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Abstract 

Background:  Low back pain (LBP) is a common symptom in classical ballet dancers, which can limit their daily activi-
ties and dance training routines. The purpose of the study was to verify the association and comparison of clinical-
functional outcomes (spine flexibility and foot posture) between different levels of intensity low back pain in adoles-
cents of classical ballet and the potential risk of chronicity using the STarT back tool.

Methods:  Cross-sectional study. Participants: 78 adolescent girls who practice classical ballet were evaluated and 
divided into groups according to level of low back pain: mild (n = 21), moderate (n = 17), and high (n = 20), and a con-
trol group (n = 20). Main outcome measures: Pain, flexibility of the spine (thoracic and lumbosacral), risk of chronicity 
for low back pain, and foot posture were assessed using the visual analogue scale, clinical tests, STarT back screening 
tool (SBST) questionnaire, and foot posture index (FPI), respectively.

Results:  Dancers with high-intensity low back pain showed a potential risk of chronicity by the SBST. The spine pain 
intensity was not different considering thoracic and lumbosacral flexibility in the sagittal plane, but was different with 
greater supine FPI when compared to control dancers. Mild low back pain was associated with greater supine FPI. The 
SBST score was associated with higher exposure time–frequency and time of dancing.

Conclusion:  Adolescents of classical ballet with high-intensity low back pain showed a potential risk of chronicity 
by the SBST. The level of intensity low back pain did not influence the clinical-functional aspects of spine flexibility 
in the sagittal plane, but the level of intensity moderate pain promoted changes in foot posture (more supinated). 
The potential risk of chronicity using the SBST was also associated with higher exposure time–frequency and time of 
dancing, in adolescents of classical ballet.
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Background
Low back pain is a common musculoskeletal disorder 
in pre-professional and professional dancers, with 78% 
of dancers reporting at least one episode of low back 
pain over a period of 1 year [1]. Low back pain is linked 
to a dancer’s volume of training; occurring per 1000  h 
of practice (back pain/1000  h practice: exposure time) 
[2], which limits their daily activities and dance training 
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routines [1]. Moreover, 24% of dancers have experienced 
chronic low back pain, with the highest prevalence rate 
observed in the previous 3 months, 17% of which inter-
rupted dance activities [1].

The prevalence of low back pain is attributed to the 
complex movements in ballet practice, which involve 
rapid changes in direction, jumps, and turns, requiring 
strength [3], flexibility [4], great amplitudes of articular 
movements [5, 6], and extreme postural control through 
the foot support base [7]. The repetitive joint movement 
of the spine, in particular, is associated with strength 
overload and possible postural adjustments [8, 9]. How-
ever, the etiology of low back pain remains multifactorial 
[10, 11], with 90% of cases being nonspecific (no clearly 
defined cause) [1, 11, 12].

Previous studies have been shown that the lumbar mus-
culature is always highly recruited during spine hyper-
extension and hip extension in ballet [6]. Other studies 
reveal that in dancers, abdominal musculature that can-
not support the lumbar region can compromise the flex-
ibility between the muscular chains: the anterior and 
posterior spine [13]. This results in a marked lumbar cur-
vature (lumbar hyperlordosis), thereby contributing to 
the vicious cycle of asymmetry between the lumbar mus-
cles and the abdominal muscles [13, 14], which in turn 
result in possible changes in the support planting of the 
feet [15]. Healthy dancers, that is, those without symp-
toms of low back pain, present significant biomechani-
cal alterations in foot support, thus promoting marked 
increases in the plantar overload on the forefoot [16] and 
the lumbosacral spine [17]. Another noteworthy aspect is 
the lack of plantar support over the midfoot region; due 
to dance practice, which results in changes in body bal-
ance that lead to great mid-lateral oscillations [18, 19]. 
Some studies focusing on postural adjustments reveal 
that dancers present increased lumbar lordosis, pelvic tilt 
[9], varus knees [20], and foot pronation [21].

During adolescence, physical changes in dancers can 
increase vulnerability to spinal symptoms and injuries 
or future musculoskeletal injury, due to high movement 
repetitions, at varying velocities, and an intense training 
program [10, 22, 23]. Thus, the challenge is to understand 
re-injury and the risk of developing chronic low back 
pain in dancers, in order to be able to direct the prog-
nosis [3, 24]. Together with the difficulty of monitoring 
chronic low back pain, understanding the potential risk 
factors for prognosis becomes even more challenging 
during constant dance practice [11, 25]. One of the risks 
of chronicity for low back pain in adolescents of classical 
ballet is identification of the biopsychosocial risk factors 
involved in its development [11, 26]. However, the dance 
and health professionals involved in preventive and con-
servative treatment of low back pain in adolescents do 

not sufficiently understand the clinical-functional aspects 
and biopsychosocial risk factors for its evolution, espe-
cially in dancers of classical ballet [3].

