
Abstract—For the past two decades, dance researchers and edu-
cators have been concerned about the use of the grand plié and its
potential impact on injury incidence. The purpose of this study was
to investigate external longitudinal rotation (ELR) at the knee
during grand pliés performed in three classical ballet leg positions,
2nd, 3rd, and 4th, by professional female ballet dancers. Light
reflective markers were placed on seven lower body segments of ten
volunteer subjects. Subjects performed three trials of the grand plié
and one demi-plié in each of the three leg positions while being
videotaped. Marker locations were digitized. Five “instants” were
identified in the plié: begin, demi-plié lowering phase, grand plié,
demi-plié rising phase, and finish. The ELRs at the knee joints for
each instant were analyzed using an analysis of variance (ANOVA)
and custom matrix analysis. Results indicate that ELR values are
highest at the bottom of the movement in all positions, and that 3rd
and 4th position grand pliés present higher overall ELRs than 2nd
position. Because ELR at the knee has been named as one of the
more serious predisposing factors to knee injury, the results of this
study indicate that further investigation about the grand plié is
needed, and educators should include grand pliés in the training
process with caution. Med Probl Perform Art 15:140–147, 2000.

Too often a dancer’s career is shortened by an injury, and

often this injury is at the knee joint.1–3 In particular, lon-

gitudinal rotations at the knee joint are thought to stretch or

damage connective and contractile tissue in the knee. This

damage may include: stretching and/or irritating the anterior

cruciate ligaments, increasing rotary instability of the joint

and knee hyperextension; stretching and/or irritating medial

collateral ligaments, compromising the lateral stability of the

joint; maltracking of the patella in the trochlear groove,

resulting in grinding of the articular cartilage of the

patellofemoral joint; tearing or rupturing of the menisci;

increasing the incidence of patellar tendonitis and/or chon-

dromalacia patella—“jumper’s knee”; and predisposing the

joint to patellar dislocation.4–8 The grand plié is a dance exer-

cise and performance skill that has been cited as being poten-

tially harmful to the knee joint due to the associated com-

pressive forces, excessive range of motion, and longitudinal

rotations that occur at the joint during this movement.9–11

Several authors have argued against using the grand plié as

a training exercise because of its high risk-to-benefit

ratio,2,7,9,10,12–14 and frequent pliés have been implicated as a con-

tributing factor to chronic lower limb injuries.14 However,

grand pliés occur in some of the contemporary and classical

performance repertoires. Because physical training requires

both repetition and specificity of movement to ensure appro-

priate neuromuscular patterns,13,15,16 it would seem unwise to

eliminate grand pliés completely from the class structure if the

same movements are to remain in the performance setting.

Both acute and overuse injuries incurred by ballet dancers

are most often caused by physical compensations made in

order to overcome anatomical limitations in hip joint ranges of

motion (ROMs).4 However, because of the standard aesthetic

demands of classical ballet, dancers often sacrifice good align-

ment for the appearance of greater “turnout” or external rota-

tion through the leg.17 Combining the extreme amount of

external rotation demanded by ballet technique with the

nature of the plié movement itself seems to be problematic in

the interest of maintaining good alignment and avoiding

injury.9,12,13 Poor alignment includes pronation of the foot,

excessive anterior pelvic tilt, and excessive external longitudi-

nal rotation (ELR) of the lower leg.4 In addition, foot prona-

tion and poor alignment of the torso during pliés are often the

causes of increased ELR.13 However, the relationship between

degree of knee flexion, ELR values at the knee joint, and leg

position during grand pliés has not yet been established.

Until recently, there have been few adequate measure-

ment tools available for detailed research on the plié. Elec-

tromyography, isokinetic dynamometry, goniometric meas-

urements, manual techniques, and two-dimensional (2D)

cinematography are some of the techniques researchers have

employed to investigate how pliés are performed.

While muscular recruitment patterns, vertical torso align-

ment, and 2D joint ROMs have been investigated during static

and dynamic demi (1st position) and grand pliés (1st and 2nd

positions),7,8,11,12,18–20 a complete three-dimensional (3D) description

or mapping of the actual movements of the lower limb segments

and joints from dynamic grand pliés or in crossed positions of

the legs has not been made. Even classical ballet references21 only

define pliés as the bending of the knees with the legs in external

rotation. Krasnow et al. suggest that further study investigating

dancers in motion would be more relevant than study of dancers

in static positions.19 Considering the number of grand pliés often

performed in a traditional ballet class,10 it is rather alarming that

more is not known about the movement.
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PURPOSE

It was the aim of this study to collect kinematic data

regarding longitudinal rotations in the knee joints of profes-

sional female ballet dancers performing grand pliés. From

this information about knee joint rotations, our knowledge

about knee health and predisposing factors to chronic knee

injuries in dancers would be enhanced, with the hope of car-

rying dance teaching practices to a new level of efficiency and

responsibility in the interest of career longevity and injury

prevention.

