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Which of the five classical ballet positions
is the most demanding for the dancer’s body?
An electromyography-based study
to determine muscular activity
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Department of Biomechanics, Chair of Theory and Methodology of Sport,
Poznan University of Physical Education, Poznan, Poland.

Purpose: The study aimed to determine which of the five classical ballet positions is the most demanding regarding muscular ac-
tivity, values of external rotation in the hip joints, angular values of foot progression as well as the inclination (tilt) of the pelvis in
the sagittal plane. Methods: In this cross-sectional study, 14 female pre-professional ballet dancers (aged 11-16) participated. Partici-
pants were tasked with the sequential adoption of five classical ballet positions (CP1-CP5). The electromyographic activity of the
muscles of the trunk and the lower limb was recorded with surface electrodes. Kinematic data including hip and knee external rota-
tion, foot progression angle and pelvic tilt were collected using a motion capture system. Results: Symmetric positions CP1 and CP2
were not as demanding as asymmetric CP3—CP5. Higher values of hip and foot external rotation without greater muscular effort in
CP2 than CP1 was noticed. Considering asymmetric positions, CP3 did not trigger a greater activity of hip or foot muscular groups
than CP4 and CP5. CP4 was characterised by the greatest pelvic anterior tilt and the lowest activity of GM in the forward lower limb.
In CPS, forward lower limb entailed a higher activity of muscles supporting the foot than in the remaining positions. Conclusion: In
terms of biomechanics, the most demanding classical ballet position in pre-professional dancers is CP4, followed by CP5, CP3, CP1
and CP2. This finding can be applied in educational methodology of dancers, figure skaters, synchronized swimmers, acrobatic gym-
nasts, thythmic gymnasts or cheerleaders.
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chronised swimming, acrobatic gymnastics, rhythmic
gymnastics or cheerleading [2], [5]. Dancers of vari-
ous techniques (contemporary, jazz, folklore, ball-

1. Introduction

There are five classical ballet positions (Fig. 1). The
first technical task (concerning lower limbs) involves
the mastering of these positions [22]. In dance, such
positions, referred to as les bonnes positions, play an
essential “initial” role and, regardless of a style, are
treated as the primary base or foundation. Contrary
to appearances, the aforesaid positions are not only
seen in dancehalls of ballet schools but are also indis-
pensable technical elements in figure skating, syn-

room dance) learn the positions enriching their pro-
fessional workshop [1].

The foundation of classical ballet positions is Turn-
out (TO), allowing the foot and the knee (of both
lower limbs) to be turned in entirely opposite directions
and adopt an angle of 180°. The proper TO is initiated in
the hip joints [4], [7], [8], [22]. The mastering of techni-
cally correct classical ballet positions requires multi-
annual training and, obviously, appropriate dancer’s
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anatomy and predisposition, defined as the natural
and high value of external rotation in hip joints [7],
[18], [24].

The most important muscles maintaining TO are
deep external hip rotators (piriformis, obturator inter-
nus and externus, quadratus femoris, gemellus supe-
rior and inferior), which, along with the surface exter-
nal hip rotators (gluteus maximus, posterior fibres of
gluteus minimus and medius, and sartorius), act syn-
ergistically to rotate the hip [14], [17].

Up to day, tests concerning the biomechanics of
dance involved the activity of selected surface exter-
nal rotators of the hip joint during demi-plié [21],
grand-plié [20], pirouette turn [27], relevé on demi-
pointe [19] or grand battement devant [15]. In turn,
Gilbert et al. [7] were concerned with the identifica-
tion of the correlation between the hip external rota-
tion and the functional TO in relation to five classical
ballet positions. Among available subject-related sci-
entific publications, there were no works containing
the analysis of electromyography and kinematics con-
cerning all five classical positions.

The sequence in which classical positions are taught
is consistent with their numbering [22], yet, until to-
day, it has not been verified for consistency with the
level of difficulty, which is crucial in terms of the edu-
cational method of the aforesaid dancers and sports
people.

