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Background: Altered spine kinematics are a common in people with LBP. This may be especially true for populations such as dancers, who are required to perform repetitive movements of the spine, although this remains
unclear.
Research question: Do dancers with recent LBP display altered spine kinematics compared to their asymptomatic
counterparts?
Methods: A cross-sectional study of multi-segment spine kinematics was performed. Forty-seven pre-professional
and professional female dancers either with LBP in the past two months (n = 26) or no LBP in the past 12 months
(n = 21) participated. Range of motion (ROM) during standing side bending, seated rotation, and walking gait
were compared.
Results: Female dancers with LBP displayed reduced upper lumbar transverse plane ROM in seated rotation
(Effect Size (ES)= −0.61, 95% Confidence Interval (CI): −1.20, 0.02, p = 0.04), as well as reduced lower
lumbar transverse plane ROM (ES=−0.65, 95% CI: −1.24, −0.06, p = 0.03) in gait. However, there was
increased lower thoracic transverse plane ROM (ES = 0.62, 95% CI: 0.04, 1.21, p = 0.04) during gait. No differences in the frontal plane were observed.
Significance: Altered transverse plane spine kinematics were evident in dancers with recent LBP for select segments and tasks. This may reflect a protective movement strategy. However, as the effect sizes of observed
differences were moderate, and the total number of differences between groups was small, collectively, it seems
only subtle differences in spine kinematics differentiate dancers with LBP to dancers without.

1. Introduction
Dancers are vulnerable to the experience of low back pain (LBP) [1].
The point prevalence of LBP is estimated to range between 8–25% in
pre-professional and professional dancers, and in this population, LBP is
associated with activity limitation, care-seeking, and medication use
[2]. Although it is acknowledged that multiple factors contribute to
LBP, recent evidence suggests that physical factors, such as posture and
spinal range of movement (ROM), contribute to the experience of LBP
[3,4]. Therefore, an understanding of how these factors relate to LBP in
a population exposed to repetitive, end-range spine movements is

needed.
Research on non-dancer populations has shown that people with
LBP move differently than those without LBP. For example, reduced
spine mobility has been identified as a risk factor for serious first time
LBP [5], and people with less spine mobility sustain greater spine
stresses during lifting tasks [6]. Movement inhibition may also represent a protective strategy in people with LBP [7]. Studies that have
induced LBP via a nociceptive stimulus in healthy volunteers support
this [8]. A protective response is not necessarily positive and, if it
persists, may have long term consequences [7].
Mechanical factors, such as spine mobility, may be of increased
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importance within a population such as dancers because the end range,
multiplanar spine movements typical of dance increase the potential
number and magnitude of physical stresses the spine may experience. In
support of this, dancers with a history of LBP display impaired trunk
damping, which suggests an impaired ability to control spine movement
is related to LBP in this population [9]. However, other mechanical
properties of the spine system, such as trunk stiffness, did not differ
between dancers with and without LBP [9] and, unlike non-dancers,
sagittal plane spine mobility was not associated with LBP in dance
students [10]. Given these contrasting findings, there is scope for more
detailed investigations of spinal mobility in dancers with LBP.
Assessment of maximum spine range of motion (ROM) and walking
gait have been used to identify spine kinematic impairment associated
with LBP in athletic and non-athletic populations [3,11–13]. However,
methods previously used to examine spine kinematics relative to LBP
have been sub optimal. First, many prior studies have used only a single
segment model to assess spine kinematics [11,12]. As regional spine
segments display distinct patterns of movement across different tasks
[14], these measures are limited in their ability to accurately describe
lumbar spine kinematics. In contrast to a single segment model, a multisegment model of the lumbar spine was able to detect kinematic differences between males and females during a sit to stand task [15]. In
addition, during gait, studies that have used a multi-segment spine
model have detected ROM differences between persons with and
without LBP [13] that were not detected in studies that modelled the
trunk as a single segment [12,16]. Second, many previous investigations of spine kinematics have been limited to the lumbar spine. More
recently, differences in lumbar-thoracic kinematics has differentiated
between LBP patients and healthy controls [17,18], which implies that
modelling the thoracic as well as lumbar segments may provide unique
information about spine movement changes associated with LBP. Third,
the few studies that examined kinematic variables in clinical and
functional tasks have predominantly focused on the sagittal plane
[14,18]. As spine movements involving lateral bending or axial rotation
have been associated with increased stresses distributed across different
structures of the spine [19], as well as LBP outcomes [20], knowledge
of the frontal and transverse planes is required, particularly in individuals with high multi-planar mobility demands, such as dancers.
The aim of this study was to use a multi-segment spine model to
examine differences in spine ROM in the frontal and transverse planes
in both clinical movement tasks and walking gait in dancers with and
without LBP. It was hypothesised that dancers with recent LBP would
have reduced spine segment ROM in the transverse and frontal planes
during both clinical movement tasks and gait.

