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OBJECTIVE: There are no universally accepted require-
ments or uniform protocols to determine when dancers 
can safely commence dancing en pointe (shod relevé). 
The purpose of this study was to examine dancer-specific 
biomechanics of adolescent pointe dancers and explore 
factors that may help determine pointe readiness. METH-
ODS: Dancers (n=26; median age 14 yrs [IQR=13–16]) 
were stratified into two groups based on the ability to 
stand on the pointe shoe box as per a plumb line (Group 
1: on the box; Group 2: not on the box) during parallel, 
shod relevé. Measurements included unshod weight-
bearing range of motion (ROM) of ankle plantarflexion 
(PF) and first metatarsophalangeal (MTP) extension and 
shod posture assessment during first position elevé 
(rising into relevé with turned out, straight legs). Qual-
isys™ 3D motion capture and AMTITM force plates 

recorded dancers performing 10-15 repetitions of first 
position elevé. Comparison of three kinematic and three 
kinetic variables aimed to describe group differences 
during unshod and shod conditions. Wilcoxon signed-
rank test assumed no difference between groups with a 
Bonferroni correction (p<0.0083). RESULTS: During 
unshod parallel relevé, ROM was different between 
groups for first MTP extension (deg; MedGroup1: 90°, IQR 
80°–90°; MedGroup 2: 70°, IQR: 70°–80°, p<0.0001) but no 
statistical difference in ankle PF (deg; p=0.0098). There 
were no differences in C7 displacement (m; p=0.5055), 
ankle PF moment (p=0.1484), or hip mediolateral and 
anteroposterior moments (p=0.8785 and 0.8785, respec-
tively) during shod first position relevé, indicating that 
both groups tend to engage the same dominant muscle 
groups (trunk extensors, ankle dorsiflexors, hip flexors, 
and hip abductors) during elevé. CONCLUSION: Dancers 
in Group 1 demonstrated greater first MTP extension 
during unshod relevé compared to dancers in Group 2. 
Weight-bearing ROM could be a valuable tool in predict-
ing pointe readiness of adolescent ballet dancers. Med 
Probl Perform Art 2023;38(3):155–163. 
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INVESTIGATORS concur that most injuries involving 
adolescent ballet dancers develop when the average 
dancer commences pointe work, typically between 11 and 
12 years.1-4 This raises safety concerns within the field of 
dance medicine, particularly for young dancers during crit-
ical skeletal development.5,6 In response to these concerns, 
many clinicians and researchers focus on developing pro-
tocols using various tests and measures when screening 
their dancers for pointe readiness.3,4,7-12 Yet, there are no 
universally accepted requirements or uniform protocols to 
determine when female dancers can safely commence 
dancing en pointe (standing on the toes in pointe shoes with 
maximum flexion of the ankle joint and toes in a neutral 
position relative to the long axis of the foot13).11,12 
     Many tests and measures reportedly used for pre-pointe 
screenings are those commonly assessed during pre-season 
dance screens, including functional balance tests (e.g., air-
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plane and Star Excursion Balance Test), mobility (e.g., 
Beighton scale), flexibility (e.g., hamstring length), range of 
motion (ROM; e.g., hip rotation, ankle plantarflexion [PF] 
and dorsiflexion [DF], first metatarsophalangeal [MTP] 
extension), strength and endurance (e.g., flexor hallucis 
longus [FHL], core stability, ankle plantarflexors), and 
dance-specific technique assessments.2,3,8-12,14-16 However, 
they have yet to be validated for determining pointe readi-
ness using cohorts of adolescent dancers either in the pre-
pointe training phase or those novice to pointe dancing.11  
     When ballet dancers begin dancing en pointe, they must 
learn how to transition from balancing on the metatarsal 
heads in demi-pointe relevé (standing on the balls of the 
feet with the ankle in maximum plantarflexion with toes 
extended) to the toes. Imagery studies using MRI17 and 
radiography18 of dancers en pointe illustrate how the talus’s 
anterior surface becomes the ankle’s primary weight bear-
ing site. The change in center of gravity (COG) and 
reduced base of support (BOS) when novice dancers learn 
to balance en pointe requires relearning numerous dance 
movements.19 This COG shift also causes balance control 
and postural stability changes at the hip and trunk.20 The 
process of learning how to “center” the body over the sup-
porting leg(s) with a stable, fully plantarflexed ankle, from 
the balls of the feet (the metatarsal heads) to the tips of the 
toes while maintaining an upright posture21,22 put the 
novice dancer at greater risk of injury21,23,24 when they are 
first learning to dance in pointe shoes. 
     Pointe shoe construction includes a toe box (layers of 
burlap, cardboard, and paper glued together to form the 
standing platform and the vamp), shank (the shoe’s insole 
made of cardboard, leather, or a combination thereof), and 
satin covering.25 Dancers stand on the platform of the toe 
box and require support from the shank when en pointe.25 
When axially loaded in the en pointe position, the bones 
and soft tissues of the foot and toes must work with the 
mechanical properties of the pointe shoe to absorb some 
of the ground reaction forces transferred into the body.24-26 
This necessitates the pointe shoe, foot, and ankle to func-
tion together as a strong and stable unit to create a load-
sharing environment for sound biomechanics when en 
pointe.25,26 Biomechanical and kinematic factors of unshod 
dancers in demi-pointe relevé,20,23,24,27-29 and examination of 
the ranges of ankle motion exerted by the ballet 
dancer17,18,20,23,24,28,29 are well-defined in the literature. How-
ever, there is limited evidence of the biomechanics and 
kinematics of dancers en pointe,14,17,30-35 with few studies 
specifically related to the adolescent pointe dancer.11,12,20,36  
     Ballet dancers must have sufficient ankle and foot 
ROM during dance-specific movements,27,31,35,37 to balance 
with postural stability. Investigators have used various 
protocols and instruments to measure the ankle and foot 
ROM, with the MTP joint being the most examined seg-
ment of the foot complex. Rowley et al.,38 measured maxi-
mum MTP extension with the dancer weight bearing 
through the ball of the foot while seated in a chair using a 
goniometer (mean=101.95°±8.4). Jarvis and Kulig23 meas-

