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Abstract 

Introduction: Neuromuscular warm-up programs, such as FIFA 11+ were developed as early as 

2006. These programs have been effective in reducing the risk of injury in female athletes by 

decreasing the moments surrounding the knee and improving neuromuscular control during static 

and dynamic movements such as jumping and landing. In addition, they have been effective for 

improving jump height in soccer, volleyball, and basketball. 

Methods: The effects of the 11+ Dance, a dance-specific neuromuscular warm-up program, was 

examined on jump height and lower extremity biomechanics during bilateral and single leg 

countermovement jumps in recreational dancers. Twenty female adolescents from two dance 

schools participated in this two-centered 8-week controlled non-randomized trial. The intervention 

group (IG) performed the 11+ Dance program 3x/week for 8-weeks during the first 30-min of their 

regularly scheduled dance classes. The control group (CG) continued with their regular dance 

classes routine. Ground reaction force and motion capture data were used to assess jump height 

and lower extremity biomechanics pre and post intervention 

Results: Both groups statistically increased their jump height (CG: Z=1.89-2.45, p≤0.0167; IG: 

Z=2.18-2.76, p≤0.0167). However, no statistical between group differences were observed 

(Z=0.38-1.22, p>0.05). During takeoff, the IG statistically reduced peak knee extension moments 

(t(18)=-3.04 to -3.77, p≤0.0167) while increasing peak hip extension moments (t(18)=2.16-2.79, 

p≤0.05) and peak hip flexion angles (t(18)=2.68-3.72, p≤0.0167) compared to the CG. The IG also 

increased the hip flexion angles compared to the CG during landing (t(18)=2.78-5.13, p≤0.0167) 

while no systematic differences were observed in all other variables of lower extremity 

biomechanics. 

https://t(18)=2.78-5.13
https://t(18)=2.68-3.72
https://t(18)=2.16-2.79
https://t(18)=-3.04
https://Z=0.38-1.22
https://Z=2.18-2.76
https://Z=1.89-2.45
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Conclusion: The reduced joint load at the knee observed during takeoff needs further 

investigation. Neuromuscular training, such as the 11+Dance, is supported by numerous quality 

research. Due to its simplicity, the 11+ Dance may be feasible and beneficial to complement 

regular warm-ups in recreational dance practice. 

Keywords: 

Warm-up, lower extremity, ballet 

Key Points: 

- The 11+ Dance intervention group and the control group improved their jump height at the 

end of the study without statistical between group differences. 

- The 11+ Dance intervention group reduced knee moments and increased hip moments 

during takeoff compared to the control group. 

- When the 11+ Dance is performed twice per week for eight weeks, it may induce 

physiological adaptations resulting in prophylactic effects on overuse injuries. However, 

further investigations are required. 
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Introduction 

Dance, particularly ballet, is one of the most popular1-3 forms of physical activity undertaken by 

female adolescents.4 Recent studies in Alberta, Canada, report dance as the number one preferred 

sport for ages 14-19 followed by basketball and badminton.5 Dancers require a unique blend of 

physical and artistic skills achieved through years of rigorous training, with training loads and 

intensity increasing with age.6-8 Dance is a jump-intensive activity with jumping and landing tasks 

forming a large component of a dancer’s movement repertoire.9 Due to the aesthetic nature of 

performance, anecdotal evidence reports that 50% of these jumps are executed via single-leg 

landings, with some of the larger jumps (e.g., grande jeté) creating forces at the knee exceeding 

twelve times the dancer’s body weight.10 The repetitive nature of dance training, particularly the 

large jumping volume, may contribute to the high prevalence of musculoskeletal injuries in 

professional ballet dancers.11, 12 Subsequently, 70-80% of pre-professional dancers sustain an 

injury per year.6-8 Most of these injuries are classified as overuse and occur in the lower extremity.3, 

6, 8 

Numerous studies on female athletes report a link between increased risk of lower extremity injury 

and inappropriate pattern of lower extremity moments and angles during jumping tasks.13-16 The 

moment of a force is a measure of its tendency to cause a body to rotate about a specific point or 

axis.17 For instance, increased knee abduction moments and knee valgus angles as well as reduced 

activation of hip muscles has been associated with an increased risk of acute knee injuries.16, 18 

Additionally, the moments occurring at the knee have a large contribution to patellar tendon strains 

influencing the risk of overuse injuries.19 Although previous research largely focused on the knee 

moments during landing, recent literature suggests that patellar tendon strains are similar in 

magnitude during takeoff and landing suggesting that both movement phases contribute to the risk 

of overuse injuries.19 A recent study proposed that a hip dominant neuromuscular training could 

https://injuries.19
https://injuries.19
https://injuries.16
https://dancers.11
https://weight.10
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be used to increase moments at the hip while reducing the moments occurring at the knee.20 This 

mechanism could facilitate a reduction in the risk of injuries, while improving jump performance.20 

Collectively, the results suggest that the risk of acute and overuse injuries can be reduced by 

altering the angles and moments of the knee and hip joints. As injury prevention and optimizing 

performance are key considerations in both athletics and dance, dancers may benefit from an injury 

prevention exercise program that has been successfully implemented in other sports. 

Neuromuscular training programs have been effective for improving performance measures, such 

as jump height, and lower-extremity landing biomechanics in young female athletes.21-24 

Neuromuscular training can be broadly described as multifaceted exercise programs that combine 

strength, balance and proprioception, resistance training, agility,22 plyometrics, and sport-specific 

exercises.25 Neuromuscular training interventions such as FIFA 11+ and FIFA 11+ Kids, were 

developed for adult26 and youth23 team sport populations. These programs are accessible for all 

ages, time efficient and do not require access to equipment or specific training facilities. The 11+ 

Dance has recently been adapted for pre-professional dancers,27 however, to the authors’ 

knowledge, there is currently no literature regarding the effect of a neuromuscular training in 

female adolescent recreational dancers. There is no clear definition for the term recreational 

dancers in the literature, but they can be defined as all individuals who do not participate in the 

pre-professional dance program in order to pursuit a professional dance career. Therefore, the aim 

of this study was to explore the effect of the 11+ Dance on jump height together with takeoff and 

landing biomechanics in female adolescent recreational dancers. 

https://exercises.25
https://performance.20
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Materials and Methods 

Participants 

School and participant selection were based on a convenience sampling method. Twenty-two 

female adolescent recreational ballet dancers from two local dance schools participated in this two-

centered non-randomized controlled pilot trial. Participants from one dance school (n=10) were 

assigned to the intervention group (IG). Individuals from a second dance school (n=12) were 

assigned to the control group (CG). Prior to participation, all dancers and their guardians provided 

written informed consent and assent in accordance with the University of Calgary’s Conjoint 

Research Ethics Board policy (REB17-2446). 

