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Lower extremity and injury 1

Abstract 1 

Dancers often perform powerful and explosive movements that require adequate lower 2 

extremity(LE) activity in horizontal and vertical directions. We examined if these measures were 3 

interrelated and whether they predicted LE injury status in dancers using binary logistic 4 

regressions and Receiver Operator Characteristic(ROC) curve analyses. Forty-three collegiate 5 

female dancers(18+0.7yrs; 162.6+5.9cm; 59.4+7.1kg) performed Single Leg Hop(SLH,m), and 6 

Vertical Jump(VJ,cm) tests. SLH and VJ distances were used to calculate SLH_norm (as a % of 7 

body height) and Vertical Power(vPower,watts). LE injuries and dance exposure hours(DEhr) 8 

were recorded for 16 weeks. Dancers had 51 injuries resulting in a 3.7/1000 DEhr injury 9 

incidence rate(95% CI:2.7-4.7). 20 dancers were injured, while 23 remained injury-free. Injured 10 

dancers had significantly lower SLH_norm than non-injured dancers(t=2.7, p=.009, 85.2+11.2% 11 

vs. 76.8+8.4% respectively), but vPower was similar(t=0.6,p=.53, injured=2632.0+442.9 watts, 12 

non-injured=2722.7+480.0 watts). SLH_norm, but not vPower significantly predicted injury 13 

status χ2(1,43)=5.9, p=.02. Specifically, a SLH_norm cut-off value of 78.2% identified dancers at 14 

injury risk(AUC=.73, SE=.08, p=.01, 95%CI=.57-.89, Sensitivity=.75, Specificity=.70). 15 

However, vPower was not able to identify dancers at risk(p=.36). vPower had moderate 16 

relationships with SLH_norm(r=.31, p=.04). Compared to injured dancers, non-injured dancers 17 

had greater SLH_norm but similar vPower. Only SLH_norm predicted injury status in female 18 

collegiate dancers. Thus, the SLH test may possibly predict LE injury risk in dancers. Strength 19 

and conditioning coaches can prospectively use baseline SLH test screenings to identify dancers 20 

whose SLH is less than 78.2% of their height as these dancers may have increased probability of 21 

LE injury risk. Coaches can then include horizontal direction exercises when designing training 22 

programs and examine if these programs reduce LE injury risk in female collegiate dancers.  23 
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Lower extremity and injury 2

Key Words: Fitness Screening, Lower Body Performance, Hops, Vertical Jumps 24 

 25 

INTRODUCTION 26 

Dancing is a physically challenging activity (3), with the majority of all dance related 27 

musculoskeletal injuries being lower extremity (LE) injuries (4,19,25,35) . Jumping and landing 28 

are associated with LE injury (34), and dancers regularly perform these explosive vertical and 29 

horizontal jumping and hopping motions when dancing (32,41). These motions are one of the 30 

main reported causes of injury in dancers (1,26). Specifically, Allen et al. (1) reported that after 31 

the ‘cannot recall’ or ‘other’ mechanism of injury in ballet dancers, jumps accounted for the 32 

largest proportion of injury mechanisms. Dancers thus need adequate LE performance and power 33 

to dance successfully without getting injured. 34 

While reduced LE muscle power has been previously associated with increased injuries 35 

in contemporary dancers (4,25), these studies relied on self-reported injuries. Similarly, while 36 

some researchers (40) found that increases in LE strength and power resulted in reduced injury 37 

incidence, others (37) noted that that LE power could not predict injury in ballet dancers. 38 

Generally, the current published literature examining relationships between LE strength and 39 

power and injury incidence in dancers has methodological limitations and is inconclusive about 40 

the relationships among these factors. 41 

LE-intensive power requiring activities like horizontal and vertical hop and jump motions 42 

are common in dance. While the body uses similar LE muscles (e.g. gluteal, hamstrings, 43 

quadriceps, triceps surae muscles) to perform these motions (7,13), the majority of published 44 

screening protocols in dance have focused on vertical direction (vertical jump tests, hop tests) 45 

(26,29,39) and not horizontal direction tests (e.g. triple hop tests) (21). Horizontal and vertical 46 
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Lower extremity and injury 3