The study aimed to determine which of the five
classical ballet positions is the most demanding for the
dancer’s body. It was decided that the most demand-
ing position would be the one in which despite of
greater activity of examined muscles there would be
lower external rotation of the hips and feet (foot pro-
gression angle) and there would be greater anterior
pelvic tilt. We hypothesized that position 4 would
appear to be the most demanding in terms of biome-
chanics.

Considering the most crucial elements involved in
the classical ballet positions, our analysis was based
on the registration of the 14 selected muscles: lumbar
erector spinae, rectus abdominis, gluteus maximus, sar-
torius, adductor longus, rectus femoris, vastus lateralis,
vastus medialis, long head of biceps femoris, semiten-
dinosus, tibialis anterior, fibularis longus, medial and
lateral heads of gastrocnemius.

2. Materials and methods

The cross-sectional study presented in the article
aimed to identify the bioelectric activity of the mus-

cles of the right side of the trunk and those of the right
lower limb in five classical ballet positions adopted by
pre-professional ballet dancers. Kinematic data were
collected using a motion capture system.

2.1. Subjects

Fourteen female pre-professional ballet dancers
aged 11-16 (body mass: 45.5 + 1.4 kg, body height:
1.59 + 0.08 m, BMI: 17.9 + 1.8 kg/m’, experience:
4.9 + 1.3 years) participated in this study (mean =+ stan-
dard deviation). All of the participants attended the
same ballet school and were tutored by the same
teacher in classical dance classes. Each dancer was in
good health and had not suffered any injuries in the
past 6 months. All of the test participants and their
parents were informed about the purpose of the study
and agreed (in writing) to participate in the test before
the commencement of the experiment. The experi-
ment was approved by the Bioethical Committee of
the Poznan University of Medical Sciences.

2.2. Data collection

The test participants were tasked with the se-
quential adoption of five classical ballet positions,
i.e., first (CP1) and second (CP2) (symmetric) as
well as third (CP3), fourth (CP4) and fifth (CP5)
(asymmetric with the right lower extremity forward
[forward setting] and backward [backward setting]).
The above-named classical positions are presented in
Fig. 1. Before CP1-CPS5, each dancer made the sixth
classical ballet position (CP6), which was the refer-
ence position, i.e., the standing upright position with
feet positioned in parallel at the width of the hips.
All of the dancers performed 3 trials of each position
in the following sequence CP6, CP1, CP2, CP3 for-
ward, CP3 backward, CP4 forward, CP4 backward,
CP5 forward and CP5 backward (a total of 27 trials).
The experiment included measurements involving
the entire group, first in the reference position and
next in positions CP1, CP2, CP3, CP4 up to CP5.
During each trial, the participant stood barefoot for
30 seconds. The interval between subsequent trials
lasted approximately 1 minute, whereas the interval
between individual positions lasted approximately
20 minutes. The correctness of classical positions was
monitored by a teacher who had been a principal
dancer at the Poznan Grand Theatre. The test partici-
pants were requested to stand in classical positions
“as at an exam”.
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The activity of selected muscles was recorded us-
ing a Telemyo 2400T G2 device (Noraxon, USA)
compatible with the MyoResearch XP Master Edition
software. The tests involved the use of surface elec-
trodes. The EMG signal was sampled at a frequency of
1000 Hz and, next, filtered (bandwidth: 10-500 Hz).
The test participants were prepared for the test in
accordance with the SENIAM guidelines [13]. Before
the attachment of electrodes, the skin was shaven and
cleaned with an abrasive and disinfecting agent. A pair
of Ag/AgCl electrodes (SORIMEX, Poland, 1 cm in
diameter) was attached in the bipolar configuration
along the longitudinal axis of the examined muscles of
the right side of the trunk and the right lower limb:
lumbar erector spinae (ES), rectus abdominis (RA),

