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Background: The spinal biomechanics of dance tasks have received little study and no studies have used a multisegmented spinal model. Knowledge of how the segments of the spine move may be useful to the dance clinician
and dance educator.
Research question: What is the direction and amount of motion of the primary segments of the spine in elite
dancers during an arabesque and a passé?
Methods: This observational study examined 59 elite dancers performing an arabesque and a passé using a threedimensional motion analysis system with the trunk divided into a series of five segments: pelvis, lower lumbar,
upper lumbar, lower thoracic and upper thoracic spine.
Results: For the arabesque, all spinal segments moved in the same direction within each plane and the majority of
total spinal motion occurred in the thoracic spine. Thoracic segments were at or near end range position at
completion of the arabesque. For the passé, the spinal segments moved in different directions within each plane
and the majority of total spinal motion occurred in the lumbar spine.
Significance: Dance clinicians and dance educators may benefit from the knowledge that thoracic hypomobility in
any plane may limit arabesque performance and that attempts to instruct dancers to achieve a position of passé
without flexion of the lumbar spine may be a valid aesthetic ideal but also an unrealistic functional expectation.

1. Background
Movement assessment and correction is a key skill for physical
therapists, coaches, and dance educators. However, the descriptions of
how the dancer’s spine moves during complex tasks that can inform
clinical practice remain limited. To date, biomechanical study of the
elite dancer has primarily focused on vertical jumps, leaps, and landing
tasks [1] likely due to the high impact forces involved being potentially
causative for injury. The kinematics of the dancer’s spine has received
little study despite the prevalence of spinal pain in this population [2].
Recently, Swain et al. examined the dancer’s spine finding significant
differences between those with and without low back pain [3] and be
tween dancers and non-dancers [4], however, the activities studied were
not dance specific. Feipel et al. [5] examined the dancer’s spine using a
three-dimensional electrogonimeter to determine displacements

between the thorax and pelvis providing estimates of whole spinal
motion during three common dance motions. Similarly, Mira et al. [6]
modeled the spine as a single rigid segment providing values for whole
spinal motion in one common dance motion.
Historically, most kinematic studies of the spine modeled the spine as
a single rigid element, essentially a “brick” outlined by distance between
bony features such as the scapula and the pelvis. Recently however,
segmental models have found that regional spine segments have distinct
patterns of motion across different tasks [7,8]. Further, the multi
segmented approach improves the ability to differentiate between mo
tion patterns of those with conditions such as low back pain (LBP) versus
those without LBP [9–13]. It has also been used to identify postural
differences between populations, including dancers and non-dancers
[3]. Increasingly, it appears that fully understanding spinal kinematics
requires a segmented model.
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The “arabesque” and the “passé” (Fig. 1) are two of the most common
dance postures used in both classical and modern dance. Both Feipel
et al. [5] and Mira et al. [6] examined the spine during an arabesque but
did not use a multisegmented model. Segmented spinal motion during
the passé remains unexamined. In fact, to our knowledge there have
been no studies examining the dancer’s spine while performing dance
motions of any kind using a multi-segmented model. Knowledge of how
the segments of the spine move may be useful to the dance clinician and
dance educator.

Center for Dance Injuries, NYU Langone Medical Center. Participants
completed questionnaires regarding demographics, dance participation,
LBP, psychosocial factors, as described fully previously [3]. Spinal ki
nematics were captured using a multi-segment spine kinematics model
[9,10]. Five reflective markers (12.7 mm, B & L Engineering, USA) were
placed on the spinous processes of T1, T6, L1, L3 and L5, which were
identified via palpation. Eight lateral markers were placed 5 cm from the
midpoint between each pair of spinous process markers, and four
markers were placed on the right and left anterior superior-iliac spines
and posterior superior iliac spines (Fig. 2).
Marker positions were collected at 250 Hz using eight Eagle cameras
(EGL500RT, Cortex, Motion Analysis Corp, CA, USA). After marker
placement, normal standing posture, clinical range of motion tasks as
well as gait were measured, as described elsewhere [8]. For this study,
dancers completed a second arabesque position and a passé in “turnout”
position. (Fig. 1) For each task, a demonstration was provided along
with standardized instructions and verbal cues (Supplement 1). Each
task was completed at a self-selected pace in the same order. Multiple
practice attempts were provided, and two successful captures of each
task were completed. Data processing was conducted in Visual 3-D
(6.01.09, C-Motion, Inc. MD, USA). Marker data were filtered at 6 Hz
with a low-pass Butterworth filter to eliminate motion artefact.
The trunk was divided into a series of five segments, including the
pelvis, lower lumbar, upper lumbar, lower thoracic and upper thoracic
spine segments. For each task, lower lumbar angles (LL) were defined as
the angles between the lower lumbar and pelvis segments, the upper
lumbar angles (UL) as the angles between the upper lumbar and lower
lumbar segments, the lower thoracic angles (LT) as the angles between
the lower thoracic and upper lumbar segments and the upper thoracic
angles (UT) as the angles between the upper thoracic and lower thoracic
segments. To calculate ROM in the movement tasks, the start position
was subtracted from the end position for both right and left sides. Mean
and standard deviation as well as median and interquartile range were
used to describe the motion at each joint in the sagittal, frontal, and
transverse planes of motion. Total spine ROM for each plane of motion
was determine by adding the absolute value for each joint. All statistical

