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Abstract
Dancers frequently sustain hip injuries, 
including labral tears, coxa saltans, stress 
fractures, tendinosis, and joint disease. 
High velocity kicks (grand battement), 
with extreme abduction and external ro-
tation (ER), may stress the hip, sacroiliac 
joint, and surrounding soft tissue. How-
ever, three-dimensional kinematic dance 
descriptions are limited. The purpose of 
this study was to describe the kinematics 
of the pelvis and hip in grand battement 
movements in healthy dancers. Seventeen 
advanced-level college dancers performed 
three battement conditions: battement 
devant to the front, à la seconde to the 
side, and derrière to the back. Data were 
collected with a 5-camera motion capture 
system. Repeated measures ANOVA (p < 
0.05) compared peak pelvis and hip angu-
lar displacement and hip and toe velocity 
for all conditions and planes. Three-dimen-
sional hip to pelvic ratios were calculated. 
There were differences in pelvic angular 
displacement between conditions in all 
planes (p < 0.00). Battement devant pos-
terior pelvic tilt exceeded that of battement 
seconde. Both were opposite in direction 
from the anterior pelvic tilt of battement 
derrière. All conditions demonstrated pel-
vic obliquity toward the stance limb, with 
battement derrière greater than devant 
and seconde. Battement derrière transverse 

plane pelvic displacement exceeded that 
found in devant and seconde. There were 
also differences in hip angular displacement 
between conditions in all planes (p < 0.00). 
Battement derrière hip extension differed 
from battement devant and seconde flex-
ion. The hip abducted in all conditions, 
with battement seconde exceeding devant 
and derrière. In the transverse plane, the 
hip rotated internally in battement seconde 
and externally in battement derrière and 
devant. In battement devant and seconde, 
peak hip ER decreased relative to baseline, 
while increasing at the peak of battement 
derrière. Battement peak velocities were 
relatively low. The ratio of hip to pelvic 
angular sagittal plane motion was 4.1, 2.6, 
and 0.5 in battement devant, seconde, and 
derrière respectively; 0.9, 2.6, and 1.5 in 
the frontal plane; and 0.6, 8.5, and 0.2 in 
the transverse plane. This confirms that 
pelvic motion provides a large proportion 
of the battement movement. 

Dancers frequently sustain 
hip injuries, including labral 
tears, coxa saltans or “snap-

ping hip,” stress fractures, and joint 
disease.1-4 Proximal insertional ham-
string, adductor, and rectus femoris 
tendinosis are also common, often 
with concurrent sacroiliac joint dys-
function. Hip injuries comprise 7% 

to 50% of the total injuries in profes-
sional and student ballet and modern 
dancers.5-16 Retired ballet dancers have 
a 2.9 odds ratio (OR) of limping 
due to hip pain when compared to 
non-dancer controls.14 At one dance 
medicine clinic, 50% of injuries were 
hip-related, and 20% of all injuries 
were due to labral tears.9 Low back 
and pelvic injuries (not reported 
separately) range from 12% to 23% of 
all injuries among professional danc-
ers.6,16-18 The majority (60% to 76%) 
of dance injuries in ballet, modern 
and contemporary, and other dance 
techniques are overuse in nature.16,19,20 
In the student dance population, these 
overuse injuries are primarily due to 
alignment and technique errors.6,8,20-28 
 Despite the prevalence of lower 
extremity work-related musculosk-
eletal disorders in dancers (57% to 
75% of annual dance injuries)6 and 
the participation of over 11 million 
Americans in dance in 1999,19 little 
research has been conducted to iden-
tify specific risk factors for these inju-
ries. It is hypothesized that the most 
critical orthopaedic stresses in dance 
relate to posture, active range of mo-
tion (AROM), velocity, duration, and 
repetitive requirements of the chore-
ography.29 Dancers exhibit increased 
flexibility compared with the general 
population,30,31 and work at extremes 
of joint motion. Lower extremity 
stressors include repetitive impact 
loading without footwear to provide 
shock absorption. Movements with 
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extreme abduction, hyperextension, 
and external rotation stress the hip 
and sacroiliac joints and surrounding 
soft tissue. These movements include 
frequently performed high velocity 
kicks (grand battement). However, 
the functional motion requirements 
of dance are not well documented. 
 Three-dimensional (3D) kinematic 
descriptions of many common dance 
movements have not been reported. 
Study of sports movements, such as 
the baseball pitch, has enabled re-
searchers to define differences across 
skill and age levels, as well as resulting 
dysfunction.32-35 Analysis of dance ki-
nematics in healthy dancers will assist 
dance researchers in understanding 
the pathomechanics of injury.
 The purpose of this study was to de-
scribe the pelvic and hip kinematics of 
grand battement (batt) dance move-
ments to the front, side, and back—
battement devant (batt devant), batte-
ment à la seconde (batt seconde), and 
battement derrière (batt derrière)—in 
healthy dancers to better understand 
these stressors. We hypothesized that 
1. 3D pelvic angular displacement is 
greatest in the batt derrière condition, 
2. hip sagittal angular displacement 
exceeds that measured in the frontal 
and transverse planes for all condi-
tions, 3. pelvic motion makes a large 
contribution to the battement in all 
directions, and 4. hip and toe sagittal 
velocities are tempo driven and similar 
across conditions.