The STarT Back Screening Tool (SBST) question-
naire is an important tool for assessing the risk of 
chronicity for low back pain through measures of modifi-
able biopsychosocial factors, with precision and validity 
already proven in patients with acute/chronic low back 
pain with or without physical therapy treatment [25, 26]. 
In sport, the SBST is used to monitor changes in a range 
of modifiable prognostic factors in patients with low 
back pain undergoing different levels of physical therapy 
treatment [27]. This tool offers a great clinical advantage 
as it is quick, simple, and easy to understand and apply 
by health professionals [25]. The SBST questionnaire is 
used by health professionals to identify the risk of chro-
nicity for low back pain through modifiable biopsycho-
social factors, thus better targeting and supporting the 
preventive and conservative treatment of compromised 
dancers; consequently, aiding the prevention of future 
functional losses and musculoskeletal injuries, which can 
lead to withdrawals and interruptions of dance practice 
[25, 28]. Despite these benefits, there are still no studies 
focusing on the application of this questionnaire in ado-
lescents practicing classical ballet. Thus, the objective of 
this study was to verify the association and comparison 
of clinical-functional outcomes (spine flexibility and foot 
posture) between different levels of intensity low back 
pain in adolescents of classical ballet and the potential 
risk of chronicity using the STarT back tool.

Methods
Study type and sample selection
Analytical survey: a cross-sectional study involving 78 
adolescent girls practicing intermediate and advanced 
classical ballet as members of the dance company Ballet 
Paraisópolis, which is located in the western region of São 
Paulo. The adolescents were divided into three groups 
according to their level of intensity persistent symptoms 
of low back pain in the previous 14 consecutive days, dur-
ing a 3-month period of persistent pain symptoms (group 
1: adolescents with mild low back pain [0–3 pain inten-
sity, n = 21]; group 2: adolescents with moderate low back 
pain [4–6 pain intensity, n = 17]; group 3: adolescents 
with high low back pain [7–10 pain intensity, n = 20]) fol-
lowing the guidelines of the Spine Society [37]. The con-
trol group consisted of 20 adolescent dancers of classical 
ballet who did not have any symptom of low back pain.

The study procedure was reviewed and approved by 
the Departmental Research Committee of the University 
Santo Amaro-UNISA (registration number: 3.756.991), 
in accordance with the Helsinki Declaration and rel-
evant guidelines and regulations. Prior to participation, 



Page 3 of 9de Souza et al. BMC Sports Science, Medicine and Rehabilitation           (2022) 14:81 	

all volunteers were provided with information about the 
study and given the opportunity to ask questions before 
providing written informed consent/assent, as well as 
parental consent when required.

The eligibility criteria were as follows: adolescents of 
classical ballet with and without low back pain, adoles-
cents who indicated that they had pain (current) in the 
region of the lower back with constant symptoms in the 
previous 14 consecutive days, during a 3-month period 
of pain symptoms, minimum age of 12 years [29], regu-
lar enrollment in Ballet Paraisópolis, with a twice-a-
week training frequency [30], and 1-year practice time 
[32, 38]. The exclusion criteria were as follows: pain with 
irradiation to the lower limbs, medication use for pain 
(current), neurological abnormalities [24], congenital dis-
eases [28, 30], spinal disorders [29], and the presence of 
tumors (cancer) or infection [30]. In addition, fractures 
in the previous 6  months; vestibulocochlear diseases; 
uncontrolled cardiac and/or respiratory arrhythmias; 
convulsive and neurological syndromes; diabetic neu-
ropathy, osteoarthritis and rheumatoid arthritis, and any 
functional limitation that requires assistance in moving 
around were regarded as exclusion criteria to avoid bias 
in the interpretation of the assessments [31].

Initial evaluation
The initial questionnaire was applied to collect informa-
tion on anthropometric characteristics (age, height, body 
mass, and body mass index) and Classical Ballet sports 
practice (time and frequency of training, as well as years 
of practice and musculoskeletal injuries) [12, 30].

Evaluation of low back pain and prognosis by STarT back 
screening tool (SBST)
The symptom of low back pain was assessed using the vis-
ual analogue scale (VAS); the scale is from 0 to 100 mm, 
with 0 indicating absence of pain and 100 unbearable 
pain [32].

For stratification of low back pain prognosis, the SBST 
questionnaire was used, which has shown reliability 
and validity [25]. This tool classifies a patient regarding 
the risk of chronicity for low back pain, with modifiable 
biopsychosocial risk factors. The questionnaire contains 
nine items related to low back pain; items 1–4 are related 
to referred pain, dysfunction, and comorbidities (such 
as shoulder and neck pain), and items 5–9 are related to 
psychosocial changes (referring to discomfort, catastro-
phizing, fear, anxiety, and depression). A score on this 
subscale of ≤ 3 points indicates medium risk, and > 3 
points indicates high risk [33, 34]. Thus, the classifica-
tions adopted were; high risk when demonstrating a high 
level of psychosocial factors with or without the presence 
of physical factors, medium risk when demonstrating a 

low level of physical and psychosocial factors, and low 
risk when demonstrating a minimum level of physical 
and psychosocial factors [33].