2. Research question
What is the direction and amount of motion of the primary segments
of the spine in elite dancers during an arabesque and a passé.
3. Methods
This was an observational study using data that was collected as part
of a larger study focusing on spinal motion and back pain, as reported
elsewhere [3]. Female and male elite dancers (students enrolled in an
audition based tertiary dance program or professionals) aged 18–40
years with and without LBP were recruited from the New York City
(USA) area via a series of posters, social media posts, and information
sessions. Exclusion criteria were the presence of injury or LBP that
prevented participation in dance activity, non-spinal injuries (e.g., ankle
sprains), known spinal deformities, a spinal curvature greater than 7
degrees, a history of spinal or abdominal surgery or current pregnancy
were also excluded. As our primary aim was to describe, in detail, spine
movement during complex tasks, a formal power calculation was not
required. However, by including only pre-professional dancers under
going training at audition-based schools, as well as current professional
dancers, we are confident our sample is representative of the target
population. All volunteers provided written informed consent and ethics
approval was obtained from NYU School of Medicine’s Institutional
Review Board (study number 17− 00490).
Participants attended a single data collection session at the Harkness

Fig. 1. Dance tasks.
199

M. Hagins et al.

Gait & Posture 88 (2021) 198–202

(Supplementary Material, Item 2).
Two distinct patterns emerged relative to amount of motion and
direction of motion across segments. For the arabesque, all spinal seg
ments in all planes moved in the same direction within a plane (Fig. 4A),
while for the passé, the spinal segments moved in different directions
within each plane (Fig. 3A). Specifically, in second arabesque, all seg
ments of the spine moved into ipsilateral side bending, contralateral
rotation (relative to the elevated leg) and extension. However, in passé,
the spine side bends ipsilateral in the bottom three segments but
contralateral in the top segment, rotates contralateral in the bottom
segment but ipsilateral in the top three segments, and flexes in the lower
two segments and extends in the upper two segments (Fig. 3A). The
pattern relative to percentage of absolute total motion also varies be
tween the dance tasks with the majority of motion in the second
arabesque occurring in the upper two segments (Fig. 4B), while in passé,
the majority of motion occurs in the bottom two segments. Fig. 3B).
5. Significance
Movement assessment and correction is a key skill for physical
therapists, coaches, and dance educators, however, the descriptions of
how the dancer’s spine moves during complex tasks that can inform
clinical practice remain sparse. To our knowledge this is the first study
using a multi-segmented model to examine motion of the spine in
dancers. Distinct patterns of movement were found in the lumbar and
thoracic spine. These findings highlight the need to consider complex
ities of both lumbar and thoracic spine when performing movement
assessments as found in recent spine biomechanics investigations in nondancers [9,10,12,14,15].
Only two studies have examined kinematics of the spine during
arabesque [5,6] and comparisons are difficult due to different method
ologies (e.g., multi-segment vs single segment) and different types of
arabesque tasks. Mira et al. [6] examined 18 dancers as they stepped
forward and used momentum to quickly move the posterior leg into
arabesque in opposition to simultaneous maximal flexion of both arms
overhead. Mira et al. used two-dimensional analysis using reflective
markers on bony segments creating a single spinal segment from sacrum
to bilateral acromion. Comparisons to spinal extension are not possible
as the Mira et al. study modeled the spine as a single segment and only
reported extension angle of the spine with respect to the active leg rather
than to the pelvis and did not report motion in the coronal or transverse
plane.
Feipel et al. [5] studied 25 dancers performing a first arabesque (e.g.,
left arm forward, right arm held backward along right lifted leg) with no
further information regarding time constraints or intended velocity.
Feipel et al. used a six degree of freedom spatial linkage system
comparing the thorax to the pelvis. Feipel et al. found the extension
spinal motion from T12 to the sacrum during arabesque to be 21 degrees
which is roughly similar to the value of 28 degrees found in the current
study if we assume that additive motion of segments from the lower
thoracic segment to the pelvis is the appropriate comparison. Feipel
et al. reported 22 degrees of ipsilateral side bending which was identical
in direction and very similar in magnitude to the current study of 23
degrees (using the same assumption regarding adding the lower three
segments to compare). The values found by Feipel et al. for contralateral
rotation were identical in direction but approximately one third of the
magnitude found in the current study of (11 degrees compared to 29
degrees). This is likely due to the rotation required for a first arabesque
in which the ipsilateral arm is placed backwards next to the leg as
opposed to the current study’s second arabesque, in which the arm is
placed forward in opposition to the leg. In summary, the values found in
the current study appear reasonably congruent with the two previous
studies where comparisons are possible, with the exception of thoracic
rotation compared to the Feipel et al. study, which is likely explained by
the types of arabesque examined.
To our knowledge only two studies have examined spinal motion