Methods
Subjects
A power analysis of sample size for a 
single-sample repeated measures study 
was conducted using data from pilot 
work. For a two-tailed test, a sample of 
ten, and for a one-tailed test, a sample 
of nine was suggested for a power of 
0.80 with a significance level of 5% 
(a = 0.05). Therefore, the selected 
sample size of 15 subjects was more 
than sufficient. 
 Inclusion criteria were current 
enrollment as a dance major in a pre-
professional college modern dance 
program and a minimum of five years 
of dance training. Exclusion criteria 
were a history of confounding medical 

conditions, a history of musculoskel-
etal injury causing time loss of one 
week or more in the previous three 
months, or recent musculoskeletal 
injury that precluded the dancer from 
fully participating in dance activities. 
All subjects gave informed written 
consent in compliance with the guide-
lines of the University Internal Review 
Board.
 Seventeen advanced-level col-
lege dance majors—10 female and 
7 male, with a mean age of 20.76 ± 
2.46 years (range: 18 to 27 years), 
and with an average of 10.74 ± 4.50 
years of training—were recruited for 
this study (Table 1). There were no 
differences between females and males 
for all demographic variables except 
first position turnout (p < 0.05). 
Previous research found no gender dif-
ferences in ballet kinematics,36 likely 
due to training for aesthetic similar-
ity. Participants’ training included 
ballet, Horton, Graham, and jazz 
techniques. Graduates from the two 
schools represented in this study have 
joined companies such as Alvin Ailey 
American Dance Theater, Ailey 2, 
Elisa Monte, Bill T. Jones/Arnie Zane 
Dance Company, as well as Broadway 
shows and regional ballet companies.

Instrumentation
Data were collected with a 5-camera 
motion capture system (Vicon, Oxford 
Metrics Ltd, Oxford, UK), using a 
spherical optical full-body marker set 
(39 markers) and 11-segment model, 
sampled at 120 Hz. Markers were 
placed bilaterally at the superior orbit, 
occiput, acromion process, anterior 
superior iliac spine (ASIS), posterior 
superior iliac spine (PSIS), greater tro-
chanter, lateral mid-femur, lateral knee 
joint line (knee), lateral mid-calf, lateral 
malleolus (ankle), calcaneous (heel), 
dorsal first metatarsal-phalangeal joint 

(toe), dorsal fifth metatarsophalangeal 
joint (5th MTP), lateral mid-arm, lat-
eral epicondyle (elbow), lateral fore-
arm, dorsal surface mid-wrist, dorsal 
second metacarpophalangeal joint, 
and unilaterally at the sternal notch, 
spinous process of the seventh cervical 
vertebra, and left scapula. Comparisons 
of the Vicon motion capture system 
to other systems have shown it to be 
reliable and accurate, with a root mean 
square error of 1.42° and 1.29 mm.37 
Same-day reliability analysis of dance 
movements using the Vicon system 
at our laboratory also demonstrated 
excellent repeatability (r = 0.99, df 
[414,1], CI = 0.997 – 0.998), with a 
mean standard error of measurement 
of 1.53°.29 The motion capture system 
was calibrated prior to each data cap-
ture session.