Dancers were eligible to participate in this study if they were between 14 to 17 years old. For both 

groups, this age range coincided with an Intermediate level of ballet and modern. For consistency 

in training level and load, both groups followed the Intermediate Imperial Society of Teachers of 

Dancing (ISTD) syllabus for ballet with three 1.5-hour classes of ballet per week. In addition, both 

groups participated in two 1-hour modern or jazz classes. Total dance hours per week were 5.5 

hours. Individuals had to be free from injury or pain for at least three months prior to testing and 

were able to execute any type of physical activity based on the evaluation of the PARQ+.28 

Procedures and data acquisition 

All participants attended two testing sessions in the laboratory to assess takeoff and landing phases 

of bilateral countermovement jumps (CMJ) and single leg countermovement jumps (SLCMJ). 

Height and body mass for all participants were measured prior to each testing. The first testing was 

conducted one week prior to the first training session. The second testing was performed 

approximately four days following the final training session. Following the anthropometric 

https://PARQ+.28
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measurements, each participant completed a 5-minute, supervised, and instructed dynamic warm-

up, focusing on light cardiovascular exercises and dynamic stretches targeting the large muscles 

(e.g., quadriceps, hamstrings, gastrocnemius) of the lower body.8 After the warm-up, 40 retro-

reflective skin-mounted markers were attached bilaterally on the following anatomical landmarks: 

1st, 2nd and 5th metatarsals, calcaneus, medial and lateral malleoli, shank, medial and lateral femoral 

epicondyle, thigh, greater trochanter, anterior superior iliac spine, and posterior superior iliac 

spine. Position data of a static neutral trial were recorded to determine the joint centers. 

Subsequently, the joint center markers were removed for the jump testing. 

Countermovement Jump 

Pre and post intervention, all dancers performed the same sequence of three CMJs and three 

SLCMJs with their right and left leg. For all the jumps, individuals were instructed to stand upright, 

with their feet hip width apart, and keep their hands on their hips throughout the jump. They then 

performed a squat to a self-selected depth that was followed by a fast-upward vertical movement. 

The participants were instructed to perform a maximum jump, land on the force plate while 

minimizing horizontal displacement, and maintain the position until further instructed.8 

Between each trial and jumping task, a rest period of 30 and 120 seconds was provided, 

respectively, to reduce any effects of fatigue.29 During the jumping tasks, ground reaction force 

data were collected at 2400 Hz using two in-floor Kistler force platforms (model 9286A, Kistler, 

Winterthur, Switzerland). Kinematic data were recorded at 240 Hz using a synchronized eight-

camera motion analysis system (Motion Analysis Corporation, Santa Rosa, CA, USA). 

Data analysis 

https://fatigue.29
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Both raw coordinate data were processed, and segmental kinematics and internal moments were 

computed with Visual3D (version 6; C-Motion, Inc., Germantown, MD, USA). A 4th order low-

pass Butterworth filter with cut-off frequencies of 12 Hz and 100 Hz was used to filter kinematic 

and kinetic data, respectively. Jump height was determined using the impulse-momentum 

relationship.30 Countermovement jump onset, takeoff, and landing was determined as soon as the 

body weight decreased by 20 N, the vertical ground reaction force fell below 20 N, and exceeded 

20 N, respectively.20 For each jumping task, only the highest jump trial was used for further 

analysis due to greater joint moments occurring during takeoff and landing.31 Joint moments were 

normalized to body mass measured on the same day.31 Processed kinematic and kinetic data were 

exported from Visual3D and further analyzed using customized MATLAB scripts (version 

R2019b, The Math Works, Natick, MA). 

Intervention 

The IG performed the 11+ Dance,27 which is a dance-specific adaptation of the FIFA 11+.26, 32 and 

FIFA 11+ Kids.23 Specifically, the 11+ Dance consists of bodyweight exercises that focus on 

muscle activation, local muscular endurance, the alignment of the ankle, knee, and hip, balance 

and coordination. Each session was divided into three parts. Part one consisted of eight exercises 

focused on core strengthening and muscle activation. Part two was comprised of three to four 

exercises focused on balance and coordination. Part three included four jumping exercises focusing 

on single leg and bilateral takeoff and landing technique with three levels of progression.27 The 

pool of the selected exercises used in the workout were split into two sessions (1 and 2) which 

were alternated to minimize the risk of motivation loss through training monotony23 (Table 1). The 

program was performed within 20-30 minutes, three times per week for a period of 8 weeks in a 

dance studio. Throughout the intervention, the main focus of the 11+ Dance remained on the 

https://progression.27
https://landing.31
https://respectively.20
https://relationship.30
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quality of movements with emphasis on core stability, hip control, and knee alignment to reduce 

excessive knee valgus.32 A progressive 11+ Dance protocol was used to steadily improve technique 

while increasing duration, volume, or intensity of the exercises. Participants were considered ready 

to progress when able to perform all exercises within a level with proper technique as determined 

by the lead investigator. Level 1 and 2 were completed. Due to the short duration of the study, 

which was determined by the dance schools’ term length, Level 3 exercises were not fully 

completed (Table 1). The lead investigator supervised all training sessions. Participants were given 

verbal feedback throughout to ensure that technique was maintained. Training volume and 

intensity were lower in the first four weeks of the intervention since the focus was mainly on 

movement execution. In the subsequent four weeks, the emphasis moved to dancers exerting 

maximal effort. 

Before the start of the intervention, dancers participated in a familiarization session. The 

intervention was conducted during the second half of the regular dance school season (March to 

June 2018). The regular dance training for the IG was comprised of three 90-minute ballet classes, 

and two modern classes per week. The first 30-minutes of two, regular ballet classes were replaced 

by the 11+ Dance. A third 11+ Dance session was performed in addition to their regular dance 

training. Each session began with a 5-minute progressive skipping warm-up. A total of 25 11+ 

Dance training sessions were performed. 

https://valgus.32


 
 

1  Table 1: Guidelines for performance of 11+ Dance. Levels 1 and 2  were successfully completed.  
 Session  Exercise  Sets  Duration  Repetitions  Level 1  Level 2  Level 3 

 1 
 
 
 
 
 
 
 
 

 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 

 
 1 
 1 
 1 
 1 
 2 
 2 
 2 
 1 

 
 10-15 sec 
 10-15 sec 
 10-15 sec 

 
 
 
 
 

 
  2 each side 

 1 each side 
 2 each side 

 10 each side 
 8-10 

 10 
 8 each side 
 8 each side 

 
   Plank on elbow – raise the leg 
   Plank on hands – raise the leg 

   Side Plank – on knee 
 SL Bride & Hold 
 Hamstring Raises 

 Squats to releve 
 Walking Lunges 

 Side Lunges 

 
 Increase time of hold 
 Increase time of hold 

   On elbow and side of foot  
  Increase time of hold (3-5 sec) 