Fig. 1. Regional spine marker set.

Center for Dance Injuris, NYU Langone Medical Center. Participants
completed a questionnaire that contained items relating to demographics (e.g. age, sex), dance participation (e.g. style, dance level,
training background), LBP (e.g. duration, impact), and, to obtain a
more complete description of the LBP experience, psychosocial factors
(emotional distress [22], Harkness Discomfort Scale (HDS) [23], and
the Tampa Scale for Kinesiophobia (TSK) [24]). Emotional distress was
determined using two valid and reliable 11-point scales relating to the
experience of anxiety and depression in the past week that were taken
from the Orebro Musculosketal Pain Questionnaire [22]. The HDS is a
validated outcome measure which provides a score reflecting the frequency and severity of six painful body regions [23].
Spinal kinematics were captured using a previously described multisegment spine kinematics model [13,17]. 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. 1). Marker positions were collected at 250 Hz using eight
Eagle cameras (EGL500RT, Cortex, Motion Analysis Corp, CA, USA).
After marker placement, trials of normal standing posture, frontal plane
ROM in standing, transverse plane ROM in sitting, and walking gait
were completed. For each task, a demonstration was provided along
with standardised instructions and verbal cues (Supplement 1). Verbal
instructions were consistent with those used in previous studies
[13,25,26]. 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. Nine participants returned for a
second testing session for reliability assessment purposes.
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

2. Methods
We aimed to recruit male and female pre-professional (students
enrolled in a tertiary dance programme) and professional (including full
time, part time, and independent professionals) dancers aged 18–40
years with and without LBP from the New York Metropolitan area via a
series of posters, social media posts, and information sessions. Low back
pain was defined as pain experienced in the posterior aspect of the body
from the bottom of the 12th rib to the lower gluteal folds [21]. Dancers
with LBP had experienced at least one episode of LBP that had an impact on their dance practice (i.e., more than a transient episode) during
the last two months. Dancers without LBP had not experienced any
form of LBP in the last 12 months. Exclusion criteria were the presence
of a separate injury that prevented participation in dance activity or
impacted kinematics, known spinal deformities, a spinal curvature
greater than 7° (measured with a scoliometer by a physical therapist), a
history of spinal or abdominal surgery or current pregnancy. All volunteers provided written informed consent and ethics approval was
obtained from the NYU School of Medicine's Institutional Review Board
(study number 17-00490).
Participants attended a single data collection session at the Harkness
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Table 1
Participant Characteristics. Results are reported as mean (standard deviation) for continuous variables and frequencies (percentage) for categorical variables.

Age
Anthropometric

Dance Level
Primary Dance Style
Emotional Distress
Harkness Discomfort Scale

Age (Yrs)
Height (CM)
Body Mass (KG)
BMI
Curvature 3-7⁰ (Y/N)
Full time Professional
Independent/ Part time Professional
Pre-Professional Student
Ballet
Modern/Contemporary
Musical Theatre/Other
Tension/Anxiety (/10)
Depression (/10)
Emotional Distress Total (/20)
Total Score (not incl. LB region) (/80)

All (n = 47)

LBP (n = 26)

No LBP (n = 21)

P

24.8 (6.2)
164.2 (7.0)
58.8 (6.4)
21.8 (2.2)
6 (13)
8 (17)
22 (47)
17 (36)
4 (9)
36 (77)
17 (15)
5.4 (2.2)
3.2 (2.3)
8.6 (4.0)
12.9 (7.7)

24.7 (5.9)
162.8 (6.8)
58.2 (6.5)
22.0 (2.5)
4 (15)
5 (19)
14 (54)
7 (27)
2 (8)
19 (73)
5 (19)
6.1 (2.1)
4.0 (1.5)
10.1 (4.1)
14.6 (7.3)

25.1 (6.7)
168.0 (7.0)
59.6 (6.3)
21.6 (1.9)
2 (10)
3 (14)
8 (38)
10 (48)
2 (10)
17 (81)
2 (10)
4.5 (2.5)
2.2 (1.6)
6.7 (3.0)
10.7 (7.8)

0.83
0.12
0.44
0.60
0.55
0.53
0.60
0.01
< 0.01
< 0.01
0.08

The significant of bold value is P < 0.05.

