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Gender and Limb Differences in Healthy
Elite Dancers: Passe Kinematics
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ABSTRACT. Symmetry of skill development is emphasized in
dance rai ming, and many movements are well learned by both
genders. The authors conduCted a 2-dimensional kinematic analy-
sis of a complex dance movement, the pass6, in 12 healthy profes-
sional male and feniale dancers to determine whether there are dif-
fIrenccs between endcers or limbs during the performance of that
task. ()nly peak Ii]p angu1.lar clisplacemernt diftered in men and
women. No diflecrences were found between limbs in any of the
dependeni variables. Dancers displayed consistent temporal and
spatial ploxinmal-to-distal sequencing of movement coordination.
I)espite an indication of limb preference, as defined by gesture or
stance limb, there were no cliffeIrences in proficiency.

K'e linords: dance kinematics, laterality, limb preference, multi-
joint cooridination

D ance training incorporates highly specific movements;

danCers I-ccittire precise spatial and temporal coordina-
lion 1o achieve the aesthetic required for performance. The

moveements are practiced at every level of training, although
the intensity and complexity ofi movement combinations

increase with skill level. The choreographic demands in
many professional dance companies require proficiency in
both ballet and modern dance training. Dancers must mas-
let those stylized movements in a consistent manner, with
mninimal variability, while using different balance, postural,
and support conditions.

Bioniechanical studies have shown that skilled perform-
ers' nilotr skills are more efficient and consistent during
itovemnents related to their area of training (Debu & Wool-
lacot., 1988: McKinley & Pedotti, 1992: Mesure, Amblard,
& Creinieux, 1997: Mouchnino, Actrenty, Massion, &
Peclolli, 1992: Temrprado, Della-Grasta, Farrell, & Laurent,
1997). They accomplish that efficiency and consistency
through strategies of limb segment and postural coordina-
lion thal differ from those of less trained individuals and are
tailored to Imlaximize success of the movement goal. Little is

known, however, aboctt how dancers organize complex mculti-
joint lower extremity dance-specific movements.

Gender differences between age-matched individuals
have been reported in studies of sports-specific movement
(Rouard & Billat, 1990; Thomas, Michael, & Gallagher,
1994: Williams. Haywood. & VanSant, 1991), balance
(Cremieux & Mesure, 1994; Golorner, Duputi, & Monod,
1997: Paterno, Hewett. & Noyes, 1999), jumping (Chap-
pell, Yu, Kirkendall, & Garrett, 2002: Decker, Torry,
Wyland, Sterett, & Steadman, 2003: Fagenbaum & Darling,
2003: Ford, Myer, & Hewett, 2003: Malinzak, Colby, Kirk-
endall, Yu. & Garrett, 2001), and rapid movements (Ives,
Kroll, & Bultman, 1993, Kauranen & Vanharanta, 1996:
Peters, 1997; Tan, 1993). In ballet and modern dance,
choreographic demands and expectations often differ by
gender. The degree of the differences depends on the style
(ballet vs. modern) and the company. In ballet, women tra-
ditionally study pointe with intricate footwork and balance,
whereas in men's ballet training, big jutps and turns are

emphasized. It is therefore possible that differences in train-
ing and performance demands may affect the kinematics of
dance movements frequently performed by both genders.

Although symmetry of practice and skill development are
emphasized in dance training, dancers, when questioned,
will specify a lower extremity preference for gestural (in the
air) and stance movements. Studies of the general popula-
tion have found a strong association between hand and foot
preference, particularly in right-handed individuals, when
preference is defined as the manipulating limb (Chapman,
Chapman, & Allen, 1987: Iteya, Gabbard, & Hart, 1995;
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Peters, 1988). The results of imaging studies of the brain in
muLlsicians suggest that age of training onset and type of
training may affect the degree of hand dominance (Christ-
man, 1993; Elbert, Pantev, Wienbruch. Rockstroh, & Taub,
1995; Jancke, Schlaug, & Steinmetz, 1997). Preference and
proficiency of footedness in dancers, whose training begins
with that emphasis on symmetry of limb control at early
ages, have not as yet been compared in any studies.