  Increase reps to 12-15 
 Slow eccentric phase 

  Demi-Pointe to lunge 
  Increase reps to 12 

 
  Raise opposites (A) 
  Raise opposites (A) 

  On hand and side of foot (A) 
  Increase sets to 2 (A) 
 Single Leg (A) 

  Pause at the bottom (A) 
  Demi-Pointe Retire front to Lunge (A) 

  Side to cross body (NA) 
 
 
 
 

 9 
 10 
 11 
 12 

 1  
 1  
 1  
 1  

 10 each side 
 10 each side 
 10 each side 

  5-10 each side 

   SL Balance – Hip rotation 
   SL Balance – Upper Body rotation 

Cross-Country-Skiing  
 Hip Airplane 

 Increase speed 
 Increase speed 
  Increase sets to 2 

   Increase height of the leg 

 Closed eyes (A) 
 Closed eyes (A) 

  With overhead extension (A) 
 Increase speed of movement (NA) 

 
 
 
 

 13 
 14 
 15 
 16 

 2  
 2  
 1  
 1  

 10 
 10 

 6 each side 
 6 each side 

 Forward landings 
 Side landings 

 SL Forward landings 
  SL Lateral landings 

 Stick the landing 
 Stick the landing 
 Stick the landing 
 Stick the landing 

 1 forward, 1 up (NA) 
 Rotate (NA) 

 1 forward, 1 up (NA) 
 1 forward, 1 up (NA) 

 2 
 
 
 
 
 
 
 
 

 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 

  
 2  
 2  
 2  
 1  
 1  
 1  
 2  
 1  

 
 10 each side 

 10 steps 
 10 steps 

  8-10 each side 
 10 
 10 

 10 each side 
 8 each side 

 
   Plank on hands with elbow taps 

   Bear walk – Static 3-point contact 
   Crab walk – Static 3-point contact 

  Cook hip lift 
 4-way Monster Walks-straight legs 

 4-way Monster Walks-bend legs 
  Squats with overhead reach 

 Side slides 

 
 Shoulder taps 

 Forward/Backward 
 Forward/Backward 

  Increase sets to 2 
 Increase resistance 
 Increase resistance 

 Hold dowel 
  Increase reps to 12 

 
  Raise opposites (NA) 

 Forward/Backward/Side (A) 
 Forward/Backward/Side (A) 

 Pause at the top (A) 
 Demi-Pointe (NA) 
 Demi-Pointe (NA) 

  Squeeze hands against each other (NA) 
  Pause at the bottom (NA) 

  9 
  10 
  11 

 1  
 1  
 1  

 10 each side 
 10 each side 
 12 each side 

 Leg swings forward 
 Leg Swings cross-body 

 SL reach 

 Increase speed 
 Increase speed 
  Increase sets to 2 

 Closed eyes (A) 
 Closed eyes (A) 

  Go cross body (NA) 
  12 
  13 
  14 
  15 

 2  
 2  
 1  
 1  

 10 
 10 

 6 each side 
 6 each side 

 Forward landings 
 Side landings 

 SL Forward landings 
  SL Lateral landings 

 Stick the landing 
 Stick the landing 
 Stick the landing 

  Stick the landing 

 1 forward, 1 up (NA) 
   1 side, 1 up (NA) 

 1 forward, 1 up (NA) 
 1 forward, 1 up (NA) 

9 

2  SL: Single-Leg, A: achieved, NA: not achieved  
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7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

10 

3 Control Group 

The CG followed their regular dance class schedule of three 90-minute ballet classes and two one-

hour modern classes per week. The warm-up for the CG was a self-directed warm-up consisting 

of static stretching and mobilization exercises.  

Statistical Analysis 

An exploratory analysis was conducted to investigate the effects of the 11+ Dance on jump height 

and lower extremity biomechanics. The analysis was focused on jump height as well as angles and 

moments of the hip and knee in the sagittal and frontal plane. After taking the absolute value for 

each variable, a contrast analyses was performed by subtracting the measured values of baseline 

from the outcomes measured after the intervention (Post – Pre) to obtain a measure of change for 

the IG and CG (Δ scores).33 Thus, positive values indicate an increase in the outcome variables 

while negative values indicate a decrease at the end of the intervention. Since normal distribution 

was not given in the change of jump height, Wilcoxon’s rank sum tests were used to compare the 

change in jump height between the IG and CG and Wilcoxon’s signed rank test to compare the 

change of jump height against a median of zero. For all other outcome measures, one-sample t-

tests or independent t-tests were used to compare the Δ scores against zero or between the IG and 

CG, respectively. Due to multiple comparisons (IG vs. CG, IG vs. zero, CG vs. zero), the alpha-

level threshold was adjusted from 0.05 to 0.0167 based on the Bonferroni correction. A trend 

towards significance was defined as α=0.05-0.0167. Test statistics and p-values were reported in 

the results. The statistical analysis was performed in MATLAB. 

https://scores).33
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24 Results 

25 Of the twenty participants, one dancer in each group dropped out due to scheduling issues or 

26 sustaining a non-dance related injury. For more details of the trial flowchart please see Figure 1. 

27 The mean (SD) age of the participants was 14.6 (0.7) years (IG) and 16.0 (0.9) years (CG) 

28 representing a statistically significant difference in age (t(18)=-3.90, p=0.0010) between the 

29 groups. No statistically significant differences were found for height (t(18)=0.94, p=0.3578) or 

30 body mass (t(18)=1.79, p=0.0894) between the CG (height, 162.8 (2.7) cm; body mass, 57.9 (6.3) 

31 kg) and IG (height, 164.8 (6.5) cm; body mass, 62.4 (4.3) kg). 

32 

https://t(18)=1.79
https://t(18)=0.94
https://t(18)=-3.90
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33 Figure 1: Flowchart of the two-centered non-randomized controlled trial. CMJ: Countermovement Jump, 
34 SLCMJL: Single Leg Countermovement Jump Left, SLCMJR: Single Leg Countermovement Jump Right. 

35 

36 Jump Height 

37 There was no statistically significant change in jump height of the intervention group compared to 

38 the control group in all three jumping tasks (Z=0.38-1.22, p=0.1121-0.3520; Figure 2 & Table 2). 

39 However, both groups statistically increased their jump height in the CMJ (IG: Z=2.37, p=0.0089; 

40 CG: Z=2.58, p=0.0099) and in the SLCMJR (IG: Z=2.49, p=0.006; CG: Z=2.76, p=0.0058). During 

41 the SLCMJL, a trend towards increased jump height in the IG (Z=1.89, p=0.0290) and a statistical 

42 increase in the CG (Z=2.18, p=0.0147) was observed. 

