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ABSTRACT
Glumm SA, Miller SJ, Vairo GL, Challis JH. Functional Performance Criteria to Assess
Pointe-Readiness in Youth Ballet Dancers. Department of Kinesiology, Pennsylvania
State University, University Park, PA.
In ballet, “en pointe” refers to the position on the tips of the toes a ballet dancer
assumes while wearing pointe shoes. No universal criterion exists for determining when a
dancer is ready to begin pointe work. This study aimed to examine factors that may
indicate a dancer’s pointe-readiness. The primary purpose of this study was to determine
if pre-pointe and pointe dancers differ in range of motion, tests of functional performance
and postural control. It was hypothesized that pointe dancers would have greater range of
motion and perform significantly better on tests of functional capabilities and postural
stability than dancers who have not started pointe. Thirty-two female ballet dancers with
average age 11.4 ± 1.1 years were recruited from four recreational dance studios. Testing
consisted of four components: pointe screening, range of motion testing, functional
testing and force plate balance assessment. Pre-pointe and pointe students were
significantly different in performance of three functional tests: the Airplane test (P <
0.001), Single Leg Sauté test (P < 0.001), and Relevé Endurance Test (P < 0.01). No
significant differences were found between groups with ankle ROM or force plate COP
measures. It was concluded that pre-pointe and pointe dancers perform differently on
functional performance tests. Functional testing may be useful for gauging acquisition of
the skills required for safe and successful performance en pointe.
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Chapter 1
Introduction
In ballet, “en pointe” is a French term that translates to “on the tips of the toes”
and refers to the foot position a ballet dancer achieves while wearing pointe shoes. In the
en pointe position, the weight of the body is directed onto the distal phalanx of the great
toe. Demi-pointe is similar to en pointe except that the toes are hyperextended at the
metatarsal phalangeal (MTP) joint and the weight of the body is on the heads of the
metatarsals.45 The use of the pointe shoe is a key component of traditional ballet
performance and is predominantly a female practice.58 Pointe work began in the 1800’s to
elongate a ballet dancer’s lines and place emphasis on the ballerina’s feet. Pointe shoe
design has not advanced much over the years and remains primarily a handcrafted art.48
The pointe shoe is designed with a hard toe box that encases and supports the toes and a
soft satin fabric around the foot. The vamp is the upper portion of the toe box and can be
lengthened or widened to accommodate different shapes of dancers’ feet. Further support
is provided by the insole, outer sole and shank, which can have varying degrees of
stiffness and lengths for supporting the arch of the foot. The shoe is held to the foot by
elastic and a satin ribbon that wraps around the ankles.24
The en pointe position requires sufficient range of motion in the ankle to allow the
thigh, lower leg, foot and toes to align. This requires a minimum of 90 degrees of ankle
plantar flexion to allow the metatarsal shafts to be vertically aligned with the tibia.24 As
the foot is not inherently designed to function in a fully plantar-flexed position, it is
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important to consider how this position impacts the distribution of load in the foot and
ankle. Dancing en pointe changes the normal direction of forces through the foot and
does not allow the foot to use many of its shock-absorbing mechanisms.57 The en pointe
position is known to increase the force transmitted through the foot by 12 times body
weight, as opposed to 4 times body weight in soft ballet slippers.8
As demanding as dancing en pointe is, no universal regulations or principles exist
to determine when a dancer is ready to begin pointe work. Dancing en pointe typically
begins between 9-12 years of age and after a minimum 2-4 years of training.12 Age, years
of dance experience, past and present injuries, and alignment in ballet-specific positions
are the criteria most commonly cited by dance instructors for determining when a dancer
is ready to begin pointe work.29 Each studio offering dance instruction independently
makes the decision of when to allow a student to dance en pointe, and the criteria that
these decisions are based on vary greatly. Without standards to protect the well being of
the dance student, dancers may be at risk of sustaining injuries throughout their training.
If the feet are exposed to repetitive loads without adequate preparation and
sufficient recovery time, tissue breakdown may occur with a resultant predisposition to
overuse injury.34 Injury rates in elite pre-professional ballet schools are has high as 76%
risk of injury over a one-year period, and 72% of injuries are classified as overuse.11
Seventy-seven percent of injuries reported are in the lower extremity.9 Bunions, hallux
valgus, Morton’s neuroma, hammertoe, subungual hematomas and trigger toe are among
the list of the most common injuries sustained from dancing en pointe. 47, 51, 57 Common
overuse injuries in dancers include metatarsal stress fractures9, 36, 51, tenoperiostitis of the
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tibia 9, plantar fasciitis, posterior ankle impingement45, Achilles tendinosis and flexor
hallucis longus tendinosis, also known as dancer’s tendinosis.24
To date, no studies have shown that there is an increased risk of injury
specifically associated with starting pointe work too early. However, research does
suggest that young ballet students may be more vulnerable to dance injuries than
professional adults due to their developing musculoskeletal system.13 During periods of
rapid growth, young dancers can appear relatively uncontrolled in their movements and
exhibit a temporary loss of coordination.36 It has been suggested that functional tests that
examine core stability, strength and flexibility of the feet and ankles, lower extremity
alignment and postural control may be a more adequate evaluation for determining when
a dancer is ready to begin pointe work. 24, 43, 45, 48, 59
Several dance medicine professionals agree that an important criterion for pointereadiness is a supernormal range of ankle plantar flexion range of motion.45, 59 It is
recommended that a dancer obtain a minimum of 90 degrees of plantar flexion before
beginning pointe work.24, 48 Clinical cases of dancers having difficulty with pointe work
have been specifically related to a lack of ability to obtain the full pointe range of
motion.51
Tests that replicate positions and movements fundamental in dance, e.g. plié,
sauté, and relevé, are appropriate for evaluating dancers specifically.13 Plié, which means
“to bend”, is a squatting motion performed on either one leg or two. Sauté, which means
“to jump”, is a movement of jumping straight up and down. Performance on Airplane
test, which analyzes plié mechanics, and Sauté test were found to be most associated with
readiness for pointe work.43
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Relevé, which means “to rise”, is performed by lifting the heel off the ground
with the weight on the balls of the feet. The relevé action in a demi-pointe position is the
same as a standard calf-raise. Sports medicine clinicians commonly use the calf-raise test
as a screening tool for lower-limb function and in the assessment of the triceps surae
muscle-tendon unit.16 A calf-raise endurance test could be used to compare lower
extremity strength and endurance in pre-pointe and pointe dancers.
Postural control has also been cited as a factor that may influence pointereadiness.24, 48 The postural control system regulates the body’s postural sway during
upright standing through the complex interaction of somatosensory, visual and vestibular
sensory feedback networks, numerous brain regions, and the musculoskeletal system.56
Postural control is evaluated with dynamic tasks, such as functional tests of motor
control, as well as static balance assessments.
Center of pressure (COP) measures are key variables for assessing postural
control. As the amount of COP motion variability increases, stability decreases, thus
leading to an increase in body sway.56 It is assumed that dance training reduces COP
movement and postural sway by establishing a more developed motor program and a
more accurate position sense of lower extremities.27, 56
A novel approach to quantifying postural stability is analyzing time-to-boundary
(TTB) of center of pressure excursions. Time-to-boundary measures estimate the time it
would take for the COP to reach the boundary of the base of support if the COP was to
continue on its trajectory at its instantaneous velocity.17 An individual would fall if their
COP reached the boundary of their base of support. A lower TTB measure indicates
increased instability because the COP will reach the BOS more quickly. Time-to-
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boundary has been shown to be weakly correlated with traditional COP measures,
suggesting these parameters capture different aspects of postural control.17 Time-toboundary analysis on balance testing in pre-pointe and pointe dancers may provide
further insight into group differences on performance and balance abilities.
Several suggestions for evaluation of pointe-readiness have been made, however
there are no known research studies that have compared group differences between prepointe and pointe students on criteria to determine pointe-readiness. The primary purpose
of this study was to determine if pre-pointe and pointe dancers differ in ankle range of
motion, performance on functional tests, and force plate analyses of postural control. It
was hypothesized that dancers in the pointe group would have significantly greater range
of motion than the pre-pointe group. It was also hypothesized that that dancers in the
pointe group would be able to achieve more repetitions in the Airplane test, Single Leg
Sauté test, and Relevé Endurance test than dancers the pre-pointe group. With regard to
force plate analyses, it was hypothesized that pointe dancers would have smaller path
lengths, smaller path/area values, and slower average velocities. It was also hypothesized
that dancers in the pointe group would have higher TTB measures than the pre-pointe
group.
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Chapter 2
Methods
Experimental Design
A case-control experimental design was used for this research study. Participants
were recruited from four recreational dance studios and separated into two groups: prepointe and pointe, based on their previous dance experience and skill. Participants
underwent approximately one hour of testing on a single day of testing with three
components: pointe screening, range of motion testing, functional testing and force plate
balance assessment. Testing took place in the dance studios where the participants
regularly trained.
Recruitment materials were approved by The Pennsylvania State University’s
Institutional Review Board (IRB). The approved recruitment materials included a flyer
(Appendix A) and a script (Appendix B). Potential participants answered a preparticipation questionnaire (Appendix C) with information such as current age, years of
ballet experience, if the subject has started pointe work, leg dominance, menstrual
history, and health history to determine if they met the eligibility criteria of the study. If
the participant met the criteria of inclusion and exclusion, they were scheduled for a
testing session at their dance studio. At the start of the testing session, the participant and
a parent/guardian were asked to read and sign an IRB approved informed consent form
(Appendix D). If the participant and their parent/guardian agreed to the terms of the
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study, the participant began testing procedures. Parents/guardians were permitted to all
observe testing procedures.
If the participant indicated on their pre-participation questionnaire that they had
pointe experience, they underwent a pointe screening assessment. After this screening
was complete, ankle range of motion measures were taken. Participants then completed
practice trials and testing trials of three functional tests: the Airplane test, the Single Leg
Sauté test, and the Relevé Endurance test. The order of the functional tests was not
randomized, however the endurance test was performed last to reduce the effect of
fatigue. A certified athletic trainer evaluated and scored the functional tests. Static
postural control was then assessed with balance trials in a quiet double-legged demi
pointe stance on a force plate (AccuSway Plus force plate, AMTI Corp., Watertown,
MA).