Spine assessment: thoracic and lumbosacral flexibility
The Schober clinical test was performed to assess the 
flexibility of the thoracic and lumbosacral spine on sagit-
tal plane during anterior trunk flexion [46]; with previ-
ously demonstrated validity and reliability [35, 36]. To 
perform this test, each individual was barefoot; and the 
region of the lumbosacral spine was free of clothing to 
enable the examining physiotherapist to delimit the ana-
tomical points. With a ballpoint pen, the physiotherapist 
marked the lower margin of the posterior and superior 
iliac spines by drawing a horizontal line on the midline 
between these two anatomical points. Then, the physio-
therapist then positioned the tip of a tape measure firmly 
against the epithelial tissue of the region with the marked 
outline; and a second, vertical mark was added 15  cm 
above the initial mark. The participant was asked to 
flex the anterior torso until the onset of pain, and a new 
measurement was marked between the demarcations 
(lower and upper); the adolescent then returned to the 
neutral position. The difference between the initial dis-
tance (between the two demarcations on the skin in the 
neutral position) and the new measurement in the flexed 
position of the trunk was used to indicated the flexibility 
(mobility) of the lumbosacral spine in centimeters, with 
millimeter-level precision. This measure, which initially 
is 15  cm initially in the orthostatic position, should be 
increased by 6  cm during trunk flexion. After measure-
ment, the marks were removed with alcohol gel [37].

The Stibor Index measures the flexibility between the 
segments of the thoracic and lumbosacral spines. With a 
ballpoint pen, the physiotherapist drew a line along the 
spinous process of the seventh cervical vertebra (C7) 
and the fifth lumbar vertebra (L5–S1), which was previ-
ously demarcated. With the tape measure, the distance 
between the two anatomical points was measured and 
then demarcated. The participant was then asked to 
perform anterior trunk flexion, and the examiner again 
measured the distance between the two points. The Sti-
bor Index represents the difference between the two 
markings (in the orthostatic and inclined positions). 
For individuals with normal flexibility, this point should 
move to indicate an increase in distance of approximately 
10 cm [38].

Foot posture assessment: foot posture index (FPI)
Foot posture assessment was performed using the foot 
posture index (FPI), a clinical diagnostic tool designed 
to quantify the degree to which the foot can be consid-
ered supine, pronated, or normal. The participant was 
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positioned in the orthostatic position with bipedal sup-
port; a 7.5  cm rectangle was placed between their feet 
for greater standardization of the plantar surface support 
base. In addition, the individual was instructed to posi-
tion their upper limbs along the trunk with their gaze 
directed forward. All participants were instructed to per-
form this position, since any movement or inclination of 
the body would significantly alter the results. Each par-
ticipant was graded as 0 (neutral), + 1 or + 2 (pronated), 
or − 1 or − 2 (supinated) [39, 40].

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 24 (IBM, Chicago, IL, USA). The normality of the 
data was verified using the Shapiro–Wilk test. To com-
pare the measurements of the dependent variables 
between the groups with low back pain, one-way analy-
sis of variance (ANOVA) was used for the independent 
measures, followed by Tukey’s post-hoc. Multiple linear 
regression analysis was used to verify the relationship 
between the SBTS score of each group with low back pain 
and the symptom of pain, time of dance practice, and fre-
quency of weekly training were adjusted in the models. 
For all analyses, significant differences were considered 
when p < 0.05.

Results
The anthropometric variables of age, height, body mass, 
and body mass index did not show statistically significant 
differences between the groups: group 1 (mild low back 
pain), group 2 (moderate low back pain), and group 3 
(high low back pain). Only the frequency of weekly dance 
training and the percentage of injuries significantly dif-
fered between the groups with low back pain in relation 

to the control group; the group with high low back pain 
(CI 15.3–23.6, p = 0.010) presented higher values com-
pared with those of the control group (CI 8.8–20.6, 
p = 0.010) and differences low back pain high and mild 
with high (CI 9.8–16.7, p = 0.010) and with moderate low 
back pain (CI 10.6–20.2, p = 0.010) (Table 1). This dem-
onstrates that physical effort can affect the level of low 
back pain.

Table 2 shows that the risk of chronicity for low back 
pain was greater in the group of adolescents of classi-
cal ballet with high low back pain (CI 0.8–2.8, p = 0.008) 
when compared to adolescent with mild and moderate 
low back pain and the control group (p > 0.008). Another 
important finding was that the dancers with different 
intensities of low back pain (low back pain), in relation to 
the control group did not differ between the Schober and 
Stibor tests, showing that the flexibility of the thoracic 
and lumbosacral spine is not influenced by pain in ado-
lescents of classical ballet. In addition, the FPI on both 
the right and left sides, was more supine in the group 
with mild back pain (CI − 0.12 to 3.4, p = 0.010 right foot 
and CI − 0.11 to 3.2, p = 0.010 left foot) compared to the 
dancers with moderate and high back pain and the con-
trol group.

In the multiple linear regression analysis, it can be 
observed that the SBST score was related to the pain 
symptom for all groups of low back pain (mild, moderate 
and high) showing that the greater the intensity of lower 
back pain, the worse the risk of chronicity of low back 
pain, with a greater and significant associative relation-
ship in the groups of adolescents of classical ballet with 
moderate and high low back pain (Table 3).