Our primary purpose in this study was to determine
whether there are kinematic differences between genders or
limbs in dancers performing a pass6 sequence (Figure 1).
The pass6 is a dance movement requiring a weight shift to
one limb and postural stabilization while the gesture limb is
lifted. The gesture-limb motion involves combined hip flex-
ion and external rotation, knee flexion, and ankle plantar
flexion, with the toe of the gesture limb placed at the knee
joint line of the stance limb. The motion is performed fre-
quently by both genders. We hypothesized that, given the
constraints of the chosen movement, spatial and temporal
coordination would be similar for men and women. Fur-
thermore, because of the emphasis on symmetry of training,
we hypothesized that there would be no differences
between limbs, despite the existence of limb preference.
Finally, we hypothesized that the coordination of the pass6

would follow organizational constraints similar to those
seen in other goal-directed movements, demonstrating
proximal-to-distal sequencing and summation of speed.

Method

We conducted a power analysis to estimate sample size,
using an alpha level of .05 and, by convention, a power of
0.80 and an effect size index of 0.80 (Portney & Watkins,
1993). On the basis of pilot data with two independent sam-
ples, we required a minimum sample size of six.

Participants

Twelve healthy professional dancers (6 women and 6 men
between the ages of 18 and 36 years) volunteered for this
study. All participants performed in national-level ballet and
modern dance companies, had a range of 10 to 26 years of
dance training, and danced professionally for 4 to 22 years
(Table I). Exclusion criteria for healthy participants consist-
ed of a history of lower extremity injury during the previous
6 months that caused them to stop dancing or any history of
anterior cruciate ligament tear. Informed consent was
obtained from each participant, as approved by and consis-
tent with the policies of the Institutional Review Board of
Teachers College, Columbia University, New York.
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FIGURE 1. Passe sequence with marker placement. (A) First position (initial and final pos-
tLre). (B) Passe position.
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Participants were screened with dance training and injury
questionnaires, and passive knee extension range of motion
and first position turnout were measured with a goniometer. In
first position, the hips are externally rotated, knees are straight,
and ankles are in neutral position (Figure IA). We quantified
firslt position turnout by measuring the angle formed by a line
drawn from the second toes to a center point between the heels
(Bronner, Kaminski, & Gordon, 2002: Trepman et al., 1994).
Each parlicipant was asked to indicate limb preference for
handwriting and gesture limb (i.e., the lower extremity that is
lifted in the air for d&velopp6: see Table 2).

Using a two-tailed independent t test, we determined
whether there was a significant difference between genders
in height, weight, knee extension, total years dancing, and
total years as a professional (y < .05), although not in age or
first position turnout (Table It.

hIs 'trImIt(/lv

Because the passe occurs primarily in the frontal plane, we
conducted two-dimensional kinematic analysis by using the
Peak System Version 5.3.0 (1995: Peak Performance Tech-
nologies, Englewood. CO). A 60-Hz video camera and light-
ing were placed perpendicular to the frontal plane, enabling

TABLE 1. Demographics

(Characteristic

Age (years)
I leight (0)*
letg length (m)
Weighl (kg)*
Colnllmny type

Total Years dancing*
Total years

prl)ofcssioial*
First piosition (deg)
Knee extension

ROM (deg)Y

Men Women

M SI) M SD

26.7 4.9
1.78 0.03
1.15 0.08

70.76 5.09
3 ballet,

3 modern
14.2 3.7

30.7 6.4
1.63 0.04
1.08 0.08

49.44 4.34
3 ballet,

3 modern
22.2 6.1

8.5 2.5 14.3 9.1
120.2 10.4 111.7 5.2

0.8 2.0 9.3 1.0

Noe. R()M = rangle ot motion.
\Two- (ailed independent i test: (p < .05).

us to view the participants from the front. Calibration was
conducted according to the manufacturer's guidelines before
each data-collection session. Twelve reflective, spherical
markers. 2.5 cm in diameter, were placed bilaterally at the
anterior acromion, anterior superior iliac spine (asis), anteri-
or hip, medial knee joint line (knee). medial rnalleolus
(ankle), and medial first metatarsal-phalangeal joint (toe), as
shown in Figure 1. The hip marker was placed according to
the method first reported by Andriacchi and confirmed by
Kirkwood, Culham, and Costigan (1999): that site has been
found to be an accurate noninvasive placement for kinematic
and kinetic gait research. Attire for all participants consisted
of a dark-colored unitard and dark socks so that the contrast
of reflective markers was maximized.

Experilnental Protocol

Each dancer's preferred first position foot placement was
marked on the floor as a starting position (Figure I A). Arm
posture was designated as first position portebras (arms
form an oval shape in front of the dancer at midsternal
height; Mara, 1996; Paskevska, 1981), an arm posture that
is traditionally used with the pass6. We placed a marker 1.5
m above the floor, on the wall behind the camera, to stan-
dardize participants' visual focus.