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 (LLa) were defined as the angles between the lower lumbar and pelvis segments, the upper lumbar angles
(ULa) as the angles between the upper lumbar and lower lumbar
segments, the lower thoracic angles (LTa) as the angles between the
lower thoracic and upper lumbar segments and the upper thoracic
angles (UTa) as the angles between the upper thoracic and lower
thoracic segments [13]. To calculate ROM in the movement tasks, the
start position was subtracted from the end position for both right and
left sides, and the higher value of the two trials to the right was added
to the higher value of the two trials to the left. For gait, the first and
second right heel strikes were defined as the start and end of the gait
cycle respectively. Using a customised Matlab script (R2016b, MathWorks, Inc, MA, USA), joint angles captured with the standing reference posture were subtracted from the time series data, with the
gait cycle time normalised to 100 points for each trial. Minimum and
maximum peaks for each segment were extracted and used to calculate ROM [13].
The Shapiro-Wilk test was used to determine whether data were
normally distributed. Variables identified as non-parametric were logtransformed prior to any further analysis [27]. Independent T-tests
were used to examine differences between groups and effect size (ES)
was calculated using Cohen’s d [28]. Effect Size results were interpreted
as < 0.1: trivial, 0.1–0.6: small, 0.6–1.2: moderate, and > 1.2: large
[29]. Intraclass correlation coefficients (ICC) (2-way mixed effects) and
typical error of measurement expressed as a coefficient of variation
(CV) were used to assess the test-retest reliability of kinematic variables
collected on the day of testing as well as for measures collected on two
separate days [30]. All statistical analyses were performed using SPSS

software for Windows (version 22.0, SPSS Inc., IL, USA). Statistical
significance was set at P < 0.05 for all tests.
3. Results
Forty-seven female volunteers, including 26 with LBP in the past
two months and 21 with no LBP in the past 12 months, met the inclusion criteria for this study. The female sample size allowed a 0.99
power to detect a large (ES = 1.2) difference between groups and a
0.64 power to detect a moderate (ES = 0.6) difference between groups,
using an alpha of 0.05. A total of 12 male dancers (No LBP = 3) were
recruited, which allowed for a power of only 0.51 to detect a large
effect size and 0.21 to detect a moderate effect size. As the number of
males was not deemed appropriate for statistical analysis, they were not
included in the final study.
There were no differences between the LBP and No LBP groups for
age, height, body mass, BMI, or sagittal standing posture. Dancers with
LBP had significantly higher tension and anxiety, depression, and total
emotional distress than dancers without LBP (Table 1). Of the dancers
with LBP, 13 (50%) reported current LBP, 22 (83%) reported chronic
LBP, 11 (42%) experienced leg pain referral, 19 (73%) consulted a
medical professional, and 15 (58%) consumed medication for their LBP.
Only one dancer with LBP was classified as having moderate kinesiophobia (score = 33–42). The remaining dancers were classified as
having sub-clinical (13–22) or mild (23–32) kinesiophobia [24].
Good to excellent same day test-retest reliability for all ROM measures was demonstrated with ICC scores of 0.75–0.98 and CV scores
between 4%–24% [30]. Test-retest reliability on two different days was
moderate to good with ICC’s ranging from 0.63 to 0.88 and CV scores
between 8–25%.

Table 2
Differences between groups: standing frontal plane ROM and seated transverse plane ROM.