Table 4 presents the multiple linear regression, showing 
that the higher the SBST score for poor low back pain, 

Table 1  Mean, standard deviation, and comparisons between different groups of low back pain (mild, moderate, and high) in relation 
to control for anthropometric characteristics and dance activities of adolescent dancers of classical ballet

*One-way ANOVA, followed by Tukey’s post-hoc, considering statistical differences p < 0.05
& Differences low back pain high and mild

*Differences low back pain high and moderate
# Differences low back pain high and control

Anthropometric variables Mild low back pain (1) Moderate low back 
pain (2)

High low back pain (3) Control group (4) p

Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI

Age (years) 15.0 ± 2.2 11.8–15.8 16.0 ± 1.3 14.7–16.4 15.5 ± 2.1 14.8–16.5 14.6 ± 2.1 13.7–15.8 0.116

Height (m) 1.6 ± 0.7 1.53–1.7 1.6 ± 0.6 1.55–1.65 1.6 ± 0.9 1.58–1.64 1.6 ± 0.7 1.57–1.62 0.980

Body mass (kg) 52.6 ± 8.5 41.5–60.0 54.6 ± 7.5 48.9–57.0 50.7 ± 6.8 48.3–55.8 50.5 ± 8.5 48.8–54.7 0.266

Body mass index (kg/m2) 20.0 ± 2.6 17.8–21.4 20.8 ± 2.6 19.6–21.5 19.5 ± 1.9 18.8–20.9 19.3 ± 2.7 19.1–21.2 0.310

Practice time (years) 9.2 ± 3.1 6.4–12.2 7.6 ± 3.5 8.0–11.6 7.7 ± 4.2 6.5–12.8 8.6 ± 3.8 6.6–11.4 0.503

Training frequency (h/week) 14.7 ± 11.8 9.8–16.7 14.2 ± 9.9 10.6–20.2 19.8 ± 10.0 15.3–23.6 13.9 ± 9.5 8.8–20.6 0.010&*#

Musculoskeletal injuries (%) 50% – 75% – 88% – 40% – 0.001&*#
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the greater the years of practice and intensity of dance 
training performed by adolescents. Thus, the SBST can 
be considered an effective tool for monitoring low back 
pain.

Discussion
The present study aimed to verify the association and 
comparison of clinical-functional outcomes (spine flex-
ibility and foot posture) between different levels of inten-
sity low back pain in adolescents of classical ballet and 
the potential risk of chronicity by the STarT back tool. 
The main results demonstrated that the adolescents of 
classical ballet with high-intensity low back pain showed 
a potential risk of chronicity by the SBST. Another essen-
tial finding was that the spine pain intensity was not 

different for thoracic and lumbosacral flexibility (sagit-
tal plane), but was higher with greater supine FPI when 
compared to control dancers. The SBST score was associ-
ated with greater exposure time–frequency and time of 
dancing.

The literature reveals that a clinical framework of low 
back pain negatively impacts the physical-functional 
aspects of dancers when the symptoms evolve to the 
chronic phase, which is related to higher rates of with-
drawals from dance practice of dance, especially among 
professional and elite dancers [1, 41]. In addition, the 
SBST was significantly associated with low back pain 
in adolescents of classical ballet. [42]. In this study, the 
importance of the SBST questionnaire was verified for 
the early detection of risk of chronicity of low back pain 

Table 2  Mean, standard deviation, and comparisons between different groups of low back pain (mild, moderate, and high) in relation 
to control for Start Back Screening Tool (SBST), clinical tests by Schober and Stibor, and foot posture index (FPI) of adolescent dancers 
of classical ballet

*One-way ANOVA, followed by Tukey’s post-hoc, considering statistical differences p < 0.05
& Differences low back pain high and mild

*Differences low back pain high and moderate
# Differences low back pain high and control

Physical exam Mild low back pain (1) Moderate low back pain 
(2)

High low back pain (3) Control group (4) p

Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI

SBST (score) 1.9 ± 1.1 0.8–2.8 2.8 ± 1.3 1.7–2.6 3.5 ± 1.4 2.9–4.4 – – 0.008&*#

Schober test (cm) 12.5 ± 2.7 8.9–16.6 12.0 ± 2.6 10.7–12.9 13.4 ± 2.4 12.5–14.5 11.9 ± 2.9 10.4–12.3 0.335

Stibor test (cm) 15.9 ± 4.8 10.6–20.6 16.2 ± 3.2 14.1–17.6 16.7 ± 4.5 14.7–18.0 16.4 ± 4.4 13.8–17.3 0.946

Right FPI (score) 2.1 ± 4.7 − 0.7 to 6.5 1.0 ± 3.3 − 0.12 to 3.4 0.8 ± 3.0 − 1.2 to 1.8 0.6 ± 3.3 − 2.3 to 1.0 0.042&*#

Left FPI (score) 2.2 ± 3.6 − 0.5 to 6.7 0.5 ± 2.9 − 0.11 to 3.2 0.6 ± 3.4 − 1.6 to 1.4 0.4 ± 3.2 − 1.4 to 1.2 0.020&*#

Table 3  Simple linear regression showing the relationship between SBST score and level of low back pain in each group of adolescent 
classical ballet dancers with low back pain (mild, moderate, and high)

*Multiple linear regression analysis model, considering statistical differences p < 0.05

Pain level (groups) SBST (score) Pain (mm) R R2adjusted T p

Mild low back pain 1.9 ± 1.1 40.6 ± 0.60 0.26 0.02 15.9 0.001*

Moderate low back pain 2.8 ± 1.3 60.3 ± 0.50 0.46 0.16 21.0 < 0.001*

High low back pain 3.5 ± 1.4 80.5 ± 0.80 0.42 0.13 17.1 0.001*

Table 4  Simple linear regression showing the relationship between SBST score of each group of adolescent classical ballet dancers 
with low back pain (mild, moderate, and high), time of dance practice, and frequency of weekly training