Protocol 
Dancers wore dance attire and warmed 
up for 5 minutes on a stationary bike, 
followed by any stretching the subject 
deemed necessary. Each dancer’s pre-
ferred first position foot placement 
(heels touching with lower extremi-
ties externally rotated) was marked 
on the floor and used as the starting 
position for each condition. Preferred 
first position turnout was quantified 
by measuring the angle formed by 
a line drawn from each second toe 
to a center point between the heels. 
Dancers performed three grand 
battement conditions with the right 
lower extremity, devant, à la seconde, 
and derrière from first position while 
holding a ballet barre with their left 
hand. Each condition was repeated 
eight times. 
 The conditions were tested in the 
same order for each subject, as usually 
performed in a ballet technique class. 
A tape recording of a metronome with 
voice instruction overlay provided 

Table 1 Demographics—Mean and Standard Deviation
Gender Females Males Combined

Age (years) 21.80 (2.66) 19.29 (1.11) 20.76 (2.46)
Height (m) 1.66 (0.08) 1.74 (0.07) 1.69 (0.09)
Weight (kg) 56.33 (7.10) 68.11 (10.48) 61.18 (10.26)
Dancing (years) 13.05 (3.89) 7.43 (3.10) 10.74 (4.50)
First position (°) 109.40 (11.87) 118.00 (11.31) 112.94 (12.10)
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the tempo (80 beats per minute) for 
each movement sequence. Tempos 
were similar to those used in a ballet 
technique class.

Data Reduction and Analysis 
Data were reconstructed, and filtered 
using an FIR filter with C3d editing 
software (Motion Lab Systems Inc., 
Baton Rouge, LA). The filtered data 
were run through a Bodybuilder 
model (Oxford Metrics Ltd, Oxford, 
UK) to obtain pelvis and right hip an-
gular displacements, and hip angular 
and toe sagittal and resultant (xyz) 
linear velocities. Pelvic angular dis-
placement, with respect to the global 
reference, was defined as pelvic obliq-
uity (side bending around the x-axis), 
pelvic tilt (anterior-posterior motion 
around the y-axis), and pelvic trans-
verse rotation (rotation around the 
z-axis).38 Hip angular displacement 
was calculated with respect to a local 
reference with Euler angle conven-
tions using the sequence of rotations: 
flexion and extension about the y-axis 
of the proximal segment; adduction 
and abduction about a floating x-axis; 
followed by internal andexternal rota-
tion about the z-axis of the distal seg-
ment.39 By convention, pelvic anterior 
tilt, right obliquity (side bending away 
from the stance limb), and clockwise 
transverse rotation (rotation en dehors 
or away from the stance limb) and 

hip flexion, adduction, and internal 
rotation are denoted as positive in all 
histographs. 
 Pelvic and hip 3D peak angular 
displacements and hip angular and 
toe sagittal plane and xyz resultant 
linear velocity were scored in a cus-
tom LabView software program (7.1, 
National Instruments Corp., Austin, 
TX). Mean peak angular displace-
ments and angular and linear veloci-
ties were calculated for each subject 
to minimize intra-subject variability. 
Repeated measures ANOVAs (p < 
0.05) were used to compare the three 
conditions and planes for each joint in 
15.0 (SPSS Inc, Chicago, IL). Hip to 
pelvic ratios were calculated in single 
planes by using peak hip and pelvis 
Euler angles and in 3D by converting 
peak hip and pelvic angles to helical 
screw descriptions and calculating the 
ratio of hip to pelvis screw angles for 
each subject. 

Results
Angular Displacement
Batt devant mean peak angular dis-
placement entailed posterior pelvic tilt 
(-30.5° ± 5.4°), and pelvic obliquity 
(left side bending toward the stance 
limb; 21.8° ± 4.8°) and transverse 
rotation (-23.9° ± 7.1°) toward the 
stance limb (Fig. 1A). The hip flexed 
(85.3° ± 6.0°), abducted (-26.2° ± 
7.5°), and externally rotated (-9.5° ± 