LE performance measures are positively correlated (16), and lower body muscle function 47 

measures can influence sprint performance in athletes (33). However, whether a similar 48 

relationship exists in dancers is still unclear. Overall, little published evidence exists examining 49 

potential interrelationships between LE horizontal and vertical performance and the influence of 50 

these measures on LE injury in dancers. Understanding these relationships would help strength 51 

and conditioning coaches choose appropriate exercises to include in training programs to 52 

improve their clients’ performance and reduce their LE injury risk. 53 

Thus, the primary aim of the present study was to examine whether there were 54 

differences in LE horizontal single leg hop distance and vertical power between injured and non-55 

injured dancers, and if these variables could predict injury status in female collegiate dancers. 56 

The secondary aim was to examine whether horizontal hop distance and vPower were related in 57 

female collegiate dancers.  58 

 59 

METHODS 60 

Experimental Approach to the problem 61 

We used a prospective study design to examine horizontal hop distance (using the single 62 

leg hop test) and vertical power (using the vertical jump test) in female collegiate dancers. The 63 

tests were performed in a single session. An in-house certified athletic trainer recorded LE 64 

injuries and dance exposures over 16 weeks. The local university Institutional Review Board 65 

approved the study, and all participants gave their written, informed consent before taking part in 66 

the study. 67 

68 
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Lower extremity and injury 4

Participants 69 

Forty-three collegiate female dancers (age = 18 + 0.7 years; height = 162.6 + 5.9 cm; 70 

mass = 59.4 + 7.1 kg, dance experience = 12.7 + 3.8 years) participated in the study. All 71 

participants were dance majors in a program that emphasizes modern dance but all dancers had 72 

prior experience in other dance styles including, but not limited to ballet, jazz, and hip-hop 73 

dance. Participants danced 25.6 + 5.6 hours weekly (including dance classes, rehearsals, and 74 

performances). The dancers’ anthropometric data were collected; age was recorded to nearest 75 

whole year, height was measured to the nearest millimeter using a Seca 216 Stadiometer, (Scale 76 

Co. Inc, Brooklyn, NY) and body mass to the nearest 0.1kg using a digital scale (Precision 77 

Digital Bathroom Scale, HealthTools LLC, Mahwah, NJ).  We ensured that the dancers were 78 

healthy and had no issues that would impair their ability to perform the tests.  79 

Injury and Dance Exposure 80 

Injuries were defined based on prior recommendations for surveillance of dance injuries 81 

as ‘any physical complaint sustained by a dancer resulting from company (sic) performance, 82 

rehearsal, or technique class and resulting in a dancer injury report and triage, irrespective of 83 

the need for medical attention or time-loss from dance activities’ (9). Dance exposure (DEhr) 84 

was calculated using estimations based on academic class times, rehearsal and choreography 85 

times, and performance schedules. Specifically, 1 DEhr was defined as participation in 1 hour of 86 

dance (including class, rehearsals, performances, choreography).  All injury data were recorded 87 

over a 16-week time period. While the anatomical locations of all injuries were recorded, the 88 

present study only reports LE injuries (toes-foot, ankle-lower leg, knee, and hip-thigh). Injury 89 

incidence was calculated as the number of injuries per 1,000 DEhr with 95% confidence 90 

intervals (CI) (2). 91 
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Lower extremity and injury 5

Single Leg Hops  92 

Single Leg Hops (SLH) horizontal performance was measured using the SLH test as 93 

described in previous literature (30). Dancers first stood on one leg with their big toe at a marked 94 

starting line. They carried out a single hop, covering as much distance as possible horizontally, 95 

and landed on the same leg. SLH distance (m) was measured from the starting line to the 96 

participants’ heel (30). Dancers’ arms were unconstrained during the hop. The trial was repeated 97 

if (1) the dancer’s contralateral foot touched the floor, (2) the dancer lost balance, or (3) the 98 

dancer took additional hops after the single hop. Dancers performed 3 successful trials on each 99 

leg, alternating between sides to prevent fatigue. Then we normalized the hop distance to the 100 

dancers’ height (SLH_norm, % height) to reduce the effects of inter-individual anthropometric 101 

variations. The mean of the greatest left and right leg distances were used for calculating 102 