Fig. 2. Marker set.

analyses were performed using Stata version 16 (Stata Corporation,
College Station, TX).
4. Results
47 females aged 24.9 (6.1) years and 12 males aged 25.0 (6.0) years
met the inclusion criteria for this study. 26 females (55 %) and 9 males
(75 %) had chronic intermittent low back pain. Complete description of
participant characteristics can be found in Table 1. The range of motion
at each segment is presented in Fig. 3A (passé) and 4A (arabesque) with
further details in Supplement 2. The absolute total motion (the addition
of all segmental angle motion in degrees regardless of direction) for the
sagittal, coronal, and transverse planes respectively was approximately
13, 17 and 7 degrees for the passé and 30, 25 and 31 for the arabesque

Table 1
Participant Characteristics. Results are reported as mean (standard deviation)
for continuous variables and frequencies (percentage) for categorical variables.
Sex
Age
Anthropometric
Dance Level
Primary Dance Style
Recent LBP

Male
Female
Age (Years)
Height (CM)
Body Mass (KG)
BMI
Full time Professional
Independent/ Part time Professional
Pre-Professional Student
Ballet
Modern/ Contemporary
Musical Theatre/ Other
Males
Females

12 (20)
47 (80)
24.9 (6.1)
167.2 (9.0)
62.1 (9.7)
22.1 (2.4)
10 (17)
27 (46)
22 (37)
5 (9)
44 (75)
10 (17)
9 (75)
26 (55)

LBP = Low Back Pain.
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Fig. 3. (3A and 4A) Amount and direction of segmental motion in Passé and Arabesque, respectively. (Figs. 3B and 4B) Percentage of total absolute motion (addition
of all segmental angle motion in degrees regardless of direction) in Passé and Arabesque, respectively.

during a passé, both by the same first author [16,17] and using a single
segment model of the spine with a 2D measurement system. In both
studies, the central finding relative to spinal motion was that the trunk
translated laterally prior to limb movement. Consequently, because of
the difference in spine modeling methodologies, comparisons to the
current study are not possible.
We first considered the amount of motion in each segment of the
spine. The passé required small amounts of motion in all segments with
no segment in any plane exceeding 8 degrees and the majority of ab
solute total spinal motion occurring in the lumbar spine (Figs. 3A and
3B). The arabesque varied more dramatically in its demands on the spine
based on segment level, with the thoracic segments having high levels of
motion and lumbar segments having low levels of motion. In the lumbar
spine, the amount of extension, side bending, and rotation required
during second arabesque was approximately 6, 7 and 3 degrees,
respectively. These values are small relative to the available range of
motion in the lumbar spine in all three planes [18]. The arabesque has
been suggested to be the cause of extension related back pain in dancers
due to the extremes of motion it is assumed to create in the sagittal plane
[19,20]. We speculate that the amount of spinal extension during
arabesque is highly dependent on the type of arabesque (4 types), ve
locity of motion, and degree of effort, as well as other potential factors.
In the current study the motion was self-paced but modeled as a slow 3 s
lift. In the Feipel et al. study [5] (showing similar low values for
extension) velocity was not described. “Throwing” the leg into extension
using momentum or having the intention of producing maximal height
regardless of alignment, may produce values approaching end range for
the lumbar spine, unlike in the current study. Future studies may benefit
from trying to approximate classroom practice and performance
arabesque speed and intentions to better represent dance function.
The amount of extension, side bending, and rotation of the thoracic
spine required during second arabesque was large, being approximately
24, 18, and 30 degrees, respectively. Although there is a great deal of
variability in the literature regarding normal range of motion for the
thoracic spine [21–23] the values found in the current study generally
meet or exceed typically reported values. Consequently, the findings
suggest that dancers are maximizing spinal segmental motion of the

