participants: presence of active 

cancer, current pregnancy, lower extremity fracture within the past year, surgery within 

past year, strain or sprain within the past 3 months, metal plates in the body, history of 

migraines, or resting blood pressure >200 mmHg systolic or >100 mmHg diastolic.  

Participant demographics can be found in Table 7. 

Table 7. Chapter 4 Study 2 Participanta Demographics 
Demographics Male M(SD)b Female M(SD) 
Age  25.44 (3.28) 24.71 (2.53) 
Weight in kilograms 78.28 (12.03) 64.09 (8.84) 
Height in centimeters 176.18 (7.64) 166.14 (8.09) 
BMIc  25.23 (3.85) 23.20 (2.71) 
aThere was a convenience sample of 18 male and 21 female non-dancer participants.  
bM(SD)=Mean(Standard Deviation).  
cBMI=Body Mass Index.	
 
Procedure  

The study had a correlational design using a primary researcher, faculty member, 

and four doctor of physical therapy students trained in the study protocol and prepared to 

guide the participants in the procedure. This study was approved by the Texas Woman’s 

University Institutional Review Board.  The following equipment was used: the Just 

Jump Mat System®, a Polar® Heart Rate Monitor, a Monarch® Cycle Ergometer, a 
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blood pressure cuff, and the Biodex® System 3 Dynamometer. The consent form and 

protocol was reviewed with each participant prior to testing.   

Each participant completed the International Physical Activity Questionnaire 

(Short Form-Last 7 Days)12 to verify moderate activity participation.  The IPAQ 

Moderate activity was established in meeting any one of the following criteria: 1) Three 

or more days of vigorous-intensity activity of at least 20 minutes per day, 2) Five or more 

days of moderate-intensity activity and/or walking of at least 30 minutes per day, or 3) 

Five or more days of any combination of walking, moderate-intensity or vigorous 

intensity activities achieving a minimum total physical activity of at least 600 Metabolic 

Equivalent of Task (METs)-minutes per week. Participants provided demographic 

information including gender, age, height, weight, and exclusion screening questions as 

listed above.  Resting blood pressure was taken as a screen for participation.  

 Each participant warmed up for 5 minutes on the Monarch Cycle Ergometer at 

40-60 RPM, while maintaining a heart rate between 120 and 140 beats per minute. 

Participants then had 5 minutes of static and dynamic stretching guided by researchers for 

proper technique and done similar to a previously reported protocol by Wyon et al.5 as 

follows: 

1) Standing with both feet parallel and balancing with hands on the wall, press 

over the ball of each foot (alternating feet), then rising up on both feet and 

bending the knees over a forced arch; repeating twice total, 
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2) With heels together and feet turned out, bend the knees maximally making 

sure to keep both heels on the ground with the inner knee aligned over the 2nd 

metatarsal; complete 8 repetitions, 

3) Stretching of the following muscles for 30 seconds each in standard stretching 

positions:  gastrocnemius, soleus, hamstrings, and quadriceps, alternating 

sides; once each.   

 Following the warm up, participants rested 5 minutes while watching a video of 

the primary researcher describing desired jump technique and common errors.  The 

participants performed 10 practice countermovement jumps performed as a 1st position 

sauté (ballet-type jump from two feet) as follows: participants stood on the JJ in bare feet 

with hands on hips.  Each participant was instructed to first straighten, and then bend 

knees quickly to maximum plié (a ballet semi-squat with heels remaining on the floor) 

and jump as high a possible while straightening knees in the air and pointing the feet and 

toes downward. The participant lands first on the forefoot, then the midfoot, and then 

onto heels into 1st position plié (ballet position, turned out semi-squat): knees bent 

maximally with feet turned out, inner knees turned out and aligned over the 2nd 

metatarsal, heels on surface, and held.  Participants were cued as above and provided 

technique correction by researchers.  See Figure 5 for the 1st position sauté, 13 or 1st 

position CMJ.  
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Figure 5. First Position Sauté13 or First Position Countermovement Jump 

 

 After a 5-minute rest, participants performed 6 height-scored jumps for the same 

criteria with at least a 15-second rest between jumps.  Jumps were videotaped from the 

left side view. The height of each jump was recorded from JJ output screen. Height 

calculated from time lapse between leaving and landing foot contact on the mat, as  h=-

1/8 gt2 where h=height, g= gravitational acceleration, and t=time.1 At a later time using 

the videotapes, two testers independently chose the 3 best quality jumps for each 

participant during the first session based on pictures of first position sauté. Each of the 

two testers selected the jumps separately and without knowledge of the other’s selections. 

Testers had previously practiced this assessment, agreeing on jump quality as postural 

landmarks closest to midline in takeoff, flight, and landing as a baseline for judgment of 

quality movement.  Other than these specific criteria, the raters relied on individual 
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physical therapist practice experience to judge the quality of the jumps. During the 

quality assessment, jump height was not considered. 

 Participants performed warm-up and jump protocol in two different sessions, 7-14 

days apart.  In the first session, participants were given a 5 minute rest break.  Then peak 

quadriceps femoris isokinetic torque (maximum anterior thigh muscle contraction ability) 

was measured for each individual on the Biodex System 3 Dynamometer,14 Model 

900860. The isokinetic protocol was preset at 60°, 180°, and 300° per second. 

Participants performed 3 submaximal knee extension/flexion repetitions followed by 5 

maximal repetitions at each speed with the dominant limb. The dominant limb was the 

limb the participant with which she would kick a ball. In the second session, participants 

were finished with data collection after jump protocol and no isokinetic data were taken.    

Data Analysis 

Kappa statistic was established for inter-tester reliability for the first jump session 

based on the three jumps selected as those of highest quality by each rater. Jump height 

from all 6 trials were then reviewed to determine if the highest jump was included in the 

first tester’s selected quality jumps. Intraclass correlation coefficients (ICCs) were 

performed for average height of the 2 highest, good quality jumps on a single day, also 

solving for a single high quality jump. Day-to-day reliability of jump height for the 

highest good quality jump on each day was also determined. Pearson correlations were 

calculated to determine quadriceps isokinetic strength and vertical jump height, with 

alpha set at 0.05.   
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RESULTS 

 Good to excellent inter-tester agreement was found between raters within the 

same day in judging the best quality CMJ (κ=0.81).  For 13 participants, the highest CMJ 

was also one of the 3 best quality CMJs, but for the remaining 26 participants, the highest 

CMJ was not determined to be of good quality. Good to excellent test-retest reliability 

was found in selecting the highest, best quality CMJ between days (ICC 2,1 =0.88).  The 

results for the highest, best quality CMJ when solving for a single trial was comparable to 

the average of two trials (single trial: ICC 2,1 =0.96 vs. average of two trials: ICC 2,k 

=0.98). Both demonstrated excellent test-retest reliability. The SEM at the 95% 

confidence interval (CI) was 0.70 inches, and the minimal detectable change (MDC) was 

1.93 inches based on highest good quality CMJ.  See Table 8 for reliability results. There 

was a good relationship between isokinetic strength of the quadriceps femoris and 1st 

position CMJ height (Pearson’s r=0.69, p<0.001 at 60°/second, r=0.64, p<0.001 at 

180°/second, and r=0.65, p<0.001 at 300°/second). See Table 9 and Figures 6-8 for 

correlations between isokinetic strength measures and CMJ height.  

Table 8. Reliability11 Results 
Measurement Reliability Value Pc 

Quality Jump Reliability Kappa11=0.81 p<0.001 
Within-day reliability of highest CMJa for single trial ICC(2,1)

11= 0.96b p<0.001 
Within-day reliability of highest CMJ for average of 2 ICC(2,k)

11= 0.98 p<0.001 
Between-day test-retest reliability ICC(2,1)

11= 0.88 p<0.001 
aCMJ=Countermovement Jump.  
bICC=intraclass correlation coefficient.  
clevel of significance compared to alpha=0.05 
11Portney LG, Watkins MP. Foundations of clinical research: Applications to practice. 
Vol 2. Prentice Hall Upper Saddle River, NJ; 2000. 
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Table 9. Correlation Between Isokinetic Protocol and Countermovement Jump Height 
Isokinetic Protocol Reliability 

(Pearson’s r)11 
pa 

60 degrees/second rb=0.69 0.001 
180 degrees/second r=0.64 0.001 
300 degrees/second r=0.65 0.001 
aLevel of significance compared to alpha=0.05 
br= reliability.  
11 Portney LG, Watkins MP. Foundations of clinical research: Applications to practice. 
Vol 2. Prentice Hall Upper Saddle River, NJ; 2000. 
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DISCUSSION 

 The strong Kappa value supports the ability of physical therapists to judge the 

quality of vertical ballet CMJs and to assess movement, one of the hallmarks of the 

physical therapy profession.  It implies that even without specific dance training, physical 

therapists are capable of reliably determining good quality dance jumps.  Because of the 

high test-retest reliability of quality jump height between sessions, it may not be 

necessary to take jump height measures over multiple sessions in order to obtain reliable 

data.   
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When performing vertical jump measures, it is sufficient to have participants perform 3 

trials of good quality in a single session and select the highest jump height of the 3 

because correlations between the average of the highest two good quality jumps and the 

single highest jump of good quality are almost equal.  Since the calculated MDC was 

1.93 inches, a clinically meaningful change in jump height in first position sauté must be 

more than 1.93 inches.  The results indicate that a majority of participants’ highest jumps 

are not of good quality; therefore, in an attempt to increase vertical jump height, quality 

is often sacrificed.  Because there was a good correlation between isokinetic strength 

protocols using the BS3D and 1st position CMJ height on the JJ, construct validity of the 

1st position CMJ as a measure of power is supported. 

 The importance of the 1st position CMJ in dance warrants the attention of the 

physical therapist assessing the CMJ in the clinic. It is not enough to measure a high 

jump. The dancer needs to perform the highest jump of good quality during testing, 

training, and performance. Because the JJMS only assesses flight time, the form during 

jumping must be monitored by the physical therapist, or there may be false representation 

of CMJ improvement.  

 Limitations to this study are the use of healthy, active adults. The results cannot 

be generalized to participants outside of the population of healthy, active adults. 

Strengths are that the study included healthy active adults of both genders, making the 

results generalizable to larger subset of the general population, including professional 

dancers, who are healthy, active adults. Another strength is finding a MDC for 

comparison CMJ height differences in future studies. 
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CONCLUSION 

 The Just Jump Mat is a portable and easily operable piece of equipment.  In this 

study, the Just Jump Mat is also seen to be a reliable tool to measure vertical jump height 

and is thus a valuable clinical tool in dancers.  As contrasted with athletic jump height 

measures, it is important to judge the quality of jumps in dancers because quality is an 

important contribution to the aesthetic of dance performance. Therefore, it is 

recommended that future procedures should incorporate three jumps using the Just Jump 

Mat with a single tester judging the quality of the jumps while blinded to jump height. 

The score retained for jump height can be that of the highest single jump of good quality.  
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CHAPTER V 
 

THE IMMEDIATE EFFECT OF WHOLE BODY VIBRATION ON 

COUNTERMOVEMENT JUMP HEIGHT AND JUMP QUALITY, 

 AND ON BALANCE, IN FEMALE PROFESSIONAL  

CONTEMPORARY DANCERS 

 
INTRODUCTION 

The physicality required of professional dancers during a performance season is 

what dancers focus on during non-performance time.  A dancer prepares for the physical 

and aesthetic demands of dancing onstage by taking dance classes, participating in 

rehearsals, and in engaging in fitness training. The goal of these activities is to increase 

the dancer’s capacity while improving aesthetic quality.1 Because dancers spend long 

days in class and rehearsal, any additional training regimen must be both effective and 

efficient. The dancer wants to be able to jump higher than the dancer next to her, with 

more bravado and with concise movement quality, and at the same time reduce the risk of 

acute and overuse injury.  