SLH_norm. 103 

vPower  104 

vPower was calculated using the vertical jump (VJ) test (27). Standing on a Just Jump 105 

Mat (Probotics, Huntsville, AL), participants began in an upright posture with their feet shoulder 106 

width apart and arms above their head before moving to a semi-squat position. Then, they swung 107 

their arms forward above their head as they jumped straight up into the air landing on both feet. 108 

Via microswitches embedded in the mat, time in the air is measured and from this measure, the 109 

system calculates the vertical jump height using the formula: height of body center of gravity = 110 

(t2 x g)/8, where g = 9.81 m·s-2 and t is air time in seconds (27). Participants performed three 111 

vertical jumps (cm) and the mean was calculated.  vPower (watts) was calculated using a 112 

previously published  equation (20) that accounts for participants’ body mass  and height to 113 
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reduce the effects of individual anthropometric variation. The equation is vPower (watts) = 78.5 114 

x VJ (cm) + 60.6 x body mass (kg) – 15.3 x height (cm) – 1308. 115 

 116 

Statistical Analyses 117 

To examine the primary aim of the present study, an independent samples t-test was used 118 

to compare differences between injured vs. non-injured dancers, a binary logistic regression was 119 

used to examine if SLH_norm and vPower could predict injury status, and Receiver Operator 120 

Characteristic (ROC) curve analyses to identify the measures associated with an elevated injury 121 

risk and established cut-off point at the score that maximized sensitivity and specificity. To test 122 

the secondary aim, we used a Pearson-product-moment-correlation to examine the relationship 123 

between SLH_norm and vPower. An 0.05 a priori alpha level was set for all tests, and the 124 

PASW 24.0 software (IBM Corp, Armonk, NY) was used to conduct all analyses. 125 

 126 

RESULTS 127 

Over the study period there were 13,760 dance exposures. Twenty-three dancers 128 

remained injury-free and 20 dancers were injured during the study time. We recorded 51 injuries 129 

resulting in an overall 3.7/1000 DEhr injury incidence rate (95% CI: 2.7-4.7) or 1.19 + 1.53 130 

injuries/dancer. The types, locations, and nature of lower extremity injuries in female collegiate 131 

dancers are presented in Table 1. 132 

Table 1 approximately here 133 

Injured dancers had significantly lower SLH_norm than non-injured dancers (t=2.7, 134 

p=.009), but there was no significant difference in vPower between the groups (t=0.6, p=.53) 135 

(Table 2).  136 
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Table 2 approximately here 137 

The regression model reported that SLH_norm, but not vPower, significantly predicted 138 

injury incidence status χ2(1,43) = 5.9, p = .015, Nagelkerke r2 = .21. It correctly classified 70% 139 

of those who were not injured and 70% of those who were injured for an overall 70% success 140 

rate. 141 

Similarly, the ROC curve analysis (Figure 1) revealed that SLH_norm was able to 142 

identify dancers at injury risk (AUC = .73, SE = .08, p = .01, 95% CI = .57 - .89). The cut-off 143 

point that maximized sensitivity (0.75) and specificity (.70) was SLH_norm = 78.2% height. 144 

This SLH_norm value accurately identified 15 of the 20 dancers that were injured and 17 of the 145 

23 dancers that remained injury-free. (Table 3). 146 

Figure 1 and Table 3 approximately here 147 

vPower was not able to identify dancers at injury risk (AUC = .58, SE = .09, p = .36, 95% 148 

CI = .41-.76). 149 

The secondary aim to examine the relationship between SLH_norm and vPower reported 150 

a moderate relationship (r=.31, p<.04).  151 

 152 

DISCUSSION 153 

Dancers regularly perform hops and jumps within class, rehearsal and performance (41). 154 