Participants
Thirty-two female ballet dancers with a mean age of 11.4 ± 1.1 years met all
inclusion and exclusion criteria. Participants were enrolled into the study upon receiving
pre-participation questionnaires. The dancers were split into two groups, including 16
dancers who were pre-pointe and 16 dancers who had started pointe training. The
university IRB approved all procedures used in this study.
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The criteria for inclusion were:
-

Female ballet dancers between the ages of 10 and 13 years old

-

Three years of ballet training, including at least two 45 minute ballet classes
per week

-

English speaking

The criteria for exclusion were:
-

Currently experiencing pain, numbness or paresthesia in the lower back or
lower extremities

-

Significant self-reported orthopedic injury of the lower back or lower
extremity within the past 1 year (such as disc herniation, fracture, ligamentous
sprain, etc.)

-

Significant low back or lower extremity surgery with in the past 1 year (such
as ACL reconstruction, hip arthroscopy, lumbar laminectomy, etc.)

-

Currently under the care of a physician or seeking rehabilitation for a lower
extremity or low back injury or pain

-

History of head trauma or concussion within the past 6 months

-

Currently experiencing any concussion-like symptoms such as nausea,
dizziness, headache etc.

-

Currently experiencing balance problems

-

Neurological conditions (e.g. multiple sclerosis, myasthenia gravis, etc.)
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Pointe Screening Procedures
If a participant reported that they have started pointe-work on their preparticipation questionnaire, they were asked to complete a pointe screening. This
additional screen is aimed to further evaluate a dancer’s technique to ensure they are
placed in the appropriate group. To do so, the participant was asked to put on her pointe
shoes and was instructed to do five consecutive rises to full pointe at the ballet barre in
first position. Participants were given a 5-minute warm-up period to prepare for testing
procedures. The researcher evaluated the participant on her ability to rise completely onto
the toe boxes of the shoes and for deficits in mechanics at the ankle joint, such as
excessive inversion or eversion, which would be a sign of poor strength and insufficient
technique. After the five rises to full pointe were complete, the participant was asked to
remove their pointe shoes for the remainder of testing. If the participant successfully
completed 4 out of 5 of the rises to full pointe, they were included in the pointe group. If
the participant did not successfully complete 4 out of 5 rises to full pointe, they were
included in the pre-pointe group.

Range of Motion Testing Procedures
Three measurements of active ankle plantar flexion range of motion were taken
bilaterally using a standard goniometer according to the methods described by Russell46
(ICC=0.99). Participants were positioned supine on the floor with hip, knee and ankle
joints in neutral position. The researcher then instructed participants to actively “pointe”
the feet, creating a plantar flexed position. The goniometer axis was placed at the lateral

10

malleolus and the arms were placed along the shaft of the tibia and the distal head of the
fifth metatarsal. The average of the three measurements was used for analysis.

Airplane Test Procedures
The first functional test performed was the Airplane Test. A demonstration video
was shown and a verbal script was read aloud to the participant. As previously described
by Liederbach26, the starting position for this test is with the trunk pitched forward and
non-support leg (gesture leg) extended to the back, keeping the pelvis square to the
ground (Figure 2-1). From this position, participants perform five controlled plies
(bending at the knee) while horizontally adducting the arms, reaching downward and
lightly touching fingertips to the ground. Repetitions were not counted if the participant
demonstrated foot pronation, a valgus force at the knee, pelvic alignment that was not
square to the ground, or they did not maintain the foot, back and head in one line. A right
Airplane test is analyzing a left single leg plié. With regards to leg dominance, the
dominant leg refers to the support leg.
Participants performed one practice trial of 5 repetitions then rested one minute
before completing recorded trials. Participants performed 2 recorded trials of 5 repetitions
on each limb with 1 minute of rest between trials. The number of correctly performed
repetitions of 5 attempts was recorded. The average of the two trials was used for
analysis. Three minutes of rest were given before proceeding to the Single Leg Sauté test.
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Figure 2-1: Airplane Test

Single Leg Sauté Test Procedures
The second functional test performed was the Single Leg Sauté Test. A
demonstration video was shown and a verbal script was read aloud to the participant. As
previously described by Richardson43, the arms are placed in front of the body at hip
height with the non-supporting leg touching the support leg at the base of the supporting
calf (Figure 2-2). In this position, participants complete 16 consecutive jumps on the
supporting leg. Repetitions were not counted if the participant dropped the trunk, moved
the arms from the starting position, demonstrated a “hip-hike” with the non-supporting
hip, or they did not jump high enough to fully extend the supporting knee and foot.
Participants were allowed one practice trial (5 jumps) for familiarization. One
minute of rest was given before recorded trials. Participants were then asked to perform
16 consecutive single leg sauté jumps. Two recorded trials were performed on each leg

12

with 1 minute of rest in between trials. The number of properly executed jumps was
recorded. The average of the two trials was used for analysis. Participants were given 3
minutes of rest after this test before starting the Relevé Endurance test.

Figure 2-2: Single Leg Sauté Jump Test

Relevé Endurance Test Procedures
The third functional test performed was the Relevé Endurance Test. Relevé height
for each raise was objectively determined using the Ankle Measure for Endurance and
Strength (AMES) device (ICC=0.97) as described previously by Sman and colleagues.50
This device is a platform with two L-brackets, which suspend an elastic band (Figure 23).
Before performing the test, the device was adjusted to the participant’s maximum
heel rise as follows:
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1. The participant placed the heel, barefoot, on the elastic band between
the L-brackets with the subject’s foot pointing to the front of the platform.
2. The participant performed a maximum heel rise, with extended knee,
with the non-testing leg in parallel passé (foot connected at the knee) and
the fingertips of one hand on the ballet barre for balance.
3. The researcher adjusted the elastic band by sliding the spring clamps up
or down until the elastic band is just clear of the heel and in a horizontal
position. The participant then lowered their heel back onto the platform.
4. The participant performed another heel rise to confirm their maximum
heel rise height will clear the height of the band.

The participant was given verbal instructions to perform as many relevés as they
could during testing. The test was conducted with the participant rising and lowering their
heel to clear the height of the band to the beat of a metronome (Tempo: 100, 2/4 Time
Signature.) The researcher stopped the count of successful repetitions once: the
participant decided they were too fatigued to continue, the elastic tubing was not cleared
twice in a row, form was incorrect twice in a row, more than two fingers of one hand
were used for support on the ballet barre, or the participant fell behind the pace of the
metronome twice in a row. Incorrect form is defined as: excessively bending at the knee,
using a hip hike method, supporting ankle is not stable, or the stance foot shifting from its
original position. The test was performed one time on each limb and the maximum
number of repetitions for each limb was recorded. Participants were given 3 minutes to
recover from the endurance testing prior to force plate testing.
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Figure 2-3: Relevé Endurance Test
Force Plate Analysis Procedures
Participants were asked to step onto the portable force plate, which had a sheet of
graph paper on its surface. Participants were asked to stand in first position with their
heels connecting at the center axis of the paper, noted with an X. The participant’s feet
were traced on the paper. Participants were asked to rise to relevé (on the balls of the feet
in demi pointe) in first position. The balls of the participant’s feet were traced while in
the relevé position.
For data recording, participants were asked to rise to relevé in first position and
hold for 30 seconds. The participant’s arms were in the fifth in front ballet position (arms
in front of the body). Participants were instructed to focus on a target placed on the wall
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at approximately eye level during the testing period. Three 30-second trials were
recorded with 1 minute of rest between each trial. Translational forces (Fx, Fy, Fz) and
moments of force (Mx, My, Mz) were recorded at 200 Hz using the Balance Clinic
software (AMTI corp., Watertown, MA). In the reference frame of the force plate, the X
direction indicates medial-lateral motion and the Y direction indicates anterior-posterior
motion.