While 25% of the acute injuries among professional ballet dancers occurred 

during jumping, with 10% occurring during small jumps, 68% of injuries occurred as 

overuse injuries.2 Overuse injuries also occurred more than acute injuries among 

professional modern dancers but respond well to dance medicine physical therapist 

intervention, as demonstrated by a reduction in workman’s compensation claims from
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 81% to 17% in a 3-year intervention study by Bronner et al.3 Because most injuries 

among professional dancers are overuse injuries, and because there is support for 

prevention and wellness care by the dance medicine physical therapist, there is a premise 

for seeking methods for improving performance while maintaining a visually appealing 

physique.   

Performance enhancement in the dancer involves some aspects of fitness. Fitness 

in the dancer includes muscular power, balance, agility, and coordination.1,4,5 The 

countermovement jump (CMJ) height is one type of power assessment.6 A CMJ is a 

single jump that begins with straight knees while standing on both feet in a parallel 

position. A quick semi-squat is then performed, followed by a quick straightening of the 

knees and feet to propel the body vertically into the air. The feet return to the ground in 

reverse sequence.  

CMJ height has been shown to improve with WBV.  Increased CMJ height after 

whole body vibration (WBV) intervention has been reported among collegiate7 and pre-

professional ballet dancers,8 after 6-8 week interventions, and among national-level 

competitive rhythmic gymnasts9 immediately after one, 75-second WBV intervention. 

The dancer stands on both feet on the WBV plate in a turned out 1st position7,8 (with the 

hips, knees, and feet in lateral rotation) and receives the vibration at a pre-set frequency 

and amplitude for a specific amount of time and dosage. The intensity of WBV is 

determined by the frequency, amplitude, acceleration, and duration of the intervention, 

and exercises performed while receiving WBV.10,11,12 The 30-Hz frequency, 2 to 4-mm 

peak-peak (p-p) amplitude is used in a majority of WBV research to date, 10, 13-43and is 
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most used in research among gymnasts9,44 and dancers.8,45 Missing in the literature is a 

measurement of CMJ in the 1st position sauté, or CMJ with the lower extremity in lateral 

rotation, and the use of only the 1st position plié in studies on participants receiving WBV 

intervention. Both the 1st position sauté and the 1st position plié are foundational to ballet, 

modern, and contemporary dance movement. 

A dancer’s aesthetic competence has been measured in prior studies with the 

development of dancer assessment tools.46 The Performance Competence Evaluation 

Measurement (PCEM)46 tool assesses movement quality during dance performance, and 

the Dynamic Alignment Measure (DAM)46 electronically measures body alignment 

during a grande plié by placing markers on side of the body and observing movement 

from a posture line in the sagittal plane. While both the PCEM and the DAM serve in part 

as tools for assessing the dancer’s aesthetic competence, neither tool is suitable for 

assessing immediate changes after intervention. There is a need for a more efficient 

measure of movement quality, based on visual assessment.  

Angioi et al.5 composed a 60-second movement choreography to assess the 

aesthetic competence of pre-professional and professional ballet dancers, scoring the 

movement on a Likert scale from “little or no ability to perform elements as required” to 

“elements performed appropriately during the whole performance.”5 The researchers 

found significant correlations between aesthetic competence and jump ability (r=0.55), 

and between aesthetic competence and pushups (r=0.55). While the study is promising as 

a measure, there was no standardized movement choreography as a measurement tool. 
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There is a need for a simple test with standardized movement when testing movement 

quality. 

Dancers require both static and dynamic balance during performance. Static 

balance has been tested through center of pressure on a force plate and with postural 

sway platforms.25,26,47-49 Dynamic balance has been tested in elite female athletes through 

single hop test and through dynamic posturography systems.9,50 The effect of WBV on 

balance has been studied in the areas of postural sway,39 dynamic balance, and static 

balance.9,19,23-26,49-51 Missing in the literature is the study of immediate effects of WBV on 

balance, using validated, reliable, quick, clinically reproducible balance tests. 

This study will attempt to meet the following areas that to date have not been 

investigated: 1) The assessment of 1st position CMJ after WBV in female professional 

contemporary dancers. 2) The examination of  the effect of 1st position demi-plié during 

WBV. 3) The analysis of the immediate effect of WBV intervention on CMJ height as a 

function of varying the condition of WBV frequency and 1st position demi-plié 

movement. 4) The appraisal of the aesthetic quality of the 1st position CMJ immediately 

after WBV. 5) The evaluation of static and dynamic balance in the professional 

contemporary dancer immediately after WBV. 6) The use of a randomized controlled 

trial among professional dancers receiving WBV intervention.  

PURPOSE 

The purpose of Study Three was to address the gap in current research among 

professional contemporary dancers by to examining the immediate effects of WBV and 



 
171	

1st position plié on 1st position CMJ height and quality, and on balance in female 

professional contemporary dancers.  

Research Aims 

The three research aims for this study were as follows: 1) to investigate the 

immediate effect of WBV and 1st position plié on 1st position CMJ height, using the Just 

Jump Mat System®52; 2) to study the immediate effect of WBV and 1st position plié on 

balance, using the Balance Error Scoring System (BESS)53 to measure static balance and 

using the Star Excursion Balance Test (SEBT)53 to measure dynamic balance; 3) to assess 

1st position CMJ quality before and immediately after WBV and 1st position plié, in 

female contemporary dancers, using video analysis.  

Research Questions 

The research questions were the following. 

1) Is there a significant increase in CMJ height in the dancers who 

participated in the dynamic plié-30-Hz WBV frequency condition as 

compared to dancers who participated in all other position and 

frequencyconditions? 

2) Is there a significant increase in CMJ height in the dancers who 

performed moving, dynamic 1st position pliés as compared to those 

who performed a sustained, static 1st position plié? 

3) Is there a significant increase in CMJ height in the dancers who 

received a 30-Hz WBV frequency as compared to those who received 

a 0-Hz WBV frequency?  



 
172	

4) Is there a significant increase in balance in the dancers who 

participated in the dynamic plié-30-Hz WBV frequency condition as 

compared to dancers who participated in all other position and 

frequency conditions? 

5) Is there a significant increase in balance in the dancers who performed 

moving, dynamic 1st position pliés as compared to those who 

performed a sustained, static 1st position plié? 

6) Is there a significant increase in balance in the dancers who received a 

30-Hz WBV frequency as compared to those who received a 0-Hz 

WBV frequency?  

7) Would CMJ quality improve in dancers who participated in the 

dynamic plié-30-Hz WBV frequency? 

Hypotheses 

The hypotheses were the following. 

1) There will be a significant increase in CMJ height in the dancers who 

participated in the dynamic plié-30-Hz WBV frequency condition as 

compared to dancers who participated in all other position and 

frequency conditions (p<0.025). 

2) There will be a significant increase in CMJ height in the dancers who 

performed moving, dynamic 1st position pliés as compared to those 

who performed a sustained, static 1st position plié (p<0.025). 
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3) There will be a significant increase in CMJ height in the dancers who 

received a 30-Hz WBV frequency as compared to those who received 

a 0-Hz WBV frequency (p<0.025). 

4) There will be a significant increase in balance in the dancers who 

participated in the dynamic plié-30-Hz WBV frequency condition as 

compared to dancers who participated in all other position and 

frequency conditions (p<0.025 for the MANOVA, including both 

types of balance). 

5) There will be a significant increase in balance in the dancers who 

performed moving, dynamic 1st position pliés as compared to those 

who performed a sustained, static 1st position plié (p<0.025 for the 

MANOVA, including both types of balance, and p<0.0125 for 

separate ANOVAs with a multivariate approach for each type of 

balance).  

6) There will be a significant increase in balance in the dancers who 

received a 30-Hz WBV frequency as compared to those who received 

a 0-Hz WBV frequency (p<0.025 for the MANOVA, including both 

types of balance, and p<0.0125 for separate ANOVAs with a 

multivariate approach for each type of balance). 

7) CMJ quality will improve in dancers who participated in the dynamic 

plié-30-Hz WBV frequency (p<0.05). 
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METHODS 

Participants 

Sixty 18 to 35-year old, female, professional contemporary dancers were recruited 

as participants over a 6-month time period, between 9/10/2014-3/3/2015. Participants were 

recruited onsite at the Brockus Project Studios (BPS), before and after dance classes and 

company rehearsals, Monday-Sunday. The BPS is the rehearsal location for several 

professional contemporary dance companies, such as the LA Contemporary Dance 

Company, Shaping Sounds, and Invertigo Dance Company, and the location of the LA 

Dance Festival. Participants were also recruited by email and word-of-mouth through the 

directors of the following dance companies: Brockus Dance Project Studio/LA Dance 

Festival, Lineage Dance Studio/Pasadena Dance Festival, MKF Altered Modalities, Ad 

Deum Dance Company, and the Houston Metropolitan Dance Studio. The research was 

conducted at two locations: Brockus Project Studios, 618 Moulton Ave, #B, Los Angeles, 

CA, 90031, and in the research lab on the 10th floor of Texas Woman’s University, 6700 

Fannin, Houston, TX, 77030. Of the original 60 participants, 1 participant dropped out 

because she had to go to rehearsal. While all 59 participants were videotaped, data were 

lost for one participant in the static plié-0-Hz condition due to technical difficulties with 

one microcassette. 

Exclusion criteria were as follows: currently pregnant, active cancer, lower 

extremity fracture within the past year, ligament sprain or musculotendinous strain in the 

past 3 months, surgery within the past year, metal plates in the body, prior history of 

migraines, resting blood pressure > 200-mm Hg systolic, or >100-mm Hg diastolic. The 
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participants were randomly assigned to one of the four following position-frequency groups: 

static plié-0 Hz,  static plié-30 Hz, dynamic plié-0 Hz, dynamic plié-30 Hz.  

Procedure 

 The participants signed a consent form in which they received an explanation of 

the protocol for the warm-up, the 1st position CMJ height on the Just Jump Mat 

System®52 (Probotics, Huntsville, AL, USA) (JJMS), the Star Excursion Balance Test 

(SEBT),53 and the Balance Error Scoring System (BESS).53  The participants received a 

verbal explanation with photographs and demonstration. Heart rate, blood pressure, and 

leg length were measured. Participant demographics can be found in Table 10. 

Table 10. Chapter 5 Study 3 Participanta Demographics 
Characteristics M(SD)b 

Age  25.78 (3.78) 
Weight in Kilograms 58.55 (7.12) 
Height in Centimeters 163.81 (1.72) 
BMIc  21.87 (2.06)  
Leg Lengthd in Centimeters	 85.34 (4.88)	
aThere were 59 female professional contemporary dancer participants. 
bM(SD)=Mean(Standard Deviation).  
cBMI-Body Mass Index. BMI calculated from 57 participants. N=59 for all other data. Mean 
height for 57 participants was 163. 68, equivalent to mean height for 59 participants. 
dLeg length was taken from the dominant limb, which was the right limb was for 56 participants, 
and the left limb for 3 participants. 
 

The participants then rode a stationary bike for 5 minutes, maintaining a heart rate 

between 120 and 140 beats/min, followed by 5 minutes of dynamic and static stretching. 

After the warm-up, the participants were given an opportunity to practice the BESS once 

and SEBT four times, to address learning effects, prior to CMJ trials. The 1st position 

CMJ was not practiced as it is analogous to the 1st position sauté and is a jump that is 

very familiar to professional dancers.  
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The participants immediately performed 3 videotaped 1st position CMJs on the 

JJMS in bare feet.  The participants were instructed to straighten the knees, bend the 

knees quickly to maximum demi-plié (a ballet semi-squat with heels remaining on the 

floor), jump as high a possible while straightening knees in the air and pointing the feet, 

and then land in a 1st position plié. The participants followed the CMJ trials with the 

SEBT, performed 3 times for an average score, and then the BESS, done once. The CMJ, 

the SEBT, and the BESS were all performed with hands placed on the hips. After the 

BESS, the participants received a 75-second intervention of a randomly assigned WBV 

condition, while standing on the Power Plate Pro 5 AirAdaptive® vibration plate. 