Fig. 1. Feet setting for the (a) first classical position (CP1),
(b) second classical position (CP2), (c) third classical position (CP3),
(d) fourth classical position (CP4) and (e) fifth classical position (CP5)

Fig. 2. Electrode placement for the classical ballet position:
(a) front view, (b) back view

gluteus maximus (GM), sartorius (SAR), adductor lon-
gus (ADD), rectus femoris (RF), vastus lateralis (VL),
vastus medialis (VM), long head of biceps femoris (BF),
semitendinosus (SEM), tibialis anterior (TA), fibularis
longus (FIB), medial and lateral heads of gastrocnemius
(MGAS and LGAS, respectively) (Fig. 2). The distance
between the electrodes amounted to 2 cm. The correct-
ness of the attachments was verified through the obser-
vation of a raw EMG signal during the testing of the
muscles. The ground electrode was placed over the right
posterior superior iliac spine. All of the electrodes were
attached to the test participants by the same operator.

Three-dimensional data related to the angles of in-
dividual joints of the lower limbs were collected using
the BTS Smart D optoelectronic motion capture system
(BTS Bioengineering, Milan, Italy) interacting with the
BTS Smart Capture software programme. Assessment
included the hip joint external rotation (HER), knee
joint external rotation (KER), foot progression angle
(FPA) and the pelvis position (tilt) in the sagittal plane
(PTILT). Tests were recorded using 8 digital infrared
cameras with a recording frequency of 200 Hz. A total
of 19 reflective markers (diameter: 20 mm) were placed
using double-sided adhesive tape on specific anatomic
landmarks: right and left anterior superior iliac spines,
sacrum between posterior superior iliac spines, femo-
ral greater trochanter, marker on the bar on the lateral
side of the thigh, femoral lateral epicondyle, head of
fibula, marker on the bar on the lateral side of the
shank, lateral malleolus, calcaneus and head of the
fifth metatarsal (Fig. 2). The attachment of all markers
were according to Vaughan—Davis model [6], [23] and
performed by the same investigator.

2.3. Data analysis

The EMG signal was processed using the MyoRe-
search XP Master Edition software program (Noraxon,
USA). Related artefacts and noise were inspected
visually. The EMG signal was full-wave rectified and
smoothed using the root mean square algorithm with
a 50-milisecond window.

The EMG signal recorded during 3 trials was aver-
aged in relation to all test participants and each test posi-
tion. To enable the comparison of amplitude values be-
tween test participants and between muscles, the EMG
signal obtained in CP6 was treated as a reference value.
The EMG signal recorded in CP1-CP5 was normalized
to EMGcps according to the following formula:

EMGcp normalized = EMGCPn/ EMGcps,
where n is the number of each of CP1-CP5.
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Higher values translate into a higher activity of a given
muscle in CP1-CP5 in comparison with the reference
position.

Related kinematic data were prepared using the
BTS Smart Tracker and the BTS Smart Analyzer soft-
ware programs. The value of external rotation in the hip
joints and knee joints, the value of pelvic anterior tilt
and the foot progression angle recorded during 3 trials
were averaged for all test participants and all tested
positions. The algorithm of body segment rotation was
based on the determination of the Euler angles, as
described in [6]. The angles of rotation of both hips
described the position of the thigh in relation to the
pelvis. The knee rotation angle described the position
of the tibia in relation to the thigh. The FPA was the
absolute angle referred to the laboratory coordinate
system indicating the position of the foot of a test
participant in relation to the direction of progression.
The pelvic plane was defined using three markers (two
on anterior superior iliac spines and one at level S2 be-
tween posterior superior iliac spines). The above-named
three points provided the basis enabling the calcula-
tion of the local pelvis-related coordinated system.
The pelvic anterior tilt (angle PTILT) was calculated
as the Euler angle between the local pelvis reference
system and the global reference system located in the
motion analysis laboratory [6]. In order to assess the
external rotation connected with TO, the value of ex-
ternal rotation obtained in reference position CP6 was
subtracted from that obtained in CP1-CP5.