Figure 2-4: Force Plate Analysis
Statistical Analysis
Descriptive statistics, including group means and standard deviations were
calculated for all demographics and dependent variables of interest. Two-tailed, twosample t-tests were calculated to determine statistically significant differences between
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the pre-pointe and pointe groups for demographic and anthropometric measures. Separate
one-way analysis of variance (ANOVA) were calculated to determine statistically
significant differences among leg conditions for range of motion, the Airplane test, Single
Leg Sauté test, and Relevé Endurance test. Pearson correlation analysis was used to
assess relations between variables. Strengths of Pearson correlation values were
described using the guide suggested by Evans10 for the absolute value of r: “very weak”
(0.00-0.19), “weak” (0.20-0.39), “moderate” (0.40-0.59), “strong” (0.60-0.79), and “very
strong” (0.80-1.0). Residual analyses were conducted to ensure data met necessary
assumptions for ANOVA.
The data for postural control included COP and TTB measures. COP data were
low-pass filtered with a cut-off of 5Hz using MATLAB software (Mathworks Inc., Natik,
MA). The filtered data was used to compute standard deviation of the COP in the X and
Y directions, range of the COP in the X and Y directions, length of the COP path, mean
velocity of the COP path, the area of the best fitting ellipse for the COP data, and the
fractal dimension of the COP data. Mean velocity of the COP is related to the amount of
regulatory activity associated with postural stability, and is a useful measure for
evaluating postural steadiness.38 Area of the ellipse for COP, calculated using principal
component analysis, is also a widely accepted method for measuring postural stability.33
Fractal dimension is used to compare planar curves composed of connected line segments
and produces values ranging from 1 to 2, with 1 indicating a straight line, and 2
indicating a random walk curve.20 Fractal dimension can be analyzed to determine the
likelihood that trails are random walks and to compare the straightness of trails before
and after an intervention.20
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To calculate TTB measures, the boundary was created to capture the shape of the
ball of the foot using 5 coordinate points from the tracings of the participant’s feet. The
TTB mean minima and TTB mean minima standard deviation was also computed using
the MATLAB program. The average of the three trials for each of these variables was
identified and used for the statistical comparisons. Two-sample t-tests were conducted for
these variables. An a priori alpha level of P ≤ 0.05 denoted statistical significance for all
comparisons. Statistics were calculated using MiniTab (Version 21, Minitab Inc., State
College, PA) and Statistical Package for the Social Sciences (Version 24, IBM Corp.,
Armonk, NY).
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Chapter 3
Results
Thirty-two youth female dancers between the ages of 10 and 13 years of age
(11.47 ± 1.11 years) participated in this study. As shown in Table 3-1, there was a
significant difference between the ages of the participants in the pre-pointe and pointe
groups. However, there were no significant differences between groups in height, weight,
hours of ballet classes taken per week or years of ballet experience.

Table 3-1: Participant Anthropometric and Demographic Data
Pre-Pointe Group
Pointe Group
n=16
n=16
Age (yrs)
11.00 ± 1.03
11.99 ± 1.00
Height (m)
1.52 ± 0.08
1.55 ± 0.08
Mass (kg)
39.33 ± 7.85
41.88 ± 6.79
Hours of Ballet/Week (hrs)
3.27 ± 2.30
4.95 ± 3.81
Years of Ballet (yrs)
6.06 ± 2.24
7.38 ± 2.30
Mean ± Standard Deviation
* denotes statistical significance for P-Value < 0.05

P-Value
0.023*
0.219
0.294
0.140
0.220

Range of Motion Testing
No significant differences in ankle plantar flexion range of motion were found
between the pre-pointe group and pointe groups (Table 3-2). One-way ANOVA showed
that there was a trend toward significance between groups for the model, with the pointe
group demonstrating greater plantar flexion range of motion than the pre-pointe group (P
< 0.07). When relationships were analyzed separately with Tukey Simultaneous Tests for
Differences of Means, no statistically significant relationships were found (Table 3-3,
Figure 3-1). As shown in Table 3-4, there was a very strong correlation between
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dominant and non-dominant plantar flexion ROM. There was a moderate correlation
between both dominant and non-dominant plantar flexion ROM and dominant Relevé.
There was also a moderate correlation between non-dominant plantar flexion and nondominant Relevé.

Table 3-2: Range of Motion Data
Pre-Pointe Group Pointe Group
Dominant Leg
89.19 ± 5.21
92.62 ± 4.95
Plantar Flexion ROM
Non-Dominant Leg
88.40 ± 5.85
91.77 ± 4.70
Plantar Flexion ROM
Measurements are in degrees
Mean ± Standard Deviation
Table 3-3: Tukey Simultaneous Tests for Differences of Means (PF ROM)
Difference of Levels
Difference of Means
95 % CI
Pointe D – Pre D
3.44
(-1.42, 8.29)
Pre ND – Pre D
-0.79
(-5.65, 4.07)
Pointe ND– Pre D
2.58
(-2.27, 7.44)
Pre ND – Pointe D
-4.23
(-9.08, 0.63)
Pointe ND – Pointe D
-0.85
(-5.71, 4.00)
Pointe ND – Pre ND
3.37
(-1.48, 8.23)
* denotes statistical significance for P-Value < 0.05

P-Value
0.251
0.973
0.500
0.109
0.966
0.267
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Figure 3-1: ROM Tukey Post-Hoc Comparison
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Table 3-4: Range of Motion Correlations
Dominant PF

Dominant PF Non-Dominant PF
Pearson Correlation
1
0.922*
Sig. (2-tailed)
0.000

Non-Dominant PF

Pearson Correlation

0.922*

1

Dominant Airplane

Sig. (2-tailed)
Pearson Correlation

0.000
0.265

0.313

Sig. (2-tailed)

0.143

0.081

Non-Dominant Airplane Pearson Correlation

0.202

0.276

Sig. (2-tailed)
Pearson Correlation

0.268
0.220

0.127
0.272

Sig. (2-tailed)

0.225

0.133

Non-Dominant Sauté

Pearson Correlation

0.147

0.181

Dominant Relevé

Sig. (2-tailed)
Pearson Correlation

0.421
0.541*

0.322
0.544*

Sig. (2-tailed)

0.001

0.001

Pearson Correlation

0.371*

0.476*

Sig. (2-tailed)

0.036

0.006

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation

-0.137
0.454
-0.202

-0.090
0.625
-0.110

Sig. (2-tailed)
0.267
* denotes statistical significance for P-Value < 0.05

0.548

Dominant Sauté

Non-Dominant Relevé

TTB Mean Minima
TTB Mean Minima SD

Airplane Test
Significant differences were observed between pre-pointe and pointe groups on
the Airplane test (Table 3-5). One-way ANOVA for the model showed that there was a
significant difference between groups for the model, with the pointe group demonstrating
more repetitions than the pre-pointe group (P < 0.001). When relationships were
analyzed separately with Tukey Simultaneous Tests for Differences of Means, significant
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differences were found between the pre-pointe and pointe groups on both dominant and
non-dominant legs (Table 3-6, Figure 3-2). No significant differences were found
between the dominant and non-dominant legs for either the pre-pointe or pointe groups.
As shown in Table 3-7, there is a strong correlation between dominant Airplane and nondominant Airplane. There is also a strong correlation between dominant and nondominant Airplane and dominant and non-dominant Sauté. There are also strong
correlations between non-dominant Airplane and non-dominant Relevé, and a moderate
correlation between dominant Airplane and non-dominant Relevé.
Table 3-5: Airplane Test Data
Pre-Pointe Group Pointe Group
Dominant Leg
2.59 ± 0.95
3.88 ± 0.89
Airplane Test
Non-Dominant Leg
2.47 ± 1.18
3.78 ± 0.80
Airplane Test
Values represent number of repetitions
Mean ± Standard Deviation
Table 3-6: Tukey Simultaneous Tests for Differences of Means (Airplane Test)
Difference of Levels
Difference of Means
95 % CI
P-Value
Pointe D – Pre D
1.313
(0.429, 2.196)
0.001*
Pre ND – Pre D
0.125
(-0.759, 1.009)
0.982
Pointe ND – Pre D
1.406
(0.523, 2.290)
0.001*
Pre ND – Pointe D
-1.188
(-2.071, -0.304)
0.004*
Pointe ND – Pointe D
0.094
(-0.790, 0.977)
0.992
Pointe ND – Pre ND
1.281
(0.398, 2.165)
0.002*
Values represent number of repetitions
* denotes statistical significance for P-Value < 0.05
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Figure 3-2: Airplane Test Tukey Post-Hoc Comparison
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Table 3-7: Airplane Test Correlations
Dominant
Airplane
0.265

Non-Dominant
Airplane
0.202

0.143

0.268

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.313

0.276

0.081
1

0.127
0.717

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.717*

1

0.000
0.704*

0.666*

0.000

0.000

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.601*

0.672*

0.000
0.439*

0.000
0.432*

0.012

0.013

Pearson
Correlation
Sig. (2-tailed)

0.554*

0.688*

0.001

0.000

Pearson
-0.176
Correlation
Sig. (2-tailed)
0.336
TTB Mean Minima
Pearson
-0.335
SD
Correlation
Sig. (2-tailed)
0.061
* denotes statistical significance for P-Value < 0.05

-0.155

Dominant PF

Non-Dominant PF

Dominant Airplane

Non-Dominant
Airplane
Dominant Sauté

Non-Dominant Sauté
Dominant Relevé

Non-Dominant
Relevé
TTB Mean Minima

Pearson
Correlation
Sig. (2-tailed)

0.000

0.396
-0.434
0.013
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Single Leg Sauté Test
Significant differences were observed between pre-pointe and pointe groups on
the Single Leg Sauté test. (Table 3-6) One-way ANOVA showed that there was a
significant difference between groups for the model, with the pointe group demonstrating
more repetitions than the pre-pointe group (P < .000). When relationships were analyzed
separately with Tukey Simultaneous Tests for Differences of Means, significant
differences were found between the pre-pointe and pointe groups on both dominant and
non-dominant legs (Table 3-7, Figure 3-3). No significant differences were found
between the dominant and non-dominant legs for either the pre-pointe or pointe groups.
As shown in Table 3-10, there is a very strong correlation between dominant and nondominant Sauté. There are strong correlations between dominant and non-dominant
Airplane and Sauté. There are moderate correlations between dominant and nondominant Sauté and dominant and non-dominant Relevé.