*Multiple Linear Regression analysis model, considering statistical differences p < 0.05

Pain level (groups) SBTS (score) Practice time 
(years)

Training frequency 
(h/week)

R R2adjusted T p

Mild low back pain 1.9 ± 1.1 9.2 ± 3.1 14.7 ± 11.8 0.54 0.22 3.76 0.013*

Moderate low back pain 2.8 ± 1.3 7.6 ± 3.5 14.2 ± 9.9 0.71 0.43 3.11 0.008*

High low back pain 3.5 ± 1.4 7.7 ± 4.2 19.8 ± 10.0 0.33 0.02 2.37 0.029*
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in adolescents who practice classical ballet. This tool 
could improve the effectiveness of assessment in relation 
to the risk of transition from the symptomatic framework 
to the chronic phase, thereby preventing dancers from 
neglecting their practice.

The effectiveness of the SBST questionnaire for evalu-
ating the risk of chronicity for low back pain in adoles-
cent dancers could aid health professionals to develop 
more pragmatic preventive strategies according to the 
levels of low back pain, thus alleviating symptoms and 
the appearance of future musculoskeletal injuries, such as 
spondylolisthesis and herniated disc. According to Swain 
et  al. [2], for adolescents of classical ballet, the more 
effective the prognosis for low back pain, the greater the 
chances of promoting efficient preventive strategies dur-
ing dance.

Furthermore, the symptom of pain in dancers can 
cause emotional and behavioral changes [43] resulting 
in negative beliefs about disabilities in their dance per-
formance [44]. In this context, the SBST’s advantage was 
considering the risk of chronicity for low back pain and 
the psychosocial factors involved in the symptomatic 
clinical framework of the dancers, thus enabling the 
detection of, or identifying the need for a more specific 
intervention, considering the emotional aspects of the 
affected dancers. In addition to the emotional aspects, 
the physical-functional aspects are of great importance 
for dancers, with spine flexibility being a major functional 
requirement for the physical performance of dancers 
[45]. According to the literature, postural and muscular 
adaptations are performed by dancers to maintain body 
stability and spine flexibility; the most common adapta-
tions are hyperlordosis and spine extension movement 
imposed during Ballet practice [6, 12, 13], which can 
exert excessive force on the lumbosacral spine, reducing 
the strength of the abdominal muscles [13] and reflect-
ing on the reduction in flexibility of the spine (sagittal 
plane), as well as indirectly on the lower kinetic chain. In 
this rationale, some studies infer laterality asymmetry on 
the strength of trunk and abdominal muscles in adoles-
cents of classical ballet with low back pain [13, 14], and 
that ballet dancers without low back pain, had more flex-
ible hamstrings and hip flexors than controls [4]. Thus, 
the decreased hamstring flexibility, due to lumbar pain, 
could lead to increased lumbar overload, it may increase 
the risk of injury to the spine from mechanical stresses.

In the current study, the objective was not to assess the 
posture or muscular activity of adolescent dancers, but 
the flexibility of their spine relative to the different lev-
els of intensity low back pain. The results showed that, 
regardless of the pain symptom, the dancers revealed no 
reduction in spinal flexibility and no difference relative 
to the control adolescents. Given that the dancers were 

teenagers who had acute symptoms of low back pain, the 
adaptations of spine flexibility can be more effective, but 
could differ with the time of practice or intensity of train-
ing. This understanding can be guided by the literature, 
which shows that repetitive joint movements of the spine 
during dance, in particular, are associated with strength 
overload and possible postural adjustments, especially 
the lumbar region supported by abdominal musculature, 
which can compromise the flexibility between the mus-
cular chains: the anterior and posterior spine [6, 9, 13].

Studies with kinematics evaluations of dancers with 
and without low back pain, that is, assessments of the 
articular movement of the lumbosacral spine and the hip 
joint, show that pain does not influence the joint mobility 
of the spine of dancers with low back pain [22, 23]. Stud-
ies on ankle kinematics [20] observed that a significant 
decrease in the height of the medial longitudinal arch can 
induces decreases in the body stability during landing in 
jumping movements [46]. Thus, the foot support base is a 
main key point for integrating greater body stability and 
balance for dancers [7, 18].

This scientific evidence reveals that the initial under-
standing of the foot support base comes from the char-
acteristic of the foot posture, which most studies identify 
as a pronation foot posture [7, 18, 21]. However, no sci-
entific studies have examined this issue with regard to 
dancers with symptoms of low back pain, which makes 
it difficult to discuss the present findings. The evidence 
of changes in foot posture, leads to understanding of 
other factors, such as the intrinsic and extrinsic muscle 
strength of the foot [46], which in turn may be related 
to the time of practice and frequency of training, given 
that mild low back pain promoted a supine foot pos-
ture, while moderate and high levels promoted a neutral 
foot posture. According to Carter et al. [20], dancers are 
more likely to pronate their foot than rotate their knee 
to compensate for limited external hip rotation. Dancers 
with limited foot pronation ability may force additional 
rotation through the knee [20]. Evidently, the compensa-
tion mechanisms used by dancers to achieve the turnout 
depend on the dancer’s functional and anatomical capac-
ity within the closed kinematic chain, especially a dancer 
with low back pain. In the present study, dancers in the 
mild pain intensity group were associated with supine 
feet when compared to the moderate and severe pain 
intensity groups, evidencing the need for foot posture 
training to reduce possible knee rotation to compensate 
for limited external rotation of the hip.