These motions account as one of the main reported causes of injury in dancers (1,26). The injury 155 

incidence data from the present study (3.7/1000 dance hour exposures) are somewhat at the 156 

higher range of the injury incidence rates previously noted in dancers (range 0.18-4.6/1000 hours 157 

of dance exposure), though the incidence per dancer (1.19 + 1.53 injuries) is similar to that 158 

previously reported (1,2,10,14). It is important to note that the surveillance period in the present 159 
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study was shorter (16 weeks) compared to the annual surveillance periods in the majority of 160 

previous studies. Recognizing that there is a general consensus that a majority of injuries in 161 

dance are to the LE (4,19,25,35), we note that in that the present study we only reported LE 162 

injuries, excluding other injuries. If we had included all injuries, the injury incidence as 163 

expressed per 1000hrs or per dancer may have been different. 164 

A possible reason for the findings of higher LE injury incident rates could be the more 165 

inclusive definition of injury in the present study. Specifically, both time loss and non-time loss 166 

injuries were included in the analyses, whilst previous studies have only included time loss 167 

injuries thereby reducing the overall recorded injuries in these previous studies. When examining 168 

injury rates in dancers, it is important to include all instances where dancers seek medical 169 

attention. This is because studying these records will allow for a more precise calculation of the 170 

actual medical needs, and the subsequent burden of injury in dancers. The use of a time loss only 171 

definition may underestimate the total injuries requiring medical attention and not account for 172 

dancers who can still participate in dance class, rehearsal or performance while having an injury 173 

that is receiving treatment but does not completely stop them from dancing.  174 

The dance exposures in the current study period included dance technique and 175 

choreographic workshops. Allen et al. (1) reported a greater injury incidence during class and 176 

rehearsal phases than during performance periods, which is the opposite of that generally 177 

reported in sport settings (11,17). This is mainly because in dance, the technique and 178 

choreographic classes are where new movements are explored and practiced, thus dancers likely 179 

have a higher element of risk during these exposures. Dance performance on the other hand is 180 

the presentation of learned movements within a closed environment that therefore has a lower 181 

element of injury risk.   182 
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The link between LE muscle function and injury incidence has been somewhat previously 183 

demonstrated in dance, with stronger dancers having a lower injury incidence than their weaker 184 

counterparts (25,40), therefore LE horizontal and vertical direction performance are useful 185 

variables to monitor in this population. Within the current study, there was no statistical 186 

difference in vertical power between the injured and non-injured dancers. However injured 187 

dancers produced significantly less SLH_norm distances than their non-injured counterparts. The 188 

regression analysis model highlighted this finding by correctly classifying 70% of those who 189 

were injured.  190 

Previous published data have also highlighted the benefits of horizontal hop tests as an 191 

indicator of underlying pathology or recovery success. For example, Witchalls et al.(38) noted 192 

the test could differentiate between those with and without ankle ligamentous instability and 193 

Logerstedt et al.(30) used the test to predict successful outcomes 6-months post Anterior 194 

Cruciate Ligament reconstruction. In contrast, vPower (vertical jump height) could not predict 195 

LE injury status in the present study, while others (4) have found it associated with injury 196 

incidence. It must be noted that the protocols differed slightly between our study and this 197 

previous report. Specifically, Angioi et al.(4) relied on self-report injuries. Also, in their project 198 

for the vertical jump dancers did not use their arms, and started and finished the vertical jump in 199 

first position of ballet (i.e. heels together and legs externally rotated). Overall, these 200 

methodological differences may have partially influenced the contrasts between our findings and 201 

those noted by Angioi et al.  202 

In a recent systematic review of functional performance tests (e.g. hop tests, vertical 203 

jumps) for knee function and their relationship with injury, Hegedus et al.(18) found little 204 

published research examining the relationships of SLH or VJ tests and their ability to predict 205 
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knee injury risk.  In contrast, the ROC analyses revealed a single leg hops cut-off point of 78.2% 206 

of the dancers’ own height with 75% sensitivity and 70% specificity.  207 

Secondary calculation of likelihood ratios (31) also revealed the negative likelihood ratio 208 

[(1-sensitivity)/ specificity] was 0.83. As per McGee, (31) the practical implication of this 209 

number is negligible. However, the positive likelihood ratio [sensitivity/(1-specificity)] was 2.5. 210 