The following definitions may be helpful to the reader:

• Turnout: a term used interchangeably with “external rota-

tion.” According to The Dictionary of Classical Ballet Termi-

nology, turnout comes from the hip, ideally with 90°

coming from each of the left and right sides.21

• The Plié: a knee bend. In classical ballet it is usually per-

formed with the legs externally rotated, and the torso ver-

tically aligned and centered over both legs. The grand plié

has been defined previously as a movement “in which the

upright torso, spine, and pelvis are stabilized as they are

lowered with coordinated hip and knee flexion, and then

raised back to the starting position with hip and knee

extension.”11

• Instant: a specific videotaped frame identified through

visual inspection of the entire trial to represent one of the

five moments during the grand plié to be statistically ana-

lyzed: 1) begin (straight legs), 2) demi-plié lowering phase,

3) grand plié, 4) demi-plié rising phase, and 5) the finish

(straight legs).22 Figure 1 illustrates the five instants of the

grand plié for the 1st position.

• The Demi-Plié Instant (DPI): The demi-plié movement is a

bending of the knees with the legs turned out so that the

knees are directed over the toes, and the heels remain on

the floor.21 For the purposes of this study, the DPI in the

3rd and 4th positions of the legs is defined as the body

position at the last moment of contact of the heels with

the floor (instants 2 and 4). Therefore, in the 3rd and 4th

positions, the DPI is defined as the moment just before

the front heel leaves the floor during descent and the

moment just after the front heel regains contact with the

floor during ascent.22 This instant was determined by

visual inspection of the abduction/adduction (x-axis rota-

tion) data for the right (front) foot. The front heel was

chosen to define the DPI because it was easier to observe

the movements of this heel. In the 2nd position, the heels

never lose contact with the floor during the grand plié.

Consequently, the DPI in the 2nd body position is

defined as the position achieved at half-way between

instant 1 and the GPI during descent, and between the

GPI and instant 5 during ascent, measured by frame

number.22

• The Grand Plié Instant (GPI): the moment at the bottom of

the grand plié movement when the dancer changes the

direction of her plié from descent to ascent.22 The GPI

(instant 3) was identified by visual inspection of the data

for knee flexion/extension angles of the front (right) knee.

The front knee was used to define the GPI so that the

same leg was used to define both the DPI and the GPI. In

the case of a curve exhibiting a plateau at maximum knee

flexion, the midpoint of the plateau defined the GPI.

Five research hypotheses were posed:

1. External rotation in the knee will be greatest at the

bottom of the grand plié movement (GPI) when com-

pared with both demi-plié (DPI) and straight leg stance

(lowering or rising phase), regardless of plié position.

2. Of the five instants of the grand plié movement, ELR values

will be greatest at the 4th position GPI (instant 3) compared

with any other plié position and any other instant.

3. At any specific instant of plié trials performed in the three

plié positions, the magnitude of ELR values will be great-

est in the 4th position, and least in the 2nd position.

4. There will be no symmetry between the ELR values for

the left and right knees of classical ballet dancers at any

instant of grand pliés performed in any plié position.

5. There will be no symmetry between the ELR values in the

knees of classical ballet dancers at similar instants across
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FIGURE 1. The five instants of grand pliés. Left to right: 1) begin (straight legs), 2) demi-plié lowering phase, 3) grand plié, 4) demi-plié rising
phase, and 5) the finish (straight legs).



the eccentric (lowering) and concentric (rising) phases of

grand pliés in any plié position.

METHOD

Fourteen professional female ballet dancers (mean age =

23 years, SD = 4.721 years, range = 17 years to 34 years; mean

height = 167.343 cm, SD = 5.011 cm) consented to take part

in the study. Following digitization and reduction, ten com-

plete data sets were obtained. At the time of filming, all of

the subjects were under contract as apprentices, corps mem-

bers, soloists, or principal dancers with a large Toronto-based

classical ballet company. Prior to acceptance into the sample

group, all dancers completed a medical questionnaire. None

of the subjects were taking time off from performing due to

injury at the time of filming. Prior to filming, a series of sup-

plementary measures were made on each dancer to record

maximum passive and active external and internal hip rota-

tions, and active knee hyperextension. Subjects also com-

pleted posttest questionnaires designed to gain information

about their dance backgrounds, their histories of knee pain,

and any formal training they had received in teaching ballet.