43 

44 Figure 2: Change in jump height between Post and Pre for the Countermovement Jump (CMJ), Single Leg 
45 Countermovement Jump Right (SLCMJR), and Single Leg Countermovement Jump Left (SLCMJL). * indicates a 
46 statistically significant difference (p<0.0167). † indicates a trend (p=0.05-0.0167). Error bars indicate SE. 

https://Z=0.38-1.22


 
 

  

        

 Task  Group  Mean (SE)  Mean (SE)  Mean (SE)  Statistics  p  Statistics  p-value 
 CMJ 

 
 Intervention 

 Control 
21.89   (0.76) 

 21.62 (1.02) 
 24.89 (1.29) 

23.69   (1.37) 
 3.00 (1.06) 

 2.07  (0.54) 
 Z=2.37 
 Z=2.58 

 0.0089 
 0.0099 

 Z=0.46 
 

 0.3243 
 

 SLCMJR 
 

 Intervention 
 Control 

 7.34  (0.43) 
 8.04 (0.65) 

 9.69 (1.05) 
 9.32  (0.74) 

 2.36 (0.86) 
 1.28 (0.29) 

 Z=2.49 
 Z=2.76 

 0.0064 
 0.0058 

 Z=0.38 
 

 0.3520 
 

 SLCMJL 
 

 Intervention 
 Control 

 7.42  (0.53) 
 9.62 (1.11) 

  9.98 (1.25) 
10.37   (1.18) 

 2.56 (1.44) 
 0.75  (0.27) 

 Z=1.89 
 Z=2.18 

 0.0290 
 0.0147 

 Z=1.22 
 

 0.1121 
 

Pre Post Post - Pre Group Comparison 

  

13 

47 

48  Table 2: Mean  scores and Standard  Error (SE)  of  jump height  for the  intervention and control groups  and statistical 
49  outputs. Statistically significant differences and trends were marked bold.   

50 

51  Takeoff Biomechanics  

52  Knee Moments  

53  Throughout the intervention, the IG  showed a  statistically  significant smaller  change in the knee  

54  extension moments in the CMJ  (Right:  t(18)=-3.77, p=0.0014, Left: t(18)=-3.79, p=0.0014)  and 

55  SLCMJL  (t(18)=-3.04, p=0.0070)  compared to the CG  (Figure  3  &  Table  3).  The IG  exhibited a  

56  statistically significant decrease in knee extension moments  in the  SLCMJR compared to zero  

57  (t(8)=-3.71, p=0.0060), and a statistically significant decrease in knee  adduction moments  of the  

58  left leg during the CMJ  compared to the CG (Figure 4, t(18)=-2.91, p=0.0093). A statistically  

59  significant decrease  in  knee adduction moments  were  observed  in the right and left leg of the  IG  

60  during the CMJ compared to zero  while the CG group did not  statistically  change the knee  

61  adduction moment (see Table 3).  

https://t(18)=-2.91
https://t(8)=-3.71
https://t(18)=-3.04
https://t(18)=-3.79
https://t(18)=-3.77
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62 

63 Figure 3: Change in knee extension moment between Post to Pre for the Countermovement Jump (CMJ), Single Leg 
64 Countermovement Jump Right (SLCMJR), and Single Leg Countermovement Jump Left (SLCMJL) during takeoff. 
65 * indicates a statistically significant difference (p<0.0167). † indicates a trend (p=0.05-0.0167). Error bars indicate 
66 SE. 

67 
68 Figure 4: Change in knee adduction moment between Post to Pre for the Countermovement Jump (CMJ), Single Leg 
69 Countermovement Jump Right (SLCMJR), and Single Leg Countermovement Jump Left (SLCMJL) during takeoff. 
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70 * indicates a statistically significant difference (p<0.0167). † indicates a trend (p=0.05-0.0167). Error bars indicate 
71 SE. 

72 Knee Angles 

73 No statistical differences were detected in peak knee flexion and abduction angles when comparing 

74 both groups and the changes versus zero (see Table 3). 

75 Hip Moments 

76 In the CMJ, a trend towards an increased change in peak hip extension moments in the right leg 

77 (Figure 5, t(18)=2.16, p=0.0446) and a statistically significant larger change in the peak hip 

78 extension moments of the left leg (t(18)=2.79, p=0.0119) were observed in the IG compared to the 

79 CG. The CG showed a trend towards an increased peak hip extension moment in the right leg 

80 (t(10)=2.40, p=0.0372), while the IG significantly increased the hip extension moment in the right 

81 leg (t(8)=3.87, p=0.0048). 

82 The change in hip extension moment did not differ statistically in the SLCMJR between the IG 

83 and CG (t(18)=0.71, p=0.4853). The IG statistically increased the hip extension moment against 

84 zero (t(8)=3.07, p=0.0153), while the CG did not statistically change from zero (t(10)=-1.80, 

85 p=0.1242). In the SLCMJL, a trend was observed towards an increased change in hip extension 

86 moments comparing the IG vs CG (t(18)=2.38, p=0.0283) with a statistical increase in the IG 

87 against zero (t(8)=3.09, p=0.0150). 

https://t(8)=3.09
https://t(18)=2.38
https://t(10)=-1.80
https://t(8)=3.07
https://t(18)=0.71
https://t(8)=3.87
https://t(10)=2.40
https://t(18)=2.79
https://t(18)=2.16
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88 
89 Figure 5: Change in hip extension moment between Post to Pre for the Countermovement Jump (CMJ), Single Leg 
90 Countermovement Jump Right (SLCMJR), and Single Leg Countermovement Jump Left (SLCMJL) during takeoff. 
91 * indicates a statistically significant difference (p<0.0167). † indicates a trend (p=0.05-0.0167). Error bars indicate 
92 SE. 

93 Hip Angles 

94 A statistically significant change in peak hip flexion angle from Pre to Post was observed in the 

95 IG in all three jumping tasks compared to the CG. The IG statistically increased the peak hip 

96 flexion angle from Pre to Post in all three jumping tasks compared to the control group (t(18)=2.68-

97 3.72, p=0.0016-0.0153). No statistical differences were observed in peak hip adduction angles. 

https://t(18)=2.68
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98 Table 3: Mean (SE) Δ scores of the take-off phase for the intervention and control groups and statistical outputs. Statistically significant differences and trends 
99 were marked bold. 