Frontal Plane
(degrees)
Transverse Plane
(degrees)

UTa
LTa
ULa
LLa
UTa
LTa
ULa
LLa

No LBP

LBP

ES (95% CI)

p

30.54 (7.76)
42.29 (8.71)
27.71 (8.07)
16.52 (6.75)
34.07 (10.65)
42.74 (11.16)
17.80 (3.45)
6.79 (3.09)

29.93 (3.74)
41.67 (8.86)
23.89 (8.71)
15.63 (5.90)
31.29 (8.36)
42.53 (9.15)
15.35 (4.42)
6.30 (2.93)

−0.11 (−0.68, 0.47)
−0.07 (−0.65, 0.51)
−0.50 (−1.09, 0.08)
−0.14 (−0.72, 0.44)
−0.30 (−0.87, 0.28)
−0.02 (−0.60, 0.56)
−0.61(−1.20, 0.02)
−0.16 (−0.74, 0.41)

0.72
0.81
0.10
0.63
0.32
0.96
0.04
0.58

ES = Effect size, 95% CI = 95% Confidence interval.
The significant of bold value is P < 0.05.
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Fig. 2. Mean time normalised spine mobility during gait for female dancers. The No LBP group is represented by the blue (complete) line, the LBP group by the red
(dash) line. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Dancers with LBP displayed reduced ULa in seated rotation
(ES=−0.61, 95% Confidence Interval (CI): −1.2, 0.02 p = 0.04). No
other differences in maximum ROM were observed for the frontal or
transverse plane (Table 2). During walking gait, no frontal plane differences were observed between groups. In the transverse plane, significantly reduced LLa (ES=−0.65, 95% CI: −1.24, −0.06, p = 0.03)

and increased LTa (ES = 0.62, 95% CI: 0.04, 1.21, p = 0.05) were
observed (Fig. 2, Table 3).
4. Discussion
This study examined differences in spine mobility in female dancers
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Table 3
Differences between groups: ROM in walking gait.

Frontal Plane
(degrees)
Transverse Plane
(degrees)

UTa
LTaa
Ulaa
LLa
UTaa
LTaa
Ulaa
LLa

No LBP

LBP

6.13
5.01
3.92
5.44
4.16
6.86
4.93
5.82

5.91
5.75
4.18
5.13
4.27
8.61
4.48
4.90

(2.27)
(1.53)
(1.51)
(1.25)
(1.49)
(1.46)
(1.68)
(1.05)

ES
(1.85)
(1.60)
(1.45)
(1.71)
(1.51)
(1.42)
(1.48)
(1.66)

−0.11 (−0.68, 0.47)
0.3 (−0.28, 0.88)
0.17 (−0.41, 0.74)
−0.2 (−0.78, 0.37)
0.06 (−0.05, 0.64)
0.62 (0.04, 1.21)
−0.21 (−0.79, 0.36)
−0.65 (−1.24, −0.06)

95% CI

p
0.72
0.30
0.57
0.49
0.83
0.04
0.47
0.03

ES = Effect size, 95% CI = 95% Confidence interval.
The significant of bold value is P < 0.05.
a
Effect size calculated based on log transformed data. Mean and SD has been back transformed.

with and without LBP. Assessment of maximum ROM and walking gait
was undertaken as these tasks have previously been used to identify
kinematic impairment associated with LBP [3,11–13]. For the movement tasks, differences were only observed for one segment in the
transverse plane, with the LBP group displaying reduced upper lumbar
angles compared with the no LBP group. For walking gait, dancers with
recent LBP did display altered transverse plane spine kinematics compared to their asymptomatic counterparts (e.g., reduced LL segments
but increased LT segments), but no differences in the frontal plane were
observed. Overall, while a small number of significant differences do
provide evidence of altered kinematics in dancers with recent LBP, the
effect sizes were low to moderate and, collectively, the total number of
differences was small.
An absence of clear differences in the maximum ROM assessments
between groups was unexpected and contrasts with prior research
conducted in non-dancers. Previously, a meta-analysis of 26 studies
identified significantly reduced lumbar spine mobility all three planes
of motion for people with LBP compared to those without [11], as did a
study that used a multi-segment spine model in athletes [3]. Although
we did observe reduced upper lumbar angles in the transverse plane in
dancers with LBP, the key finding is that these measures had limited
ability to discriminate between dancers with and without recent LBP,
who were significantly different in other measures, such as emotional
distress. This finding does suggest dancers are unlike other studied
populations, which is not an unprecedented observation. Two recent
studies conducted within a professional ballet company found that,
unlike non-athletic and other athletic populations, trunk stiffness was
not significantly higher in dancers with a history of LBP compared to
dancers without [9], and that dancers with LBP did not have a reduced
ability to reduce the abdominal cross-sectional area during a ‘draw-in’
manoeuvre [31]. Possible explanations for this may include that dance
practice, which places large emphasis on how movements are performed, protects against kinematic changes associated with LBP, that
spine mobility is required for progression within dance and that some
natural selection has occurred, or that there is such variability within
the population that differences may be hidden.
For walking gait, female dancers with recent LBP displayed reduced
lower lumbar and increased lower thoracic angles in the transverse
plane during walking gait. Previous studies have found altered spine
kinematics during gait in people with LBP, although the specific differences vary between studies. For example, a series of studies on
walking gait in persons with LBP identified a more rigid and less
variable coordination pattern for people with LBP in the transverse
plane, but not the frontal plane [16,32]. However, unlike the current
study, these studies did not detect differences in ROM during gait.
Importantly, as the trunk was modelled as a single segment between the
pelvis and shoulders, comparison with the current study is difficult.
Using the same model as the current study, Christe, Kade [13] identified
reduced lower lumbar angles in the frontal plane in chronic LBP participants, confirming the presence of altered kinematics in the LBP