In this study body segments were modeled as rigid bodies

whose 3D spatial location could be described using three

sequential rotations from some arbitrary initial position.

Classical 1st position (Figs. 2 and 3) was used as the initial

reference position, which ensured that the video cameras

were able to capture all of the reflective markers. The sequen-

tial rotations followed common anatomical human move-

ment patterns, namely, flexion or extension first, followed by

abduction or adduction, and finally internal or external rota-

tion (also known as a body-fixed 3-1-2 Cardan angle system).23

A body-fixed coordinate system moves with the body segment

and is not fixed within the filming space. The 3D location of

a minimum of three points on the rigid body must be known

before location of the rigid body can be found using this

approach. To analyze the plié, a seven-segment model of the

lower human body (pelvis, right/left thigh, right/left lower

leg, and right/left rear foot) was defined. Four to five silver-

colored light-reflective markers were placed on each segment

(32 total) (Fig. 2).

Subject Protocol and Data Collection

All the subjects performed a self-directed 10-minute warm-

up prior to marker placement. During filming, each dancer

performed three grand pliés and one demi-plié in each of

three leg positions (2nd, 3rd, and 4th), and was filmed stand-

ing in the reference position. Figure 3 shows the orientation

of the legs in the 2nd, 3rd, and 4th positions, in addition to

the reference position (1st). A metronome was used to stan-

dardize the length of all trials. Plié movements were captured

on two professional-quality VHS video cameras set at 5 m to

the center of the filming area with a separation angle of 40

degrees. The 35-mm camera flash that signaled the dancers to

begin each plié was also used to synchronize the video cameras

during data reduction. An aluminum cube with 180.0-cm

sides, provided by Ariel Dynamics (Trabuco Canyon, CA), was

used to calibrate the filming space. Frames of the cube were

recorded before and after filming each subject as a precaution

against the effect of moving a camera during filming.

To maintain relative distance between markers on a given

segment and the location of the markers on the segment after

recording the reference position, 4-inch-wide Velcro strips

were attached across the grain of two-way stretch elastic

straps, and the light-reflective markers were attached to the
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FIGURE 2. Reference position and typical market placement.

FIGURE 3. Leg orientations in the 1st, 2nd, 3rd, and 4th positions. Left to right: 1st position (reference position), 2nd position, 3rd posi-
tion, and 4th position.



straps using the Velcro strips. The straps were custom-fit to

each dancer to accommodate differences in muscle defini-

tion and placement. In spite of these precautions, one of the

subjects was dropped from the study. For this subject, thigh

and lower leg rotations were so exaggerated at several

moments during plié trials as to leave only two markers in

view, making it impossible to obtain 3D data.

Data Reduction and Analysis

One randomly chosen trial for each subject and each foot

position was selected for analysis. Marker locations for these

trials, the reference position for each dancer, and the calibra-

tion cube were digitized using Ariel Dynamics software (The

Ariel Performance Analysis System—APAS), which utilized

both manual and automatic digitization. For plié trials, every

fourth frame was captured for digitization. At a normal

camera speed of 60 frames/sec, the effective digitization

frame rate was 15 frames/sec. The 3D marker locations were

calculated using a direct linear transformation algorithm

(Ariel Dynamics). The 3D segment (rigid body) angular ori-

entations and the corresponding joint angles were deter-

mined using specially written software using the Cardan

angles that have already been discussed. Data from three sub-

jects were dropped from the study at this time, because math-

ematical instabilities that occurred when the thigh abduction

angles reached 90 degrees yielded data that were not in line

with physiological possibility. From the ten complete data

sets, the y-axis rotations for the five defined instants of grand

pliés were extracted from each trial selected for analysis. The

ELRs at both knee joints at each instant during the move-

ment were analyzed using an analysis of variance (ANOVA)

least squares difference (LSD) post-hoc tests, and custom con-

trast matrix analyses. The ELR values reported in the follow-

ing plots have undergone transformations needed for the sta-

tistical analysis: to make all values positive, left knee rotations

were multiplied by –1, and 100 degrees were added to both

left and right knee rotations. The transformed ELR values

are denoted as “ELR valuesC.” Results of statistical tests, stan-

dard deviations, and all ELR valuesC are reported in Tables

1–4.