7.3°) (Fig. 1B).
 Batt seconde mean peak angular 
displacement involved posterior pelvic 
tilt (-21.4° ± 5.4°) and pelvic obliquity 
(-32.8° ± 5.5°) toward and transverse 
rotation (2.9° ± 6.5°) away from the 
stance limb (Fig. 1A). The hip flexed 
(83.1° ± 11.2°), abducted (-51.4° ± 
6.3°), and internally rotated (18.6° ± 
10.8°) (Fig. 1B). 
 Batt derrière mean peak angular 
displacement entailed anterior pelvic 
tilt (26.4° ± 7.1°) and pelvic obliquity 
(-64.4° ± 10.9°) toward and transverse 
rotation (71.0° ± 12.7°) away from 
the stance limb (Fig. 1A). The hip 
extended (-35.6° ± 5.2°), abducted 
(-29.8° ± 6.2°), and externally rotated 
(-18.0° ± 7.3°) (Fig. 1B). 
 There were differences in pelvic 
angular displacement between con-
ditions in all planes: Pelvic sagittal 
plane, F(2,48) = 385.60, p < 0.000; 
frontal plane, F(2,48) = 151.65, p < 
0.000; and transverse plane, F(2,48) = 
510.33, p < 0.000 (Fig. 1A). Post hoc 
analysis found differences between 
each condition in each plane (p < 
0.000). Batt devant posterior pelvic 
tilt exceeded that of batt seconde. 
Both were opposite in direction from 
the anterior pelvic tilt of batt derrière. 
All conditions demonstrated pelvic 
obliquity toward the stance limb 
(left side bending), with batt derrière 
exceeding that of batt seconde, which 

Figure 1 Peak angular displacement of (A) pelvis and (B) hip. Pelvic anterior tilt, right obliquity (side bending away from the 
stance limb), clockwise transverse rotation (rotation en dehors or away from the stance limb), and hip flexion, adduction, and 
internal rotation are denoted as positive. Anterior-posterior tilt (Ant-Post), side bending (SB), Transverse rotation (Transv Rot), 
Flexion-Extension (Flex-Ext), Adduction-Abduction (Add-Abd), Internal-External Rotation (IR-ER), *p < 0.05.

BA
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in turn exceeded batt devant. Pelvic 
transverse rotation was toward the 
stance limb in batt devant but away 
from the stance limb in batt seconde 
and derrière.
 There were also differences between 
conditions in hip angular displace-
ment in all planes: hip sagittal plane, 
F(2,48) = 1191.97, p < 0.000; frontal 
plane, F(2,48) = 65.77, p < 0.000;  
and transverse plane, F(2,48) = 44.62, 
p < 0.000 (Fig. 1B). Post hoc analysis 
found differences in sagittal plane hip 
angular displacement for batt derrière 
(extension) versus batt devant and 
seconde (flexion: p < 0.000). Post 
hoc analysis also found differences in 
the frontal plane. The hip abducted 
in all conditions, with batt seconde 
exceeding batt devant and derrière (p 
< 0.000). In the transverse plane, post 

hoc analysis revealed that batt seconde 
internal rotation was opposite in di-
rection from batt derrière and devant 
external rotation (p < 0.000). 

Ratio of Hip and Pelvic Motion
In the sagittal plane, the ratio of hip 
to pelvic angular motion was 4.1 in 
batt devant, 2.6 in batt seconde, and 
0.5 in batt derrière (Fig. 2). In the 
frontal plane, the ratio of hip to pelvis 
angular motion was 0.9, 2.6, and 1.5 
in the three battement conditions. 
Transverse plane ratios were 0.6, 8.5, 
and 0.2 respectively. 3D helical angle 
hip to pelvic ratios were 2.1, 2.7, and 
0.6 respectively.

Velocity
There were differences between con-
ditions in peak hip angular velocity 

in all planes for both ascent and de-
scent, with the exception of trans-
verse plane ascent: hip sagittal plane 
ascent F(2,44) = 10.054, p < 0.000 
and descent F(2,44) = 18.568, p < 
0.000; frontal plane ascent F(2,44) = 
6.361, p < 0.004 and descent F(2,44) 
= 6.101, p < 0.005; and transverse 
plane descent F(2,44) = 3.855, p < 
0.029 (Fig. 3A). Post hoc analysis 
found differences in sagittal plane hip 
angular velocity ascent and descent for 
batt derrière versus batt devant and 
seconde (p < 0.011) and batt devant 
versus seconde (p < 0.016). Batt sec-
onde angular velocity exceeded batt 
devant, which exceeded batt derrière 
for both ascent and descent. Post hoc 
analysis also found differences in fron-
tal plane ascent in batt devant versus 
seconde (p < 0.003) and descent in 
batt derrière versus devant (p < 0.009) 
and batt devant versus seconde (p < 
0.016). Batt seconde exceeded batt 
derrière, which exceeded batt devant 
in ascent, and batt derrière exceeded 
batt seconde, which exceeded batt 
devant in descent. In the transverse 
plane, post hoc analysis revealed dif-
ferences in descent batt derrière versus 
seconde (p < 0.035). Batt seconde 
exceeded derrière. 
 There were differences between 
conditions for sagittal plane toe linear 
velocity: ascent F(2,49) = 55.217, p < 
0.000 and descent F(2,49) = 12.490, 
p < 0.000 (Fig. 3B). Post hoc analysis 
found differences between batt der-
rière versus devant and seconde (p < 
0.002 and p < 0.000), and batt devant 

Figure 2 Hip to pelvis mean peak movement ratio for all conditions in sagittal, 
frontal, and transverse planes, and 3D helical screw angle ratios. 