2.4. Statistical analysis

The normal distribution of data was confirmed
using the Shapiro—Wilk test. The study also involved the
performance of repeated measures analysis of vari-
ance (ANOVA) with 2 factors for bioelectric activity
(setting [forward or backward] x classical position
[CP1, CP2, CP3, CP4 or CP5]) and with 3 factors for
angles (LE [right or left] x setting [forward or back-
ward] x classical position [CP1, CP2, CP3, CP4 or
CP5)). Differences between within-subject factors were
identified using the post-hoc Bonferroni test. Sphericity
was verified using the Mauchly test. The Geisser—Green
house adjustment was used in cases where sphericity
was not obtained. The repeatability of variables from
3 trials was tested using the intraclass correlation coef-
ficient (ICC) (95% confidence interval). The results
were subjected to statistical analysis in the SPSS soft-
ware for Windows (version 25.0; IBM Corp, Armonk,
NY, USA). The alpha level was set at p < 0.5 in rela-
tion to all trials.

3. Results

The mean (SD) standardised EMG and the kine-
matics exclusively for the right LE are presented in
Table 1. P-values for comparisons related to the five
classical positions are presented in Table 2 and Table 3.
Table 4 shows p-values for comparisons between the
forward and backward settings.

3.1. EMG

The ICC related to the bioelectric activity of 14 mus-
cles were restricted within the range of 0.82 to 0.99
(p < 0.01). The effect analysis revealed significant dif-
ferences in the values of bioelectric activity for the set-
ting (ES, GM, SAR, BF, SEM, RF, LGAS, MGAS, TA)
and the classical position (ES, RA, SAR, BF, SEM,
ADD, RF, VLO, VMO, LGAS, MGAS, TA, FIB) (p <
0.05). In addition, the analysis revealed a significant
effect of interaction between the setting and the classical
position in relation to ES, GM, SAR, BF, SEM, ADD,
RF, VLO, VMO, LGAS, MGAS and TA (p < 0.05).
Related comparisons revealed significantly higher values
of activity in CP1 than those in CP2 (ES) and CP2 than
CP1 (LGAS) (p < 0.05). Taking the forward setting into
consideration, significantly higher values of activity
were determined in (1) CP1 than CP3 (ES), CP4 (GM)
and CP5 (ES), (2) CP2 than CP4 (GM, MGAS), (3) CP3
than CP1 (SEM, ADD, VLO, VMO, TA), CP2 (ADD,
TA) and CP4 (GM), (4) CP4 than CP1 (SEM, ADD),
CP2 (ADD, TA), CP3 (SAR, ADD) and CP5 (SAR),
(5) CP5 than CP1 (SEM, ADD, VMO, LGAS, TA), CP2
(ADD, VMO, LGAS and TA), CP3 (LGAS, FIB) and
CP4 (GM, LGAS, MGAS, TA and FIB) (p <0.05).

Regarding the backward setting, the comparisons re-
vealed significantly higher values of activity in (1) CP1
than CP3 (LGAS, MGAS), CP4 (LGAS, MGAS) and
CP5 (BF, LGAS and MGAS), (2) CP2 than CP3
(LGAS, MGAS), CP4 (LGAS, MGAS) and CP5 (BF,
SEM, LGAS, MGAS), (3) CP3 than CP1 (SAR, RF) and
CP2 (ES, GM), (4) CP4 than CP1 (BF, SEM), CP2 (ES,
GM), CP3 (BF, SEM) and CP5 (BF, SEM), (5) CP5 than
CP1 (SAR, ADD, RF, FIB), CP2 (GM, SAR, ADD, RF),
CP3 (FIB) and CP4 (SAR, RF, FIB) (p < 0.05). In addi-
tion, the analysis revealed significantly higher values of
activity for (1) forward setting than backward setting in
CP3 (BF, SEM, LGAS, MGAS, TA), CP4 (ADD,
LGAS, MGAS) and CP5 (BF, SEM, VMO, LGAS,
MGAS, TA) and (2) backward setting than forward
setting in CP3 (ES, GM, SAR, RF), CP4 (ES, GM) and
CP5 (ES, GM, SAR, RF) (p <0.05).
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Table 4. P-values of the post-hoc test for differences
between the forward and backward settings