The passe movement is accomplished with combined hip
flexion and external rotation, knee flexion, and ankle plan-
tar flexion, and with the toe of the gesture limb placed at the
knee joint line of the stance limb (Figure 1 B). A tape
recording of a metronome with voice instruction overlay
gave the tempo of the movement sequence. We gave partic-
ipants one practice set of six pass6 movements on each limb
to allow adjustments for the timing of the metronome. One
pass6 movement consisted of moving from first position to
pass6 and returning to first. Participants were requested to
emphasize spatial and temporal precision. We specifically
asked them to reach the height of the passe on the count of
1, bringing the gesture toe to the height of the stance knee
medial joint line, and to return the foot to the floor on the
count of 2. An experimenter with dance expertise confirmed
endpoint (toe) spatial accuracy.

Each participant performed a set of six consecutive passe
movements with the right limb, rested I min, and then per-
formed a set of six consecutive pass6 sequences with the left
limb. Dancers repeated those sets for a second series with
the right and left limbs to complete the testing session (a
total of 12 repetitions on each limb). Each set of six passe
sequences was approximately 8 s in length (metronome set
at 92 beats/min), with one passe sequence lasting approxi-
mately 1.2 s. Six consecutive passe sequences and a tempo
of 92 beats/min were designated in the protocol because
successive pass6 movements are often performed as turns at
a similar tempo.

Data A/7lysis

Data were di-itized in Peak Performance Technolo-ies
Version 5.3.0 (1995) software and filtered with a dual-pass
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TABLE 2. Hand Dominance and Gesture Limb
Preference

Hand dominance
l-'cfCTrred gesture Right Left

Righl I M, 3F I M,OF
left 2 M, 3F 2M, OF

Note. M = maleF I" = lmale.
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Butterworth filter with a low-pass cutoff of 6 Hz. Interseg-
mental angles and velocities and resultant displacements
and velocities were calculated and the data were scored
with custom programs written in LabVIEW (National
Instruments Corp., Austin, TX). Each passe movement was
scored as a separate trial.

Dependent kinematic variables included resultant and
angular displacements and velocities of the trunk and gesture-
limb markers. Movement onset and termination were defined
as three consecutive increases and decreases, respectively, in
the dependent variable of interest. Alternative thresholds (5%
of mean displacement or 2 SD from mean baseline) produced
results similar to those of the method selected.

We calculated interclass correlation coefficients (ICC)
f0r each parameter to determine the reliability between the
two sets of 6 trials per limb of each participant. The ICC
values showed high reliability (range = .79-.97). Because t
tests indicated no differences between trial sets, data from
the two sets of six repetitions were pooled, making a total
of' 12 pass6 repetitions analyzed for each limb. The mean of
12 trials tor each limb of each participant was used in each
parameter for subsequent analysis.

For temporal parameters, we calculated the mean and stan-
dard deviation of total movement time, movement termina-
tion, and intratrial and intertrial intervals of each gesture-side
marker relative to movement onset. For spatial parameters,
we determined the mean and standard deviation of peak
amplitude of the designated dependent kinematic variables
during both phases of the pass& In addition, we quantified
the coefficient of variation (SD/IA) as a measure of movement
consistency for each of the dependent variables.

Two methods of height error normalization were per-
formed in the analysis of tangential velocity (derivative of
resultant displacement) because there was a significant dif-
ference in height between groups (p < .05). Peak tangential
velocity values were normalized to leg length and to peak
displacement as a measure of kinematic scaling. There was
little difference in results between the two methods; there-
fore, we report only the normalization to leg length.

Two types of 2 x 2 analyses of variance (ANOVAs)-
between (gender: male vs. female) and within (limb)--were
performed in SPSS Version 9.0 (SPSS Inc., Chicago, IL).
Limb was defined in the first ANOVA as left versus right, and
in the second ANOVA as preferred versus nonpreferred ges-
ture limb. To test for summation of speed, we compared angu-
lar velocity of the hip, knee, ankle, and tangential velocity of
the knee, ankle, and toe. Separate ANOVA comparisons were
conducted for each selected dependent variable. Differences
were considered statistically significant at the p < .05 level.

Results

There were two discrete phases to the pass6 sequence: an
ascent phase, from first position to pass6, and a descent
phase, froom pass6 back to first position. A stick figure illus-
trating segmental position change of the right stance and the
left gesture sides for a representative passe set from I par-

ticipant is shown in Figure 2A. Movement onset began as
weight shifted from the bipedal first position to single limb
stance, with translational motion at the trunk (acromion and
asis). The gesture hip and knee flexed, and the ankle plan-
tar flexed as the foot pointed.