Figure 3 Peak velocity of angular velocity of the hip (A) and linear velocity of the toe (B) in sagittal plane (x) and resultant 
toe velocity (xyz), *p < 0.05.

BA
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versus seconde (p < 0.000) in ascent 
and batt derrière versus seconde (p 
< 0.000) and devant versus seconde 
(p < 0.026) in descent. Batt derrière 
exceeded devant and seconde in as-
cent, batt derrière exceeded seconde 
in descent, and batt devant exceeded 
seconde in both ascent and descent. 
There were no differences between 
conditions in toe resultant velocity.

Discussion
This is, to our knowledge, the first 
analysis of 3D kinematics of the grand 
battement dance movement. The fol-
lowing hypotheses were confirmed: 
1. 3D pelvic motion was greatest in 
batt derrière; 2. hip sagittal motion 
exceeded that in the frontal and 
transverse planes; and 3. pelvic mo-
tion made a large contribution to 
total battement motion. However, 
our fourth hypothesis—that hip and 
toe sagittal velocity are tempo driven 
and similar across conditions—was 
not confirmed. Each of these findings 
related to the hypotheses are discussed 
separately.  
 The grand battement is defined as a 
swift, energetic movement of the lower 
extremity that is usually performed at 
the end range of hip flexion.40 When 
observing the battement, one expects 
hip flexion angular displacement to 
exceed 100°. Mean hip flexion for batt 
devant and seconde, however, ranged 
from 64° to 100°. These values are in 
agreement with Ryman and Ranney’s 
2D analysis of batt devant mean hip 
flexion (82°) 41 and values reported 
in dance textbooks.42,43 The greatest 
amplitude of hip motion was found in 
the sagittal plane; for batt devant and 
seconde (hip flexion), as well as for 
batt derrière (hip extension), which is 
where the greatest physiological joint 
motion is available. Frontal plane hip 
abduction was the next greatest peak 
amplitude for all conditions. 
 The illusion of greater limb height 
during batt devant and seconde was 
achieved via posterior pelvic rotation 
(range: 12° to 29°) and pelvic obliq-
uity (-12° to -42°). Pelvic rotation has 
been shown to contribute to observed 
limb height regardless of the position 
(supine, standing, hanging) in which 
the maneuver is performed.44-46 These 

researchers suggest that the synergy of 
pelvic and femoral motion demon-
strates a pelvi-femoral rhythm similar 
to upper extremity scapulo-humeral 
rhythm. Historically, scapulo-humeral 
rhythm was reported to have a 2:1 
ratio. Subsequently, this ratio has 
been found to vary depending on the 
phase of motion, velocity, or load.47 
Pelvi-femoral rhythm was found to 
vary depending on hamstring length.45 
This study confirms that there is con-
current motion of the pelvis and hip 
during the battement that is analogous 
to the well-known scapulo-humeral 
rhythm accompanying shoulder eleva-
tion. We did not measure hamstring 
length to allow differentiation of 
pelvi-femoral ratios based on ham-
string flexibility.
 Similarly, limb height during batt 
derrière was achieved via anterior 
pelvic rotation (range: -12° to -39°) 
and pelvic obliquity (range: -43° to 
-88°). The femoral head must main-
tain congruency with the acetabulum; 
therefore, pelvic and femoral motion 
are closely linked. A 3D kinematic 
analysis of the grand rond de jambe 
en l’air (an elevated lower extremity 
movement circling from front to side 
to back) demonstrated that skilled 
dancers similarly achieved gesture 
limb height with increased pelvic 
motion.48,4Batt derrière pelvic motion 
exceeded that found in devant and 
seconde in the frontal and transverse 
planes. The greatest batt derrière 
peak amplitude was transverse rota-
tion away from the stance limb (71°; 
range: 41° to 93°), followed by pelvic 
obliquity (side bending) toward the 
stance limb (-64°; range: -43° to -88°). 
In the batt derrière, greater contribu-
tion of pelvic motion was necessary 
to achieve limb height, as hip joint 
extension is relatively limited com-
pared to flexion. In this study, pelvic 
motion was reported with respect to 
the global reference. Lumbar spine 
motion undoubtedly also contributed 
to the pelvic motion reported here.50 
 One of the hallmarks of ballet is 
“turnout,” referring to the externally 
rotated lower extremity. Khan and 
colleagues51 reported that the majority 
of turnout comes from hip external 
rotation, because there is more trans-