Intervention Group (IG) Control Group (CG) IG vs CG 

Task Outcome Variable Mean (SE) Statistics p-value Mean (SE) Statistics p-value Statistics p-value 
CMJ Right Leg 

Δ Peak Hip Flexion Angle [°] 13.19 (3.52) t(8)=3.75 0.0057 1.09 (2.55) t(10)=0.43 0.6771 t(18)=2.85 0.0107 
Δ Peak Hip Adduction Angle [°] 2.02 (1.72) t(8)=1.17 0.2739 0.74 (1.43) t(10)=0.52 0.6143 t(18)=0.58 0.5719 
Δ Peak Knee Flexion Angle [°] -2.84 (2.99) t(8)=-0.95 0.3712 1.79 (2.78) t(10)=0.65 0.5338 t(18)=-1.13 0.2733 
Δ Peak Knee Abduction Angle [°] -0.17 (1.36) t(8)=-0.13 0.9010 -2.76 (1.38) t(10)=-2.00 0.0731 t(18)=1.32 0.2028 
Δ Peak Hip Extension Moment [Nm/kg] 0.46 (0.12) t(8)=3.87 0.0048 0.17 (0.10) t(10)=2.40 0.0372 t(18)=2.16 0.0449 
Δ Peak Hip Abduction Moment [Nm/kg] -0.07 (0.10) t(8)=-0.65 0.5316 0.10 (0.04) t(10)=2.71 0.0219 t(18)=-1.66 0.1136 
Δ Peak Knee Extension Moment [Nm/kg] -0.26 (0.07) t(8)=-3.47 0.0085 0.07 (0.05) t(10)=1.35 0.2059 t(18)=-3.77 0.0014 
Δ Peak Knee Adduction Moment [Nm/kg] -0.11 (0.03) t(8)=-3.33 0.0104 -0.09 (0.05) t(10)=-1.83 0.0967 t(18)=-0.22 0.8279 
Left Leg 
Δ Peak Hip Flexion Angle [°] 12.91 (3.85) t(8)=3.35 0.0101 1.91 (1.99) t(10)=0.96 0.3604 t(18)=2.68 0.0153 
Δ Peak Hip Adduction Angle [°] 1.40 (1.17) t(8)=1.19 0.2649 1.18 (1.02) t(10)=1.16 0.2734 t(18)=0.14 0.8895 
Δ Peak Knee Flexion Angle [°] -2.23 (3.71) t(8)=-0.60 0.5643 2.33 (2.22) t(10)=1.05 0.3182 t(18)=-1.09 0.2860 
Δ Peak Knee Abduction Angle [°] -4.08 (2.10) t(8)=-1.94 0.0884 -0.38 (1.32) t(10)=-0.29 0.7788 t(18)=-1.55 0.1391 
Δ Peak Hip Extension Moment [Nm/kg] 0.24 (0.11) t(8)=2.08 0.0704 -0.08 (0.05) t(10)=-1.80 0.1018 t(18)=2.79 0.0119 
Δ Peak Hip Abduction Moment [Nm/kg] 0.08 (0.06) t(8)=1.19 0.2650 0.06 (0.09) t(10)=0.67 0.5166 t(18)=0.11 0.9133 
Δ Peak Knee Extension Moment [Nm/kg] -0.29 (0.07) t(8)=-4.27 0.0027 0.08 (0.07) t(10)=1.12 0.2872 t(18)=-3.79 0.0013 
Δ Peak Knee Adduction Moment [Nm/kg] -0.21 (0.08) t(8)=-3.28 0.0112 -0.01 (0.04) t(10)=-0.02 0.9814 t(18)=-2.91 0.0093 

SLCMJR Right Leg 
Δ Peak Hip Flexion Angle [°] 15.87 (2.94) t(8)=5.39 0.0007 6.01 (1.47) t(10)=4.09 0.0022 t(18)=3.17 0.0053 
Δ Peak Hip Adduction Angle [°] -0.11 (1.42) t(8)=-0.07 0.9424 -0.81 (1.84) t(10)=-0.44 0.6677 t(18)=0.29 0.7726 
Δ Peak Knee Flexion Angle [°] 3.34 (2.12) t(8)=1.58 0.1538 2.14 (2.41) t(10)=0.89 0.3947 t(18)=0.37 0.7192 
Δ Peak Knee Abduction Angle [°] 0.49 (1.85) t(8)=0.26 0.7990 -0.63 (1.05) t(10)=-0.59 0.5628 t(18)=0.55 0.5895 
Δ Peak Hip Extension Moment [Nm/kg] 0.34 (0.11) t(8)=3.07 0.0153 0.21 (0.13) t(10)=1.68 0.1242 t(18)=0.71 0.4853 
Δ Peak Hip Abduction Moment [Nm/kg] -0.23 (0.09) t(8)=-2.33 0.0482 -0.08 (0.08) t(10)=-0.91 0.3832 t(18)=-1.18 0.2539 
Δ Peak Knee Extension Moment [Nm/kg] -0.24 (0.06) t(8)=-3.71 0.0060 -0.09 (0.09) t(10)=-1.02 0.3301 t(18)=-1.19 0.2509 
Δ Peak Knee Adduction Moment [Nm/kg] -0.03 (0.07) t(8)=-0.36 0.7279 -0.10 (0.05) t(10)=-2.05 0.0680 t(18)=0.92 0.3686 

SLCMJL Left Leg 
Δ Peak Hip Flexion Angle [°] 15.51 (3.48) t(8)=4.45 0.0021 2.088 (1.62) t(10)=1.29 0.2255 t(18)=3.72 0.0016 
Δ Peak Hip Adduction Angle [°] -1.32 (1.48) t(8)=-0.89 0.3997 -1.72 (1.49) t(10)=-1.15 0.2776 t(18)=0.19 0.8529 
Δ Peak Knee Flexion Angle [°] 1.06 (3.18) t(8)=0.33 0.7479 2.31 (1.72) t(10)=1.34 0.2095 t(18)=-0.36 0.7200 
Δ Peak Knee Abduction Angle [°] -2.03 (1.78) t(8)=-1.14 0.2883 0.41 (1.59) t(10)=0.26 0.8033 t(18)=-1.02 0.3211 
Δ Peak Hip Extension Moment [Nm/kg] 0.50 (0.16) t(8)=3.09 0.0150 0.07 (0.09) t(10)=0.68 0.5113 t(18)=2.38 0.0283 
Δ Peak Hip Abduction Moment [Nm/kg] -0.12 (0.09) t(8)=-1.35 0.2127 -0.08 (0.09) t(10)=-1.18 0.2651 t(18)=-0.33 0.7444 
Δ Peak Knee Extension Moment [Nm/kg] -0.25 (0.09) t(8)=-2.91 0.0195 0.10 (0.08) t(10)=1.29 0.2230 t(18)=-3.04 0.0070 
Δ Peak Knee Adduction Moment [Nm/kg] -0.08 (0.06) t(8)=-1.39 0.2032 0.01 (0.07) t(10)=0.09 0.9258 t(18)=-0.94 0.3585 
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101 Landing Biomechanics 

102 Knee Moments 

103 No statistically significant differences in peak knee extension moments were observed in the CMJ 

104 and SLCMJR during the landing phase (Table 4). In the SLCMJL, the CG statistically increased 

105 the peak knee extension moments compared to zero (t(10)=3.45, p=0.0062), resulting in a 

106 statistically significant increase compared to the IG (t(18)=-3.45, p=0.0029). Moreover, there were 

107 no statistically significant differences between the IG and CG of the change in peak knee adduction 

108 moment during landing in all jumps. However, there was a statistically significant reduction in the 

109 peak knee adduction moment of the right leg for the CG during the CMJ (t(10)=-2.94, p=0.0147), 

110 while the CG increased the peak knee adduction moment during the SLCMJR (t(10)=3.25, 

111 p=0.0087) with a trend towards increased peak knee adduction moment during the SLCMJL 

112 (t(10)=2.58, p=0.0274). 