Immediately after the intervention, the participants performed 3 CMJs on the JJMS, then 

the SEBT, and then the BESS in the same sequence as prior to the intervention.  

The primary researcher selected the single highest jump of good quality from the 

3 pre-intervention trials and the single highest jump of good quality from the 3 post-

intervention trials. The jumps were transferred to a video file. A separate rater, a dance 

artistic director already trained to assess jump quality from a dancer’s perspective, 

independently chose the best quality jump of those two selected jumps for each 

participant, blinded to pre/post intervention status of the test jump.  

Data Analysis 

For the primary analysis of the effect of the intervention on CMJ height and on 

balance, alpha was split to control for a type I error. Algorithms of the statistical analyses 

for the effect of the intervention on CMJ height and for the effect of the intervention on 

balance can be found in Figures 1 and 2, respectively. The effect of intervention on CMJ 
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height was separated into three analyses: 1) Condition x time on CMJ height, a 4x2 

Multivariate approach ANOVA (α=0.025), 2) Position alone on CMJ height, a 2x2 

Multivariate Approach ANOVA (α=0.025) 3) Frequency alone on CMJ height, a 2x2 

Multivariate Approach ANOVA (α=0.025). The effect of intervention on balance was 

separated into three groups for analysis: 1) Condition x time x balance test type, a 4x2x2 

MANOVA (α=0.025), 2) Dynamic balance, as tested by the NSEBT (α=0.0125), 3) 

Static balance, as tested by the BESS (α=0.0125). Because balance was further separated 

into tests of dynamic and static balance, the alpha was further split to control for a type I 

error. For each type of balance, there were two analyses: 1) Position alone on balance, a 

2x2 Multivariate Approach ANOVA (α=0.0125) 2) Frequency alone on balance, a 2x2 

Multivariate Approach ANOVA (α=0.0125). The NSEBT measures were taken from the 

anterior, posteromedial, and posterolateral directions of the SEBT. A secondary 

exploratory analysis was conducted to assess the choice of best quality CMJ between the 

best pre-intervention CMJ and the best post-intervention CMJ for the blinded tester. A 

non-parametric, nominal, binomial, one-tailed analysis was conducted at an alpha of 0.05. 
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Figure 9. Statistical Analyses Algorithm for the Effect of Whole-Body Vibration on 
Countermovement Jump Height 

aCMJ=Countermovement Jump  
bANOVA=Analysis of Variance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intervention on CMJa Height 
(α=0.025) 

4x2 Condition x time 
Multivariate approach ANOVAb 

on CMJ (α=0.025) 

Position alone on CMJ 
2x2 Multivariate Approach 

ANOVA (α=0.025) 

Frequency alone on CMJ 
2x2 Multivariate Approach 

ANOVA (α=0.025) 
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Figure 10. Statistical Analyses Algorithm for the Effect of Whole Body Vibration on 
Balance 

 
aMANOVA=Multivariate Analysis of Variance  
bNSEBT=Normalized Star Excursion Balance Test53 

cANOVA=Analysis of Variance 
dBESS=Balance Error Scoring System53 

53 Human Kinetics. BESS and STAR excursion tests. Human Kinetics 
Website. http://www.humankinetics.com/excerpts/excerpts/measure-balance-
and-stability Accessed March 22, 2014. 
 

The effect of intervention on CMJ height. The effect of intervention on CMJ 

height was separated into three analyses:  

1) Condition x time on CMJ height, a 4x2 Multivariate approach ANOVA (α=0.025),  

2) Position alone on CMJ height, a 2x2 Multivariate Approach ANOVA (α=0.025), and   

3) Frequency alone on CMJ height, a 2x2 Multivariate Approach ANOVA (α=0.025). 
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(α=0.0125)  

Position alone on BESS 
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2x2 Multivariate Approach ANOVA 
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MANOVA 
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Condition x time on CMJ height. A 4x2, two-way within-between ANOVA with a 

multivariate approach was used to analyze the effect of the combination of position and 

frequency on CMJ height changes, with alpha set at .025. 

Position alone on CMJ height. A 2x2, two-way within-between ANOVA with a 

multivariate approach was used to analyze the effect of static vs. dynamic plié on CMJ 

height, regardless of frequency, with alpha set at 0.025.  

Frequency alone on CMJ height. A 2x2, two-way within-between ANOVA with a 

multivariate approach was used to analyze the effect of 0-Hz vs. 30-Hz WBV frequency 

on CMJ height, regardless of position, with alpha set at 0.025.  

The effect of intervention on balance. The effect of intervention on balance was 

separated into three groups for analysis: 1) Condition x time x balance test type, a 4x2x2 

MANOVA (α=0.025), 2) Dynamic balance, as tested by the NSEBT (α=0.0125), with 

two subgroup analyses, 2a) Position alone on dynamic balance, a 2x2 Multivariate 

Approach ANOVA (α=0.0125), and 2b) Frequency alone on dynamic balance, a 2x2 

Multivariate Approach ANOVA (α=0.0125), 3) Static balance, as tested by the BESS 

(α=0.0125), with two subgroup analyses, 3a) Position alone on static balance, a 2x2 

Multivariate Approach ANOVA (α=0.0125), and 3b) Frequency alone on static balance, 

a 2x2 Multivariate Approach ANOVA (α=0.0125). As balance was further separated into 

tests of dynamic and static balance, the alpha was further split to control for a type I 

error. 
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Condition x time x balance test type on balance. A 4x2x2, one-way MANOVA 

was used to test the effect of the combination of the position, frequency and balance test 

type on dynamic balance and static balance, with alpha set at .025.  

Position alone on dynamic balance (NSEBT). A 2x2, two-way within-between 

ANOVA with a multivariate approach was used to analyze the effect of static vs. 

dynamic plié on a dynamic balance, regardless of frequency, with alpha set at 0.0125.  

Frequency alone on dynamic balance (NSEBT). A 2x2, two-way within-between 

ANOVA with a multivariate approach was used to analyze the effect of 0-Hz vs. 30-Hz 

WBV frequency on a dynamic balance, regardless of position, with alpha set at 0.0125. 

Position alone on static balance (BESS). A 2x2, two-way within-between 

ANOVA with a multivariate approach was used to analyze the effect of static vs. 

dynamic plié on a static balance, regardless of frequency, with alpha set at 0.0125.  

Frequency alone on dynamic balance (BESS). A 2x2, two-way within-between 

ANOVA with a multivariate approach was used to analyze the effect of 0-Hz vs. 30-Hz 

WBV frequency on a dynamic balance, regardless of position, with alpha set at 0.0125. 

1st position CMJ quality. The choice of the best quality CMJ between the best 

pre-intervention CMJ and the best post-intervention CMJ for the blinded tester was 

conducted using a non-parametric, nominal, binomial, one-tailed analysis was conducted 

at an alpha of .05.  

All data analyses were conducted through the IBM® SPSS® Statistics Version 

23.0.0.0 for Mac output. 
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RESULTS 
 
Expanded Results 

 
The effect of intervention on CMJ Height. The following section will describe 

the results from the three analyses:  

1) Condition x time on CMJ height, a 4x2 Multivariate approach ANOVA (α=0.025),  

2) Position alone on CMJ height, a 2x2 Multivariate Approach ANOVA (α=0.025), and   

3) Frequency alone on CMJ height, a 2x2 Multivariate Approach ANOVA (α=0.025). 

Condition x time on CMJ height. For the analysis of the effect of position and 

frequency combinations on countermovement jump height, a multivariate approach 

ANOVA was performed using 4 levels of the between factor of condition (static plié-0 

Hz, static plié-30 Hz, dynamic plié-0 Hz, dynamic plié-30 Hz), and 2 levels of the within 

factor of time (pre-intervention, post-intervention) measured against an alpha=0.025. 

Levene’s Test of Equality of Error Variances was not significant, F(3,55)=0.56, p=0.65, 

therefore, HOV was tenable and the analysis was continued with the global ANOVA. 

The interaction of condition x time was not significant, the main effect of condition was 

not significant, and the main effect of time was not significant. Means and standard 

deviations are found in Table 11. Results from the omnibus analysis are found in Table 

12. 
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Table 11. Descriptive Statistics for Time Level in Condition on Countermovement Jump 
Height 

Time  

Condition Pre-intervention 
 n          M(SD)e inches 

Post-intervention 
 n  M(SD) inches 

Static plié-0 Hza 15  11.58(2.07) 15         11.98(2.29) 
Static plié-30 Hzb 14  11.57(2.00) 14         12.08(1.66) 
Dynamic plié-0 Hzc 15         11.25(1.46) 15         11.15(1.43) 
Dynamic plié-30 Hzd 15         11.41(1.83) 15         11.25(1.87) 
aStatic plié-0 Hz is a condition in which a semi-squat position with the lower extremity in 
lateral rotation is maintained isometrically on the vibration plate, which is set at a 0-Hz 
frequency for 75 seconds. 
bStatic plié-0 Hz is a condition in which a semi-squat position with the lower extremity in 
lateral rotation is maintained isometrically on the vibration plate, which is set at a 30-Hz 
frequency for 75 seconds. 
cDynamic plié-0 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 0-Hz frequency for 75 seconds. 
d Dynamic plié-30 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 30-Hz frequency for 75 seconds. 
eM(SD)=Mean(Standard Deviation) 
 
Table 12. Omnibus analysis for the Effect of Condition and Time on Countermovement 
Jump Height 
 F dfa pb 

Main effect of Condition 0.50 3,55 0.68 
Main effect of Time 4.92 1,55 0.03 
Interaction of Condition x Time 2.47 3.55 0.07 
adf=degrees of freedom 
bsignificance level held against an alpha=0.025, in a multivariate approach Analysis of 
Variance  
 

Position alone on CMJ height. For the analysis of the effect of position on 

countermovement jump height, a multivariate approach ANOVA was performed using 2 

levels of the between factor of position (static plié, dynamic plié), and 2 levels of the 

within factor of time (pre-intervention, post-intervention) against an alpha=0.025. 

Levene’s Test of Equality of Error Variances was not significant [F(1,57)=1.01, p=0.65]. 
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Means and standard deviations are found in Table 13. Results from the omnibus analysis 

are found in Table 14. The interaction of position x time was significant, and can be 

found in Figure 11. Because there was an interaction, simple effects were analyzed via a 

syntax file with a pooled error term, against an alpha of 0.0125. Simple effects analysis 

found significant differences between pre and post intervention, within static plié. Simple 

effects were not significant between the pre and post intervention within dynamic plié. 

Simple effects were not significant between plié positions within pre intervention, and 

were not significant between plié positions within post intervention. The results for the 

analysis of simple effects can be found in Table 15. 

Table 13. Descriptive Statistics for Time Level in Position on Countermovement Jump 
Height   

Time  

Position Pre-intervention 
     n           M(SD)c inches 

Post-intervention 
    n      M(SD) inches 

Static pliéa 29  11.58(2.00)  29         12.02 (1.97) 
Dynamic pliéb 30  11.24(1.66)  30         11.20 (1.64) 
aballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
bballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2-seconds down. 
cM(SD)=Mean(Standard Deviation). 
 