Table 3-8: Single Leg Sauté Test Data
Pre-Pointe Group Pointe Group
Dominant Leg
8.41 ± 3.51
13.19 ± 2.28
Single Leg Sauté Test
Non-Dominant Leg
7.84 ± 3.06
12.47 ± 2.78
Single Leg Sauté Test
Values represent number of repetitions
Mean ± Standard Deviation shown
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Table 3-9: Tukey Simultaneous Tests for Differences of Means (Single Leg Sauté Test)
Difference of Levels
Difference of Means
95 % CI
P-Value
Pointe D – Pre D
4.78
(2.03, 7.53)
0.000*
Pre ND – Pre D
-0.56
(-3.32, 2.19)
0.949
Pointe ND – Pre D
4.06
(1.31, 6.82)
0.001*
Pre ND – Pointe D
-5.34
(-8.10, -2.59)
0.000*
Pointe ND – Pointe D
-0.72
(-3.47, 2.03)
0.900
Pointe ND – Pre ND
4.63
(1.87, 7.38)
0.000*
Values represent number of repetitions
* denotes statistical significance for P-Value < 0.05

Figure 3-3: Single Leg Sauté Test Tukey Post-Hoc Comparison
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Table 3-10: Single Leg Sauté Test Correlations

Dominant PF

Non-Dominant PF

Dominant Airplane

Non-Dominant
Airplane
Dominant Sauté

Non-Dominant Sauté
Dominant Relevé

Non-Dominant Relevé

TTB Mean Minima

Dominant
Sauté
0.220

Non-Dominant
Sauté
0.147

0.225

0.421

0.272

0.181

0.133
0.704*

0.322
0.601*

0.000

0.000

Pearson
Correlation

0.666*

0.672*

Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.000
1

0.000
0.900*

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.900*

1

0.000
0.437*

0.403*

0.012

0.022

Pearson
Correlation
Sig. (2-tailed)

0.517*

0.487*

0.002

0.005

-0.181

-0.175

0.322
-0.298

0.339
-0.378

0.097

0.033

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

Pearson
Correlation
Sig. (2-tailed)
TTB Mean Minima SD
Pearson
Correlation
Sig. (2-tailed)
* denotes statistical significance for P-Value < 0.05

0.000
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Relevé Endurance Test
Significant differences were observed between pre-pointe and pointe groups on
the Relevé Endurance test (Table 3-11). One-way ANOVA for the model showed that
there was a significant difference between groups for the model, with the pointe group
demonstrating more repetitions than the pre-pointe group (P < 0.01). When relationships
were analyzed separately with Tukey Simultaneous Tests for Differences of Means, the
only significant difference found was between the pre-pointe group non-dominant leg and
the pointe group dominant leg (Table 3-12, Figure 3-4). No significant differences were
found between the dominant and non-dominant legs for either the pre-pointe or pointe
groups. As shown in Table 3-13, there was a very strong correlation between dominant
and non-dominant Relevé. There was a moderate correlation between dominant Relevé
and the following: dominant and non-dominant PF, dominant and non-dominant
Airplane, dominant and non-dominant Sauté. There was a strong correlation between
non-dominant Relevé and non-dominant Airplane. There were moderate correlations
between non-dominant Relevé and the following: non-dominant PF, dominant Airplane,
dominant and non-dominant Sauté.
Table 3-11: Relevé Endurance Test Data
Pre-Pointe Group Pointe Group
Dominant Leg
17.94 ± 4.46
22.00 ± 4.50
Relevé Endurance Test
Non-Dominant Leg
17.38 ± 4.56
21.06 ± 4.49
Relevé Endurance Test
Values represent number of repetitions
Mean ± Standard Deviation
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Table 3-12: Tukey Simultaneous Tests for Differences of Means (Relevé Endurance
Test)
Difference of Levels
Difference of Means
95 % CI
P-Value
Pointe D – Pre D
4.06
(-0.15, 8.27)
0.062
Pre ND – Pre D
-0.56
(-4.77, 3.65)
0.985
Pointe ND – Pre D
3.13
(-1.09, 7.34)
0.214
Pre ND – Pointe D
-4.63
(-8.84, -0.41)
0.026*
Pointe ND – Pointe D
-0.94
(-5.15, 3.27)
0.935
Pointe ND – Pre ND
3.69
(-0.52, 7.90)
0.106
Values represent number of repetitions
* denotes statistical significance for P-Value < 0.05
Figure 3-4: Relevé Endurance Test Tukey Post-Hoc Comparison
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Table 3-13: Relevé Endurance Test Correlations

Dominant PF

Non-Dominant PF

Dominant Airplane

Non-Dominant
Airplane
Dominant Sauté

Non-Dominant Sauté
Dominant Relevé

Non-Dominant Relevé

TTB Mean Minima

Dominant
Relevé
0.541*

Non-Dominant Relevé

0.001

0.036

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.544*

0.476*

0.001
0.439*

0.006
0.554*

0.012

0.001

Pearson
Correlation

0.432*

0.688*

Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.013
0.437*

0.000
0.517*

0.012

0.002

Pearson
Correlation
Sig. (2-tailed)
Pearson
Correlation
Sig. (2-tailed)

0.403*

0.487*

0.022
1

0.005
0.808*

Pearson
Correlation
Sig. (2-tailed)

0.808*

1

0.000

0

-0.250

-0.258

0.167
-0.297

0.153
-0.421

0.098

0.016

Pearson
Correlation
Sig. (2-tailed)

Pearson
Correlation
Sig. (2-tailed)
TTB Mean Minima
Pearson
SD
Correlation
Sig. (2-tailed)
* denotes statistical significance for P-Value < 0.05

0.371*

0.000
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Force Plate Analysis
Two-tailed, two-sample t-tests showed no significant differences between the prepointe and pointe groups on force plate COP values (Table 3-14). There were also no
differences between groups with TTB measures (Table 3-15). There were no significant
correlations found between TTB and PF ROM or functional tests (Table 3-16).

Table 3-14: Force Plate Analysis COP Measures
Measure
Pre-Pointe Group Pointe Group
SD (X)
0.52 ± 0.11
0.52 ± 0.21
SD (Y)
0.69 ± 0.17
0.67 ± 0.16
Range (X)
3.52 ± 1.07
3.80 ± 2.78
Range (Y)
3.62 ± 0.69
3.66 ± 0.95
Path Length
131.20 ± 31.36
135.79 ± 34.02
Path Velocity
4.37 ± 1.05
4.53 ± 1.13
Area Ellipse
4.42 ± 1.78
4.56 ± 3.48
Fractal Dimension
1.89 ± 0.08
1.91 ± 0.07
Measurements are in cm
Mean ± Standard Deviation
* denotes statistical significance for P-Value < 0.05

Table 3-15: Force Plate Analysis TTB Measures
Measure
Pre-Pointe Group Pointe Group
Mean Minima
0.47 ± 0.04
0.43 ± 0.09
Mean Minima SD
0.22 ± 0.17
0.20 ± 0.04
Measurements are in cm
Mean ± Standard Deviation
* denotes statistical significance for P-Value < 0.05

P-Value
0.952
0.825
0.709
0.882
0.694
0.694
0.882
0.489

P-Value
0.454
0.592
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Table 3-16: Time-to-Boundary Correlations

Dominant PF

TTB Mean
Minima
-0.137

Pearson
Correlation
Sig. (2-tailed)
0.454
Non-Dominant PF
Pearson
-0.090
Correlation
Sig. (2-tailed)
0.625
Dominant Airplane
Pearson
-0.176
Correlation
Sig. (2-tailed)
0.336
Non-Dominant
Pearson
-0.155
Airplane
Correlation
Sig. (2-tailed)
0.396
Dominant Sauté
Pearson
-0.181
Correlation
Sig. (2-tailed)
0.322
Non-Dominant
Pearson
-0.175
Sauté
Correlation
Sig. (2-tailed)
0.339
Dominant Relevé
Pearson
-0.250
Correlation
Sig. (2-tailed)
0.167
Non-Dominant
Pearson
-0.258
Relevé
Correlation
Sig. (2-tailed)
0.153
TTB Mean Minima
Pearson
1
Correlation
Sig. (2-tailed)
TTB Mean Minima
Pearson
0.599*
SD
Correlation
Sig. (2-tailed)
0.000
* denotes statistical significance for P-Value < 0.05

TTB Mean Minima
SD
-0.202
0.267
-0.110
0.548
-0.335
0.061
-0.434*
0.013
-0.298
0.097
-0.378*
0.033
-0.297
0.098
-0.421
0.016
.599*
0.000
1

Chapter 4
Discussion
The primary purpose of this study was to determine if pre-pointe and pointe
dancers differ in ankle range of motion, performance on functional tests, and force plate
analysis of postural control. It was hypothesized that dancers in the pointe group would
have significantly greater range of motion than the pre-pointe group. It was also
hypothesized that that dancers in the pointe group would be able to achieve more
repetitions in the Airplane test, Single Leg Sauté test, and Relevé Endurance test than
dancers the pre-pointe group. With regard to force plate analysis, it was hypothesized that
pointe dancers would have smaller path lengths, smaller path/area values, and slower
average velocities. It was also hypothesized that dancers in the pointe group would have
higher TTB measures than the pre-pointe group.

Range of Motion Testing
Previous literature suggests that dancing en pointe requires a minimum of 90
degrees of plantar flexion in the foot and ankle complex.48 Although our study revealed
no significant difference in plantar flexion range of motion between the groups, there was
a trend (P < 0.07) toward greater plantar flexion in our pointe group. Our pointe group
displayed over 90 degrees of plantar flexion bilaterally, while our pre-pointe group had
means of 89 degrees in the dominant ankle and 88 degrees in the non-dominant ankle. In
accordance with the previous suggestion by Shah48, our study supports the suggestion
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that 90 degrees of plantar flexion ROM should be considered as a minimum for
beginning pointe work.