The practical implication of this finding is that for individuals who jump less than 78.2% of their 211 

height in single leg hop distances at baseline, their probability to have the outcome (i.e. LE 212 

injury over a 16-week time-frame in this study) would increase 15-20%. Overall, there seems to 213 

be some predictive value of lesser single leg hop distances in determining lower body injury risk 214 

in dancers. 215 

Thus, overall our findings lend support to the use of the SLH test as a possible screening 216 

test for LE injury risk assessment. Specifically, strength and conditioning coaches should 217 

identify on their clients who jump less than 78.2% of their height in single leg hop distances 218 

when conducting baseline physical fitness assessments or screenings and then include horizontal 219 

direction exercises when designing training programs to examine if these programs reduce LE 220 

injury risk in female collegiate dancers. Still, given our preliminary finding, there still remains a 221 

need for additional prospective longitudinal studies to determine if LE horizontal hop and power 222 

tests can actually predict LE injury risk in dancers and other physically active populations.  223 

In the current study, we used the SLH and VJ tests to measure LE horizontal and vertical 224 

performance respectively as they are reliable, with low measurement errors and can be easily 225 

administered with minimal training and equipment (8,22,30). The SLH values (SLH distances: 226 

1.26 + .15 m) noted in the current study are comparable to those in prior reports in athletic 227 

females (1.3 + 0.2 m) (23). The dancers’ mean VJ height (36.6 + 5.22 cm) noted in this study are 228 
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slightly higher than previously reported measures in athletic females (29.9 + 7.1 cm) (23) and 229 

female collegiate dancers (around 33 cm) (12). It has been previously reported that SLH 230 

distances and vPower are strongly correlated in athletic populations (r range = .70 –to –.94) 231 

(15,16) as both tests use similar muscles (7) though the current study showed a weaker 232 

relationship (r=.31). This finding could be partially explained by the differing test requirements.  233 

The VJ requires muscle activity to drive the body vertically upward (6,12,23). 234 

Conversely, the SLH requires muscle activity to drive the body anteriorly in the horizontal 235 

direction with a hop (23). Thus, despite similar muscles being used by the body for both tasks, 236 

muscle activation onsets and amplitude levels likely differed between the tests. Prior researchers 237 

(23) have noted that despite similar muscles being used by the body for both horizontal and 238 

vertical LE tasks, muscle activation onsets and amplitude levels likely differs between these 239 

tasks. Other researchers (36) also report that vertical jump and horizontal hop tests do not 240 

measure the same functional components, and thus suggest that both vertical jump and horizontal 241 

hop tests should be paired to comprehensively assess LE functional performance.  242 

Taken together with previous reports, the practical application of our findings is that 243 

strength and conditioning coaches should use horizontal direction hop tests when screening 244 

dancers.  Still, the correlations we noted between vertical and horizontal LE measures suggest 245 

that these tests measure related but different components of LE function, and researchers should 246 

further examine these relationships. Coaches should also include horizontal direction exercises 247 

when designing training programs to study if these can reduce dancers’ LE injury risk.  248 

The current study has some limitations including the lack of generalizability of the results 249 

outside of the current participant group. While SLH_norm significantly predicted LE injury 250 

status in this relatively short study period (16 weeks), further studies are required over longer 251 
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time periods. Also, the equation we used in the study to calculate VJ peak power has an r2 value 252 

of .91 (20) and so there is some unexplained variance not accounted for by this equation. Still 253 

given that the equation does explain over 90% of the variance in power, we feel reasonably 254 

confident that the equation generally represents vertical power. While we used the SLH and VJ 255 

tests in the current study, we do acknowledge other LE functional tests (e.g. triple hops for 256 

distance, crossover hops) exist in the published literature. For example, medial hops have been 257 

reported to be able to distinguish between painful and normal hips in dancers (21). Moreover, 258 

though our participants performed the SLH (30)  and VJ (27) as per directions in prior work, 259 

dancers performed the SLH on one foot and the VJ on two legs, which may have possibly 260 

influenced our overall results. Overall, future investigators should examine which LE tests are 261 

applicable in terms of predicting performance and injury risk in a range of dance genres and 262 

across other physically active populations. Understanding these relationships better may help 263 

strength and conditioning practitioners to design training programs to improve performance and 264 

decrease injury risk.  265 

Further, although all dancers included were healthy at time of testing and had no issues 266 

that impaired their ability to perform the tests, whether any previous injuries may have altered 267 

their physical performance and may possibly influence their subsequent injury risk needs further 268 

study. While dancers’ participation in training programs can improve dance performance 269 