Muscles, p-values
angles CP3 CP4 CP5
Electromyography
ES <0.01* <0.01* <0.01*
RA 0.20 0.73 0.56
GM <0.01%* <0.01%* <0.01*
SAR 0.02* 0.45 <0.01%*
BF <0.01* 0.09 <0.01*
SEM <0.01* 0.80 <0.01*
ADD 0.61 0.02* 0.09
RF <0.01* 0.61 <0.01*
VLO 0.08 0.40 0.07
VMO 0.08 0.93 0.01%*
LGAS <0.01* <0.01* <0.01*
MGAS <0.01%* <0.01* <0.01*
TA <0.01* 0.05 <0.01*
PER 0.71 0.40 0.20
Kinematics

HER <0.01* 0.13 <0.01*
KER <0.01* <0.01* <0.01*
FPA 0.94 0.11 0.25
PTILT 0.33 0.57 0.06

Note: CP3 — third classical ballet position;
CP4 — fourth classical ballet position; CP5 — fifth clas-
sical ballet position; ES — extensor spinae; RA — rectus
abdominis; GM — gluteus maximus; BF — biceps femoris;
SEM - semitendinosus; ADD — adductors; SAR — sar-
torius; RF — rectus femoris; VLO — vastus lateralis;
VMO - vastus medialis; LGAS — lateral gastrocne-
mius; MGAS — medial gastrocnemius; TA — tibialis
anterior; PER — peroneus longus; HER — hip external
rotation angle; KER — knee external rotation angle;
FPA — foot progression angle; PTILT — pelvis tilt.

* Significance (p < 0.05) for the bioelectrical ac-
tivity and angle values between the forward and back-
ward settings.

3.2. Kinematics

The ICC related to KER, HER, FPA and PTILT
was restricted within the range of 0.88—0.99 (p < 0.01).
The analysis of effects revealed significant differences
in angle values in relation to the setting (HER and
KER) and in relation to the classical position (HER,
KER, FPA and PTILT) (p < 0.001). In addition, the
analysis showed the significant effect of interaction
between the setting and the classical position in rela-
tion to HER, KER and FPA (p < 0.01). Related com-
parisons revealed significantly higher angle values for
CP2 than CP1 (HER, FPA) (p < 0.05). In relation to
the forward setting, the comparison revealed signifi-
cantly higher angle values in (1) CP1 than CP4 (HER),

(2) CP2 than CP3 (HER), CP4 (HER) and CP5 (HER),
(3) CP3 than CP1 (KER), (4) CP4 than CP1 (KER,
PTILT), CP2 (KER, PTILT), CP3 (KER, PTILT) and
CP5 (PTILT), (5) CP5 than CP1 (KER, FPA), CP2
(KER, FPA, PTILT) and CP3 (KER) (p < 0.05). In
relation to the backward setting, the comparison showed
significantly higher angle values in (1) CP1 than CP3
(HER), CP4 (HER) and CP5 (HER), (2) CP2 than
CP3 (HER, KER), CP4 (HER, KER) and CP5
(HER, KER), (3) CP3 than CP1 (FPA) and CP5
(FPA), (4) CP4 than CP1 (FPA, PTILT), CP2 (FPA,
PTILT), CP3 (PTILT) and CP5 (HER, PTILT), (5) CP5
than CP1 (FPA), CP2 (FPA) and CP3 (FPA) (p < 0.05).
The analysis also revealed significantly higher angle
values only for forward setting rather than backward
setting in CP3 (HER, KER), CP4 (KER) and CP5
(HER, KER) (p < 0.001). However, comparisons in
pairs showed insignificant differences in values of all
angles between the right LE (forward setting) and left
LE (backward setting) as well as between the right LE
(backward setting) and left LE (forward setting).