There were no differences between limbs in any of the
analyses (right vs. left or preferred vs. nonpreferred).
Accordingly, with regard to gesture-limb variables, we pre-
sent data only for preferred and nonpreferred limbs to illus-
trate the results.

Temporal Parameters

Resultant displacement traces of the trunk (acromion and
asis) and toe and angular displacement of the hip, knee, and
ankle for a representative trial, illustrating coordination of the
body segments, are illustrated in Figure 2B. The vertical lines
labeled TO to T7 indicate movement onset and termination of
the gesture-side markers. Trunk translation (represented by
acromion and asis movements) preceded gesture-limb mark-
er motion. Gesture-limb movement followed a proximal-to-
distal order at movement onset (hip, knee, ankle, and toe) and
a distal-to-proximal order at movement offset (toe and ankle,
knee, hip). Trunk translation (asis and acromion) during
weight shift back to first position followed gesture-limb
marker termination to complete the passe sequence.

The movement onset-offset order just described was rep-
resentative for all participants and limbs tested. There was
no difference between men and women. In addition, there
were no differences between genders in total movement
time, intratrial interval, or intertrial intervals relative to
movement onset.

Tangential Velocity

A representative tangential velocity profile of the gesture
knee, ankle, and toe of I participant is shown in Figure 3.
The first velocity peak at each joint occurred during ascent
of the gesture limb to the height of the passe, and the second
peak occurred during descent to return to first position. The
dotted vertical line demarcates the point of movement rever-
sal, at the height of the passe. Movement reversal occurred
at all three joints simultaneously. Consistent temporal and
spatial coupling were observed across participants.

During ascent, the knee reached peak tangential velocity
first; then the ankle and toe reached peak tangential velocity
concurrently. The reverse occurred during descent: The
ankle and the toe reached peak velocity concurrently, fol-
lowed by the knee. The toe generated the fastest peak tan-
gential velocity during both the ascent, F(1, 8) = 11.969, p <
.01, and descent, F(I, 8) = 172.590, p < .01, phases for all
participants. Peak tangential velocity of the ankle was
greater than that of the knee during the descent, F(l, 8) =

19.963, p < .01, but not the ascent phase.

Angular Displacement and Velocity

Mean (+ standard error) hip, knee, and ankle angular dis-
placements during the pass6 are shown in Figure 4A. Differ-
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Cnccs were found between men and women participants for
hip angtular displacement, ,I, 8) = 6.597, p < .05. Women
demonstrated greater hip flexion (M = 74.81 + 1 .06') than
men (0 = 69.04' + I1.24"). Total angular displacement
reqt1ired hip flexion ranging from 620-86', knee flexion
ranging from 107-I 30(), and ankle plantar flexion ranging
from 29" 63". Greater angular displacement occurred at the
knee than at the hip, k( I, 8) = 976.374, p < .01, and the
ankle, ,( 1, 8) = 616.8(17, p < .01. Hip displacement exceed-
ed that of the ankle, '(1, 8) = 105.080, p < .01.

As we expected froom the greater angular displacement at
the knee than at the ankle and hip, knee peak angular veloci-
ties (Figure 413) exceeded those at the ankle and hip for both
ascent, /s( I, 8) = 13.842 and 102.404, respectively, ps < .01,
and descent, /s(1, 8) = 22.109 and 238.212, respectively, ps
< .0)1. However, the ankle had a higher peak angular velocity
than tile hip during ascent, F( I, 8) =15.816, p < .01, although
it Moved through a smaller angular displacement. There were
no differences caused by gender or limb.

Variability

We calculated the coefficient of variability (not shown) as
a neCasurC of consistency for each of the dependent vari-

ables. There were no differences between genders or limbs
for any variable.

In summary, there were no differences in temporal or
spatial parameters between genders or limbs, except for hip
angular displacement. GestUre-side movement onset and
termination followed a proximal-to-distal and a distal-to-
proximal progression, respectively. The most distal segment
(toe) moved fastest, as measured by tangential velocity.
However, the most distal joint (ankle) did not move fastest
in measures of angular velocity.