Another important finding of this study was that the 
SBST score (risk of chronicity) for low back pain in ado-
lescents who practice classical ballet was associated with 
the different levels of low back pain, training frequency, 
and time of dance practice. These findings agree with 
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some studies that showed an association of dance prac-
tice time and training intensity [1, 23] as potential risk 
factors for the development of low back pain.

High intensity low back pain is a main clinical com-
plaint among dancers who receive health services aimed 
at medical treatment and rehabilitation to relieve pain 
symptoms and avoid withdrawal from dance practice [1]. 
Thus, the SBST is a fundamental tool associated with the 
potential risk factors of chronicity for low back pain, and 
it may assist health professionals in planning preventive 
strategies to be apply during the onset of symptoms. The 
SBST may even change the intervention process accord-
ing to the category of risk of chronicity indicated by the 
level of low back pain.

The important limitations of this study were: having 
considered the flexibility of the lumbosacral spine only in 
the sagittal plane and evaluating the foot posture index in 
only one moment (cross-sectional design). Future studies 
involving three-dimensional parameters for spine flex-
ibility and foot posture adaptations with long-term moni-
toring, as well as the possible risk of chronicity (SBST) 
for low back pain through modifiable biopsychosocial 
factors may help in understanding the occurrence of low 
back pain in adolescents who practice classical ballet. In 
addition, the risk of chronicity for low back pain should 
be assessed modifiable biopsychosocial factors were in 
dancers with acute or chronic low back pain without 
physical therapy treatment.

Clinical implications: The findings of this study help 
the health professionals involved in preventive and con-
servative treatment of low back pain in adolescent’s 
dancers of classical ballet to understand the clinical-
functional aspects and biopsychosocial risk factors for its 
evolution; consequently, aiding the prevention of future 
functional losses and musculoskeletal injuries, which 
can lead to withdrawals and interruptions of dance prac-
tice. Neglected the level of intensity low back pain can 
promote, over time, the appearance of musculoskeletal 
injuries, such as spondylolisthesis and herniated disc. 
Another important point was that the level of intensity 
moderate low back pain showed a more supine FPI sup-
port, which may favor changes in the force vectors on 
the lumbosacral spine, and with that, the development 
of increased spine pain and, consequently, chronicity. 
In addition, the fitness coaches responsible for training 
should adjust the frequency of practice according to the 
intensity of pain reported by the adolescents of classical 
ballet, taking into account their practice time.

In this study, psychosocial characteristics had an 
effect on the risk of chronic low back pain in ado-
lescents from lower human development regions 
(Paraisópolis, São Paulo/SP). Future studies may test 

these characteristics against ballet practices performed 
in higher human development countries, given that 
LBP is a complex, multifactorial disease.

Conclusion
Adolescents of classical ballet with high-intensity low 
back pain showed a potential risk of chronicity by the 
SBST. The level of intensity low back pain did not influ-
ence the clinical-functional aspects of spine flexibility 
in the sagittal plane, but the level of intensity moderate 
pain promoted changes to a more supinated foot pos-
ture. The potential risk of chronicity by the SBST also 
was associated with higher exposure time–frequency 
and time of dancing in adolescents of classical ballet.

Abbreviations
SBST: STarT back screening tool questionnaire; FPI: Foot posture index; ANOVA: 
Analysis variance.

Acknowledgements
We would also like to thank all adolescents from the dance company Ballet 
Paraisópolis, western region of São Paulo/Brazil, and the coaches, physiothera-
pists and doctor involved in this study.

Author contributions
BLdS and APR contributed substantially to the conception or design of the 
manuscript; BLdS, PCdS and APR contributed substantially to the acquisition, 
analysis, and interpretation of the data. All authors participated in drafting 
the manuscript. BLdS and APR revised the manuscript critically. All authors 
contributed equally to the manuscript. All authors read and approved the final 
version of the manuscript.

Funding
The authors report no involvement in the research by the sponsor that could 
have influenced the outcome of this work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Review Board at Santo Amaro University, School of Medicine, 
approved the study, according to the Declaration of Helsinki (approval num-
ber: 3.756.991). Written informed consent was obtained from all participants 
above 18 years and also from parents/legal guardians of participants below 
18 years.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Biomechanics and Musculoskeletal Rehabilitation Laboratory, Health Science 
Post‑Graduate Department, School of Medicine, University Santo Amaro, R. 
Professor Enéas de Siqueira Neto, 340, Campus I, São Paulo, SP 04829‑900, 
Brazil. 2 Physical Therapy and Sport Science Department, School of Medicine, 
University of São Paulo, São Paulo, Brazil. 



Page 8 of 9de Souza et al. BMC Sports Science, Medicine and Rehabilitation           (2022) 14:81 

Received: 23 April 2021   Accepted: 22 April 2022

References
	1.	 Swain CTV, Bradshaw EJ, Whyte DG, Ekegren CL. The prevalence and 

impact of low back pain in pre-professional and professional dancers: a 
prospective study. Phys Ther Sport. 2018;30:8–13.

	2.	 Swain CTV, Bradshaw EJ, Ekegren CL, Whyte DG. The epidemiology of low 
back pain and injury in dance: a systematic review. J Orthop Sports Phys 
Ther. 2019;49(4):239–52.