4. Discussion

This work aimed to identify the most demanding
classical ballet position in terms of biomechanics.
Because of the fact that the sequence of teaching clas-
sical positions is consistent with their numbering, it is
necessary to verify the difficulty of each position and
refer it to the educational methodology of dancers and
sportspeople mentioned at the beginning of this arti-
cle. The study enabled the identification of the activity
of surface muscles in TO and the analysis of the val-
ues of the lower limb joint angles (HER, KER), set-
ting of the foot in relation to the ground (FPA) and the
pelvic inclination (PTILT) in the five classical ballet
positions.

The locomotor system of ballet dancers is sub-
jected to loads in a very peculiar way. This specific
nature is concerned with the skeletal system [10] ex-
posed to the non-uniform effect of impact forces
reaching as many as 8—9 times body weight [9], where
highly-mineralised are elements directly exposed to
the impact. Also, according to the previous study re-
sults obtained by Gorwa et al. [8], the muscular sys-
tem must meet the technique-related requirements of
classical dance where the value of HER determines
the use of specific muscles.

The first year of classical dance education sees the
beginning of work aimed to master each if the five
classical ballet positions to be followed by the intro-
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duction of plié (“squat”) for these positions. Initially,
children are taught demi-pli¢ (half-squat) and next,
grand-plié (full squat). This requires a complicated coor-
dination of dynamic muscular activities (when making
plié¢) and static muscular activities (when stabilising
the trunk and lower limbs) [12].

These two components of dancer’s training, i.e.,
classical ballet positions and plié belong to the most
frequently performed moves [12]. The base of plié
includes classical positions. It is possible to make
plié or demi-plié starting from each of the five bal-
let positions. Apart from a few exceptions, plié pre-
cedes and ends most steps in the classical dance
technique and choreography. In plié, muscular ac-
tivity lies in eccentric contraction [25]. The se-
quence used when teaching classical ballet positions
to children is consistent with their naming, yet their
technical difficulty, according to certain teachers,
does not overlap with the aforesaid naming. Ac-
cording to an opinion by a multi-annual classical
dance teacher, the grading of difficulty (the most to
the least demanding) is the following: CP4, CP5,
CP2, CP3 and CP1.

In terms of biomechanics and from a perspective of
proper execution of classical ballet positions, static
muscular activity dominates during the training. Iso-
metric contraction constitutes a significant percentage
of the muscular activity of ballet dancers [12]. The
aforesaid muscular activity results from the necessity of
stabilising the trunk and pelvis. According to Haight
[12], the greatest “back-up” for ballet includes strong
lower limbs and strong muscles of the trunk. The
biomechanical analysis of the human locomotor system
revealed that unfavourable situations are those when
muscles are subjected to long isometric tension and
when muscles stabilise the multisegment biomecha-
nism bases. It seems that the five classical ballet posi-
tions fall ideally within the scheme of the aforesaid
static loads.

Taking the values of muscular activities and
those of related angles into consideration, the fol-
lowing correlations in individual positions were ob-
served.

4.1. Symmetric positions:
the first and second ballet position

Vaganova [22] defines the first and second po-
sition as follows: ”In the first position, the balls of
the both feet are completely turned out, the heels
touch and the feet form a single straight line. In the
second position, the balls of both feet are so one

line, but there is a distance of one foot between the
heels”.

Ballet teachers instruct students how to maintain
the ideal CP1 by giving them the following princi-
ples: (1) buttocks must be tightened to keep the
HER, (2) feet must be supinated so that their lateral
border will be depressed and closely adhere to the
floor while their medial arch is elevated, (3) toes
must be relaxed and placed on the floor, (4) the cen-
ter of the patella should be above the second toe
[16], (5) hip joints must not be flexed but held in
neutral anatomical position, (6) thighs should be held
together (only in the CP1), (7) abdominal and back
muscles must be tightened and form the foundation
for the HER [8].