Functional Testing
The results of this study are generally in agreement with the findings of
Richardson et al.43 As found in this study, Richardson et al.43 found that the Airplane Test
and the Single Leg Sauté test were predictive of pointe-readiness in a sample of youth
ballet dancers. Our study found statistically significant differences between the pre-pointe
and pointe groups on both their dominant and non-dominant legs in the Airplane test. A
“pass” on the Airplane test when used by Richardson et al.43, was defined as completing
at least four out of the five plies while maintaining neutral alignment of the trunk, pelvis,
hip, knee and ankle. It was not specified how the number of repetitions for a passing
score was determined. In the current study, the pointe group achieved a mean of 3.9 plies
on the dominant leg and a mean of 3.8 plies on the non-dominant leg, while the prepointe group achieved a mean of 2.6 plies on the dominant leg and 2.5 plies on the nondominant leg. This suggests that 3 plies may be a more appropriate number of repetitions
for evaluating pointe-readiness than the previously used value of 4 repetitions.
Also in agreement with Richardson et al.43, our study found statistically
significant differences were found between the pre-pointe and pointe groups on both their
dominant and non-dominant legs in the Single Leg Sauté test. When used by Richardson
et al.43, the Single Leg Sauté test was graded on a pass/fail scale and means of average
repetitions performed was not reported. A “pass” was defined as at least 8 of 16 properly
executed sauté jumps on each leg while maintaining a neutral pelvis, upright and stable
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trunk, neutral lower extremity alignment, proper heel-toe landing and fully extended knee
and pointed foot in the air. It was not specified in the literature how the number of
repetitions for a passing score was determined. In the current study, the pointe group
achieved a mean of 13.2 sauté jumps on the dominant leg and 12.5 sauté jumps on the
non-dominant leg. The pre-pointe group achieved fewer jumps, recording a mean of 8.4
jumps on the dominant leg and 7.8 jumps on the non-dominant leg. Our findings suggest
that the previously recommended passing score of 8 jumps may be low for determining
pointe-readiness, as our pre-pointe accomplished a mean of 8 jumps on their dominant
limb.
Our study is believed to be the first to compare performance on single-leg
squatting and single leg jumping tasks between pre-pointe and pointe dancers. The
differences we found between our pre-pointe and pointe dancers’ ability to perform these
tasks may be due to differences in hip abductor and core muscle strength. During singlelimb squatting, the gluteus medius and gluteus maximus both have a high level of
activation, producing more than 59% of maximum voluntary isometric contraction during
the exercise.40 Weak hip abductors have been associated with subtalar joint inversion, hip
abduction and increased knee valgus during single leg stance.43 A panel of experienced
clinicians evaluated a single leg squat task by examining posture of the trunk, pelvis, hip
and knee and rated performance as good, fair, or poor. Hip abduction strength was 39%
lower in those with poor compared with good performance on the single leg squat task.6
Hip abductors maintain a level pelvis in the frontal plane and in combination with the
core play an important role in pelvic control.37 It has been suggested aberrant movements
at the pelvis and trunk can influence moments acting on the knee, and that dynamic trunk
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stability cannot exist without pelvis stability.37 EMG analysis has shown lower limb
motions such as hip flexion, abduction and extension are initiated by contraction of the
trunk muscles.19 Greater hip abductor and core strength may be a contributing factor to
better performance in the pointe group on these tasks.

Relevé Endurance Test
Statistically significant differences were only found between the pre-pointe nondominant leg and the pointe dominant leg in the Relevé Endurance test. This suggests
that the Relevé Endurance Test is not a strong predictor of pointe-readiness, as
differences were not found amongst all groups. These findings are in also in concordance
with Richardson et al.43, as they studied a similar test, called the Single-Leg Heel Rise
Test, in pre-pointe ballet students and did not find that this test was a predictor of teacher
assessment of pointe-readiness. The study by Richardson et al.43 mentions that the
dancers were evaluated on the number of single-leg heel raises the dancer was able to
perform while maintaining full pre-test relevé height, however it was not specified how
the pre-test relevé height was measured. A “pass” on this test was defined as the ability to
perform 20 or more heel raises. Using 20 heel raises as a cut-off is in concordance with
our findings, as the pointe group in the current study had a mean of 22 on the dominant
leg and 21 on the non-dominant leg.
In the current study, a device called the Ankle Measure for Endurance and
Strength (AMES) device previously described by Sman et al.50 was used to ensure pretest relevé height was met on all repetitions completed. Also consistent with the protocol
used in the study conducted by Sman et al.50, we utilized a metronome to standardize the
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tempo of the heel rises. The AMES device is a reliable method for measurement (ICC=
0.97). The use of the AMES device and a metronome provides more objectivity to the
measurement of relevé performance, and although the testing method was more stringent,
our findings still concur with those of Richardson et al.43
Our study is believed to be the first to compare performance on a single leg heelrise task between pre-pointe and pointe dancers. Our findings suggest that there may be a
difference in plantar flexor strength between pre-pointe and pointe dancers. Plantar
flexion results from the combined action of the gastrocnemius and soleus muscles in the
calf. Pointe dancers must have adequate strength at the ankle in order to control the large
range of ankle motion they possess.14, 43, 60 The gastrocnemius and soleus muscles are
known as the triceps surae and combine to form the Achilles tendon. Sports medicine
clinicians commonly use the calf-raise test as a screening tool for lower-limb function
and in the assessment of the triceps surae muscle-tendon unit.16 It has been shown that
ballet students with 1 year of pointe experience tend to be marginally stronger, with
slightly greater ROM, than those who have not yet progressed to dancing en pointe.51
Although not clearly delineated in this study, adequate plantar flexor strength may be a
factor contributing to successful dancing en pointe.

Force Plate Analysis
There were no significant differences reported between pre-pointe and pointe
groups on COP or TTB measures in our study. Static conditions may fail to elicit postural
control deficiencies due to the ease of the testing procedure.41 In a previous study of
postural control in ballet dancers, the ballet first position in demi pointe had the highest
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variability in COP when compared to single leg and flat foot stance ballet postures.56 It is
suggested that as rising to the balls of the feet narrows the base of support, participants
use more lower body and upper trunk degrees of freedom to maintain the posture.56
Although the body position studied was suggested to elicit the most variability in COP
measures, the position may have been too familiar to both groups to elicit differences.
Although the pointe group is more advanced, both groups still use the demi pointe
position frequently in training. A more challenging or unfamiliar task may have provided
greater insight into postural control differences that may exist between pre-pointe and
pointe dancers.
Correlation coefficients were used to identify groups of highly correlated
measures. This information is useful in selecting particular tests to characterize pointereadiness. It is redundant to test more than one measure from any group of highly
correlated measures. Plantar flexion ROM, Airplane test, Single Leg Sauté test, and
Relevé Endurance test all had strong correlations between dominant and non-dominant
limbs. This suggests that only one limb may need to be tested when evaluating a ballet
student for pointe-readiness. Moderate correlations were found between the different
testing measures, which suggests each test assess different functional capacity. This
information allows researchers, clinicians and dance instructors to choose a time-efficient
and effective series of tests for evaluating young ballet dancers.

Limitations
A number of limitations were present in this study that may have impacted the
results. First, the pre-participation survey did not specify the number of years a dancer
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had already been on pointe. Because of this, there may have been a difference in
experience within the pointe group that was not measured or reported. There may have
been a potential for selection bias, also. When studios were contacted regarding
participation, the recruitment e-mail was initially sent to the studio directors to disperse
amongst students at their studios and their parents. It is unknown whether the studio
director contacted all eligible students, or if only certain students were provided with
information about the study. Another limitation is the difference in age between the prepointe and pointe groups. The age of 12 is the most frequently recommended minimum
age for beginning pointe work29 and the current study included dancers aged 10-13 years
old. The age difference between the groups in our study suggests that stages of
development and maturation may have also been different between subjects, which could
have influenced the results. We did not control for the effect of menstrual status in our
analysis of difference between the groups
With regard to functional testing, the first limitation is that only one researcher
evaluated all of the functional tests and the test trials were not video recorded. Error may
have been made by the researcher when evaluating trials of the functional tests because of
the complexity of evaluating multiple subjective criteria of the tests simultaneously. A
limitation with the force plate analysis is using a posture that is familiar to both groups.
In future studies, a more challenging posture, such as a single leg stance or a stance with
eyes closed could potentially show group differences between pre-pointe and pointe
dancers. Due to technological error, one trial of force plate analysis was excluded from
the study. For one participant, the average values were computed between two trials
instead of three. Another limitation is using a portable force plate. Surfaces between
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testing facilities varied, therefore noise from different testing surfaces may have skewed
the force plate analysis data.
Overall, a limitation of the study was the sample size. The sample size was large
enough to show differences between groups, however more participants are needed to
show cutoffs in functional testing scores to form recommendations of minimum numbers
of repetitions needed to be considered pointe-ready.

Future Research
Future research studies should investigate strength differences between pre-pointe
and pointe groups, specifically in the plantar flexors, hip abductors and core musculature.
The use of larger sample sizes in future studies may produce clearer differences in test
performance, such as the plantar flexion ROM test and Relevé Endurance test. Studies
should also evaluate the functional tests utilized in this study with a larger sample size to
form recommendations for numbers of repetitions that can be used by dance teachers to
determine pointe-readiness. Other novel, non-ballet related functional tests could also be
studied to investigate their ability to demonstrate differences between pre-pointe and
pointe dancers. Studies using force plate analysis of postural control when comparing
pre-pointe and pointe dancers should utilize more challenging tasks, such as single leg
poses, poses with eyes closed, or dynamic movements. Examining injury prevalence and
incidence rates in pre-pointe and pointe dancers in relation to range of motion and
functional test performance would also be fertile ground for future research. Examining
how injury affects performance on functional tests, such as the Airplane and Sauté test,
may also provide useful information for injury rehabilitation.