patients, but unlike in the current study did not observe differences in
absolute range of motion for any segment in the transverse plane. The
population studied may provide explanation for some of these differences. On average, dancers have flatter standing postures than nondancers [10], unique abdominal muscle morphology [31], and bone
morphology that may allow greater ROM at the hip [33].
Differences in spine segment ROM observed in walking gait may
indicate an altered movement strategy, whereby female dancers with
recent LBP compensate for reduced mobility in painful regions by increasing mobility in less painful regions. If so, these changes may offer
short term protective benefit. However, as the effect sizes for these
differences were only moderate, altered movement strategy should be
considered subtle. In addition, caution should be exercised when considering the utility of adaptation. If the differences represent a suboptimal response, or persist for longer than required, they may result in
abnormal tissue loading and contribute to the recurrence of symptoms
[7]. The subtle differences observed during gait implies that movement
rehabilitation should consider how movement is performed at different
spine segments, rather than simply focussing on whole spine movement
and task completion.
The findings present several implications. First, for clinical practice,
collectively, the simple assessments of maximum range of motion did
not provide clear information about the experience of LBP in dancers.
Future research should consider whether more challenging or dance
specific movement assessments, subgrouping (e.g. based on sagittal
posture profiles) or novel analysis techniques (e.g. statistical parametric
mapping) are better able to identify movement impairment in dancers
with LBP. Second, the current study does not support that movement
changes related to pain are more pronounced in a population with high
mechanical demands such as dancers. Whether dance practice protects
against these changes, or dancers possess pain thresholds that allow
them to resist movement change warrants further attention. Third, although pain can change movement, that dancers with recent and impactful LBP displayed only a limited number of moderate sized differences in spine movement reminds that LBP is not exclusively a
movement condition.
There are several methodological issues that require consideration
when interpreting the findings of this study. As an insufficient number
of males recruited prevented analysis on this group, the findings may
not be generalisable to male dancers. Participants were eligible for the
no pain group if they had not experienced any form of LBP in the past
12 months. While the authors believe that dancing at a high level
without experiencing LBP for 12 months is enough to consider an individual back healthy, it is possible that some participants in the No
LBP group had a history that may have influenced the kinematic
measurements. Although individuals with a scoliosis were not eligible
for participation, six participants presented with a curvature between 37°. As these participants did not meet the threshold for exclusion, and
their total spine mobility was within the normal range of variance observed in the other participants, we did not exclude them from the
57
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analysis. Nonetheless, it is still possible that these spine characteristics
influence spine mobility or LBP in ways not understood. The use of skin
markers may influence kinematic data. However, the values obtained
for segmental range of motion in clinical tasks agreed with data from xray analysis of normal spine movement [34], and the reliability of the
methods was good, including testing on two separate days requiring
reapplication of markers, indicating the measures used were appropriate. Analyses was limited to the frontal and transverse planes, and,
due to the dancer’s large mobility obstructing the identification of reflective markers during piloting, we did not collect data on maximum
sagittal plane flexion or extension.
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5. Conclusion
Subtle differences in spine movement during gait were associated
with recent LBP in female dancers. While this may suggest a protective
movement strategy, collectively, the ability of segmental spine ROM
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limited. The findings do not support that altered kinematic patterns
associated with LBP are more pronounced in a movement orientated
population such as dancers.
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