The technically correct CP1 requires the activity of
the (1) deep and superficial hip external rotators [15],
[17], (2) trunk muscles, essential for keeping stable
straight posture [3], [17], [24], (3) ankle muscles that
act antagonistically to pronate or supinate and dorsi-
or plantarflex the foot. The EMG tests revealed that
symmetric positions CP1 and CP2 weigh down the
muscular system in a similar manner. A significant
difference is a higher activity of back muscles (ES)
and a lower activity of foot muscles (LGAS) in CP2
than in CP1.

In terms of biomechanics, CP2 is characterised
by higher stance plane enabling the dancer to
maintain higher postural stability. In turn, in CP1,
the static muscular activity of lower limbs (equilib-
rium of force moments) is balanced by the possibil-
ity of touching one’s feet. Interestingly, in spite of
significant similarity in terms of technique, consid-
erable differences regarding the aforesaid positions
in HER and FPA can be noticed. The CP2 generates
higher values of the aforementioned angles. In
addition, in CP2 HER reaches its highest value
(35.2°) in comparison with other classical ballet
positions.

4.2. Asymmetric positions:
the third, fourth and fifth
classical ballet position

According to Vaganova [22], proper asymmetric
positions are determined by the following technical
details: ,,In the third position, one foot is in front of
the other, heels touching the middle of the other foot.
The fourth position is similar to the third, the feet being
parallel and one short step apart. In the fifth position,
both feet touch so that the toe of one foot reaches the
heel of the other”.
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Instructions provided by the classical dance teacher
to children and concerned with asymmetric positions
sound the same as those referring to symmetric posi-
tions except for instructions related to the upper part
of the body: “think intensively about the pelvis, ab-
domen and buttocks, yet let your iliac spine look for-
ward, and the hip rotates in the acetabulum”.

In terms of maintaining TO there is no ideal asym-
metric position (CP3—CP5) and the possibility of exe-
cution of the above-named positions both with the right
lower limb forward (forward setting) or with the right
lower limb backward (backward setting) makes the
aforesaid positions extremely difficult to master [8].
Taking various manners in which classical ballet posi-
tions can be performed into consideration, this study
contains the analysis of separate, i.e., forward and
backward, settings of lower limbs in relation to asym-
metric positions.

In the asymmetric positions, the pelvis is rotated
towards the lower limb in the back, which naturally
increases the external rotation in the hip of the lower
limb in the front (which was confirmed in the present
study). In relation to the forward setting, it was possible
to observe a higher activity of muscles “supporting” the
foot. As a result, using appropriate movements of the
foot, dancers try to correct the oblique position of
the pelvis, which is rotated towards the lower limb in
the back. In the forward setting, it is more difficult to
position the foot perpendicular to the axis in the sagittal
plane. The foregoing (according to presented study
results) imposes greater activation of LGAS, MGAS
and TA. This difficulty appeared only in the EMG
tests. There were no differences in FPA between the
forward and backward settings. Until today, informa-
tion contained in subject-related reference publications
was concerned with the goniometric or kinematic as-
sessment of classical ballet positions. As it turned out,
a complete evaluation of their difficulty and correctness
requires the inclusion of the EMG-based assessment.

In relation to the backward setting, the activity of
muscles externally rotating the hip (GM, SAR) was
higher than that in the forward setting. Because of the
fact that the pelvis is rotated towards the lower limb in
the back, dancers try to rotate the pelvis so that it
reaches a neutral position (in accordance with the
teacher’s instruction) in the frontal plane and are
“forced” to activate the external rotators of the hip on
the backward side. In spite of the increased muscular
activity of GM and SAR on the backward side, exter-
nal rotation in the hip joint was greater in the forward
setting than that in the backward setting in positions
CP3 and CPS5. In addition, asymmetric positions in the
backward setting required a lower activity of the mus-

cles supporting the foot (LGAS and MGAS) in com-
parison with that observed in symmetric positions. At
the same time, in asymmetric positions, the dancers
achieved higher FPA in the backward setting than in
symmetric positions. The aforesaid observations con-
firmed that dancers do not experience difficulty pos-
iting the foot in the external rotation in the backward
setting.