ured first MTP joint extension during relevé in second posi-
tion (legs turned out or externally rotated with hips 
abducted just past the width of the pelvis) using a Qual-
isysTM 3-dimensional (3D) motion capture system 
(mean=54.3°± 4.0). Wiesler et al.39 measured non-weight 
bearing (NWB) first MTP joint extension seated with a 
standard goniometer (meanLeft=54.5°±1.4; meanRight 
=55.2°±1.3). Other authors anecdotally define “90 degrees” 
as the necessary or approximate amount of ROM required 
at the first MTP joint.23,27 A description of how much 
ROM is necessary for the novice dancer to safely transi-
tion to dancing en pointe with good postural alignment and 
the ramifications of having decreased ROM remains 
unknown.1,39 This description is necessary to examine 
how limited foot ROM may contribute to injuries among 
adolescent ballet dancers en pointe. 
     Wiesler et al.39 provided evidence of an association 
between postural alignment during relevé and lower leg 
ROM among female ballet dancers (age range 12 to 28 yrs). 
They observed that dancers with greater ankle PF ROM 
required greater first MTP joint DF (MTP extension) 
ROM to assume relevé over their COG.39 In full demi-
pointe relevé (bodyweight centered over the forefoot), the 
ankle and forefoot are in maximum, opposing ranges of 
motion. This position places undue stress and strain on 
the soft tissues of the foot ankle, such as the FHL muscu-
lotendinous unit,38 which likely increases as the dancer 
transition from demi-pointe to en pointe. Several studies 
evaluated ankle28 and first MTP joint moment patterns23,40 
during dance-specific movement of ballet dancers to meas-
ure the rate of change in the angular momentum (torque) 
and document the demand placed on the ankle and MTP 
joints. Faulty postural alignment occurs when the dancer’s 
body weight is not centered over the standing leg; yet, few 
studies compared postural stability during demi-pointe 
and en pointe relevé32,35 or considered contributions of more 
proximal segments, such as the hip joint and the trunk, 
when describing their postural control.20 Describing the 
kinetic and kinematic differences between dancers, specifi-
cally young dancers, who can center their body weight 
with an erect trunk and assume a full, upright position on 
the box of the pointe shoe, and those who cannot may 
help explain key factors related to pointe readiness.  
     The purpose of this study was to examine dancer-spe-
cific biomechanics and postural stability of adolescent 
pointe dancers and explore factors that may help to deter-
mine pointe readiness. Specific Aim 1 compared the 
amount of ankle PF and MTP extension ROM (deg) of 
dancers who get onto the pointe shoe toe box (Group 1) 
with those who do not get onto the pointe shoe toe box 
(Group 2). We operationally defined standing “on the box” 
as a relevé en pointe where the platform of the pointe shoes’ 
toe box is parallel with the floor with the toes in neutral, 
the ankle in full plantarflexion, and parallel alignment of 
the ankle joint, tibia, patella, and hip center, straight knees, 
and erect trunk (Fig. 1). Specific Aim 2 compared the posi-
tion and variability between groups of the net joint 
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moment at the hip and ankle and upright posture at peak 
relevé en pointe in first position using 3D motion capture. We 
assumed a null hypothesis of no difference between groups. 
 