Discussion

In the present study, coordinative control, as revealed in the
spatial and temporal patterns of the kinematic profiles, was
similar between genders and limbs. We expected temporal
movement consistency because of our participants' extensive
dance training and the emphasis placed on temporal precision
by the protocol. The absence of differences between genders
and limbs in coefficient of variability calculations confirms
the spatiotemporal precision of coordination found aniong
professional dancers when they perform a well-learned dance
movement. It is also possible that task constraints of the passe
dictated the movement organization and displacement.
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FIGURE 2. Stick figure and passe movement profile of a representative trial of one participant. (A) The stick figure illustrates seg-
mental position change of the stance and gesture sides. (B) Resultant displacement traces of the gesture-side trunk and toe and angu-
lar displacement traces of the hip, knee, and ankle for the same trial of that participant. All traces are aligned to the temporal (.0
axis. The vertical lines labeled TO-T7 indicate movement initiation and termination of the gesture-side markers. Abbreviations:
acro1 = acromion: asis = anterior superior iliac spine.
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Gender

Gender differences in joint range of motion and flexibility
have been reported for both the general population as well as
dancers. Women have more joint mobility than men (Hamil-
ton, Hamilton, Marshall, & Molnar, 1992; Nigg, Fisher,
Allinger, Ronsky, & Engsberg, 1992: Wiesler, Hunter, Mar-
tin, Curl, & Hoen, 1996). Female dancers have been found to
have greater hip external rotation and ankle and first
metatarsal-phalangeal motion. In this study, female dancers
displayed greater ei,enu recurvatum (knee hyperextension)
range of motion than male dancers did, but there were no dif-

ferences in their first position (starting posture for the pass6).
Hip flexion range of motion was not measured.

Female dancers used greater hip angular displacement in
performance of the pass6 than males did. The greater hip
angular displacement found in women may be a combina-
tion of both training and morphology. The ballet aesthetic
requires that female dancers achieve greater d&velopp6
height (high gestural leg lifts). Attaining a higher passe,
resulting in greater hip angular displacement, may more
optimally prepare the limb for the high d&velopp& The
training to achieve that height may cause soft tissue remod-
eling over time. Although the difference in hip angular dis-
placement was significant, the mean difference between
genders was less than 6.00. Researchers studying the accu-
racy of Peak Performance instrumentation have reported the
root mean square error to be 3.770, thus limiting the accu-
racy of our measurements (Richards, 1999). Investigators
should conduct future kinematic analysis in three dimen-
sions to minimize error in calculating the hip joint center
and subsequent angular displacement.

Laterality

We examined in several ways the second factor of inter-
est, lower extremity dominance. In addition to hand domi-
nance, participants were asked to indicate their preferred
gesture lower extremity. In many cases, participants per-
formed the task to confirm their answer. A right-hand and
right-foot bias are present in the general population. How-
ever, the intensity of task training and the age at which it
starts have a strong effect on subsequent laterality. The
strong association between hand and foot preference was
not present in this study. Although 75% (9 out of 12) of the
dancers were right-handed, only 44% (4 out of 9) indicated
a right-hand and -gesture leg preference. More important,
there were no quantifiable differences in proficiency
between preferred and nonpreferred or left and right limbs

Journal of Motor Behavior

I Knee Ankle -------- Toe I

2.4 Ascent Descent

2.0 -
%%

•. 1.2-'

0 ).0 . ... ... ,0.0 0.2 0.4 06 0.8 1.0 1.2

Tinie (s)

FIGURE 3. Representative knee, ankle, and toe tangential velocity profiles of the gesture Iiimb.
All traces are aligned to the ternporal (x) axis. The ascent and descent phases are indicated.
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FIGURE 4. Mean and standard error of (A) peak angular
displacement and (B) peak angular velocity of the gesture
limb (hip, knee, and ankle) in men and women.
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during perfornmance of the passe. Displacement and veloci-
ty profiles displayed similar temporal and spatial coordina-
live patterns between limbs and genders. Because many
dancers begin training at a young age (4-5 years), it is pos-
sible that they, like musicians (Christman, 1993; Elbert et
al., 1995: lancke et al., 1997), experience cortical reorgani-
zation as a consequence, in this case, of the symmetry of
their training.

Organization of Movement

As found in other studies of tasks requiring anticipatory
postural control (Breniere & Do, 1991; Mcllroy & Maki,
1999; Mouchnino et al., 1992; Rogers & Pai, 1990), the
trunk was the first segment to move and the last to stop
when the pass6 was performed. That translation strategy,
first described by Mouchnino et al. for performance of lat-
cral leg lifts by dancers, is thought to minimize changes in
the body center of gravity associated with limb movement.