Table 14. Omnibus Analysis Results for the Effect of Position and Time on 
Countermovement Jump Height 
 F dfa pb 

Main Effect of Position 1.56 1, 57 0.22 
Main Effect of Time 5.02 1, 57 0.03 
Interaction of Position X Time 7.17 1, 57 0.01c 

adf=degrees of freedom. 
bSignificance level held against an alpha=0.025, in a multivariate approach analysis of 
variance. 
cA significant interaction was found. 
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Figure 11. The Effect of Intervention and Pliéa,b Position on Countermovement Jump 
Height  

 
aStatic plié is a ballet semi-squat position with lower limbs in lateral rotation, held 
isometrically. 
bDynamic plié is a ballet semi-squat squat position with lower limbs in lateral rotation, 
moving 2-seconds up-2-seconds down. 
cCMJ=Countermovement Jump 
 
Table 15. Simple Effects of Position and Time on Countermovement Jump Height 
Time Within Position F dfc pd 

Static pliéa 11.89 1, 57 0.001e 

Dynamic pliéb 0.097 1, 57 0.76 
_______________________________________________________________________ 
Position Within Time 
Pre-intervention 0.50 1,57 0.49 
Post-intervention 3.07 1,57 0.85 
aA ballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
bA ballet semi-squat squat position with lower limbs in lateral rotation, moving 2-
seconds up-2-seconds down. 
df=degrees of freedom. 
dsignificance level held against an alpha=0.0125. 
eSimple effects of the Static Plié position was found. 
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Frequency alone on CMJ height. For the analysis of the effect of frequency on 

countermovement jump height, a multivariate approach ANOVA was performed using 2 

levels of the between factor of frequency (0 Hz, 30 Hz), and 2 levels of the within factor 

of time (pre-intervention, post-intervention) against an alpha=0.025. Levene’s Test of 

Equality of Error Variances was not significant [F(1,57)=1.01, p=0.57]. The interaction 

of frequency x time was not significant, the main effect of frequency was not significant, 

and the main effect of time was not significant. Means and standard deviations are found 

in Table 16. Results from the omnibus analysis are found in Table 17. 

Table 16. Descriptive Statistics for Time Level in Frequency on Countermovement Jump 
Height  

Time  

Frequency Pre-intervention 
     Nc           M(SD)a inches 

Post-intervention 
    N      M(SD) inches 

0 Hzb    30     11.42 (1.77)   30    11.56 (1.92) 
30 Hz    29     11.39 (1.91)    29    11.65 (1.79) 
aM(SD)=Mean(Standard Deviation). 
bHz=Hertz. 
cN=Number of participants. 
 
Table 17. Omnibus Analysis Results for the Effect of Frequency and Time on 
Countermovement Jump Height 
 F dfa pb 

Main Effect of Frequency 0.005 1, 57 0.95 
Main Effect of Time 4.35 1, 57 0.04 
Interaction of Time X Frequency 0.34 1, 57 0.56 
adf=degrees of freedom. 
bsignificance level held against an alpha=0.025, in a multivariate approach analysis of 
variance. 
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The effect of intervention on balance. The following section will describe the 

results from the analysis of the effect of intervention on balance: 1) Condition x time x 

balance test type, a 4x2x2 MANOVA (α=0.025), 2) Dynamic balance, as tested by the 

NSEBT (α=0.0125), with two subgroup analyses, 2a) Position alone on dynamic balance, 

a 2x2 Multivariate Approach ANOVA (α=0.0125), and 2b) Frequency alone on dynamic 

balance, a 2x2 Multivariate Approach ANOVA (α=0.0125), 3) Static balance, as tested 

by the BESS (α=0.0125), with two subgroup analyses, 3a) Position alone on static 

balance, a 2x2 Multivariate Approach ANOVA (α=0.0125), and 3b) Frequency alone on 

static balance, a 2x2 Multivariate Approach ANOVA (α=0.0125).  

Condition x time x balance test type on balance. For the analysis of the effect of 

position and frequency on balance, a 4x2x2 one-way MANOVA was performed using 4 

levels of the between factor of condition (static plié-0 Hz, static plié-30 Hz, dynamic plié-

0 Hz, dynamic plié-30 Hz), and 2 levels of the within factor of time for the normalized 

Star Excursion Balance Test (NSEBTpre-intervention, NSEBTpost-intervention), and 2 

levels of the within factor of time for the Balance Error Scoring System (BESSpre-

intervention, BESSpost-intervention).  Assumptions for the one-way MANOVA were 

evaluated as follows: 1) The Mahalanobis distance was not significant, 2) Levene’s Test 

of Equality of Error Variances was not significant for each of the dependent variables, 

NSEBTpre-intervention (F(3,55)=0.66, p=0.58), NSEBTpost-intervention [F(3,55)=0.32, 

p=0.81], BESSpre-intervention [F(3,55)=0.57, p=0.64], BESSpost-intervention 

[F(3,55)=2.31, p=0.09], therefore, HOV was tenable. 3) The assumption of a linear 

relationship between the dependent variables was found intact between balance measures. 



 
188	

See Figure 12 for the matrix scatterplot for the dependent variables. 4) Homodscedacity 

was found intact [Box’s M=43.45, F(30,8254.90)=1.25, p=0.16] 5) Because of the lack of 

consistency between multicollinearity analyses, multicollinearity was determined not to 

exist between dependent variables. Results from the tests of multicollinearity can be 

found in Table 18. With the assumptions of the MANOVA intact, the MANOVA was 

conducted against an alpha of 0.025. Descriptive statistics can be found in Table 19. The 

Wilks’ Lambda multivariate test of overall difference demonstrated no significant 

differences in balance among conditions [F(12,138)=1.61, p=0.32, effect size= 0.08]. 

Figure 12. Matrix Scatterplot for the Four Dependent Variablesa,b 

 
aNSEBT= normalized Star Excursion Balance Test.53  
bFIRFOA=Balance Error Scoring System.53 

53 Human Kinetics. BESS and STAR excursion tests. Human Kinetics 
Website. http://www.humankinetics.com/excerpts/excerpts/measure-balance-
and-stability Accessed March 22, 2014. 
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Table 18. Multicollinearity results 
 NSEBTpre-

interventiona 
NSEBTpost- 
interventionb 

BESSpre- 
interventionc 

BESSpost- 
interventiond 

NSEBTpre- 
intervention 

 
x 

 
1.04 

 
1.31 

 
1.35 

NSEBTpost- 
intervention 

 
1.04 

 
x 

 
1.32 

 
1.35 

BESSpre- 
intervention 

 
8.13 

 
8.17 

 
x 

 
1.03 

BESSpost-
intervention 

 
8.16 

 
8.16 

 
1.00 

 
x 

aNSEBTpre-intervention=normalized Star Excursion Balance Test53 before intervention. 
bNSEBTpost-intervention= normalized Star Excursion Balance Test after intervention. 
cBESSpre-intervention=Balance Error Scoring System53 before intervention. 
dBESSpost-intervention= Balance Error Scoring System after intervention. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-   
stability Accessed March 22, 2014. 
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Table 19. Descriptive Statistics for Time Level and Test Type in Condition on Balance 
 
 
Condition 

NSEBTpre-
interventiona 

 
M(SD)e 

NSEBTpost- 
interventionb 

 
M(SD) 

BESSpre- 
interventionc 

 
M(SD) 

BESSpost- 
interventiond 

 
M(SD) 

Static plié- 
0 Hzf  

N=15 

 
91.80 (10.47) 

 
93.40 (12.12) 

 
12.60 (4.24) 

 
12.4 (5.25) 

Static plié- 
30 Hzg N=14 

 
88.07 (8.91) 

 
91.79 (10.58) 

 
12.93 (5.77) 

 
10.43 (4.77) 

Dynamic plié- 
0 Hzh 

N=15 

 
89.60 (10.49) 

 
92.73 (12.78) 

 
11.47 (4.19) 

 
12.67 (6.75) 

Dynamic plié-     
30 Hzi 

N=15 

 
90.13 (9.18) 

 
92.73 (12.62) 

 
14.13 (5.36) 

 
10.13 (3.50) 

aNSEBTpre-intervention=normalized Star Excursion Balance Test53 before intervention. 
bNSEBTpost-intervention= normalized Star Excursion Balance Test after intervention. 
cBESSpre-intervention=Balance Error Scoring System53 before intervention. 
dBESSpost-intervention= Balance Error Scoring System after intervention. 
eM(SD)=Mean(Standard Deviation) 
fStatic plié-0 Hz is a condition in which a semi-squat position with the lower extremity in 
lateral rotation is maintained isometrically on the vibration plate, which is set at a 0-Hz 
frequency for 75 seconds. 
gStatic plié-0 Hz is a condition in which a semi-squat position with the lower extremity in 
lateral rotation is maintained isometrically on the vibration plate, which is set at a 30-Hz 
frequency for 75 seconds. 
hDynamic plié-0 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 0-Hz frequency for 75 seconds. 
iDynamic plié-30 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 30-Hz frequency for 75 seconds. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-
stability Accessed March 22, 2014. 
 

Position alone on dynamic balance (NSEBT). For the analysis of the effect of 

position on NSEBT scores, a multivariate approach ANOVA was performed using 2 

levels of the between factor of position (static plié, dynamic plié), and 2 levels of the 

within factor of time (NSEBTpre-intervention, NSEBTpost-intervention) against an 
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alpha=0.0125. Levene’s Test of Equality of Error Variances was not significant 

[F(1,57)=0.12, p=0.73]. The interaction of time x position was not significant, and the 

main effect of position was not significant. However, the main effect of time was 

significant, with both positions improving after intervention. Means and standard 

deviations are found in Table 20. Results from the omnibus analysis are found in Table 

21. 

Table 20. Descriptive Statistics for Time Level in Position on the Normalized Star 
Excursion Balance Test53    

Time  

Position NSEBTPre-interventiona 

 n          M(SD)c inches 
NSEBTPost-interventionb 

  n     M(SD) inches 
Static pliéd  29  90.00 (9.76)   29          92.62 (11.23) 
Dynamic pliée  30  89.87 (9.69)   30          92.73 (12.4)  
aNSEBTpre-intervention=normalized Star Excursion Balance Test before intervention. 
bNSEBTpost-intervention= normalized Star Excursion Balance Test after intervention. 
cM(SD)=Mean(Standard Deviation). 
dballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
eballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2-seconds down. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and- 
stability Accessed March 22, 2014. 
 
Table 21. Omnibus Analysis Results for the Effect of Position and Time on the 
Normalized Star Excursion Balance Test53    
 F dfa pb 

Main Effect of Position 0.00 1, 57 0.99 
Main Effect of Time 23.00 1, 57 <0.001c 
Interaction of Position X Time 0.05 1, 57 0.83 
adf=degrees of freedom. 
bSignificance level held against an alpha=0.0125, in a multivariate approach analysis of 
variance. 
cThe main effect of time was significant. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics 
Website. http://www.humankinetics.com/excerpts/excerpts/measure-balance-
and-stability Accessed March 22, 2014. 
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Frequency alone on dynamic balance (NSEBT). For the analysis of the effect of 

frequency on NSEBT scores, a multivariate approach ANOVA was performed using 2 

levels of the between factor of frequency (0 Hz, 30 Hz), and 2 levels of the within factor 

of time (NSEBTpre-intervention, NSEBTpost-intervention) against an alpha=0.0125. 

Levene’s Test of Equality of Error Variances was not significant [F(1,57)=1.27, p=0.27], 

therefore HOV was tenable. The interaction of frequency x time was not significant, and 

the main effect of frequency was not significant. However, the main effect of time was 

significant, with both frequencies improving after intervention. Means and standard 

deviations are found in Table 22. Results from the omnibus analysis are found in Table 

23. 