113 Knee Angles 

114 A trend towards an increased change in peak knee flexion angles was observed in the IG compared 

115 to the CG during the SLCMJR (t(18)=2.21, p=0.0405) with a statistically significant increase of 

116 the peak knee flexion angle in the IG compared to zero (t(8)=3.48, p=0.0084). Additionally, a trend 

117 towards an increased change in peak knee abduction angle during the SLCMJR was observed 

118 comparing the IG to the CG (t(18)=2.59, p=0.0182). Additionally, the CG tended to decrease the 

119 peak knee abduction angle in the right leg during the CMJ (t(10)=-2.68, p=0.0231). No further 

120 statistical differences were observed. 

121 Hip Moments 

https://t(10)=-2.68
https://t(18)=2.59
https://t(8)=3.48
https://t(18)=2.21
https://t(10)=2.58
https://t(10)=3.25
https://t(10)=-2.94
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https://t(10)=3.45
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No statistically significant differences in the change of peak hip extension and abduction moments 

of the CMJ and SLCMJR during landing were observed comparing the IG to the CG. However, 

trends towards increased peak hip extension moments during the SLCMJR for both groups (IG: 

t(8)=2.58, p=0.0325, CG: t(10)=2.78, p=0.0194) and a statistically significant increase of the peak 

hip extension moment in the SLCMJL of the CG (t(10)=2.95, p=0.0146) were observed. 

Furthermore, a statistically significant increase of the peak hip abduction moment during the 

SLCMJR (t(10)=4.18, p=0.0019) and SLCMJL (t(10)=2.95, p=0.0145) in the CG compared to 

zero was detected. The changes in the SLCMJL resulted in a trend towards an increased peak hip 

abduction moment in the CG compared to the IG (t(18)=-2.63, p=0.0170) at the end of the 

intervention. 

Hip Angles 

Similar to takeoff, the IG indicated a statistically significant increase in the change of the hip 

flexion angle during landing in all jumping tasks compared to the CG (t(18)=2.78-5.13, p=0.0001-

0.0123). Considering the hip adduction angle, only a trend towards a decreased change in hip 

adduction angle in the IG compared to the CG (CMJleft-leg: t(18)=2.13, p=0.0475) was noted, with 

a statistically significant increase of the left hip adduction angle of the IG compared to zero 

(t(8)=3.47, p=0.0085). No other statistical differences were found in the hip adduction angle during 

landing. 

https://t(8)=3.47
https://t(18)=2.13
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https://t(10)=2.95
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140 Table 4: Mean (SE) Δ scores of landing performance for the intervention and control groups and statistical outputs. Statistically significant differences and trends 
141 were marked bold. 

Intervention Group (IG) Control Group (CG) IG vs CG 

Task Outcome Variable Mean (SE) Statistics p-value Mean (SE) Statistics p-value Statistics p-value 
CMJ Right Leg 

Δ Peak Hip Flexion Angle [°] 15.78 (3.72) t(8)=4.24 0.0028 -1.77 (1.98) t(10)=-0.86 0.4103 t(18)=4.33 0.0004 
Δ Peak Hip Adduction Angle [°] 0.43 (2.36) t(8)=0.18 0.8612 -0.06 (1.51) t(10)=-0.04 0.9663 t(18)=0.18 0.8601 
Δ Peak Knee Flexion Angle [°] -3.69 (2.49) t(8)=-1.48 0.1776 -2.33 (2.06) t(10)=-1.13 0.2848 t(18)=-0.42 0.6761 
Δ Peak Knee Abduction Angle [°] -0.28 (1.42) t(8)=-0.19 0.8501 -2.64 (0.99) t(10)=-2.68 0.0231 t(18)=1.41 0.1764 
Δ Peak Hip Extension Moment [Nm/kg] 0.19 (0.22) t(8)=0.92 0.3845 -0.03 (0.27) t(10)=-0.10 0.9195 t(18)=0.64 0.5301 
Δ Peak Hip Abduction Moment [Nm/kg] -0.02 (0.12) t(8)=-0.18 0.8645 -0.17 (0.11) t(10)=-1.59 0.1410 t(18)=0.94 0.3580 
Δ Peak Knee Extension Moment [Nm/kg] -0.14 (0.15) t(8)=-0.94 0.3746 -0.06 (0.08) t(10)=-0.69 0.5037 t(18)=-0.50 0.6231 
Δ Peak Knee Adduction Moment [Nm/kg] -0.02 (0.04) t(8)=-0.46 0.6552 -0.13 (0.05) t(10)=-2.94 0.0147 t(18)=1.77 0.0944 
Left Leg 
Δ Peak Hip Flexion Angle [°] 16.21 (3.06) t(8)=5.29 0.0007 -0.74 (1.65) t(10)=-0.45 0.6621 t(18)=5.13 <0.0001 
Δ Peak Hip Adduction Angle [°] 4.22 (1.22) t(8)=3.47 0.0085 0.13 (1.42) t(10)=0.09 0.9278 t(18)=2.13 0.0475 
Δ Peak Knee Flexion Angle [°] -2.09 (3.02) t(8)=-0.69 0.5070 -0.97 (1.92) t(10)=-0.50 0.6252 t(18)=-0.33 0.7480 
Δ Peak Knee Abduction Angle [°] -4.06 (2.66) t(8)=-1.52 0.1664 -0.75 (1.41) t(10)=-0.53 0.6059 t(18)=-1.16 0.2631 
Δ Peak Hip Extension Moment [Nm/kg] -0.11 (0.34) t(8)=-0.34 0.7431 0.27 (0.21) t(10)=1.27 0.2317 t(18)=-1.00 0.3289 
Δ Peak Hip Abduction Moment [Nm/kg] 0.16 (0.19) t(8)=0.82 0.4345 0.01 (0.11) t(10)=0.01 0.9948 t(18)=0.76 0.4590 
Δ Peak Knee Extension Moment [Nm/kg] -0.12 (0.17) t(8)=0.49 0.4948 0.03 (0.16) t(10)=0.22 0.8291 t(18)=-0.67 0.5091 
Δ Peak Knee Adduction Moment [Nm/kg] -0.09 (0.05) t(8)=-1.69 0.1279 0.04 (0.06) t(10)=0.62 0.5493 t(18)=-1.53 0.1434 