RESULTS AND DISCUSSION

An analysis (ANOVA) of the ELR valuesC data revealed a

significant main effect for instant [F(4,270) = 197.202, p =

0.001] (hypothesis 1), and positive results of an LSD analysis

performed on the data indicated significant differences in

ELR during straight leg stance, at DPI, and at the bottom of

the movement (p = 0.05) (Fig. 4). Inspection of Figure 4

shows higher ELR valuesC associated with the bottom of the

movement, regardless of leg position. The slightly higher
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TABLE 1. Tests of Between-subjects Effects

Source Mean Square F Significance

Plié 824.587 3.704 0.026
Instant 43905.697 197.202 0.000
Leg 369.199 1.658 0.199
Plie . instant 259.725 1.167 0.320
Plie . leg 214.951 0.965 0.382
Instant . leg 1261.326 5.665 0.000
Plie . instant . leg 242.048 1.087 0.372

Error 222.643

Computed using alpha = 0.05.

TABLE 2. Descriptive Statistics—2nd Position Pliés

Standard
Plié Instant Leg Mean Deviation n

2 1 Left 105.5 5.1 10
Right 100.1 9.1 10
Total 102.8 7.7 20

2 Left 124.1 10.9 10
Right 117.8 17.1 10
Total 120.9 14.3 20

3 Left 155.7 17.7 10
Right 170.6 33.8 10
Total 163.2 27.4 20

4 Left 123.4 14.1 10
Right 122.5 15.3 10
Total 123.0 14.3 20

5 Left 107.2 4.9 10
Right 100.9 11.8 10
Total 104.1 9.4 20

Total Left 123.2 21.4 50
Right 122.4 32.0 50
Total 122.8 27.1 100

Dependent variable: ELR.



values observed here in the 3rd and 4th position trials failed

to reach significance.

Figure 5 depicts a significant main effect for plié position

[F(4,270) = 3.704, p = 0.026] (hypothesis 3), indicating that

3rd and 4th position grand pliés involved greater overall ELR

valuesC than 2nd position grand pliés.

There was also a significant combined effect for instant

and leg [F(1,270) = 5.665, p = 0.001] (hypothesis 4) revealed by

a custom matrix analysis of the ANOVA testing. A significant

difference in ELR valuesC between legs was found only at the

bottom of the grand plié movement, and not at any other

instant, partially supporting hypothesis 4 that there will be no

symmetry between ELR rotation in the knees at any instant

during grand pliés (regardless of plié position) (Fig. 6).

Statistical analyses of the data obtained in the present

study found that ELR is highest at the bottom of the grand
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TABLE 3. Descriptive Statistics—3rd Position Pliés

Standard
Plié Instant Leg Mean Deviation n

3 1 Left 112.0 11.5 10
Right 106.3 10.8 10
Total 109.2 11.2 20

2 Left 119.1 9.3 10
Right 123.1 17.9 10
Total 121.1 14.1 20

3 Left 163.1 28.1 10
Right 192.2 19.0 10
Total 177.6 27.7 20

4 Left 117.8 11.0 10
Right 126.8 14.2 10
Total 122.3 13.2 20

5 Left 114.7 11.1 10
Right 103.6 7.7 10
Total 109.1 10.9 20

Total Left 125.3 24.5 50
Right 130.4 35.4 50
Total 127.9 30.4 100

Dependent variable: ELR.

TABLE 4. Descriptive Statistics—4th Position Pliés

Standard
Plié Instant Leg Mean Deviation n

4 1 Left 109.9 7.2 10
Right 107.6 6.6 10
Total 108.7 6.8 20

2 Left 117.8 10.8 10
Right 123.4 9.6 10
Total 120.6 10.3 20

3 Left 175.1 28.1 10
Right 180.0 22.3 10
Total 177.6 24.8 20

4 Left 177.6 8.0 10
Right 124.9 7.2 10
Total 121.3 8.3 20

5 Left 111.8 8.3 10
Right 108.4 4.2 10
Total 110.1 6.6 20

Total Left 126.5 28.5 50
Right 128.8 29.1 50
Total 127.7 18.7 100

Dependent variable: ELR.



plié movement compared with any other instant, regardless

of plié position, and that the ELR recorded at DPI is higher

than during straight leg stance, indicating that ELR increases

with knee flexion. Increased ELR has been discussed as being

one of the leading predisposing factors to soft-tissue injury at

the knee in dancers. Therefore, grand pliés may be more dan-

gerous to the structure of the knee joint than demi-pliés.