Table 22. Descriptive Statistics for Time Level in Frequency on the Normalized Star 
Excursion Balance Test53   

Time  

Frequency NSEBTPre-interventiona 

   n            M(SD)c inches 
NSEBTPost-interventionb 

    n      M(SD) inches 
0 Hzd    30      90.70 (10.36)     30      93.07 (12.24) 
30 Hz    29      89.14 (8.95)     29      92.28 (11.48) 
aNSEBTpre-intervention=normalized Star Excursion Balance Test53 before intervention. 
bNSEBTpost-intervention= normalized Star Excursion Balance Test after intervention. 
cM(SD)=Mean(Standard Deviation). 
dHz=Hertz. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-stability Accessed 
March 22, 2014. 
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Table 23. Omnibus Analysis Results for the Effect of Frequency and Time on the 
Normalized Star Excursion Balance Test53 

 F dfa pb 

Main Effect of Frequency 0.18 1, 57 0.67 
Main Effect of Time 23.31 1, 57 <0.001c 
Interaction of Frequency X Time 0.46 1, 57 0.50 
adf=degrees of freedom. 
bSignificance level held against an alpha=0.0125, in a multivariate approach analysis of 
variance. 
cThe main effect of time was significant. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-stability Accessed 
March 22, 2014. 
 

Position alone on static balance (BESS). For the analysis of the effect of position 

on BESS scores, a multivariate approach ANOVA was performed using 2 levels of the 

between factor of position (static plié, dynamic plié), and 2 levels of the within factor of 

time (BESSpre-intervention, BESSpost-intervention) against an alpha=0.0125. Levene’s 

Test of Equality of Error Variances was not significant [F(1,57)=0.21, p=0.65], therefore, 

HOV was tenable. The interaction of position x time was not significant, the main effect 

of position was not significant, and the main effect of time was not significant. Means 

and standard deviations are found in Table 24. Results from the omnibus analysis are 

found in Table 25. 
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Table 24. Descriptive Statistics for Time Level in Position on the Balance Error Scoring 
System53   

Time  

Position BESSPre-interventiona 

     n           M(SD)c inches 
BESSPost-interventionb 

    n      M(SD) inches 
Static pliéd   29    12.76 (4.95)  29         11.45 (5.03) 

Dynamic pliée   30    12.80 (4.92)  30         11.40 (5.44) 
aBESSpre-intervention=Balance Error Scoring System53 before intervention. 
bBESSpost-intervention= Balance Error Scoring System after intervention. 
cM(SD)=Mean(Standard Deviation). 
dballet semi-squat position with lower limbs in lateral rotation, held isometrically. 
eballet semi-squat squat position with lower limbs in lateral rotation, moving 2-seconds 
up-2-seconds down. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and- 
stability Accessed March 22, 2014. 
 
Table 25. Omnibus Analysis Results for the Effect of Position and Time on the Balance 
Error Scoring System53   
 F dfa pb 

Main Effect of Position 0.00 1, 57 0.99 
Main Effect of Time 0.004 1, 57 0.95 
Interaction of Position X Time 0.05 1, 57 0.83 
adf=degrees of freedom. 
bSignificance level held against an alpha=0.0125, in a multivariate approach analysis of 
variance. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics 
Website. http://www.humankinetics.com/excerpts/excerpts/measure-balance-
and-stability Accessed March 22, 2014. 
 

Frequency alone on static balance (BESS). For the analysis of the effect of 

frequency on BESS scores, a multivariate approach ANOVA was performed using 2 

levels of the between factor of frequency (0 Hz, 30 Hz), and 2 levels of the within factor 

of time (BESSpre-intervention, BESSpost-intervention), measured against an 

alpha=0.0125. Levene’s Test of Equality of Error Variances was not significant 

[F(1,57)=0.01, p=0.92], therefore HOV was tenable.  
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The interaction of frequency x time was significant, therefore, an analysis of simple 

effects was conducted. Means and standard deviations are found in Table 26. Results 

from the omnibus analysis are found in Table 27. The graph of the interaction can be 

found in Figure 13. 

Table 26. Descriptive Statistics for Frequency on the Balance Error Scoring System53  
Time  

Frequency BESSPre-intervention 
  Nc         M(SD)d inches 

BESSPost-intervention 
  N    M(SD) inches 

0 Hze   30    12.03 (4.18)   30    12.53 (5.94) 
30 Hz   29    13.56 (5.49)   29    10.28 (4.09) 
aBESSpre-intervention=Balance Error Scoring System53 before intervention. 
bBESSpost-intervention= Balance Error Scoring System after intervention.  
cN=Number of participants. 
dM(SD)=Mean(Standard Deviation). 
eHz=Hertz. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and- 
stability Accessed March 22, 2014. 
 
Table 27. Omnibus Analysis Results for the Effect of Position and Time on the Balance 
Error Scoring System53 

 F dfa pb 

Main Effect of Frequency 0.11 1, 57 0.75 
Main Effect of Time 4.89 1, 57 0.03 
Interaction of Frequency X Time 9.04 1, 57 0.004c 

adf=degrees of freedom. 
bSignificance level held against an alpha=0.0125, in a multivariate approach analysis of 
variance. 
cThe interaction of frequency x time was significant. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics 
Website. http://www.humankinetics.com/excerpts/excerpts/measure-balance-
and-stability Accessed March 22, 2014. 
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Figure 13. The Effect of Intervention and Frequency on Balance Error Scoring System53 
Score  

aBESS=Balance Error Scoring System53 

bHz=Hertz 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and-   stability 
Accessed March 22, 2014. 
 

Simple effects were analyzed through a syntax file with a pooled error term 

against an alpha of 0.0063, and found significant between BESSpre-intervention and 

BESSpost-intervention, within the 30-Hz frequency. Simple effects within the 0-Hz 

frequency were not significant, simple effects were not significant between frequencies 

for the BESSpre-intervention, and simple effects were not significant between 

frequencies for the BESSpost-intervention. Results for the analysis of simple effects can 

be found in Table 28. 
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Table 28. Simple Effects of Frequency and Time on the Balance Error Scoring System53 

Time Within Frequency F dfa pb 

0 Hz 0.32 1, 57 0.57 
30 Hz 13.39 1, 57 0.001d 

_______________________________________________________________________ 
Frequency Within Time 
Pre-intervention 1.43 1,57 0.24 
Post-intervention 2.87 1,57 0.096 
adf=degrees of freedom. 
bSignificance level held against an alpha=0.0063. 
cHz=Hertz. 
sSimple effects of the 30 Hz frequency was found. 
53Human Kinetics. BESS and STAR excursion tests. Human Kinetics Website. 
http://www.humankinetics.com/excerpts/excerpts/measure-balance-and- 
stability Accessed March 22, 2014. 
 

1st position CMJ quality. For the choice between the best quality CMJ, a one-

tailed binomial was tested for the four conditions of position and frequency, against 

po=0.50, α=0.05, with the hypothesis that a significant difference in quality jump is H1: 

p>po. The binomial test indicated no significant increase in choice of the post intervention 

jump as the best quality jump any of the four conditions.  For the static plié-0-Hz 

frequency condition, the observed proportion was lower than the test proportion, but not 

significantly. For the static plié-30-Hz frequency condition, the binomial test indicated no 

difference in choice. For the dynamic plié-0-Hz frequency condition, while 10 of 15 post 

intervention jumps were chosen, the binomial test indicated no significant increase in 

choice. For the dynamic plié-30-Hz frequency condition, while 9 of 15 post intervention 

jumps were chosen, the binomial test indicated no significant increase in choice. Four 

additional one-tailed binomial analyses were conducted, to assess the choice of best 

quality jump based on plié position only, and based on frequency only. There was no 

significant increase in choice of the post intervention jump for the static plié, no 
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significant increase in choice of the post intervention jump for the dynamic plié, no 

significant increase in choice of the post intervention jump for the 0-Hz frequency, and 

no significant increase in choice of the post intervention jump for the 30-Hz frequency. 

Results from the binomial test can be found in Table 29. 

Table 29. Binomial Test Resultsa 
 Number of 

participants 
selected/Total 

Observed 
Proportion 

Exact 
Significance 

Static Plié-0 Hzb 6/14 0.43 0.40 
Static Plié-30 Hzc 7/14 0.50 0.50 

Dynamic Plié-0 Hzd 10/15 0.67 0.15 
Dynamic Plié-30 Hze 9/15 0.60 0.30 
Static Plié Positionf 13/28 0.46 0.43 

Dynamic Plié Positiong 19/30 0.63 0.10 
0 Hzh 16/28 0.57 0.29 
30 Hz 16/29 0.55 0.36 

aBinomial test proportion=0.50, significance level at alpha=0.05 

bStatic plié-0 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is maintained isometrically on the vibration plate, which 
is set at a 0-Hz frequency for 75 seconds. 
cStatic plié-0 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is maintained isometrically on the vibration plate, which 
is set at a 30-Hz frequency for 75 seconds. 
dDynamic plié-0 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 0-Hz frequency for 75 seconds. 
eDynamic plié-30 Hz is a condition in which a semi-squat position with the lower 
extremity in lateral rotation is moving at a 2-second up-2-second down tempo on the 
vibration plate, which is set at a 30-Hz frequency for 75 seconds. 
fBallet semi-squat position with lower limbs in lateral rotation, held isometrically. 
gBallet semi-squat squat position with lower limbs in lateral rotation, moving 2-
seconds up-2-seconds down. 
hHz= Hertz. 
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Summary of Results 
 

There was no significant increase in CMJ height for any of the four conditions of 

WBV intervention. When the effect of position was separately analyzed, regardless of 

frequency, there was a significant increase in CMJ height for the static plié position after 

intervention (p=0.001). There was no increase in CMJ height for the effect of frequency 

alone. 

For the MANOVA using the 4 conditions of WBV intervention, the 2 balance 

tests, and 2 time factors, there was no significant difference. When the effect of position 

was separately analyzed, regardless of frequency, for the NSEBT, there was a significant 

increase in dynamic balance for both positions after intervention (p<0.001). The same 

occurred when the effect of frequency was separately analyzed, regardless of position, for 

the NSEBT, with a significant increase in dynamic balance after intervention for both 

frequencies (p<0.001).  

When the effect of position was separately analyzed, regardless of frequency, for 

the BESS, there was no significant improvement in static balance. When the effect of 

frequency was separately analyzed, regardless of position, there was a significant 

improvement in static balance after the 30-Hz intervention (p=0.001). 

For the choice of best CMJ, while the independent, blinded rater chose the post 

intervention jump for the dynamic plié-0-Hz group 67% of the time, and for the dynamic 

plié-30-Hz group 60% of the time, there was no significant increase in choice of the post 

intervention jump for any of the groups. When analyzed by position alone and by 
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frequency alone, while the post intervention jump was chosen for the dynamic plié group 

63% of the time, it was not a significant difference. 

In terms of the research hypotheses, the results can be summarized as follows: 

1) There was no significant increase in CMJ height in the dancers who participated 

in the dynamic plié-30-Hz WBV frequency condition as compared to dancers 

who participated in all other position and frequency conditions (p-value ranges 

from 0.05 to 0.68).  

2) There was no significant increase in CMJ height in the dancers who performed 

moving, dynamic 1st position pliés as compared to those who performed a 

sustained, static 1st position plié (p=0.76). The dancers who performed a 

sustained, static 1st position plié jumped higher than the dancers who performed 

moving, dynamic 1st position plies, regardless of WBV (p=0.001). 

3) There was no significant increase in CMJ height in the dancers who received a 

30-Hz WBV frequency as compared to those who received a 0-Hz WBV 

frequency (p-value ranges from 0.04 to 0.95). 

4) There was no significant increase in balance in the dancers who participated in the 

dynamic plié-30-Hz WBV frequency condition as compared to dancers who 

participated in all other position and frequency conditions (p=0.32 for the 

MANOVA, including both types of balance). 