verse plane joint motion available at 
the hip compared to the knee and 
ankle. Subjects began the movement 
from a mean combined turnout first 
position of 113° (range: 98° to 132°), 
or 49° to 66° of unilateral turnout. 
It was surprising, therefore, to find 
how small a contribution was made 
by hip external rotation at the peak of 
batt devant (mean: -10°) and derrière  
(mean: -18°). It was even more sur-
prising to find that at the peak of the 
batt seconde the hip internally rotated 
(mean peak 19°; range: -1 to 34°). This 
may be because batt seconde requires 
large contributions of hip flexion and 
abduction. Generally, as greater mo-
tion occurs in two planes (e.g., sagit-
tal and frontal planes), less motion is 
available in the remaining plane (e.g., 
transverse plane) due to anatomical 
constraints.52 Batt seconde hip flexion 
was very similar to that found in batt 
devant. Batt seconde hip abduction 
was almost twice that measured in batt 
devant, which reduced available mo-
tion in the transverse plane. Soft tissue 
restraint by the hamstrings may also 
affect peak transverse plane kinematics 
in the batt devant and seconde.
 The contribution of hip and pelvic 
motion to the overall movement is 
equal when the ratio value is 1.0. 
Therefore, in the batt derrière, for 
example, the pelvis is making a greater 
contribution to transverse plane mo-
tion than the hip (0.2). The ratio of 
hip to pelvic 3D helical motion at the 
peak of the battement ranged from 2 
to 2.5 for batt devant and seconde to 
0.6 for batt derrière. Unfortunately, 
we were unable to find similar 3D 
ratios for comparison. In the sagittal 
plane, the mean ratio of posterior 
pelvic tilt to hip flexion (non-weight-
bearing) motion has been reported 
to range from 0.23 to 0.39.44,45,53 
Our results of posterior pelvic tilt to 
hip flexion (the reverse of the way we 
calculated this, hip to pelvis) were in 
this range (0.26). 
 For years, dancers have been taught 
to “keep the pelvis square” while danc-
ing; in other words, the pelvis should 
not move with lower extremity move-
ments. Attempts to minimize this 
motion may create femoral-acetabular 
impingement. Cumulative excessive 
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micro-damage from repetitive im-
pulsive loading increases the risk for 
labral tears or osteoarthritis.54 Non-
traumatic joint instability can also 
occur due to repetitive motion.55 This 
is a common complaint in athletes 
who perform repetitive hip rotation 
with axial loading (e.g., dancers, figure 
skaters, gymnasts, and football and 
soccer players).56,57 
 Less is known about non-weight-
bearing repetitive hip rotation (e.g., 
gesture limb in dance or kicking 
limb in soccer). Measured with the 
Beighton hypermobility scale, danc-
ers demonstrate a high incidence of 
hypermobility (90% in ballet danc-
ers, odds ratio of 11.0 compared to 
non-dancers), with increased rates 
of joint injury in female dancers.31 
Dancers may have a high incidence 
of acetabular dysplasia, depending 
on the criteria applied. One small 
study reported 80% of dancers’ hips 
with osteoarthritis were dysplastic on 
x-ray.58 An incidence of 5 to 13% is 
reported in the general population. If 
this is the case in dancers, dysplasia 
may serve as an initial selection fac-
tor.58-60 Individuals with acetabular 
dysplasia have a 4.3 times increased 
risk for hip osteoarthritis.56 
 Despite a tempo driven protocol, 
peak hip angular velocity and toe 
linear velocity differed between condi-
tions. For the most part, batt seconde 
hip angular velocity exceeded that of 
batt devant and derrière. Discomfort 
with batt seconde is a common com-
plaint in dancers with hip pathology, 
such as snapping hip and iliopsoas 
tendinitis. 