(5,24,37), and implementing on-site medical care in a modern dance company can reduce 270 

workers compensation cases (10), there is still a lack of epidemiological, screening, and 271 

intervention studies in dancers. Thus, if targeted prospective strength and conditioning exercise 272 

programs that include LE horizontal training enhance performance and reduce injury incidence 273 

in dancers remains unclear. Combining our findings with prior research also highlights the 274 
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challenges described previously (28) of arriving to a general consensus for injury incidence 275 

recording methodologies in dancers.  276 

Overall, injured dancers had significantly lesser horizontal lower extremity SLH distances 277 

than non-injured dancers, but there was no difference between the two groups in vertical power. 278 

Lower extremity single leg hop distance was able to predict injury risk in collegiate dancers. 279 

Thus, the SLH test may be a good baseline screening test for LE injury risk assessment. 280 

Intervention training studies need to be implemented to see if targeted LE training programs that 281 

also include horizontal movement exercise can decrease LE injury risk in dancers and other 282 

physically active populations.  283 

 284 

PRACTICAL APPLICATIONS  285 

 Lower extremity horizontal single leg hop distance was able to predict injury risk in 286 

collegiate dancers. Overall, the SLH test may be a good screening test for LE injury risk in 287 

dancers. Specifically, strength and conditioning coaches can prospectively use baseline SLH test 288 

screenings to identify their dancers whose single hop distance is less than 78.2% of their height 289 

as these dancers may have increased probability of LE injury risk. Coaches can then include 290 

horizontal direction exercises when designing training programs and examine if taking part in 291 

these programs reduce LE injury risk in female collegiate dancers.  292 

 293 
 294 

 295 

  296 
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 405 
 FIGURES 406 

Figure 1: ROC curve Analysis of Lower Extremity Single Leg Hop Distance (SLH_norm, % 407 

height) and Lower Extremity Injury Occurrence in Female Collegiate Dancers (N = 43) 408 

 409 

Note: Area Under the Curve AUC = .73, SE = .08, p = .01, 95% Confidence Interval (CI) = .57 - 410 

.89 411 

 412 
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Table 1:  Type, Location, and Nature of Lower Extremity Injuries in Female Collegiate Dancers 

    

 
Frequency 

 
Percent 

 
 
Type of Injury 

Sprain 11 21.6 
Strain 11 21.6 
Tendinitis 8 15.7 
Contusion 3 5.9 
Bursitis 1 2 
Chondromalacia 2 3.9 
Spur 2 3.9 
Other 4 7.8 
Plantar Fasciitis 1 2 
Inflammation 6 11.8 
Friction Syndrome 2 3.9 

Location of 
Injury 

Toes-Foot 10 19.6 
Ankle-Lower Leg 15 29.4 
Knee 8 15.7 
Hip-Thigh 18 35.3 

Nature of 
Injury 

Acute 14 27.5 
Chronic 37 72.5 

 
Total 
   

51 
 

100 
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Table 2: Single Leg Hop (SLH) and Vertical Jump (VJ) Test Measures of the Non-Injured (n = 

23), Injured (n = 20) and Combined (N = 43) Female Collegiate Dancers (M + SD)  

 

 

Test 

 

Non-Injured 

 

Injured  

 

Combined  

 

SLH Raw Distances (m) 

 

1.33 + .17 

 

1.19 + .13 

 

1.26 + .15 

 

SLH_norm (% height) 85.2 + 11.2 76.8 +8.4  81.3 + 10.7 

 

VJ Height (cm) 36.21 + 6.1 37.06 + 4.34 36.64 + 5.22 

 

vPower (watts) 2722.7 + 480.0  2632.0 + 442.9 2686.2 + 463.9  
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Table 3: Single Leg Hop Distances (SLH_norm, % height)* Cut-off score and Lower Extremity 

Injury Occurrence in Female Collegiate Dancers (N=43) 2 x 2 Table 

 

SLH_norm  

 

Non-Injured (n) 

 

Injured  (n) 

 

Greater than 78.2%  

 

17 

 

5 

Lesser than 78.2%  6 15 

 

Totals 

 

23 

 

20 

 
* Note: SLH_norm = Single Leg Hop Distance/ Participant Height  
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