5) There was no significant increase in balance in the dancers who performed 

moving, dynamic 1st position pliés as compared to those who performed a 

sustained, static 1st position plié (p=0.32 for the MANOVA, including both types 
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of balance, and in separate ANOVAs with a multivariate approach for each type 

of balance: p=0.001 for both static and positions, respectively, for the 

NSEBTpost, p-value ranges from 0.83-0.99 for the BESS).  

6) There was a significant increase in static balance in the dancers who received a 

30-Hz WBV frequency as compared to those who received a 0-Hz WBV 

frequency (p=0.001). 

7) CMJ quality did not improve in dancers who participated in the dynamic plié-30-

Hz WBV frequency (p=0.30). 

DISCUSSION 

 The results of this study are noteworthy in several areas: 1) The use of a 75-

second static 1st position plié intervention resulted in an increase in CMJ jump height, 

regardless of WBV frequency; 2) The 30-Hz WBV frequency improved static balance;  

3) There was no significant improvement in jump quality after intervention.  

The use of a 75-second static 1st position plié intervention caused an increase in CMJ 

jump height 

The findings of the dissertation study are in contrast to the findings by Fort et al.50 

The researchers50 found improvement in CMJ height, static, and dynamic balance in 

female basketball players who received a 25-Hz to 35-Hz WBV intervention while 

performing both static and dynamic squat and lunge exercises, as compared to the control 

group, who participated in the same squatting and lunging exercises without WBV. 

Contrary to the current study, the Fort et al.50 study used many exercises and frequencies, 

over a 15-week period, and did not control for the variance introduced by multiple 
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positions and frequencies, as well as repeat testing of multiple tests. Torvinen et al.26 also 

found increases in CMJ height over an 8-16 week intervention periods of static and 

dynamic squat exercises during 25-Hz to 45-Hz WBV frequency, with random allocation 

of the intervention group. While there is support in the literature for longer interventions, 

there are only a few CMJ height studies that used a one-time, short duration WBV 

intervention9,12,17,19-21 and none to date were among dancers. The only study to date that 

approximates the dancer population is immediate improvement in CMJ height after a 75-

second, 30-Hz frequency, 2-mm amplitude WBV intervention among competitive 

rhythmic gymnasts by Despina et al.9 

Similar to the results of the current study, Armstrong et al.54 found a significant 

increase in CMJ after 1 minute of WBV intervention in a parallel squat position, for all of 

the 5-Hz increment increases for frequencies between 30 Hz and 50 Hz, and for the 

control group, with 0-Hz frequency. The significant increases occurred at 5 and 10 

minutes after WBV, but not immediately after WBV. There was only a significant effect 

of time in the study, suggesting all groups improved, regardless of frequency. Because all 

groups improved, including the control group, it appears the use of the parallel static 

squat position may have been a factor to consider as causal to the increase in CMJ height, 

and certainly supports the finding in the current study. It would have been interesting to 

examine whether a moving parallel position would have resulted in increases in CMJ, or 

if the static squat is the key to the increase in CMJ height. It would be useful to know if 

the parallel static squat or the turned out static squat alone would yield a significant 

improvement in CMJ height. A possible mechanism for the improvement in CMJ height 
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in the current study after performing the static squat is the co-contraction of muscles such 

as the gastrocnemius and tibialis anterior. When the dancer is maintaining the position, 

she is pushing against gravity to prevent herself from sinking lower. Another mechanism 

is the approximately 90° knee angle is held for a longer time in comparison to the 

dynamic plié, and the larger, sustained knee angle may have greater stored potential 

energy. Avelar et al.36 found the 90° knee angle yielded higher vastus lateralis surface 

EMG root mean square values than other knee angles both higher and lower than 90°, 

regardless of WBV. The findings of the current study suggest improved neuromuscular 

activation may be the result of the sustained, static plié. 

Annino et al.8 used the static 1st position plié intervention with a 30-Hz frequency 

WBV, with a dosage of 5 repetitions of 40-seconds on/60 seconds off, 3 times/week, for 

8 weeks, and found significant increase in CMJ height in pre-professional ballet dancers. 

Similarly, Marshall et al.45 used 9 positions, one of which included the 1st position plié, 

during 35-Hz and 40-Hz WBV intervention in collegiate dancers, and found significant 

increases in parallel CMJ height over 4 weeks. While both Annino et al.8 and Marshall et 

al.45 used the 1st position plié as an intervention, the study tested CMJ in a standard 

parallel position, and the study did not examine immediate effects of WBV.  

Da Silva-Grigoletto et al.17 also used a parallel static squat position, and found 

improvement in CMJ height immediately after the 30 second (p<0.05) and the 60 second 

(p<0.05) single dose, 30-Hz frequency, 4-mm p-p amplitude WBV intervention, with a 

decrease noted after a 90-second dose (p<0.05). Limits to the study are the lack of 

randomization, no control group, and testing the CMJ after the squat jump. Because the 
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current study found the turned out squat, or 1st position demi-plié increased CMJ, the use 

of the squat position in the squat jump should be considered as a factor that may affect 

the CMJ results. The results of the 90-second dose described leads one to question the 

effect of a 75-second dose, as in the current study. 

Despina et al.9 used a similar protocol of WBV as was used in the dissertation study, 

a 75-second dose of 30-Hz frequency, 2 to 4-mm amplitude WBV, but with the Galileo® 

WBV plate instead of the Power Plate AirAdaptive® WBV plate, and among competitive 

rhythmic gymnasts, instead of professional contemporary dancers. Another difference 

was that the gymnasts performed 5 different, unspecified exercises, changing exercise 

every 15 seconds while receiving the 0-Hz or the 30-Hz frequency WBV, vs. holding a 

single position for the full 75 seconds, or continually moving in and out of the plié. One 

consideration for future studies is to analyze the effect of a single sustained 1st position 

plié vs. the effect of moving in and out of the position every 15 seconds. The Despina et 

al.17 study had a repeat measures design, able to use fewer participants without a loss of 

power in the study. A potential limitation in the current study is the 4 separate conditions, 

resulting in a loss of power.  

The immediate testing of CMJ was not exact among all participants in the dissertation 

study. For some participants, the test was done within seconds of finishing the 

intervention, while with others, when the jump mat did not record after the participant 

stepped onto the mat, the Just Jump Mat System®52 had to be restarted, creating a 

potential threat to the construct validity of the test in the post-intervention timing. Dabbs 

et al.22 examined varying delays post-intervention, evaluating CMJ height after different 
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rest periods. The participants performed a dynamic parallel squat, moving every 5 

seconds for 30 seconds, resting 30 seconds, then resuming the protocol until the 2 minute 

mark, while receiving a 30-Hz frequency WBV intervention. The researchers found a 

significant increase in CMJ height after WBV intervention, regardless of the rest period 

given before jump measurement, from testing immediately after to testing 4 minutes 

after. The Dabbs et al.22 study suggests that a 4-minute window of post-testing that will 

not likely affect the results.  

No studies to date have analyzed the continuously moving turned out semi-squat, in 

the dissertation study referred to as the 1st position dynamic plié. Between the static plié 

and the dynamic plié, regardless of WBV intervention, a static plié held for 75 seconds in 

the population of female professional contemporary dancers immediately increases the 1st 

position CMJ height. This is a significant and unique finding provided by the current 

study. The implications are that WBV is an unnecessary intervention for increasing 

power, as measured by CMJ jump height, and leads one to question the efficacy of dance 

training spent practicing dynamic 1st position pliés over the sustained, static 1st position 

plié. Integration of the 75-second 1st position plié intervention in the stage wings, prior to 

performance, and as part of class may be a worthwhile addition to typical dance training. 

The 30-Hz frequency improved static balance 

In contrast to the static 1st position plié increasing CMJ height, regardless of WBV 

intervention, static balance was improved by the use of a 30-Hz WBV frequency, 

regardless of whether the 1st position plié was static or dynamic. The practice of static 

balance, regardless of frequency, did not improve static balance in this study. The study 
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on postural sway by Dickin et al.39 supports the use of WBV, at 30 Hz or 50 Hz, as 

compared to 0 Hz, to improve postural control under altered visual or somatosensory 

conditions. The use of foam during the BESS test is one way of altering somatosensory 

and visual input at the same time. Similar to the study by Dickin et al.,39 there were no 

significant changes in raw scores for the tests on solid ground, with most of the change 

scores occurring in the tests on foam in the current study. Simmons et al.55 found the 

dancers were most challenged by balance tests that altered somatosensory input, as 

compared to visual and vestibular input, when compared to non-dancer controls, in static 

stance. Because changes in balance as a function of somatosensory challenge captures 

balance difficulties in dancers, future studies should consider using only foam for testing 

the BESS.  

The outcome of the NSEBT, with improved scores post-intervention, for both 

positions regardless of frequency, and for both frequencies regardless of position, and 

with no significant differences in the MANOVA, may have occurred for several reasons. 

The responsiveness of the NSEBT may not be the ideal tool for testing dynamic balance 

among dancers, as the use of a solid surface was not a challenge to the dancer, and there 

is a need for standardization in the testing protocols for the NSEBT. Specifically, there 

should be a requirement that the dancer keeps her pelvis and shoulders in the transverse 

plane during testing. The movement ability of the professional contemporary dancer, 

coupled with the competitive nature of the dancer in the testing environment, without a 

set framework for the body outside of the lines on the floor may have allowed larger 

differences in the post-test for some participants. Despina et al.9 found improved dynamic 
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balance immediately after WBV, using the Equitest computerized dynamic 

posturography system (NeuroCom International), a device that can test dynamic balance 

at the limits of stability. It is likely the Equitest has a more controlled testing protocol 

than the NSEBT in that all participants do not select their movement response. Future 

tests of dynamic balance should consider use of altered somatosensory input, a more 

controlled protocol, and a more specific tool. 

One possible mechanism for improved static balance that was not evaluated in the 

current study, is the amount of stimulation at the hindfoot and the forefoot. Prior 

research56-60 supports a forward sway of the body when the hindfoot is stimulated, and a 

backward sway when the forefoot is stimulated, and the leg muscles acting as antagonists 

when both the hindfoot and forefoot are stimulated equally. During the 30-Hz frequency, 

the dancer may have adjusted her weight to share the WBV stimulus. When the dancer is 

resting on the heels, or only on the balls of the feet, the vibration is transmitted through 

bone, and felt in the ears. The stimulus of the 30-Hz frequency then provides postural 

feedback, as opposed to a 0-Hz frequency. During the 0-Hz frequency, the dancers held 

the handles of the vibration plate, which may have caused an alteration in their weight-

bearing. 

The use of WBV to improve both static and dynamic balance in young elite female 

athletes is supported by Fort et al.50 The athletes performed 5 static and 5 dynamic 

exercises, each for 30-60 seconds, while receiving an intervention of a 25 to 35-Hz WBV 

frequency, over an 8-week period, and were tested with the single limb balance for static 

balance and the single limb hop test for dynamic balance. Fort et al.50 did not analyze the 
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effect of exercise type on balance, a limit to the results.  Chen et al.49 found an increase in 

center of pressure speed and decrease in the center of pressure area in force plate 

analysis, indicating improved balance, after 8 weeks of 32-Hz frequency WBV 

intervention.  In contrast, Torvinen et al.25,26 did not find improvement in balance after 2, 

4, or 8 months of WBV, and Pollock et al.51 did not find improvement in balance 

immediately after 5 minutes of WBV among healthy men and women.  