METHODS 
 

Experimental Procedure 
 
Data collection for this descriptive, cross-sectional study 
took approximately two hours per participant (n=26). The 
Institutional Review Board of the University of Oklahoma 
for Health Sciences (#9252) approved this study before 
recruitment and protocol commencement. All participants 
underwent formal consent for the protection of human 
subjects, including parental consent for all participants 
under 18 years and a statement of assent from those 12 to 
17 years. Participant screening prior to data collection 
ensured they met the pre-determined inclusion criteria 
(female ballet dancer 12–18 years old, dancing en pointe for 
at least 6 months, no current injuries limiting her from 
rising onto the en pointe position, able to raise en pointe with 
only the index and middle fingers lightly touching the 
ballet barré, and English-speaking). We excluded dancers 
who were not yet en pointe, reported chronic injury or past 
surgical history to the forefoot that resulted in fusion of 
the first MTP joint, unable to independently give formal 
consent or assent (children under 12 years of age), and 
danced professionally. The study excluded males as men 
typically do not dance en pointe.26  
     Each participant completed a demographic and history 
form to include demographics (sex, age, current dance 
school, pointe shoe type, age they started dancing, and the 
number of years en pointe) and medical information (cur-
rent health status, medications, and past medical history 
including dance-related and non-dance-related injuries, 

and surgeries). Baseline measurements included height (m), 
weight (kg), baseline heart rate (bpm), baseline blood pres-
sure, generalized or specific pain level on the Wong-Baker 
FACES® Pain Rating Scale,41 and a posture screen. The 
first author, a licensed physical therapist with over 20 
years of clinical experience, evaluated foot and ankle 
ROM, joint mobility, and manual muscle testing). Gonio-
metric measurements of the ankle and hallux in weight 
bearing (WB) and NWB were replicated from a previous 
pilot study that utilized the same data collection protocol 
for elite ballet dancers.35,42 When measuring ankle PF, the 
proximal and distal arms of the goniometer were aligned 
along the shaft of the tibia and the first MTP joint, respec-
tively, with the medial malleolus as the fulcrum point. 
When measuring first MTP joint extension, the proximal 
and distal arms of the goniometer were aligned along the 
medial midline of the first metatarsal and phalanges, 
respectively, with the axis at the first MTP joint.38 These 
alignments intend to measure full ankle and foot complex 
sagittal plane ROM and replicate the marker placement of 
the ankle and hallux segments created through 3D motion 
capture.35,42 
     The first author grouped each dancer as either “on the 
box” (Group 1; n=11) or “not on the box” (Group 2; n=15) 
when assuming the en pointe position with the feet in parallel 
using visual observation (Figs. 1 and 2). Placement into 
Group 2 occurred if any of the abovementioned compo-
nents aligned anteriorly or posteriorly to the imaginary 
plumb line (Fig. 2d). The first author confirmed group 
assignment during raw data processing in QualisysTM by 
evaluating the alignment of specific segment markers (Figs. 
2b and 2d, stick-figure schematics) and further confirmed 
grouping when observing data collection trials in first posi-
tion elevé. We blinded dancers to group assignment and the 
first author to the initial grouping when confirming the final 
group status. A pilot study in the same laboratory tested a 
dance-specific modified Rizzoli Foot Model (RFM) used for 
this study on 11 elite ballet dancers unshod and shod in 
pointe shoes.42  
 