Chapter 5
Conclusion
The results from this study suggest that functional tests are the best discriminatory tool
for identifying differences between pre-pointe and pointe dancers. Of the three functional
performance tests utilized in this study, the Relevé Endurance test revealed the least differences
between the groups. Plantar flexion ROM differences, although not significant, revealed a trend
toward greater plantar flexion range of motion in the pointe group. Demi-pointe balance testing
did not reveal significant differences between pre-pointe and pointe groups and does not appear
to be a valuable measure to determine pointe-readiness. Functional performance tests, including
Airplane test and Single Leg Sauté test, simultaneously incorporate strength, endurance, ROM,
dynamic joint stability and postural control and appear to be the best discriminator between the
pre-pointe and pointe dancers.
The generalizability of these results is limited by the small sample size. There is need to
further explore functional tests which will best predict a young dancer’s readiness to dance en
pointe.

Chapter 6
Literature Review
Background/Pointe Readiness
When a ballet dancer goes en pointe, she progresses from training in a soft ballet
shoe to a pointe shoe with a hard toe box, which allows her to rise onto the tips of her
toes. The demi pointe position is when a dancer has her weight on the balls of her feet,
which places a force four times the dancer’s body weight at the metatarsophalangeal and
ankle joints.8 Full pointe, or pressing to the tips of the toes, increases the force to twelve
times the dancer’s body weight.8 These forces are considered bone on bone forces, which
are the result of the forces due to body weight and the muscular forces generated by those
muscles crossing the joint.8 Pearson and colleagues34 found that center of pressure
measures taken in pointe shoes are significantly greater than in soft ballet shoes or
barefoot, indicating demands are much greater on the foot and related structures by
simply wearing pointe shoes instead of soft ballet slippers. The differences between the
levels of stress placed on a young dancer’s body in during pointe training compared to
soft shoe ballet training shows the importance of careful decision making when choosing
to progress a dancer to starting pointe work.
When determining if a young dancer is ready for pointe work, the two basic
concerns for determining pointe readiness are when the child can safely perform the
maneuver in question without risking injury and how much training is required to ensure
that the child can effectively perform the desired technique.52 In a study by Meck and
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colleagues29, dance studios across the country were surveyed to determine which
components are most often used for determining readiness. Age was the most common
component cited, followed by years of dance experience, past and present injuries, and
alignment in ballet-specific positions.29 The average period of training before initiation of
pointe work is 2-3 years. The age at which dancers typically begin pointe ranges from 913 years, with 12 years of age being the most commonly reported.12, 29 Due to variation in
maturation, however, chronological age is not an accurate indicator of the level of injury
risk for a young dancer exposed to high levels of training.1 The variability amongst dance
instructors for determining when a dancer is ready to begin pointe-work demonstrates the
need for development of a universal screening criteria.

Risks/Injury Rates
There has been little to no research that suggests that injuries occur specifically as
a result of starting pointe work prematurely. One study suggests that injuries attributed
with children undertaking premature pointe work include physeal injury, stress injury,
and osteochondral injury to the articular cartilage of the first metatarsal.52 However,
another study proposes that risks associated with starting pointe too early have less to do
with actual bone or joint damage than they do with inadequate range of motion, strength
and stability.59 There is limited research that has been done to investigate injury rates in
this population, specifically at the time a ballet dancer transitions to pointe work.
Ligamentous laxity, injuries and painful sites were compared between pre-pointe and
pointe dancers in a previous study, however no significant differences between groups
were found.32
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It is suggested that ballet students may be more vulnerable to dance injuries than
professional adults due to a developing musculoskeletal system with open epiphyses.13
During periods of rapid growth an apparent decrease in the adolescent’s strength can be
observed and young dancers can appear relatively uncontrolled in their movements and
exhibit a temporary loss of coordination.36 Growth patterns of female ballet dancers tend
to show average heights, but well below average weights throughout adolescence, and
very lean dancers are more prone to injury than their less lean counterparts.23 High
incidence of menstrual dysfunction and low rates of bone mineral density have been
found in ballet dancers23, and puberty has been shown to be delayed compared with
controls.35 Mean age at menarche occurs at 13.7 ± 1 year in ballet dancers compared to
12.5 ± 1 year in controls.31 During maturation, ligaments and tendons become stiffer and
stronger, allowing these tissues to withstand greater stress and strain before failure as the
loading rate increases.31 Due to this, a delay in maturation suggests young ballet dancers
may be at a higher risk of injury.
In ballet dancers, it is estimated that 53% of injuries in dancers occur at the foot
and ankle, 21.6% in the hip, 16.1% in the knee and 9.4% in the back.11 Injuries reported
in the lower extremity are tenoperiostitis of the tibia, ankle impingement, and ankle
tendinopathy/tenosynovitis.9 Bunions, hallux valgus, Morton’s neuroma, hammertoe,
subungual hematomas and trigger toe are among the list of the most common injuries
sustained from dancing en pointe.47, 57 Other common overuse injuries in dancers include
tenoperiostitis of the tibia9, plantar fasciitis, Achilles tendinosis and flexor hallucis longus
tendinosis, also known as dancer’s tendinosis.24 Stress fracture of the second metatarsal at
Lisfranc’s joint is an injury seen almost exclusively in female ballet dancers.51 Dancers
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who begin pointe before the age of 11 years old have been shown to be at risk of
developing hallux valgus by 2x compared to dancers who began pointe after that age.47
Morton’s neuroma is also a common injury in dancers, with impingement between the
third and fourth toes or between the second and third toes as the two most common
sites.47 In the trunk, spondylolysis and spondylolisthesis are common injuries in
dancers.24 The incidence of spondylolysis in dancers is four times that in the general
population.47
Stress fractures represent the most typical overuse injury in ballet dancers.36 This
is especially important for young dancers starting pointe work because abrupt increases in
basal activity may predispose young dancers to injuries such as stress fractures.
Therefore, it is importation to initiate pointe training with frequent sessions of brief
duration, instead of long training sessions.12 Stress fractures and stress reactions cause the
greatest amount of time loss from full participation and should be investigated further for
modifiable risk factors.9 Nutrition has been correlated with 46% of the stress fracture
injuries in dancers.26 Female dance students and professional ballerinas have been
reported to consume below 70% and 80% of the recommended daily allowance of energy
intake.23 Only 35% of dance students across the country are offered seminars on injury
prevention and only 17% receive information on eating problems.13 Nutrition should be
further explored in young ballet dancers, and investigating nutritional habits may be
another useful component of determining a young dancer’s pointe-readiness.
The intrinsic muscles of the foot, which cross the metatarsal phalangeal (MP)
joints, must work 2.5 to 3 times harder than the muscles crossing the ankle joint during
the rise to full pointe.8 Chronic fatigue of the muscles crossing the MP-joints at the ball of
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the foot is thought to be a causal factor for injuries in pointe work.8 Bone on bone forces,
which are the result of the forces due to body weight and the muscular forces generated
by those muscles crossing the joint, were found to be as high as twelve times the body
weight at the metatarsophalangeal and ankle joints, particularly during relevés en pointe.8
The increased load at the MTP and ankle joints may also provide explanation for a
proposed increased risk of injury in pointe dancers.
A study of injury rates in elite ballet schools found that 72% of injuries were
classified as overuse.11 Many of the overuse injuries found in ballet dancers can be
attributed to biomechanical deficits. The most common knee complaint in dancers is
patellar pain. This is seen in dancers with limited hip external rotation, which cause them
to increase their turnout through the knee, thus exaggerating valgus forces on the knee.
Lack of hip external rotation also leads to excessive pronation. Pronation often indicates
that the dancer may be using the feet to achieve more turnout than is natural, based on the
dancer’s particular anatomy.47 Forced turn out, pronation/supination of the feet and
lumbar spine hyperlordosis represent important risk factors for the occurrence of different
types of foot and ankle tendinitis in young dancers.36 Leading female dancers with a total
of four or more past injuries had significantly less turnout.13 Overuse injuries occur in
women with decreased plié and ankle motion. Anatomical deviations in the relevé
position that have been correlated with injury include a poor pointe in relevé (plantar
flexion), marked asymmetry in the height of the relevé position, and ankle inversion
(sickling).13 Another biomechanical consideration is foot type. A dancer’s foot type can
predispose them to injuries during their career. A pes cavus foot has a high arch, which is
aesthetically pleasing en pointe, but it is rigid so shock absorption is poor, which may
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make a dancer prone to injury. A pes planus foot is the worst type of foot for dancing
because attaining adequate plantar flexion for pointe can be difficult.48 There are several
biomechanical deficits that have been found to cause injury in ballet dancers. Functional
tests and screenings may help prevent injuries in the future.