thorax during a second arabesque. Although spinal extension during an
arabesque is expected and easily observed, the findings of ipsilateral side
bending and contralateral rotation are less apparent, and this knowledge
may benefit the dance clinician and dance educator who are helping the
dancer achieve arabesque. Specifically, dancers may attempt to maxi
mize flexibility of the thorax focusing on opposition of side bending and
rotation. Although not examined in the current study, we speculate that
increasing spinal mobility and coordination to achieve the described
whole spinal pattern found in this study may improve the ease of motion
and aesthetic alignment of the arabesque.
Direction of motion of the various segments is another potential lens
within which to view spinal motion in these two dance tasks. In the
arabesque, all segments rotated in a similar direction within each plane
(Fig. 4A) however, in the passé, segments varied in their direction within
each plane (Fig. 3A). The arabesque requires that the spine assume a
distinctive curved shape in all three planes, readily explaining the uni
directional findings of all segments within a plane. However, the passé is
aimed at creating the appearance of a vertical spine while the nonweight-bearing lower extremity is operating near end range of motion
at the hip and knee. We speculate that spinal coordination to meet the
challenge of lifting the leg while appearing in a vertical spinal position
occurs by having the spine move lower level segments to facilitate the
needed pelvis positioning while upper spinal segments move in oppo
sition to maintain the appearance of verticality. Notably, during passé,
the lower lumbar segment and upper thoracic segment move opposite in
all three planes. The lower lumbar spine is flexed, ipsilaterally side bent
and contralaterally rotated while the upper thoracic segment is
extended, contralaterally side bent and ipsilaterally rotated. Although
typical dance training for passé encourages students to maintain a cor
onal plane level pelvis and a sagittal plane neutral spine, the findings of
the current study suggest that these efforts may be more aspirational
than functionally accurate.
Several factors must be considered when interpreting the findings
presented. This study has used dancers with and without recent LBP to
describe spine motion during two complex dance movements. As pain
can change movement, it is possible that the experience of recent LBP
may have influenced some of the kinematic values observed. However,
201
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many dancers are able perform in pain and, previous studies, including
our own analysis of the same sample, have found that both the number
and magnitude of differences in spine movement between dancers with
and without low back pain is minimal [3] Moreover, we note that the
overall percentage of dancers with LBP in our current sample (59 %) is
not greater than prevalence rates seen in pre-professional and profes
sional dancers, which are typically around 54 % for activity limiting,
and 73 % for any LBP per year [24]. Given this, we believe the results
presented provide a fair representation of spine movement in this pop
ulation. This study is limited by the use of skin markers which may in
fluence kinematic data. However, as reported elsewhere [3], the
reliability of the methods was good, including testing on two separate
days requiring reapplication of markers. The values for the lumbar spine
range of motion were lower than anticipated which may reflect the
specific directions given to the participants to raise the leg at a
self-selected pace, which was modeled as approximately 3 s to
maximum arabesque height. Future studies may benefit from trying to
approximate classroom and performance arabesque speed and styles to
better represent dance function. Participants were all elite dancers aged
18–40 and the results may not apply to dissimilar dancers.

[3]

[4]

[5]
[6]

[7]
[8]

6. Conclusions

[9]

A multi-segmented spinal model examining two common dance tasks
revealed distinct patterns relative to amount of motion and direction of
motion across segments. For the arabesque, all spinal segments moved in
the same direction within each plane and the majority of total spinal
motion occurred in the thoracic spine. Thoracic segments were at or near
end range position at completion of the arabesque. For the passé, the
spinal segments moved in different directions within each plane and the
majority of total spinal motion occurred in the lumbar spine. Dance
clinicians and dance educators may benefit from the knowledge that
thoracic hypomobility in any plane may limit arabesque performance
and that attempts to instruct dancers to achieve a position of passé
without flexion of the lumbar spine may be a valid ideal but is an un
realistic functional expectation.
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