Instruments and Equipment 
 
A 12-camera Qualisys™ Motion Analysis System (Qual-
isys, Goteborg, Sweden) recorded 3D kinematic and 
kinetic data. A digitized procedure captured the 3D coordi-
nates of each reflective marker subsequently used as the 
basis for calculating segmental joint angles43 during dance-
specific movement. AMTITM Force plates (AMTI, Water-
town, MA) recorded ground reaction forces (GRF) and 
COP location data at 2,400 Hz. Considering the unique-
ness of each dancer’s foot structure and shoe preferences, 
standardizing the pointe shoe is generally not considered 
feasible or safe for studying dancers en pointe.25,28 There-
fore, dancers wore their own pointe shoes for data collec-
tion. The first author inspected the pointe shoes to ensure 
the shank and box were “broken in” but not “broken” or 
unstable, as described in previous studies investigating 
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FIGURE 1. Plumb line with a dancer “on the box.”



pointe shoe deterioration.26,30 Dancers typically break-in 
their pointe shoes before dancing in them for improved 
comfort. Shoes were considered acceptable for data collec-
tion if they had a firm shank that maintained rigidity 
when attempting to bend it and did not buckle when the 
dancer stood en pointe and the toe shoe box was firm.26,30 
Documentation of the shoe included the brand, wear pat-
terns, and stability and length of the shoes’ vamp, box, 
platform, and shank.25  
 

Movement Trials 
 
Participants performed a self-selected warm-up for 10 
minutes in their pointe shoes at the ballet barré before 
data collection. Dancers traditionally use the ballet barré 
or barré as an external support when warming up at the 
start of the ballet class and for safety when learning new 
skills,19 such as dancing en pointe, until they build the nec-
essary strength to perform the movements without sup-
port. Considering this study involved a cohort of novice 
dancers, we deemed it was essential for the safety of the 

participants to use a ballet barré for data collection. To 
ensure continuity, all dancers received the same verbal 
cues to place their hands on the ballet barré using “light 
touch” for balance and safety19 while performing 10 to 15 
repetitions of elevé in first position with their self-selected 
amount of turn-out. Dancers performed the elevé at a rate 
of 45 bpm on a standard metronome as described in a 
previous study evaluating dancers during relevé.23 
Between movement trials, investigators monitored heart 
rate, pain level (Wong-Baker FACES® Pain Rating 
Scale),41 and perceived exertion (RPE).44 We removed the 
reflective markers after data collection and recorded 
post-trial heart rate, oxygen saturation, blood pressure, 
and pain level measures.  
 

Data Processing and Analysis 
 
We conducted data analysis on one lower limb per partici-
pant (13 right and 13 left) based on evidence from previous 
studies that reported high correlation (ICC = 0.99) in ankle 
movement patterns between the two extremities during 
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FIGURE 2. Images from QualisysTM (red arrows are ground reaction force arrows from AMTITM force plates). a. relevé in 
first: Group 1 dancer. b. relevé shod in parallel: Group 1 dancer. c. relevé in first: Group 2 dancer. d. relevé shod in parallel: 
Group 2 dancer. For Group 1: on the box (relevé en pointe where the platform of the pointe shoes’ toe box is parallel with 
the floor with the toes in neutral, the ankle in full plantarflexion, and parallel alignment of the ankle joint, tibia, patella, and 
hip center, straight knees, and erect trunk; aligned with the dancer-specific plumb line). For Group 2: not on the box 
(relevé en pointe where the dancer is not able to stand on the box of the pointe shoe with alignment either anterior or 
posterior to the dancer-specific plumb line).

b



relevé en point28 and no statistically significant differences in 
inter-leg weight bearing distribution during repeated elevé45 
among adolescent dancers. We chose the lower extremity 
with the most robust data capture (defined by full fill of all 
marker trajectories) during five consecutive elevé trials for 
each participant as the extremity for analysis. Raw data 
was transferred from QualisysTM into Visual 3DTM (C-
Motion, Inc., Boyds, MD) for filtering and processing. Tar-
gets were filtered using a lowpass Butterworth filter with a 
standard cutoff frequency of 6 Hz. Data were processed 
using a third-order polynomial interpolation for data loss 
of up to 10 frames.46 The 3D biomechanical model for each 
participant was normalized using body weight (kg) and 
height (m).  
     Comparison of six variables, three kinematic (ankle PF 
and first MTP relevé angle [deg] and C7 marker displace-
ment [cm]) and three kinetic (ankle PF, hip mediolateral 
[ML], and hip anteroposterior [AP] net joint moments 
[Nm]), aimed to describe between-group differences at the 
peak relevé en pointe position. Balance in the relevé position 
with maximum ankle PF and body weight most centered 
between the two legs en pointe defined the “peak relevé” 
angle (Fig. 2). The first author marked the peak relevé event 
for each repetition in the movement trial for the partici-
pants in QualisysTM using the ground reaction force 
arrows derived from the AMTITM force plates. The precise 
requisite for marking the in vivo event occurred when the 
dancer visually appeared balanced, and the force arrows 
demonstrated the most symmetry between the LE’s before 
changing position.  
     To compare the position and variability between groups 
of upright posture at peak relevé en pointe in first position, 
we used the position of the C7 spinous process relative to 
the pelvis segment (C7 plumb line47). To compare the posi-
tion and variability between groups of the hip and ankle, 
we used net joint moment differences at the peak relevé. 
The X-Y-Z rotational sequence defined the hip joint 
moment pattern as the ML (flexion/extension [flex/ext]), 
AP (adductor/abductor [add/abd]), and longitudinal (L; 
external/internal rotation [ER/IR]) components (ML-AP-
L).48 Because the hips maintain a turned out or externally 
rotated position in first position relevé, we only compared 
the ML and AP components.48 