The 7.3-point minimal detectable change for the same rater using the BESS61,62 was 

not met in the current study, but the means reflected a change from above-normal to 

below-normal values for the 30-Hz WBV frequency group. The improvement in static 

balance after a 75-second intervention of 30-Hz frequency WBV, regardless of whether 

the dancer is performing a static or dynamic plié, is a significant finding, a new 

contribution to the literature to date. The findings support further investigation of the use 

of WBV to immediately improve static balance in female professional contemporary 

dancers. The implications are the possible use of WBV prior to performance that requires 

controlled, static balance, such as dancing on an object, or when moving the arms but not 

the legs, or during partnering. Dancers who need to maintain a longer balance time in 

class and performance would find this short intervention worthwhile. In this study, the 

dancers held the handles of the vibration plate. Future studies should consider eliminating 

the use of the handles. In this study, the dancers were barefoot during intervention and 

testing. Future studies should consider testing static balance on the balls of the feet or in 

full rise in pointe shoes.  

 



 
209	

There was no significant improvement in jump quality after intervention 

 This was the first study to date that assessed CMJ quality in female professional 

contemporary dancers after WBV intervention. While CMJ quality appeared to improve 

after dynamic plié, the improvement was not statistically significant. One possible, but 

unlikely threat to the construct validity of this study was the lack of a practice session, 

under the assumption that the professional contemporary dancer knows how to perform a 

1st position CMJ, also known as a sauté. In fact, the dancers jumped with the same 

method for all jumps, with many of the jump height recordings the same for 3 trials for 

the individual participant, making the choice between high jumps of good quality 

difficult for the primary researcher. The primary researcher’s choice may not have been 

what the independent rater would have chosen, but inter-rater reliability was not assessed 

in the current study. The primary researcher’s choice may have made the choice between 

the single best pre and the single best post high jump of good quality difficult for the 

independent rater. Future CMJ studies among female professional contemporary dancers 

should consider a practice session, and have a single rater pick the single best jump of 

three, or perform an inter-rater reliability analysis. 

CONCLUSION 

The static plié position, regardless of frequency, increased CMJ height. Therefore, 

the female professional contemporary dancer may be able to improve her 1st position 

sauté by maintaining the static plié position for 75 seconds. Static balance, as tested by 

the BESS, improved after use of the 30-Hz frequency WBV intervention. Therefore, the 

75 second, one-time use of the 30-Hz frequency, 2 to 4-mm amplitude WBV 
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intervention, regardless of whether the 1st position plié is static or dynamic, is an effective 

way of immediately improving static balance in the female professional contemporary 

dancer.  

The use of WBV onsite during class or rehearsal, or as part of training during 

company touring is worth consideration, as a beneficial, quick method of improving static 

balance, and the use of the static 1st position plié may be beneficial for improving CMJ 

jump height.
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CHAPTER VI 

CONCLUSION 

PURPOSE SUMMARY 

 The purpose of this dissertation was to investigate the use of whole body vibration 

(WBV) to enhance performance in dancers. Two pilot studies were conducted as part of 

the overall research project, prior to the final, culminating study on the effect of WBV on 

countermovement jump (CMJ) height, balance, and CMJ quality in dancers. The first 

study, described in detail in Chapter 3, investigated perceived exertion during different 

frequencies of WBV and the difference between genders in perceived exertion during 

WBV. The second study, described in detail in Chapter 4, investigated the inter-rater 

reliability of assessing 1st position CMJ and the test-retest reliability of jump height for 

high quality jumps. For the final study, described in detail in Chapter 5, performance in 

the dancer was examined as CMJ jump height, balance, and CMJ quality.  

RESULTS SUMMARY 

Study 1 

Based on the results of this first study, there was a significant increase 

in perceived exertion in the participants who performed a sustained static 1st 

position plié as compared to those who performed, moving, dynamic 1st 

position pliés (p=0.004).  

The results of the first study also demonstrated a significant increase in  

perceived exertion in the participants who received a 50-Hz frequency as
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compared to those who received a 0-Hz WBV frequency (p=0.007). However, 

there was no significant increase in perceived exertion in the participants who 

received a 35-Hz frequency as compared to those who received a 0-Hz WBV 

frequency (p=0.058), and no significant increase in perceived exertion in 

participants who received a 50-Hz frequency as compared to those who 

received a 35-Hz frequency (p=0.26).  

 The results of Study 1 did not show a significant increase in perceived 

exertion in the participants in the dynamic plié-35-Hz WBV frequency 

condition and the dynamic plié-50-Hz WBV condition as compared to 

dancers who participated in all other position and frequency conditions 

(p=0.94).  

 Last, the results of Study 1 revealed a significant difference between 

genders for all conditions (p-values ranged from p=0.001 to p=0.037), with 

men reporting higher levels of perceived exertion than women.  

Study 2 

 The results of Study 2 demonstrated excellent test-retest reliability in the jump 

height for the 1st position sauté CMJ of good quality, when solving for a single trial 

(ICC2,1=0.96), and excellent test-retest reliability when solving for the average of 2 trials, 

within-day (ICC2,k=0.98).  

Another result from Study 2 was that there was good to excellent test-retest 

reliability in the jump height of the best quality 1st position sauté CMJ between days 
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(ICC2,1=0.88). This finding suggests good day-to-day reliability of the height of quality 

jumps, with a minimal detectable change of 1.93 inches.  

The results of Study 2 suggest there was good to excellent inter-rater reliability in 

the visual assessment of the highest quality 1st position sauté CMJ (κ= 0.81).  

 Last, the results of Study 2 found a significant relationship between isokinetic 

torque of the quadriceps femoris and 1st position CMJ height (Pearson’s r=0.69, p<0.001 

at 60°, r=0.64, p<0.001 at 180°, and r=0.65, p<0.001 at 300°).  

Final Intervention Study  

The results of the Final Intervention Study revealed no significant increase in 

CMJ height in the dancers who participated in the dynamic plié-30-Hz WBV frequency 

condition as compared to dancers who participated in all other position and frequency 

conditions (p=0.68). No condition resulted in a significant increase in CMJ height.  

In the current study, when examining the single best pre and post CMJ, there were 

3 participants who surpassed the MCD from the 2nd study.  

 The Final Intervention Study demonstrated there was no significant increase in 

CMJ height in the dancers who performed moving, dynamic 1st position pliés as 

compared to those who performed a sustained, static 1st position plié (p<0.22). In fact, the 

opposite occurred. The dancers who performed a sustained, static 1st position plié jumped 

higher than the dancers who performed moving, dynamic 1st position plies, regardless of 

WBV (p=0.001).   
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Another result of the Final Intervention Study was that there was no significant 

increase in CMJ height in the dancers who received a 30-Hz WBV frequency as 

compared to those who received a 0-Hz WBV frequency (p<0.95.  

 For the Final Intervention Study, there was no significant increase in balance in 

the dancers who participated in the dynamic plié-30-Hz WBV frequency condition as 

compared to dancers who participated in all other position and frequency conditions 

(p=0.32 for the MANOVA, including both types of balance).  

 The results of the Final Intervention study did not demonstrate a significant 

increase in balance in the dancers who performed moving, dynamic 1st position pliés as 

compared to those who performed a sustained, static 1st position plié (p=0.99 for the 

NSEBT, and p=0.99 for the BESS). For the NSEBT, both positions, regardless of 

frequency, improved in the post-test measure, with a main effect of time (p<0.001).

 There was no significant effect of frequency on dynamic balance in the Final 

Intervention Study. For the NSEBT, both the 0-Hz frequency and the 30-Hz frequency 

resulted in improved scores in the post-intervention measurement, there was a main effect 

of time (p=0.001).  

A significant result of the Final Intervention Study was in the effect of frequency 

on static balance. Remarkably, for the BESS, there was a significant interaction of 

frequency x time (p=0.004), demonstrating the 30-Hz frequency WBV intervention 

resulted in significantly improved static balance (p=0.001). This is an important 

discovery in dance medicine physical therapy, as there are no prior studies to date that 

have investigated the immediate effect of WBV on static balance, and no studies to date 
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examining immediate effect of WBV on static balance in the female professional 

contemporary dancer.  

 Last, the Final Intervention Study results did not demonstrate that CMJ quality 

improved in dancers who participated in the dynamic plié-30-Hz WBV frequency 

(p<0.30). The results were limited by lack of a practice session. It may have been an 

incorrect assumption that all professional contemporary dancers would consider the 1st 

position CMJ as equivalent to the 1st position sauté. Another possible effect is the use of 

the jump mat surface. Performing the jumps on a jump mat may have altered their jump 

quality, given the dancer has been found most challenged by somatosensory changes in 

prior research.1  

DISCUSSION AND SUMMARY RECOMMENDATIONS 

The following section will discuss the intervention of static or dynamic plié 

position and WBV frequency.  

Gender should be kept separate in WBV intervention studies, or a between gender 

analysis should be conducted, as there were gender differences in perceived exertion 

during WBV.  

Both the sustained, static plié, and the moving, dynamic plié may be useful 

movements to evaluate in future research. While the static plié position required more 

work as reflected by the RPE scores, the slight to moderate scores are reasonable among 

healthy young adults.   
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Future studies among healthy young adults should consider using frequencies 

closer to 35 Hz. While either the 35-Hz or 50-Hz frequency could be used, the most well-

tolerated frequency was the lower 35-Hz frequency.  

The combination of static or dynamic plié with the 35-Hz frequency or 50-Hz 

frequency may be used for comparison to a control group. All combinations of position 

and frequency were not significantly different from each other, therefore, any 

combination may be used.  

The dancer participant should stand on the WBV plate without holding the 

handles, when studying the effect of WBV on balance. The participants in the Final 

Intervention Study were required to hold the handles of the vibration plate, which may 

have altered the position of the body on the platform. The altered position of holding the 

handles may have prevented the participant from balancing as a response to WBV 

perturbation. The altered position of hanging onto the handles may have contributed to a 

decreased co-contraction of leg muscles or decreased participant attention to motor 

control.  

Future studies should consider the use of ratings of perceived exertion as an 

indicator of work during WBV conditions since perceived exertion is highly correlated to 

the work being done.2 There was no difference in perceived exertion between position-

frequency conditions in Study 1 and no differences in perceived exertion between 

position-frequency conditions in the Final Intervention Study in CMJ height. While the 

lack of change may bring into question the need to use a measure of perceived exertion, 

work and power are related constructs. Future studies using different conditions in the 
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study of CMJ height might look for a significant correlation between perceived exertion 

as a measure of work and jump height as a measure of power.  

The female professional contemporary dancer may be able to improve her 1st 

position sauté by maintaining the static 1st position plié for 75 seconds and should 

consider adding this type of training to her weekly regimen, without WBV.  This is an 

important and controversial discovery. The static plié could be considered a static stretch 

that lengthens the lower leg muscles. Instead, it may be position that provides postural 

feedback to the kinetic chain. The static plié may lend to improvement in muscle co-

contraction and activation. Future studies should consider testing muscle activation 

through EMG and postural sway via force plate during the 1st position static plié, and 

retest CMJ height, without the use of WBV.  

Female professional contemporary dancers should consider a one-time 75-second 

use of the 30-Hz, 2 to 4-mm amplitude WBV intervention, in 1st position plié, regardless 

of whether the plié is static or dynamic, to immediately improve static balance.  This may 

be beneficial to the dancer prior to performance, though may be cost-prohibitive. Future 

studies should consider use of affordable devices that provide the same frequency 

The following section will discuss CMJ assessment.  

Future research studies should have a single rater pick a high jump of good 

quality of three when analyzing CMJ in the female professional contemporary dancer 

through video analysis. While the results of Study 2 suggest there was good-to-excellent 

inter-rater reliability in the visual assessment of a high quality 1st position sauté among 

healthy young adults, there were research method differences between the Study 2 and 
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the Final Intervention Study. In Study 2, both testers rated the same jumps and chose a 

high quality CMJ and in the Final Intervention Study, the single high quality CMJ of the 

3 pre and of 3 post intervention CMJ was preselected by the primary researcher based on 

the protocol used in Study 2, and then the blinded, independent rater chose between one  

pre and one post intervention jump. The primary researcher did not choose between the 

pre and post jumps for inter-tester comparisons in the Final Intervention Study. There 

were participant performance differences between Study 2 and the Final Intervention 

Study. The raters had less difficulty choosing a high quality jump in Study 2 as most of 

the participants jumped with poor form in an attempt to jump higher. In the Final 

Intervention Study, the dancers jumped with the same method for all jumps, making the 

choice between high quality jumps difficult for the primary researcher, and the choice of 

a good quality jump difficult for the independent rater.  