Screening /Functional Tests
Visual analyses of movement patterns during a variety of single-leg tasks,
designed to assess lower limb neuromuscular control are currently used in clinical
practice for evaluation of a variety of populations.6 In the general population, a number of
studies have highlighted a relationship between poor dynamic alignment of the lower
extremity on landing and increased risk of lower extremity injury.1 A study by Purnell39
was in concordance with previous literature, suggesting the same relationship is present
in dancers. Landing technique during a hop test was assessed in a group of dancers
between 11-14 years old. Technical errors such as foot pronation, knee valgus and pelvic
drop were graded as normal, mild, moderate and severe. Performance on the hop test
graded at a moderate or severe level of technical error significantly correlated with an
increased incidence of injury.39 A study by Hamilton et al. 13 also found that ballet
students who developed minor injuries showed pronation with landing from a sauté jump.
Modified knee valgus angle and pelvic angle during a single leg plié were also
found to be likely to have substantial effects on injury risk.1 This may be explained by
decreased hip abductor strength. Weak hip abductors have been associated with subtalar
joint inversion during single leg stance.43 Reduced hip muscle strength was a predictor of
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sustaining a lower limb injury over one athletic season.25 Hip abduction strength was
39% lower in those with poor compared with good performance on a single leg squat
task.6 Ballerinas demonstrate lower muscular strength than other athletes and untrained
individuals, demonstrating only 77% of weight-predicted strength norms. An
investigation of dancers’ thigh strength in relation to lower extremity injuries indicate
that the lower the thigh strength levels, the greater the degree of injury.23
The calf-raise test is commonly used by sports medicine clinicians as a screening
tool for lower-limb function and in the assessment of the triceps surae muscle-tendon
unit.16 Richardson et al.43 studied a calf raise endurance test in a group of pre-pointe
students and found that the test was not predictive of teacher assessment of pointe
readiness, however values of the number of repetitions performed between groups was
not compared. Purnell39 investigated a similar test in group of dancers between 11-14
years old and found that the number of single leg rises to demi-pointe subjects could
perform to fatigue onset averaged 17 on the right and 18 on the left. This test may
provide useful information to compare pre-pointe and pointe dancers.
It has been suggested that dynamic tests of motor control can better indicate
pointe-readiness than chronological age alone or in combination with static
musculoskeletal measurements.43 The correct execution of movements such as releve,
plié and tendu were the most commonly reported technique requirements for pointereadiness29, and analyzing mechanics of these motions may provide insight into
differences between pre-pointe and pointe dancers. Performance on functional tests
including the Airplane test and Sauté test are closely related to subjective teacher
assessment of pointe-readiness.43 It has been shown that ballet students with 1 year of
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pointe experience tend to be marginally stronger, with slightly greater ROM, than those
who have not yet progressed to dancing en pointe.52 It has also been suggest that students
with poor core stability or hypermobility of the feet and ankles may require additional
strengthening to allow them to safely begin pointe training.59
The physical profile of national dancers indicates that they are flexible but not
hypermobile, with a significant range of motion of the hip and ankle compared to the
general female population.13 Students who dropped out of the School of American Ballet
had a poorer pointe in plantar flexion compared to the other groups.13 A student with a
poor amount of ankle plantar flexion displayed by a weak tendu is predisposed to
posterior impingement of the ankle if starting dance en pointe.14 To dance en pointe, the
female dancer should have 90-100 degrees of plantar flexion in the foot/ankle complex.14
In other words, to ensure proper alignment en pointe the line of the metatarsals should be
parallel to the line of the tibia when the foot is pointed (combined ankle and plantar
flexion).59 Attaining sufficient range of motion to plantar flex the foot in a line parallel to
the line of the tibia appears to be essential in order to progress to en pointe training.52
Professional dancers showed a significantly increased plantar flexion of both feet in
comparison to amateur dancers.42 Evaluation of range of motion in the ankle has shown
that professional ballerinas possess an average of 113 degrees of ankle plantar flexion14,
while school-aged recreational dancers have an average of 86 degrees.53
Sufficient ankle range of motion may be an important criterion to consider when
determining a young dancer’s pointe-readiness. Previously, the “pencil test” has been
used for evaluating plantar flexion ROM, which is a pass or fail test to determine if a
dancer’s plantar flexion range of motion exceeds 90 degrees.43 This measurement was not
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found to be predictive of a teacher’s assessment of pointe readiness, however this test did
not produce range of motion values. Plantar flexion range of motion has been shown to
be higher in ballet dancers than controls, but no significant differences have been noted
between pre-pointe and pointe groups thus far in the literature.52

Force Plate/Balance
Balance abilities are dependent on all three sensory systems: the somatosensory,
vestibular, and visual systems. Due to the nature of their art, dancers have been known to
have superior balance abilities. A ballet dancer’s balance and stability must be able meet
challenging choreography that requires dancers to bear intense loads and balance on a
small base of support at the same time. Spatial skills, along with years of training,
flexibility and strength may all contribute to a dancer’s exceptional balance abilities.7
Dancers may also demonstrate balance enhancements due to faster and more consistent
neuromuscular responses and enhanced proprioceptive sensitivity.22
Postural stability measures are one way to assess balance. Postural stability is
defined as the ability to maintain a body’s center of mass (COM) within its base of
support (BOS). Cheng et al. found that dancing results in better postural stability and less
visual dependence on postural control in adolescent females.5 It has also been found that
professional dancers have better postural control than both amateur dancers and nondancers.42 Postural instability is potentially greater with larger angles of turnout because
the AP component of the longitudinal foot axis in contact with the floor becomes smaller
as turnout is increased. This may result in an increased tendency toward postural sway,
which may cause compensatory muscle activity in order to maintain postural stability.5
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Advanced dancers performed significantly better on one-legged balance tests and
dynamic balance tests than beginning dancers.49 The improved postural control
associated with dance training is only demonstrated when a dancer performs tasks that
are similar to the fundamental tasks of dancing.30
Center of pressure (COP) measurements are a method of measuring postural
control. Center of pressure is defined as the point of application of the resultant vertical
reaction forces under the feet, and it is the outcome of inertial forces and the restoring
equilibrium forces of the postural control system. Center of pressure measurements are
recorded using a force plate. Previous studies that have utilized force plate analysis in
dancers have ranged in sample frequency from 50-500Hz.3, 28 Enhanced postural stability
may be a protective mechanism against injuries in ballet.28 Trained dancers and gymnasts
have been shown to displace their center of gravity more efficiently, with shorter
adjustment duration than naive subjects.2 The use of a force plate to investigate postural
stability in a functional demi-pointe position provides further insight into potential
differences between pre-pointe and pointe dancers.

Appendix A

Recruitment Flyer

Pointe Readiness Research Study
Be part of an important Penn State University sports medicine
research study!
▪ Is your daughter between 10 and 13 years of age?
▪ Has she taken 3 years of ballet classes?
▪ Is she currently enrolled in at least two 45-minute ballet classes per
week?
If you answered YES to these questions, you may be eligible to
participate in a sports medicine research study on ballet dancers.
The purpose of this research study is to compare ballet dancers who
are pre-pointe with those who have started pointe work to determine
if they perform differently on ballet-specific functional tests.
This study is being conducted at multiple host dance studios. If you
are interested, please contact your studio owner.
Please call Stacey Glumm at (734) 788-8876 or via e-mail at
sbg5276@psu.edu for more information.
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Appendix B

Recruitment Script
Hello,
My name is Stacey Glumm and I am a graduate student in the Department of Kinesiology
at Penn State University. I am currently working on a research study to investigate
functional tests as a measure of pointe readiness in pre-pointe and beginning pointe
students. I am reaching out to you to see if you would be interested in participating in my
study.
I am particularly looking for dancers between 10-13 years of age, with a minimum of 3
years of ballet experience, who are currently enrolled in at least two 45-minute ballet
classes per week. Within these criteria, I will separate participants into two groups: one
group with students who have started pointe training, and a second group who are prepointe.
During the study you will be asked to do ballet-specific movements that utilize plié,
releve, and sauté, similar to what would be asked of you in a typical ballet class. If you
have started pointe work, you will be asked to do releves en pointe at the ballet barre.
There will also be a balancing task en releve on a force platform.
This study will be conducted in a single testing session, which will be held at your dance
studio. If you choose to participate in the study and change your mind, you may stop
testing at any point. Risk associated with participating in this study is no greater than
participating in a ballet class for your level. There will be no direct benefit for you as a
participant or any financial compensation for choosing to participate in this study.
If you have any questions and/or are interested in participating in this study, you may
contact me by phone at (734) 788-8876 or by e-mail at sbg5276@psu.edu.

Thank you,
Stacey Glumm
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Appendix C

Pre-Participation Questionnaire
Functional Criteria for Determining Pointe-Readiness
Pre-Participation Questionnaire
Dance History
1. How old were you when you started dancing?
2. How many years have you been dancing for?
3. How many years have you been taking ballet for?
4. Have you started pointe work?
5. How many hours do you spend in ballet classes per week?
6. How many hours do you spend in dance classes per week?
7. What styles of dance (other than ballet) do you take classes in?
8. If you were to kick a soccer ball, which foot would you kick it with?
Health History
9. At what age did you have your first period?
Can you answer YES to any of the following questions?
YES

NO

10. Are you currently experiencing pain, numbness or tingling in your back, legs, or feet?
11. Have you had a significant orthopedic injury to your lower back, legs, or feet in the past
year (i.e. disc herniation, fracture, ligamentous sprain)?
12. Have you had a significant surgery on your lower back, legs, or feet with in the last year
(i.e. ACL reconstruction, hip arthroscopy, lumbar laminectomy etc.)?
13. Are you currently under the care of a physician or seeking rehabilitation for a back, leg,
or foot injury or pain?
14. Have you had a head trauma or concussion within the past 6 months?
15. Are you currently experiencing any concussion-like symptoms, such as nausea, dizziness,
headache, sensitivity to light or noise, etc.?
16. Are you currently experiencing balance problems?
17. Have you previously been diagnosed with a neurological condition, i.e. multiple
sclerosis, myasthenia gravis, etc.?
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Appendix D