Statistical Analysis 
 
A priori power analysis determined that 16 participants (8 
per group) were required to achieve 80% power, assuming 
that dancers “on the box” would have MTP ROM of 
approximately 90º27,35 and those “not on the box” would 
have less mobility. Previous studies indicating that variabil-
ity of MTP-ROM is between ±4º and ±8º23,28 formulated the 
basis of these assumptions. To achieve at least 80% power, 
investigators recruited 26 volunteers for this study. Initial 
assessment of the data using Shapiro-Wilks and data his-
tograms indicated that normal distributional assumptions 
were not valid. Therefore, we used the non-parametric 
Wilcoxon signed-rank test, assuming a null hypothesis of 
no difference between groups. We employed a Bonferroni 
correction for all six comparisons, which adjusted each sig-
nificance level to 0.0083. This conserved an overall 4.98% 
chance of a type I error. We computed all statistical tests 
using SAS 9.4 (Cary, NC). If the calculated p-value of the 
difference between groups was greater than 0.0083 for each 
of the six variables, we failed to reject the null hypothesis 
and concluded no difference between groups.  
 

RESULTS 
 
Twenty-six participants (median age 14 yrs, median height 
1.65 m, median weight 56.93 kg) volunteered to participate 
from 16 local and regional dance studios (Table 1). While 
we did not incorporate demographic data into significance 
testing, Wilcoxon exact test p-values indicate body weight 
was different between groups at a significance level of 0.05 
(MedGroup1: 59.42 kg, MedGroup2: 54.43 kg, p = 0.0326). The 
median weight for Group 1 was greater than Group 2, pos-
sibly because Group 1 dancers are slightly, yet not signifi-
cantly, older than Group 2 dancers (MedGroup1: 15 y, 
MedGroup2: 14 y, p = 0.1297). Time en pointe also differed 
between groups (MedGroup1: 4 y, MedGroup2: 2 y, p=0.0202), 
which is possibly related to the 1-year age difference 
between groups.  
     Table 2 includes ROM values and differences between 
measures of central tendencies (median [med] and 
interquartile ranges [IQR: Q1-Q3]) by group. For Aim 1, a 
significant difference between groups in first MTP-ROM at 
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TABLE 1. Participant Demographics by Group (n=26)  

                                                                                
Median                                       Q1–Q3                                         IQR

                           Wilcoxon 
                                                                  ____________________           ____________________           ____________________          Exact test 
                                                                  Group 1            Group 2            Group 1            Group 2            Group 1            Group 2            (p-value) 

 Age (yr)                                                       15.00                 14.00                14–16               13–16                   2                       3                   0.1297 
 Height (m)                                                    1.66                ^1.64               1.6–1.7              1.6–1.7                0.09                   0.09                 0.2627 
 Weight (kg)                                                 59.60                 54.43             57.6–63.5          48.9–58.1              5.89                   9.07                0.0326* 
 Age started ballet (yr)                                  5.00                  4.00                  3–9                   3–7                     6                        4                   0.4929 
 Age started pointe (yr)                               12.00                 11.00                11–12               10–13                   1                        3                   0.7953 
 Time in ballet (yr)                                        10.00                 10.00                 5–12                 9–10                    7                        1                   0.7453 
 Time en pointe (yr)                                       4.00                  2.00                 3–4                   2–2                     1                        0                  0.0202* 