The MCD of 1.93 inches can be used to assess improvements in CMJ height as 

there was excellent day-to-day reliability.  

Future studies should consider repeating inter-rater reliability testing when 

assessing a high jump of good quality among female professional contemporary dancers.  

Future research studies among healthy young adults can use two raters when 

assessing CMJ through video analysis. In Study 2, one rater was not a dancer and one 

was. As long as both raters agree on what constitutes a high quality jump, the use of 

video analysis can be done. Clinically, this is important, as video analysis is used to 

demonstrate to patients the effect of clinical intervention. When a patient has different 
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treating clinicians, dance training experience among clinicians would not matter as long 

as the clinicians agree on definitions of movement quality.  

Future studies can choose a single high quality jump, instead of averaging 2 trials. 

The clinician and researcher may be accustomed to averaging 3 trials as a standard 

protocol. The implication of this study is a time-saving methodology of looking at a 

video and picking the single high quality jump, instead of measuring the jumps and then 

mathematically averaging the jumps.  

Future research should consider testing isokinetic torque when considering 

changes in power among female professional contemporary dancers, because a 

significant correlation was found in Study 2, but not examined in the Final Intervention 

Study. The limitations to testing isokinetic strength among dancers is the testing 

environment and the cost of the equipment.  

Future studies should calculate the work the participant does in a static plié and in 

a dynamic plié, and the power demonstrated based on the CMJ height. Then the 

calculated power can be used to calculate the energy differential between what was 

potentially stored and what was demonstrated during the CMJ. It would be interesting to 

know if the increase in CMJ as a measure of power occurred simply because of a transfer 

of energy. When analyzed from a classical mechanics theory, the descent of a dynamic 

plié should have increased the constructive interference as the participant’s mass pushed 

down against the frequency that was pushing up from the vibration platform. In physics, 

potential energy becomes kinetic energy. In theory, the stored energy should have been 

greater, and the CMJ higher in the dynamic plié during WBV condition. The dancers may 
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have lost potential energy into bones while straightening the knees during dynamic plies 

if they placed their weight on their heels.  

The following section will discuss balance testing. 

The NSEBT needs protocol standardization. Because the dancers were allowed to 

move in multiple planes, most did out of a competitive nature, while some maintained the 

torso in a frontal plane. The improvement in all conditions in the post-intervention 

demonstrates the need for standardization. A Latin-square should be use to randomize 

testing order, to minimize contrast effects.  

CONCLUSION  

In conclusion, the results of these three studies combined into this dissertation 

resulted in new contributions to the body of knowledge in dance performance research.  

The contributions include that CMJ height can be improved by maintaining a static 1st 

position plié for 75 seconds, with or without WBV, and static balance can be improved 

with the use of a 75-second intervention of 30-Hz WBV, in either a static or dynamic 1st 

position plié. The value of the improvement in jump height and balance can be found in a 

statement by the International Association of Dance Medicine and Science:1 “A dancer 

who is able to jump higher, balance longer and create illusions such as floating may not 

necessarily be a better dancer, but she does have the advantage of a greater range of tools 

with which to produce the desired images of dance choreography.”  
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
(August 2002) 

 
SHORT LAST 7 DAYS TELEPHONE FORMAT 

 
For use with Young and Middle-aged Adults (15-69 years) 

 
The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 
questionnaires. Long (5 activity domains asked independently) and short (4 generic 
items) versions for use by either telephone or self-administered methods are 
available. The purpose of the questionnaires is to provide common instruments 
that can be used to obtain internationally comparable data on health–related 
physical activity. 
 
Background on IPAQ 
The development of an international measure for physical activity started in 
Geneva in 1998 and was followed by extensive reliability and validity testing 
undertaken across 12 countries (14 sites) during 2000.  The final results suggest 
that these measures have acceptable measurement properties for use in many 
settings and in different languages, and are suitable for national population-based 
prevalence studies of participation in physical activity. 
 
Using IPAQ  

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this 
will affect the psychometric properties of the instruments.  
 
Translation from English and Cultural Adaptation 
Translation from English is supported to facilitate worldwide use of IPAQ. 
Information on the availability of IPAQ in different languages can be obtained at  
www.ipaq.ki.se. If a new translation is undertaken we highly recommend using the 
prescribed back translation methods available on the IPAQ website. If possible 
please consider making your translated version of IPAQ available to others by 
contributing it to the IPAQ website. Further details on translation and cultural 
adaptation can be downloaded from the website. 
 
Data Entry and Coding  
Attached to the response categories for each question are suggested variable names 
and valid ranges to assist in data management and interviewer training. We 
recommend that the actual response provided by each respondent is recorded. For 
example,  “120 minutes” is recorded in the minutes response space.  “Two hours” 
should be recorded as  “2” in the hours column. A response of “one and a half 
hours” should be recorded as either “1” in hour column and “30” in minutes 
column. 
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Further Developments of IPAQ  
International collaboration on IPAQ is on-going and an International Physical 
Activity Prevalence Study is in progress. For further information see the IPAQ 
website.  
 
More Information 
More detailed information on the IPAQ process and the research methods used in 
the development of IPAQ instruments is available at www.ipaq.ki.se and Booth, 
M.L. (2000).  Assessment of Physical Activity: An International Perspective.  
Research Quarterly for Exercise and Sport, 71 (2): s114-20.  Other scientific 
publications and presentations on the use of IPAQ are summarized on the website. 
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Short Last 7 Days Telephone IPAQ 
 
READ:  I am going to ask you about the time you spent being physically active in the 
last 7 days. Please answer each question even if you do not consider yourself to be an 
active person.  Think about the activities you do at work, as part of your house and yard 
work, to get from place to place, and in your spare time for recreation, exercise or sport. 

  
READ:  Now, think about all the vigorous activities which take hard physical effort 
that you did in the last 7 days.  Vigorous activities make you breathe much harder 
than normal and may include heavy lifting, digging, aerobics, or fast bicycling.  
Think only about those physical activities that you did for at least 10 minutes at a 
time. 
 
1. During the last 7 days, on how many days did you do vigorous physical 

activities? 
 _____  Days per week [VDAY; Range 0-7, 8,9]       

  8. Don't Know/Not Sure   
  9. Refused 

 

 [Interviewer clarification: Think only about those physical activities that you do 
for at least 10 minutes at a time.] 

 
[Interviewer note: If respondent answers zero, refuses or does not know, skip to 
Question 3] 

 
2. How much time did you usually spend doing vigorous physical activities on one 

of those days?  
 __ __  Hours per day [VDHRS; Range: 0-16]  

 __ __ __ Minutes per day   [VDMIN; Range: 0-960, 998, 999]     
  998. Don't Know/Not Sure   
  999. Refused  

 
[Interviewer clarification: Think only about those physical activities you do for 
at least 10 minutes at a time.] 

 
[Interviewer probe: An average time for one of the days on which you do 
vigorous activity is being sought. If the respondent can't answer because the 
pattern of time spent varies widely from day to day, ask: "How much time in total 
would you spend over the last 7 days doing vigorous physical activities?”  

__ __  Hours per week [VWHRS; Range: 0-112]     
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   __ __ __ __Minutes per week [VWMIN; Range: 0-6720, 9998, 
9999]   

   9998. Don't Know/Not Sure   
   9999. Refused   

    
READ:  Now think about activities which take moderate physical effort that you did 
in the last 7 days.  Moderate physical activities make you breathe somewhat harder 
than normal and may include carrying light loads, bicycling at a regular pace, or 
doubles tennis.  Do not include walking.  Again, think about only those physical 
activities that you did for at least 10 minutes at a time. 
 
3. During the last 7 days, on how many days did you do moderate physical 

activities? 
 ____ Days per week     [MDAY; Range: 0-7, 8, 9]       

  8. Don't Know/Not Sure   
  9. Refused  

   
[Interviewer clarification: Think only about those physical activities that you do 
for at least 10 minutes at a time] 

 
[Interviewer Note: If respondent answers zero, refuses or does not know, skip to 
Question 5] 

 
4. How much time did you usually spend doing moderate physical activities on one 

of those days? 
 __ __ Hours per day  [MDHRS; Range: 0-16]       
 __ __ __ Minutes per day     [MDMIN; Range: 0-960, 998, 999]    

998. Don't Know/Not Sure   
  999. Refused   

 
[Interviewer clarification: Think only about those physical activities that you do 
for at least 10 minutes at a time.] 

 
[Interviewer probe: An average time for one of the days on which you do 
moderate activity is being sought. If the respondent can't answer because the 
pattern of time spent varies widely from day to day, or includes time spent in 
multiple jobs, ask: “What is the total amount of time you spent over the last 7 
days doing moderate physical activities?” 

__ __ __  Hours per week   [MWHRS; Range: 0-112]   
__ __ __ __Minutes per week   [MWMIN; Range: 0-6720, 9998, 9999] 
9998. Don't Know/Not Sure   

   9999. Refused 
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READ:  Now think about the time you spent walking in the last 7 days.  This includes at 
work and at home, walking to travel from place to place, and any other walking that you 
might do solely for recreation, sport, exercise, or leisure. 

 
5. During the last 7 days, on how many days did you walk for at least 10 minutes at 

a time? 
____ Days per week  [WDAY; Range: 0-7, 8, 9]      
8. Don't Know/Not Sure   

  9. Refused   
  
[Interviewer clarification: Think only about the walking that you do for at least 
10 minutes at a time.] 

 
[Interviewer Note: If respondent answers zero, refuses or does not know, skip to 
Question 7] 

 
 6. How much time did you usually spend walking on one of those days? 
 __ __  Hours per day   [WDHRS; Range: 0-16]        

 __ __ __  Minutes per day [WDMIN; Range: 0-960, 998, 999]      
998. Don't Know/Not Sure   

  999. Refused 
  

[Interviewer probe: An average time for one of the days on which you walk is 
being sought.  If the respondent can't answer because the pattern of time spent 
varies widely from day to day, ask: “What is the total amount of time you spent 
walking over the last 7 days?” 

 
__ __ __   Hours per week [WWHRS; Range: 0-112]     
__ __ __ __Minutes per week [WWMIN; Range: 0-6720, 9998, 9999]   
9998. Don't Know/Not Sure   

   9999. Refused 
 
READ: Now think about the time you spent sitting on week days during the last 7 days.  
Include time spent at work, at home, while doing course work, and during leisure time.  
This may include time spent sitting at a desk, visiting friends, reading or sitting or lying 
down to watch television. 

 
7. During the last 7 days, how much time did you usually spend sitting on a week 

day?  
   __ __  Hours per weekday [SDHRS; 0-16]                      
   

    __ __ __ Minutes per weekday    [SDMIN; Range: 0-960, 998, 999]   
998. Don't Know/Not Sure   
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 999. Refused 
                                                                                           

[Interviewer clarification: Include time spent lying down (awake) as well as 
sitting] 

 
[Interviewer probe: An average time per day spent sitting is being sought.  If the 
respondent can't answer because the pattern of time spent varies widely from day 
to day, ask: “What is the total amount of time you spent sitting last Wednesday?” 

__ __  Hours on Wednesday [SWHRS; Range 0-16]     
__ __ __   Minutes on Wednesday [SWMIN; Range: 0-960, 998, 999]    
998. Don't Know/Not Sure   

   999. Refused 
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