Participant Informed Consent

CONSENT FOR RESEARCH
The Pennsylvania State University

Title of Project: Functional Criteria for Determining Pointe-Readiness in Youth Ballet Dancers
Principal Investigator: Stacey Glumm, ATC
Address: 146 Recreation Building, University Park PA 16802
Telephone Number: 734-788-8876
Advisor: Sayers John Miller III, PhD, PT, ATC
Advisor Telephone Number: (814) 865-6782
Subject’s Printed Name: _____________________________
We are asking you to be in a research study. This form gives you information about the
research.
Whether or not you take part is up to you. You can choose not to take part. You can agree to
take part and later change your mind. Your decision will not be held against you.
Please ask questions about anything that is unclear to you and take your time to make your
choice.
Some of the people who are eligible to take part in this research study may not be able to give
consent because they are less than 18 years of age (a minor). Instead we will ask their
parent(s)/guardian(s) to give permission for their participation in the study, and we may ask
them to agree (give assent) to take part. Throughout the consent form, “you” always refers to
the person who takes part in the research study.
1. Why is this research study being done?
This research is being conducted to develop a series of tests ballet instructors may use
to determine when a dancer is ready to progress to pointe work. We are asking you to
be in this research because you are a ballet dancer who is between 10-13 years old. This
research is being done to find out which characteristics make ballet dancers prepared to
begin dancing en pointe. Approximately 30 people will take part in this research study in
the State College area.
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2. What will happen in this research study?
This research study will use a single day of testing with two components; functional
testing and force plate balance assessment. Testing will last approximately 60-70
minutes. The study will consist of 1 practice trial for each functional test and rest time
between testing trials. The functional tests will include ballet specific movements, such
as plié (bending at the knee), releve (rising onto the balls of the feet), and sauté
(jumping). The force place assessment will require the participant to balance in first
position on the balls of the feet in the releve position.
3. What are the risks and possible discomforts from being in this research study?
There is minimal risk involved in this study. The tasks required of subjects in this study
are less strenuous than what would be typically encountered in a ballet dance class for
students of this age. During testing it is possible that you may experience faintness,
fatigue, muscle pain, or chest pain during the exercises. We will minimize these
discomforts by providing a warm-up and breaks between testing trials. Risk will further
be minimized by providing verbal instructions followed by practice trials prior to testing
for all participants. Testing in the dance studios the subjects typically train in also
minimizes risk. The subjects will be tested in an open studio space with a standard
dance floor and in the absence of other students or equipment. The subjects be
observed by skilled/trained research personnel as they complete the study procedures
in an additional effort to minimize any type of risk associated with the study tasks.
There is a risk of loss of confidentiality if your information or identity is obtained by
someone other than the investigators. Precautions will be taken to prevent this from
happening. The confidentiality of your electronic data created by you or by the
researchers will be maintained to the degree permitted by the technology used.
Absolute confidentiality cannot be guaranteed.
4. What are the possible benefits from being in this research study?
4a. What are the possible benefits to others?
Participating in this study provides information about how ballet dancers perform on specific
functional tests.
5. What other options are available instead of being in this research study?
You may decide not to participate in this research.
6. How long will you take part in this research study?
If you agree to take part, it will take you 75 minutes to complete this research study:
- Informed Consent and Signatures (10 minutes)
- Warm-Up (5 minutes)
- Pre-Testing Measurements (10 minutes)
- Functional Testing (40 minutes)
- Force Plate Analysis (10 minutes)
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You will not be asked to return to the research site. Testing will be completed in one
session and no follow-up testing will be scheduled.

7. How will your privacy and confidentiality be protected if you decide to take part in this
research study?
Efforts will be made to limit the use and sharing of your personal research information to
people who have a need to review this information.
• A list that matches your name, date of birth, and dance studio with your subject ID number
will be kept in a locked file in the Athletic Training Lab at Pennsylvania State University,
located in Recreation Hall.
•

Your research records will be labeled with your subject ID number and will be kept in a
separate locked file in the Athletic Training Lab at Pennsylvania State University, located in
Recreation Hall.

In the event of any publication or presentation resulting from the research, no personally
identifiable information will be shared.
We will do our best to keep your participation in this research study confidential to the extent
permitted by law. However, it is possible that other people may find out about your
participation in this research study. For example, the following people/groups may check and
copy records about this research.
• The Office for Human Research Protections in the U. S. Department of Health and
Human Services
• The Institutional Review Board (a committee that reviews and approves research
studies) and
• The Office for Research Protections.
Some of these records could contain information that personally identifies you. Reasonable
efforts will be made to keep the personal information in your research record private.
However, absolute confidentiality cannot be guaranteed.
8. What are the costs of taking part in this research study?
8a. What happens if you are injured as a result of taking part in this research study?
In the unlikely event you become injured as a result of your participation in this study,
medical care is available. It is the policy of this institution to provide neither financial
compensation nor free medical treatment for research-related injury. By signing this
document, you are not waiving any rights that you have against The Pennsylvania State
University for injury resulting from negligence of the University or its investigators.
9.

What are your rights if you take part in this research study?
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Taking part in this research study is voluntary.
§ You do not have to be in this research.
§ If you choose to be in this research, you have the right to stop at any time.
§ If you decide not to be in this research or if you decide to stop at a later date, there will
be no penalty or loss of benefits to which you are entitled.

10. If you have questions or concerns about this research study, whom should you call?
Please call the head of the research study (principal investigator), Stacey Glumm at (734) 7888876 if you:
§ Have questions, complaints or concerns about the research.
§ Believe you may have been harmed by being in the research study.
You may also contact the Office for Research Protections at (814) 865-1775,
ORProtections@psu.edumailto: if you:
§ Have questions regarding your rights as a person in a research study.
§ Have concerns or general questions about the research.
§ You may also call this number if you cannot reach the research team or wish to offer
input or to talk to someone else about any concerns related to the research.

INFORMED CONSENT TO TAKE PART IN RESEARCH
Signature of Person Obtaining Informed Consent
Your signature below means that you have explained the research to the subject or subject
representative and have answered any questions he/she has about the research.
______________________________
_________
________________
Signature of person who explained this research Date
Printed Name
(Only approved investigators for this research may explain the research and obtain informed
consent.)
Signature of Person Giving Informed Consent
Before making the decision about being in this research you should have:
• Discussed this research study with an investigator,
• Read the information in this form, and
• Had the opportunity to ask any questions you may have.
Your signature below means that you have received this information, have asked the questions you
currently have about the research and those questions have been answered. You will receive a copy
of the signed and dated form to keep for future reference.
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Signature of Parent(s)/Guardian for Child
By signing this consent form, you indicate that you permit your child to be in this research and
agree to allow his/her information to be used and shared as described above.
___________________________
Signature of Parent/Guardian

__________
Date

________________
Printed Name

Subject’s Legally Authorized Representative
By signing below, you indicate that you give permission for the subject to be in this research and
agree to allow his/her information to be used and shared as described above.
______________________________
Signature of
Legally Authorized Representative

_________
Date

________________
Printed Name

Check the applicable box below indicating authority to act for subject:
Court-appointed legal guardian
Health Care Power of Attorney
Health Care Representative: _________________________________________
Relationship to Subject

ASSENT FOR RESEARCH
The research study has been explained to you. You have had a chance to ask questions to help you
understand what will happen in this research. You Do Not have to be in the research study. If you
agree to participate and later change your mind, you can tell the researchers, and the research will
be stopped.
You have decided:

(Initial one)

___________________________
Signature of Subject

___ To take part in the research.
___NOT to take part in the research.
__________
Date

__________________
Printed Name
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Appendix E

IRB Approval Letter

APPROVAL OF SUBMISSION
Date: February 17, 2017
From: Tracie Kahler, IRB Analyst
To:

Stacey Glumm
Type of Submission:
Title of Study:
Principal Investigator:

Initial Study
Functional Criteria for Determining Pointe-Readiness in
Youth Ballet Dancers
Stacey Glumm

Study ID:

STUDY00006158

Submission ID:

STUDY00006158

Funding:

Not Applicable

IND,IDE, or HDE:

Not Applicable

Documents Approved:

Review Level:

• 1)
Functional Criteria for Determining PointeReadiness – Pre-Participation Questionnaire (0.01),
Category: Recruitment Materials
• Airplane Test Demonstration.mov (0.01), Category:
Other
• Force Plate Analysis Photo (0.01), Category: Other
• Releve Endurance Test Image (0.01), Category: Other
• Saute Test Demonstration.mov (0.01), Category:
Other
• Update Flyer.docx (0.02), Category: Recruitment
Materials
• Update HRP-588 Consent (0.03), Category: Consent
Form
• Update Script.docx (0.02), Category: Recruitment
Materials
• Update Stacey Glumm - IRB .pdf (0.02), Category:
IRB Protocol
• Verbal Scripts (0.01), Category: Other
Expedited
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IRB Board Meeting Date:
On 1/11/2017, the IRB approved the above-referenced Initial Study. This
approval is effective through 1/10/2018 inclusive. You must submit a
continuing review form with all required explanations for this study at least
45 days before the study’s approval end date. You can submit a continuing
review by navigating to the active study and clicking ‘Create Modification /
CR’.
If continuing review approval is not granted before 1/10/2018, approval of
this study expires on that date.
To document consent, use the consent documents that were approved and
stamped by the IRB. Go to the Documents tab to download them.
In conducting this study, you are required to follow the requirements listed in
the Investigator Manual (HRP-103), which can be found by navigating to the
IRB Library within CATS IRB (http://irb.psu.edu). These requirements
include, but are not limited to:
• Documenting consent
• Requesting modification(s)
• Requesting continuing review
• Closing a study
• Reporting new information about a study
• Registering an applicable clinical trial
• Maintaining research records
This correspondence should be maintained with your records.
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