	3.	 Swain CTV, Bradshaw EJ, Whyte DG, Ekegren CL. Life history and point 
prevalence of low back pain in pre-professional and professional dancers. 
Phys Ther Sport. 2017;25:34–8.

	4.	 Vaquero-Cristóbal R, Molina-Castillo P, López-Miñarro PA, Albaladejo-
Saura M, Esparza-Ros F. Hamstring extensibility differences among elite 
adolescent and young dancers of different dance styles and non-dancers. 
PeerJ. 2020;8:e9237.

	5.	 Roussel NA, Nijs J, Mottram S, Van Moorsel A, Truijen S, Stassijns G. Altered 
lumbopelvic movement control but not generalized joint hypermobility 
is associated with increased injury in dancers. A prospective study. Man 
Ther. 2009;14(6):630–5.

	6.	 Feipel V, Dalenn S, Dugailly PM, Salvia P, Rooze M. Kinematics of the 
lumbar spine during classic ballet postures. Med Probl Perform Art. 
2004;19:174–80.

	7.	 Mello M, Sá Ferreira A, Ramiro Felicio L. Postural control during different 
unipodal positions in professional ballet dancers. J Dance Med Sci. 
2017;21(4):151–5.

	8.	 Bowerman E, Whatman C, Harris N, Bradshaw E, Karin J. Are maturation, 
growth and lower extremity alignment associated with overuse injury in 
elite adolescent ballet dancers? Phys Ther Sport. 2014;15(4):234–41.

	9.	 Iunes DH, Elias IF, Carvalho LC, Dionísio VC. Postural adjustments in young 
ballet dancers compared to age matched controls. Phys Ther Sport. 
2016;17:51–7.

	10.	 Gottschlich LM, Young CC. Spine injuries in dancers. Curr Sports Med Rep. 
2011;10(1):40–4.

	11.	 Swain CTV, Pan F, Owen PJ, Schmidt H, Belavy DL. No consensus on 
causality of spine postures or physical exposure and low back pain: a 
systematic review of systematic reviews. J Biomech. 2019;3:109312.

	12.	 Khan K, Brown J, Way S, et al. Overuse injuries in classical ballet. Sports 
Med. 1995;19(5):341–57.

	13.	 Gildea JE, Hides JA, Hodges PW. Morphology of the abdominal muscles 
in ballet dancers with and without low back pain: a magnetic resonance 
imaging study. J Sci Med Sport. 2014;17(5):452–6.

	14.	 Roussel N, De Kooning M, Schutt A, et al. Motor control and low back 
pain in dancers. Int J Sports Med. 2013;34(2):138–43.

	15.	 Lung C, Hsieh L, Yang S. The differences in gait pattern between dancers 
and non-dancers. J Mech. 2008;24(4):451–7.

	16.	 Prochazkova M, Tepla L, Svoboda Z, Janura M, Cieslarová M. Analy-
sis of foot load during ballet dancers’ gait. Acta Bioeng Biomech. 
2014;16(2):41–5.

	17.	 Sairyo K, Nagamachi A. State-of-the-art management of low back pain in 
athletes: instructional lecture. J Orthop Sci. 2016;21(3):263–72.

	18.	 Bruyneel AV, Bertrand M, Mesure S. Influence of foot position and vision 
on dynamic postural strategies during the “grand plié” ballet move-
ment (squatting) in young and adult ballet dancers. Neurosci Lett. 
2018;678:22–8.

	19.	 Pérez RM, Solana RS, Murillo DB, Hernandez FJM. Visual availability, bal-
ance performance and movement complexity in dancers. Gait Posture. 
2014;40(4):556–60.

	20.	 Carter SL, Duncan R, Weidemann AL, Hopper LS. Lower leg and foot con-
tributions to turnout in female pre-professional dancers: A 3D kinematic 
analysis. J Sports Sci. 2018;36(19):2217–25.

	21.	 Cimelli SN, Curran S. Influence of turnout on foot posture and its relation-
ship to overuse musculoskeletal injury in professional contemporary 
dancers. J Am Podiatr Med Assoc. 2012;102(1):25–33.

	22.	 Swain CTV, Bradshaw EJ, Ekegren CL, et al. Multi-segment spine range of 
motion in dancers with and without recent low back pain. Gait Posture. 
2019;70:53–8.

	23.	 Swain CTV, Whyte DG, Ekegren CL, et al. Multi-segment spine kinemat-
ics: Relationship with dance training and low back pain. Gait Posture. 
2019;68:274–9.

	24.	 Magel J, Fritz JM, et al. Outcomes of patients with acute low back pain 
stratified by the STarT back screening tool: secondary analysis of a rand-
omized trial. Phys Ther. 2017;97(3):330–7.

	25.	 Pilz B, Vasconcelos RA, Marcondes FB, Lodovichi SS, Mello WA, Grossi DB. 
The Brazilian version of STarT back screening tool—translation, cross-
cultural adaptation and reliability. Braz J Phys Ther. 2014;18(5):453–61.

	26.	 Katzan IL, Thompson NR, George SZ, Passek S, Frost F, Stilphen M. The 
use of STarT back screening tool to predict functional disability out-
comes in patients receiving physical therapy for low back pain. Spine J. 
2019;19(4):645–54.