SLCMJR Right Leg 
Δ Peak Hip Flexion Angle [°] 16.99 (3.21) t(8)=5.29 0.0007 5.50 (2.65) t(10)=2.07 0.0650 t(18)=2.78 0.0123 
Δ Peak Hip Adduction Angle [°] -0.08 (1.53) t(8)=-0.05 0.9599 -1.09 (1.46) t(10)=-0.74 0.4765 t(18)=0.47 0.6437 
Δ Peak Knee Flexion Angle [°] 5.89 (1.69) t(8)=3.48 0.0084 0.47 (1.73) t(10)=0.27 0.7928 t(18)=2.21 0.0405 
Δ Peak Knee Abduction Angle [°] 3.06 (1.89) t(8)=1.59 0.1487 -2.51 (1.16) t(10)=-2.17 0.0550 t(18)=2.59 0.0182 
Δ Peak Hip Extension Moment [Nm/kg] 0.43 (0.17) t(8)=2.58 0.0325 0.78 (0.27) t(10)=2.78 0.0194 t(18)=-0.93 0.3629 
Δ Peak Hip Abduction Moment [Nm/kg] 0.27 (0.13) t(8)=1.99 0.0821 0.42 (0.10) t(10)=4.18 0.0019 t(18)=-0.96 0.3477 
Δ Peak Knee Extension Moment [Nm/kg] 0.07 (0.09) t(8)=0.68 0.5161 0.04 (0.09) t(10)=0.45 0.6631 t(18)=0.16 0.8711 
Δ Peak Knee Adduction Moment [Nm/kg] 0.06 (0.08) t(8)=0.81 0.4398 0.17 (0.05) t(10)=3.25 0.0087 t(18)=-1.16 0.2623 

SLCMJL Left Leg 
Δ Peak Hip Flexion Angle [°] 15.95 (1.95) t(8)=8.17 <0.0001 -1.28 (4.06) t(10)=-0.32 0.7579 t(18)=3.57 0.0022 
Δ Peak Hip Adduction Angle [°] -1.84 (1.80) t(8)=-1.02 0.3366 -0.78 (1.86) t(10)=-0.42 0.6824 t(18)=-0.40 0.6916 
Δ Peak Knee Flexion Angle [°] 2.52 (3.02) t(8)=0.83 0.4286 0.59 (2.86) t(10)=0.21 0.8412 t(18)=0.46 0.6497 
Δ Peak Knee Abduction Angle [°] -0.44 (2.00) t(8)=-0.22 0.8330 0.01 (1.89) t(10)=0.01 0.9954 t(18)=-0.16 0.8732 
Δ Peak Hip Extension Moment [Nm/kg] 0.25 (0.18) t(8)=1.38 0.2064 0.65 (0.22) t(10)=2.95 0.0146 t(18)=-1.35 0.1927 
Δ Peak Hip Abduction Moment [Nm/kg] -0.09 (0.12) t(8)=-0.75 0.4777 0.39 (0.13) t(10)=2.95 0.0145 t(18)=-2.63 0.0170 
Δ Peak Knee Extension Moment [Nm/kg] -0.21 (0.13) t(8)=-1.65 0.1371 0.32 (0.09) t(10)=3.45 0.0062 t(18)=-3.45 0.0029 
Δ Peak Knee Adduction Moment [Nm/kg] 0.02 (0.09) t(8)=0.19 0.8506 0.17 (0.07) t(10)=2.58 0.0274 t(18)=-1.44 0.1662 
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143 Discussion 

Multi-faceted neuromuscular training programs are designed to decrease associated injury risk 

factors and ultimately prevent lower extremity injuries by changing biomechanical outcomes while 

improving athletic performance.14, 21, 22 To the authors’ knowledge, this is the first study to examine 

changes in biomechanical outcomes and jump height in a female adolescent recreational dance 

population. Therefore, the objective of the current study was to determine if the 11+ Dance, a 

dance-specific neuromuscular training program, improves jump height and reduces peak knee 

extension and adduction moments during takeoff and landing in female recreational adolescent 

dancers. 

Jump Height 

There is currently no normative data for recreational dancers available for direct comparison with 

our study’s sample group. Mean scores for the jump height pre and post the intervention were 

similar to previously reported scores of pre-professional ballet dancers with no supplementary 

resistance training experience.8 Throughout the 8-week intervention period, jump height 

statistically increased in both groups in all jumping tasks. The intervention group did not 

statistically improve jump height compared to the control group. However, it should be noted that 

the change in jump height for both bilateral and single leg tasks was higher in the intervention 

group (CMJ: IG: 13.7% vs. CG: 9.5%, SLCMJR: IG:32.1% vs. CG: 15.9%, SLCMJL: IG: 34.5% 

vs. CG: 7.7%). These results are consistent with other studies in pre-adolescent and adolescent 

football players, after the implementation of a both short-term (10 weeks)23 and a longitudinal (30 

weeks)34 neuromuscular injury prevention intervention. Both studies, however, were conducted 

with male participants and indicated superior results to the control group due to greater training 

https://performance.14
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volumes, frequencies, intensities and/or the type of intervention.23, 34, 35 An important consideration 

is that the 11+ Dance was specifically designed to promote ankle, knee, and hip alignment, and 

local muscular endurance to promote jumping and landing technique.27 Less focus was placed on 

maximal jump training in the first four weeks of the 11+ Dance, which may further explain the 

lack of statistically significant changes in jump height between groups. Moreover, our intervention 

replaced the first thirty minutes of the dancers’ regular class time. Only thirty minutes per week 

were additional training for a total of four hours over the eight-week period, therefore, higher 

volume and frequency of training could potentially have a bigger effect on the adaptations. 

In addition to the neuromuscular training characteristics, the improvements in jump height of the 

control group may have related to the timing of the study and the increased training load due to 

competition rehearsals. Our study was performed during the latter part of the dancers’ season 

(March-June). For the final four weeks of the trial, the control groups training load was increased 

from 6.5 hours of technical class time (including self-directed static stretching warm-up) to 9.5 

hours in response to additional rehearsals. As the intervention group was not involved in 

competitions, their training load remained at 6.5 hours per week of technical training (including 2, 

11+Dance sessions) and 1 additional hour of 11+ Dance training for a total of 7.5 hours per week. 