Group 1, on the box (n=11); Group 2, not on the box (n=15). *p < 0.05



peak BF relevé (MedGroup1: 90°, IQR: 80°–90°; MedGroup2: 70°, 
IQR: 70°-80°, p < 0.0001) resulted in the rejection of the 
null hypothesis (Fig. 3); however, ankle PF ROM was not 
significantly different (p=0.0098) based on the Bonferroni 
corrected p-value for multiple comparisons (p=0.0083), fail-
ing to reject the null hypothesis. We found no significant 
difference between conditions for C7 displacement 
(p=0.5055), ankle PF moment (p=0.1484), and hip ML and 
AP moments (p=0.8785 and p=0.8785, respectively) at peak 
relevé in first position and failed to reject the null hypoth-
esis for Aim 2.  
     Post Hoc Power Analysis: We computed post hoc power 
analysis using observed sample means, sample variation, 
and sample sizes from Aim 1. Considering the adjusted 
alpha level of 0.0083, observed effect sizes were powered at 
75.3% with the available sample size (n total=26). 
 

DISCUSSION 
 
Results from this study indicate that novice dancers who 
get onto the box of the pointe shoe (Group 1) have signif-
icantly greater first MTP extension ROM during bare-
foot relevé than dancers who cannot get onto the box of 
the pointe shoe (Group 2). Ankle PF ROM did not meet 
the significance level given the adjusted p-value for mul-
tiple comparisons; however, it would have met the signif-
icance level were it not for the Bonferroni correction. We 
did not acquire evidence of other studies that examined 
WB first MTP-ROM among novice ballet dancers or 
compared dancers’ first MTP-ROM with whole-body 
posture BF or shod. Studies examining first MTP-ROM 
among ballet dancers23,38,39 report varying degrees of 
movement conceivably because of differences in study 
design, including weight bearing status (i.e., WB, NWB), 
method of measurement (i.e., goniometry, 3D motion cap-
ture), the position of the dancer’s LE’s (i.e., turned out in 
first or second position or parallel in sixth position), and 
use or not of external support (e.g., ballet barré). Regard-
less, common conclusions derived from these and the 
current study depict how ballet dancers require a consid-
erable amount of first MTP and ankle ROM to balance 
with postural stability in demi-pointe23,38,39 and en pointe 
relevé.28,32,35 

     Group 1 dancers with a median of 90° (IQR: 80° to 90°) 
WB extension ROM of the first MTP joint stood on the 
box of the pointe shoe, whereas Group 2 dancers with a 
median of 70° (IQR: 70° to 80°) did not stand the box of the 
pointe shoe. Dancers on the box had 13° more ankle PF 
(MedGroup1: 168°, MedGroup2: 155°) during demi-pointe relevé 
than dancers not on the box. Since ankle PF neared the sig-
nificance level (p=0.0098), we believe these findings are clin-
ically relevant. Dancers on the box had both greater ankle 
PF and first MTP extension than dancers not on the box. 
These results are consistent with findings from Wiesler et 
al.39 and indicate that weight bearing ankle PF and first 
MTP extension ROM could be valuable tools in predicting 
pointe readiness of the novice ballet dancer. Future studies 
should be dedicated to determining minimal detectable dif-
ferences (MDD) of weight bearing MTP extension ROM 
necessary to predict if a dancer will be able to stand on the 
box of the pointe shoe before commencing pointe work. 
     Results indicate that dancers in both groups tend to 
engage the same dominant muscle groups when assuming 
shod relevé in first position at the ballet barré, including the 
trunk extensors, ankle dorsiflexors, hip flexors, and hip 
abductors. Yet, the possibility of idiosyncrasies in muscle 
stabilization, strength, and motor control of the foot and 
LE’s between dancers who get onto the box of the pointe 
shoe and those who do not should be tested using EMG 
during dance-specific movement. The flexor hallucis 
longus (FHL) and peroneus longus (PL) muscles are the pri-
mary stabilizers responsible for creating rigidity of the lon-
gitudinal arch from the subtalar joint into the arch of the 
foot during axial loading.49 Dancers roll through demi-
pointe or spring from a foot-flat position to assume en 
pointe. Either way, they must press through the stiff pointe 
shoe to get onto the box, increasing the demand on the 
foot and ankle plantarflexors. We contend that FHL 
muscle strength and length likely contribute to the 
between-group differences in first MTP extension ROM. 
Future studies should compare dancers who get on the box 
of the pointe shoe with those that do not for differences 
between muscle strength of the ankle and foot plantarflex-
ors, such as the FHL,38 while the dancer is assuming en 
pointe and test for correlation between first MTP and ankle 
PF ROM and plantarflexor muscle function.  
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TABLE 2. Measures of Central Tendencies for All Variables: Mean (SD), Median, and IQR by Group (n=26) 