	27.	 Medeiros FC, Costa LOP, Added MAN, Salomão EC, Costa LDCM. Longitu-
dinal monitoring of patients with chronic low back pain during physical 
therapy treatment using the STarT back screening tool. J Orthop Sports 
Phys Ther. 2017;47(5):314–23.

	28.	 Medeiros FC, Costa LOP, Oliveira IS, Costa LDCM. A responsiveness analy-
sis of the subgroups for targeted treatment (STarT) back screening tool 
in patients with nonspecific low back pain. J Orthop Sports Phys Ther. 
2019;49(10):725–35.

	29.	 Steinberg N, Waddington G, Adams R, Karin J, Begg R, Tirosh O. Can tex-
tured insoles improve ankle proprioception and performance in dancers? 
J Sports Sci. 2016;34(15):1430–7.

	30.	 Viktória KB, Brigitta S, Gabriella K, et al. Application and examination of 
the efficiency of a core stability training program among dancers. Eur J 
Integr Med. 2016;8(2):3–7.

	31.	 Kendall JC, Bird AR, Azari MF. Foot posture, leg length discrepancy and 
low back pain–their relationship and clinical management using foot 
orthoses–an overview. Foot (Edinb). 2014;24(2):75–80.

	32.	 Johnson C. Measuring pain—visual analog scale versus numeric pain 
scale: What is the difference? J Chiropr Med. 2005;4(1):43–4.

	33.	 Hill JC, Fritz JM. Psychosocial influences on low back pain, disability, and 
response to treatment. Phys Ther. 2011;91(5):712–21.

	34.	 Fritz JM, Beneciuk JM, George SZ. Relationship between categorization 
with the STarT back screening tool and prognosis for people receiving 
physical therapy for low back pain. Phys Ther. 2011;91(5):722–32.

	35.	 Rezvani A, Ergin O, Karacan I, Oncu M. Validity and reliability of the metric 
measurements in the assessment of lumbar spine motion in patients 
with ankylosing spondylitis. Spine. 2012;37(19):1189–99.

	36.	 Tousignant M, Poulin L, Marchand S, Viau A, Place C. The modified–modi-
fied schober test for range of motion assessment of lumbar flexion 
in patients with low back pain: a study of criterion validity, intra- and 
inter-rater reliability and minimum metrically detectable change. Disabil 
Rehabil. 2005;27(10):553–9.

	37.	 Macedo CSG, de Souza PR, Alves PM, Cardoso JR. Estudo da validade e 
confiabilidade intra e interobservador da versão modificada do teste 
de Schöber modificado em indivíduos com lombalgia. Fisioter Pesq. 
2009;6(3):233–8.

	38.	 Bendíková E, Palascaková SI, Tomková S, Vagner J. Effects of an exercise 
program on the dynamic function of the spine in female students in 
secondary school. J Phys Educ Sport. 2018;18(2):831–9.

	39.	 Redmond AC, Crosbie J, Ouvrier RA. Development and validation of a 
novel rating system for scoring standing foot posture: the foot posture 
index. Clin Biomech. 2006;21(1):89–98.

	40.	 Keenan AM, Redmond AC, Horton M, Conaghan PG, Tennant A. The foot 
posture index: rasch analysis of a novel, foot-specific outcome measure. 
Arch Phys Med Rehabil. 2007;88(1):88–93.

	41.	 McMeeken J, Tully E, Stillman B, Nattrass C, Bygott IL, Story I. The experi-
ence of back pain in young Australians. Man Ther. 2001;6(4):213–20.

	42.	 Toh I, Chong HC, Suet-Ching Liaw J, Pua YH. Evaluation of the STarT back 
screening tool for prediction of low back pain intensity in an outpatient 
physical therapy setting. J Orthop Sports Phys Ther. 2017;47(4):261–7.

	43.	 Gajsar H, Titze C, Levenig C, et al. Psychological pain responses in athletes 
and non-athletes with low back pain: avoidance and endurance matter. 
Eur J Pain. 2019;23(9):1649–62.

	44.	 Hendry D, Straker L, Campbell A, Hopper L, Tunks R, O’Sullivan P. 
An exploration of pre-professional dancers’ beliefs of the low back 
and dance-specific low back movements. Med Probl Perform Art. 
2019;34(3):147–53.



Page 9 of 9de Souza et al. BMC Sports Science, Medicine and Rehabilitation           (2022) 14:81 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	45.	 Prati SRA, Prati ARC. Níveis de aptidão física e análise de tendências 
posturais em bailarinas clássicas. Rev Bras Cine Antrop Desem Huma. 
2005;8:80–7.

	46.	 De Mello Viero CC, Kessler LP, Pinto C, Gontijo KNS, da Rosa RG, Kleiner 
A, Peyré-Tartaruga LA, do Pinho AS, de Souza Pagnussat A. Height of the 
medial longitudinal arch during classical ballet steps. J Dance Med Sci. 
2017;21(3):109–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effect of low back pain on clinical-functional factors and its associated potential risk of chronicity in adolescent dancers of classical ballet: cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study type and sample selection
	Initial evaluation
	Evaluation of low back pain and prognosis by STarT back screening tool (SBST)
	Spine assessment: thoracic and lumbosacral flexibility
	Foot posture assessment: foot posture index (FPI)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