With an increase of 2 hours of training per week leading up to the post-test, the control group may 

have improved their jumping ability due to more practice time which may have been a confounding 

variable for jump height. The timing as well as the dance schedule of the control group was not 

controlled for and may have further confounded the changes in jump height. More evidence is 

required to elucidate the effects of the 11+ Dance on jump height. 

https://technique.27
https://intervention.23
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188 Takeoff Biomechanics 

Considering takeoff biomechanics, the intervention group increased the peak hip flexion angle and 

peak hip extension moment and reduced the peak knee extension and adduction moments. These 

findings were stronger in the bilateral countermovement jump, compared to the single leg jumps. 

The 11+ Dance focuses on increasing muscle activation of the lumbopelvic hip musculature, 

quadriceps, and hamstrings to improve dynamic joint control for takeoff and landing. The putative 

increase in hip muscle strength could have resulted in greater forces of the involved musculature 

increasing joint moments at the hip and subsequently improved jump height.36 Thus, the dancers 

seemed to use a more hip-dominant movement strategy to execute CMJ jumping tasks.20 Research 

suggests that increasing the hip extension moments during takeoff can have a positive effect on 

jump height.20, 36 It is unclear, however, whether this effect is associated with the movement 

strategy change, strength improvements, or both.20 Moreover, strengthening the muscles 

surrounding the hip has been shown to contribute to the prevention of both acute and overuse knee 

injuries,37, 38 which is reinforced by numerous investigations studying benefits of neuromuscular 

training in adolescents to improve dynamic alignment of the lower extremity.15, 22, 24 Interestingly, 

the intervention group also decreased the knee adduction and extension moments during takeoff. 

Due to the use of a rather hip dominant movement strategy, the dancers were able to reduce the 

moments surrounding the knee while increasing jump height.20 The importance of reduced knee 

moments during the takeoff phase is highlighted by a recent study suggesting that the strains 

occurring at the patellar tendon are similar during takeoff and landing of a countermovement jump 

and that large patellar tendon strains during takeoff are detrimental causing overuse injuries.19 The 

authors further emphasize that even small changes in patellar tendon strains that are largely 

affected by the moments occurring at the knee could result in reduced overuse injuries.19 Thus, the 

https://injuries.19
https://injuries.19
https://height.20
https://extremity.15
https://height.20
https://tasks.20
https://height.36
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reduced knee moments observed in this study support the idea that the 11+ Dance may be 

beneficial in reducing the risk of overuse injury. This conclusion is further supported by a recent 

systematic review and meta-analysis (n=18 articles, 704 participants) that suggests even small to 

moderate changes in neuromuscular performance parameters can be sufficient to reduce associated 

injury risk factors and, thus, are clinically meaningful.39 The effects seen in this study and their 

clinical relevance with regards to injuries in adolescent dancers need further investigation. 

Landing Biomechanics 

Since a greater jump height increases the peak joint moments during landing,40 a greater peak hip 

and knee moments was expected following the improved jump height in both the IG and CG. In 

contrast to our expectation, our results did not show a change in the IG’s landing moments 

following improved jump height. The intervention may have increased hip strength to improve 

control of lower limb alignment.41 However, it is unclear whether this finding reflects a 

prophylactic training effect of the 11+ Dance. In line with this idea, the control group seemed to 

increase the knee adduction, knee extension, and hip adduction moments in the single leg 

countermovement jumps. Those adverse outcomes might be a result of the small improvements in 

jump height. However, it should be noted that the control group also reduced the peak knee 

adduction moment of the right leg during the CMJ, which contrasts our initial expectation. 

Finally, the 11+ Dance encouraged “soft landings”,14, 42 with greater hip and knee flexion, which 

has been suggested as a strategy to reduce the risk of lower extremity injury.43 Although “soft 

landings” are also encouraged in dance, the traditional aesthetic of ballet requires a more vertical 

alignment of the torso with minimal displacement of the pelvis from the center position. The 

observed increase in hip flexion angle without altering the knee flexion angle suggests that the 

dancers’ torsos were less vertically aligned. Therefore, the altered movement pattern during 

https://injury.43
https://alignment.41
https://meaningful.39
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takeoff and landing may not be aesthetically pleasing in dance. However, it is unclear whether the 

11+ Dance altered movement patterns of dance-specific jumping task and will benefit from further 

study. The 17% reduction in knee extension moments observed in this study may be clinically 

relevant for reducing overuse injuries. This is supported by a recent systematic review and 

metanalysis (n= 18 articles, 704 participants) that suggests even small to moderate reduction of 

forces and moments on muscles and ligaments can be sufficient to reduce associated injury risk 

factors.39 Subsequently, the effects seen in this study and their clinical relevance with regards to 

injuries in adolescent dancers need further investigation. 

Strengths and Limitations 

To the authors’ knowledge this is the first controlled trial that has investigated the effects of a 

neuromuscular program on jump height as well as takeoff and landing biomechanics in recreational 

adolescent dancers. The trial was two-centered and therefore there was no intervention 

contamination for the control group. All sessions were supervised for the intervention group. This 

trial, however, is characterized by some limitations. It was not randomized, which may have 

introduced potential selection bias or motivational bias. This was inevitable as the principal 

investigator was the owner of the one center. To protect the data from potential confirmation bias 

from the principal investigator, the data was analyzed by an independent researcher (PM). Not all 

the exercises were progressed to Level 3, as the principal investigator did not deem it appropriate. 

Even though this may have affected the results, it is unclear whether longer exposure and/or higher 

intensity/difficulty would produce better results or not. The control group was not monitored over 

the 8-week period. However, it is unlikely that the group engaged in any form of structured training 

during the intervention. Practitioners who wish to conduct a two-centered study need to take this 

factor into consideration. The collaboration with another practitioner/teacher may be essential for 

https://factors.39
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257 the integrity of the intervention fidelity. Lastly, the two groups indicated statistically significant 

258 difference in their age. Even though there may be an inherent difference in ability due to age 

259 difference, there is currently no evidence to suggest that recreational dancers have statistical or 

260 clinical differences in ability or skill level when there an approximately one-year difference in age. 

261 In addition, the effect of the intervention was not assessed on both groups, therefore, the age is not 

262 an influential factor for the results. 

263 Conclusion 

264 The 11+ Dance is a neuromuscular dance-specific training program that simply replaced the first 

265 part of a dance session. Moreover, the intervention was performed without utilizing any materials 

266 or tools and specifically adjusted to match dancers’ requirements. Considering the simplicity of 

267 this neuromuscular training, together with the potential prophylactic effect against injuries, this 

268 intervention could compliment regular training in recreational dance practice. In addition, the 

269 change in movement patterns to a more hip-dominant strategy and the decreased loads at the knee 

270 need further investigation as they may be associated with the reduction of lower extremity injury 

271 risk factors. However, since this study was conducted as a pilot study, our results need to be 

272 considered with caution. Further research is required to assess the effects of the 11+ Dance on 

273 jump performance, the risk of dance-related injuries, and its aesthetical aspects for dance. 
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