Passe gesture-limb onset sequencing was similar to that
described in kicking, running, and throwing (Putnam, 1991,
1993), with proximal-to-distal sequential motion patterns.
The summation of speed principle is frequently cited as an
explanation of the kinematic invariance of proximal-to-distal
sequencing of1 joint motion (.16ris, van Muyen, van Ingen
Schena., & Kemper, 1985; Putnam). According to that prin-
ciple, ihe greatest speed is attained by the distal segment
through sunnmation of the speeds of the more proximal seg-
ments, as has been demonstrated in measures of angular
velocity in two- joint (hip-knee) systems of kicking, running,
and walking (Putnam) and in overhand throwing (Forestier &
Nougier, 1998; J6ris et al.). Final impact velocity is players'
primary goal in each of the sport tasks so that they can max-
imize force on a ball or the ground. An important character-
istic of those tasks is that each more distal segment starts its
motion at the peak angular velocity of the preceding segment.

Consistent with that principle, we observed that the dis-
tal toe segment attained the greatest tangential (linear)
velocity. However, angular summation of speed did not
occur in the passý. Knee angular velocity exceeded those of
both the ankle and the hip. Had we limited ourselves to a
two-joint model of hip-knee, our results initially would
have appeared similar to those of other researchers: Knee
onset followed that of the hip and exceeded the hip in peak
angular velocity. However, we felt that a two-joint model
was not sufficient to enable us to determine the multijoint
coordination of this task. The pointed foot is a focal point of
movement and expression in dance. Accordingly, we chose
a three-joint model for this study. In addition, the second
commonly cited feature of surnmation of speed did not
occur: Knee movement onset did not begin near hip peak
angular velocity. In the pass6, hip and knee angular dis-
placement timing were tightly coupled.

Furthermore, the task requirements of the pass6 dictate
vastly different segmental relationships compared with
those in kicking, walking, running, and throwing tasks
(.16ris et al., 1985; Putnam, 1991, 1993). The rotational

direction of the swing hip, knee, and ankle are the same in
ambulatory activities (hip flexion. knee extension, ankle
dorsiflexion). That type of dynamic coupling is conducive
to the transfer of forces to more distal segments. In contrast,
in the passe, the knee and ankle rotate in the same direction,
but opposite to that of the hip (hip flexion, knee flexion,
ankle plantar flexion), making efficient transfer of force
more difficult to achieve. The results of the present study
suggest that summation of speed is not a general rule.

Another possible explanation for the invariance in the
proximal-to-distal sequencing is that dancers give priority
to control of the center of mass within the base of support.
The pass6 requires a transfer of weight from bipedal to
unipedal. The increased task demand (balancing on one
limb) may dictate that organizational strategy. The delay of
the toe velocity peak late in the ascent phase as well as its
peak early in the descent phase suggest a cautious balance
strategy of keeping the toe in contact with the ground as
long as or soon as possible.

Limitations

With a relatively small sample size, the present results
must be approached cautiously. The findings in this study
regarding gender and limb laterality may be isolated to the
dance-specific open-chain movement under analysis and to
dancers at an elite level of training. Three-dimensional
kinematic analysis is warranted for further investigation of
our findings.

Conclusions

Onset-offset joint sequencing specific to the passe move-
ment was consistent for all participants and limbs. Overall,
those findings suggest that the proximal-to-distal sequenc-
ing of joint motion seen in goal-directed sports movements,
as well as in the pass6, may be a generalized kinematic
invariance. However, specific spatiotemporal requirements
of the pass6 dictated the speed relationships of the seg-
ments, which differed from those seen in previous analyses.

Study of additional domain-specific movements is rec-
ommended. In a multisegment system, movement of a prox-
imal segment causes movement of distal segments. Parti-
tioning of joint and segmental torques for kinetic analysis
may provide additional insight into the motor control of
dancers. The study of kinetics and muscle-firing patterns
may provide further information about gender differences
caused by either morphology or training.

This study provides normative kinematic data of the
pass6 in highly skilled dancers. Limb dominance did not
appear to be prevalent, possibly because of the emphasis on
symmetry in training. However, in studies on the effects of
age and training in dance, investigators should consider
both gender and limb as potential factors because we do not
know whether novices begin dancing with gender differ-
ences and foot biases that diminish with training.
Researchers can use such profiles in future research for
comparison with injured or control populations to deter-
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mine rehabilitation outcomes and effects of training. Analy-

sis of the control of complex closed-chain dance-specific
movement is also crucial to understanding the functional
requirements of junping, hopping, and turning movements
that place dancers at risk for injury.
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