                                                                                
Median                                       Q1–Q3                                         IQR

                           Wilcoxon 
                                                                  ____________________           ____________________           ____________________          Exact test 
                                                                  Group 1            Group 2            Group 1            Group 2            Group 1            Group 2            (p-value) 

 Ankle PF BF relevé angle (deg)                     168                   155               170–175           160–150                13                     10                  0.0098 
 First MTP BF relevé angle (deg)                      90                     70                  80–90               70–80                  10                     10                  0.001* 
 C7 displacement (cm)                                   0.16                   0.16              0.15–0.17          0.13–0.17              0.03                   0.04                 0.5055 
 Ankle PF moment (Nm/kg)                          0.08                   0.13              0.04–0.15          0.10–0.20              0.11                    0.1                  0.1484 
 Hip ML moment (Nm/kg)                            0.13                   0.15              0.06–0.22          0.02–0.20              0.16                   0.18                 0.8785 
                                                                                                                      –(0.99)              (–0.98) 
 Hip AP moment (Nm/kg)                            –0.86                 –0.83                     –                       –                     0.28                   0.21                 0.8785 
                                                                                                                      –(0.71)              (–0.76) 

Group 1, on the box (n=11); Group 2, not on the box (n=15). * p < 0.0083



     There are several limitations and possible confounding 
factors to consider related to this study. Dancers wore their 
own pointe shoes for data collection as there are individ-
ual differences among dancers’ foot and ankle structure 
and personal shoe preferences (e.g., vamp and/or shank 
length, shoe width, shoe brand).25,28 Non-standardization 
of the pointe shoe could be considered a potential con-
founder or effect modifier in future studies when evaluat-
ing individual differences among participants en pointe. It is 
common practice for dancers to use a ballet barré for sup-
port to balance while focusing on body position and ballet 
technique,50 especially novice dancers who are learning 
new skills,19 such as dancing en pointe. To ensure safety for 
the novice dancers participating in this study, dancers per-
formed all dance-specific movements and self-selected 
warm-ups facing the ballet barré. To prevent dancers from 
pushing down or pulling up on the barré with extraneous 
forces, standardized instruction included verbal cues to 
only apply “light touch” with two fingers to the barré for 
balance when transitioning on and off pointe while taking 
frequent rest breaks between trials. We positioned the barré 
in a standardized manner on either side of the two force 
plates to allow the dancer to stand with one foot on each 
force plate and symmetrically place both hands on top of 
the barré for recording unimpeded ground reaction force 
data. A limitation of the current study is that the weight 
displaced into the ballet barré cannot be measured, given 
that the legs of the barré rested on either side of the force 
plates, not on the force plates. Previous studies reported 
that the ballet barré serves as a contributor to force and 
torque generation when the dancer applies pressure to it19 
and that muscle activation patterns are highly variable 
between different levels of dancers (e.g., novice and elite) 
when using a barré.50 For these reasons, the external sup-
port offered by the barré should be tested as a potential 
confounder or effect modifier in future studies considering 
safety precautions for novice dancers to reduce injury risk. 

There was a significant difference between groups for time 
en pointe (MedGroup1: 4 yr, MedGroup2: 2 yr, p=0.0202), possi-
bly related to the 1-year age difference between groups but 
could be considered a confounding factor and should be 
explored further with a larger cohort of dancers.  
     In conclusion, novice dancers who commence pointe 
work before their bodies are physiologically able to handle 
the stress and strain may be at a greater risk for injury. The 
results from this study are meant to shed light on poten-
tially important factors related to pointe readiness, help fill 
in knowledge gaps related to essential tests and measures 
specific to adolescent dancers, and directly translate into 
clinical practice. We recommend incorporating WB first 
MTP extension and ankle PF ROM and examining pos-
tural stability using a dance-specific plumb line when 
screening dancers, testing for pointe readiness screens, and 
future studies related to the kinematic assessment of the 
adolescent dancer.  
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