In CP3, muscular activation was characteristic for
asymmetric positions. The forward setting was re-
sponsible for a greater activity of the muscles sup-
porting the foot (TA), whereas the backward setting to
a greater extent activated the muscles supporting the
hip joint (GM, SAR). CP3 was characterised by lower
activation of the muscles supporting the foot (LGAS,
MGAS) than in cases of symmetric positions CP1 and
CP2. In addition, in comparison with the two remain-
ing asymmetric positions CP4 and CP5, CP3 did not
trigger a greater activity of muscular groups support-
ing the hip joint or the foot.

CP4 is the most demanding position to learn be-
cause of the difficulty in positioning the hips in one
line and the stabilisation of the feet. CP4 constitutes
the base for many elements of the classical dance
as well as for “ordinary” walking on the stage or for
a technical element known as “échappé” [22]. In CP4,
in the forward setting, the activity of GM was lower
than in the other positions. In addition, the values of
the external rotation of the hip in CP4 forward were
lower than those in CP1 and CP2. Also, in position
CP4 in both settings, the pelvic anterior tilt was
greater than in the other positions. The aforesaid
results indicate greater difficulty in maintaining CP4
than other classical ballet positions. The pelvic ante-
rior tilt triggers relative flexion in the hip joint, which
relaxes the ligamentous apparatus within the hip joint
[26] but, at the same time, increases the lumbar lordo-
sis [11]. In turn, the hyperlordosis is connected with
the low back pain which professional dancers suffer
from.

CP5 forward entailed a higher activity of muscles
supporting the foot (primarily LGAS, but also
MGAS, TA and FIB) than in the remaining positions.
The foregoing implies that the most demanding task
in CP5 is the maintaining of the foot in the forward
setting. In general, the forward setting in asymmetric
positions may impede the rotation of the foot so that
its longitudinal axis is perpendicular to the axis on
the sagittal plane. However, in terms of the FPA, the
results for CP5 forward are slightly lower than those
for other asymmetric positions and higher in com-
parison with the results obtained for both symmetric
positions.
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5. Conclusions

The use of two measurement systems including the
EMG and motion capture enabled the full assessment
of the difficulty of the five classical ballet positions.
This study is the first such analysis of all five classical
ballet positions.

The most demanding positions in the classical
dance, for the dancer’s body, are CP4 and CP5. This
study demonstrated that CP4 is the most demanding of
all of the five ballet positions. CP4 is characterised by
the greatest pelvic anterior tilt in both forward and
backward settings as well as by a lower activity of
GM in the forward setting in comparison with the
remaining positions.

The test results also revealed that dancers find it more
demanding to perform a proper TO in relation to the
forward setting than backward setting in CP3, CP4 and
CP5. In asymmetric positions, it is the lower limb forward
that “experiences” the greatest difficulty. In addition, in
asymmetric positions, dancers experience difficulties
connected with the necessity of maintaining the proper
TO at the level of hips, with their lower limbs crossed.

Symmetric positions are not as demanding as
asymmetric. Higher values of HER and FPA in CP2
indicate that this position is easier than CP1 (the danc-
ers performed the turnout without more intense mus-
cular activity). Additionally, CP1 is characterised by
an increased activity of back muscles.

These findings can be applied in educational
method of dancers. It is suggested that the sequence of
teaching classical ballet positions should rely on their
difficulty level, not their numbering. Based on the
present study results, the grading of difficulty from
the most to the least demanding classical ballet posi-
tion and therefore suggested sequence of teaching is
the following: CP2, CP1, CP3, CP5 and CP4.
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