 To better understand battement 
peak velocities, we compared batte-
ment velocity to that of the soccer 
(football) kick, as it is the most similar 
sports movement (Fig. 4). Both the 
soccer instep kick (which uses the top 
of the instep or dorsum of the foot to 
make contact with the ball for power) 
and side-foot kick (which uses the me-
dial foot for precision kicks) exceeded 
all battement conditions in hip flexion 
angular velocity four-fold (Fig. 4A), 
and toe resultant velocity three-fold 
(Fig. 4B). This is not surprising, as the 
goal in soccer is to propel a ball down 
the field.
 With relatively low peak velocities 
recorded for the battement, it is pos-
sible that pelvi-femoral coordination 
is the crucial stressor in dance that 
warrants further investigation. While 
the evidence concerning an associa-
tion between dance and hip osteoar-
thritis is mixed, diagnosis of labral 
tears in dancers is on the rise.3,9,61-64

Limitations
To optimize 3D data collection (mini-
mize marker loss), dancers stood in 
first position. Although the grand 
battement can be performed from 
this position, it is more frequently 
performed from fifth position. The 
starting first position may decrease 
the potential peak amplitude of an-
gular displacement at the pelvis and 
hip. Fifth position requires a starting 
position of hip adduction and greater 
external rotation and may permit the 
generation of greater foot friction to 
push off the floor. This may, in turn, 
generate greater peak velocity and 

displacement amplitudes.
 Studies comparing movements 
conducted at the ballet barre and 
in center floor (supported versus 
unsupported) are limited. An elec-
tromyographic (EMG) study of the 
dèveloppé devant (another elevated 
movement of the lower extremity) 
found greater stance limb muscle 
EMG amplitude during the unsup-
ported condition compared to the 
supported.65 However, kinematics 
were not reported. Our study did 
not examine stance limb kinematics. 
It is likely that unsupported grand 
battement movements would require 
greater weight shift to move the cen-
ter of mass over the stance limb with 
subsequent greater pelvic shift.66

 The Helen Hayes marker set 
convention used in this study was 
reported by Schache and colleagues67 
to have a large degree of soft tissue ar-
tifact in calculating hip axial rotation. 
Therefore, our rotation angles must 
also be considered subject to greater 
error than angles in the sagittal and 
frontal plane. However, our subjects 
had less excess soft tissue than those in 
the study by Schache and colleagues,67 
as indicated by their low mean body 
mass index (21.4 kg/m2). Future 
researchers should investigate the 
intra-subject repeatability and error 
in dance-specific movement and re-
port these values for their equipment 
and laboratory. In addition, alternate 
marker sets and models should be 
considered to achieve optimal analyses 
of motion involving turnout. 
 Our subjects were pre-professional 
students training primarily in modern 

Figure 4 Mean and maximal peak velocity of battement and soccer kicks: (A) hip angular velocity and (B) toe linear velocity.

BA



29Journal of Dance Medicine & Science • Volume 15, Number 1, 2011

dance. Professional ballet dancers or 
dancers with greater turnout may have 
differing results. Studies of the batte-
ment following injury may provide 
information on how impairment af-
fects biomechanics. 

Conclusion
Pelvic angular displacement account-
ed for a large proportion of the motion 
found in all conditions, particularly 
batt derrière. Hip angular displace-
ments were greatest in the sagittal 
plane compared to the frontal and 
transverse planes. At peak amplitude, 
hip external rotation was relatively 
small in batt devant and the hip 
internally rotated in batt seconde, 
probably due to the large amount of 
displacement at the hip in the sagit-
tal and frontal planes. Joint and soft 
tissue constraints may affect peak hip 
transverse plane kinematics.
 This study demonstrates that pelvic 
motion makes a large contribution 
to the high gestural limb height seen 
in the battement. Furthermore, pel-
vic and femoral motions are closely 
linked. Cross-correlational analyses 
of pelvic-hip coordination throughout 
the range of functional dance move-
ments would assist in achieving a 
better assessment of this synergy.
 Understanding the kinematics of 
these extreme movements in healthy 
dancers will help clinicians to better 
conceptualize potential biomechani-
cal stressors with respect to pathol-
ogy. Future analyses will include 
acceleration and kinetic profiles, and 
the contributions of short and long 
hamstring lengths to pelvi-femoral 
rhythm during dance movement. In 
addition, future comparison of danc-
ers with hip tightness versus dysplasia 
and those who attempt to limit pelvic 
motion versus those who do not will 
assist in understanding the potential 
pathomechanic stresses to the hip. 
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