The three plié positions tested (2nd, 3rd, and 4th) did not

differ enough from each other with respect to the amount of

ELR created at any specific instant to reach statistical signifi-

cance. It is possible that the anterior pelvic tilt and posterior

translation of the pelvis that was noted during some 2nd

position trials added to the mean ELR at instant 3 in this

position, thereby bringing the mean ELR values for all of the

positions at this moment closer together. Also, because of the

combined effect of patellar compression forces, which

increase with knee flexion, and the high amount of ELR

recorded at the bottom of 3rd and 4th position trials, grand
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FIGURE 4. ELR by instant, separated by plié position, collapsed across legs. Mean ELR valuesC for each of the five instants at the 2nd, 3rd,
and 4th positions. Standard deviations are reported in the tables.

FIGURE 5. Overall ELR by plié position, collapsed across instants and legs. Overall mean ELR valuesC are depicted at each plié position
(2nd, 3rd, and 4th) regardless of leg and instant. Standard deviations are reported in the tables.
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pliés performed in these crossed positions of the legs may be

more problematic than 2nd position grand pliés in compro-

mising the integrity of the knee joint. However, although the

three plié positions tested did not differ significantly from

each other at any particular instant, higher overall mean ELR

values (across the entire movement) were recorded in 3rd and

4th position grand pliés than in 2nd position grand pliés.

Therefore, the data suggest that grand pliés in the 3rd and

4th positions present higher risk to the knee overall than 2nd

position grand pliés.

At GPI, the ELR values between knees differed enough to

reach significance. These values were not different enough at

any other instant to reach significance. These, and the pat-

terns observed for the thigh and lower leg segments of pliés

performed in the 2nd, 3rd, and 4th positions, suggest that

the grand plié is not just a continuation of the demi-plié, and

that the legs experience different patterns of movement

during pliés performed in different positions. This supports

a similar conclusion by Trepman et al.20 that the grand plié is

not an extension of the demi-plié regarding muscle use.

The ELR values measured throughout were essentially

symmetrical during the descending and ascending halves of

plié movements in any plié position (negating hypothesis 5).

CONCLUSION

This was the first study undertaken to examine the ELR

at the knee joints in situ of ballet dancers performing grand

pliés in various plié positions. Furthermore, the data were

obtained using 3D technology and analyses. In the process of

completing the original study, a model describing lower body

segment rotations during 2nd, 3rd, and 4th position grand

pliés was created and the 3D segmental motions of each seg-

ment and the knee joint angle were completely described.22

Further study is required to overcome some of the techni-

cal details and computational challenges presented by doing

rigid body studies. It would be beneficial to optimize the data

collection variables for movements performed in dance

(number and placement of cameras, marker diameter, direc-

tion of light sources, etc.). Fine-tuned reduction techniques

that calculate present-frame Cardan angles from previous-

frame values while calculating a “best fit,” and that prevent

the mathematical instabilities encountered in the present

study when the thigh segments reached 90 degrees of abduc-

tion, would be ideal. This mathematical improvement would

allow the utilization of the present system in similar applica-

tions studying the 3D movements of dancers, which would

yield easily interpreted results that closely represent human

movement, making the results accessible to a wide audience.

The results of this study indicate that high ELR values

occur at the bottom of the plié movement when compared

with other points during the movement. Other factors, such

as the ratio of leg length and leg separation distance in open

positions (2nd and 4th), amount of total external rotation

through the leg at the start of the movement, and vertical

alignment through the torso may also affect these values and

would be worth studying. Further study employing 3D analy-

sis of grand pliés in various positions is needed to determine

the relationships between amount of total hip joint turnout

and the ratio between leg length and width of open positions

on the ELR experienced at the knee.

The findings of this study may be useful in the prevention

of knee injuries in dancers. The high ELR values recorded at

the bottom of grand pliés indicate that excessive repetitions

of the movement may compromise knee joint stability. Also,

investigating the effect of repeated use of this movement on

young dancers entering growth spurts would be prudent in

the interest of injury prevention in upcoming generations of
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FIGURE 6. ELR by instant, separated by plié position and leg. Mean ELRC for the right and left leg at each of the five instants for each plié
position (2nd, 3rd, and 4th). Standard deviations are reported in the tables.
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dancers. The predisposing factors that are caused by ELR at

the knee joint when performing grand pliés can compromise

knee joint stability and are compounded over time, and mus-

cular fatigue may increase the risk of sudden meniscus injury

when the knee is in a position of extreme flexion. Therefore,

caution when performing repeated grand pliés is recom-

mended, especially in crossed positions of the legs such as

3rd and 4th. Evidently, further research is needed to examine

the relationship between increased ELR at the knee and the

high incidence of knee injuries in dancers.
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