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Background: Musculoskeletal abnormalities have been reported among female professional ballet performers due, in
part, to intrinsic predispositions related to joint and/or connective tissue laxity and extrinsic effectors such as reduced
energy availability, low body mass, and high training volumes that may increase the risk of developing idiopathic scoliosis
(IS). The purpose of this investigation was to characterize IS prevalence in this population. We hypothesized that there
would be elevated prevalence in female performers and that those with IS would exhibit reduced bone mineral density
(BMD), body mass, fat mass, and lean mass.

Methods: A retrospective analysis of whole-body anteroposterior radiographs was performed on 98 professional ballet
dancers (49 male performers [mean age, 25 + 6 years] and 49 female performers [mean age, 27 + 5 years]) from a single
company. Body composition and BMD were assessed via dual x-ray absorptiometry. The criterion for IS was defined as a
Cobb angle of >10°. The frequency of IS was plotted against general-population norms. A t test was used to compare
demographic characteristics, anthropometrics, and BMD between performers with and without IS and to compare the
Cobb angles between sexes. A Fisher exact test was used to compare the IS prevalence between sexes. The Type-l error
was set at a = 0.05.

Results: Compared with male performers, female performers had greater spinal asymmetry (mean Cobb angle, 7.98°
[95% confidence interval (Cl) width, 1.76°] formen and 4.02° [95% Cl width, 1.00°] forwomen; p=0.027). The prevalence
of IS among male performers (3 [6.12%)] of 49) was comparable with the general-population norms (0.31% to 5.60%).
Women had an elevated prevalence of IS compared with men (10 [20.41%)] of 49; p = 0.037) and with general-population
norms (0.65% to 8.90%). Among women, performers with IS were observed to have a reduced percentage of body fat (p =
0.021) and reduced fat mass (p = 0.040) compared with performers without IS.

Conclusions: Female professional ballet performers demonstrate a heightened prevalence of IS that, in addition to
intrinsic predisposition, is associated with modifiable factors such as reduced fat mass commonly associated with
reduced energy availability known to impact musculoskeletal health in athletes. Future investigations should seek to
determine the prevalence of IS in other young female athlete populations commonly exposed to high degrees of activity
and reduced energy availability.

Level of Evidence: Prognostic Level lll. See Instructions for Authors for a complete description of levels of evidence.
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imbalance between caloric consumption and expenditure, lead-
ing to insufficient energy for normal physiological functions"".

Musculoskeletal abnormalities are common in this pop-
ulation. In 2020, Lambert et al.' observed that performers from a
single company (n = 112) measured under the lowest third
percentile for the percentage of body fat (2.92% [95% confi-
dence interval (CI) width, 0.82%] for men and 1.05% [95% CI
width, 0.15%] for women), and, although the total body bone
mineral density (BMD) was not abnormal, a large proportion of
female performers were observed to meet criteria for osteopenia
in the pelvis (78%) and the spine (24%). Risk factors for dis-
ordered eating were also associated with reduced BMD and a
higher stress fracture prevalence'. Vahedi et al.” observed that,
compared with age-matched female professional soccer athletes,
female ballet performers had reduced pelvic BMD, lean mass,
and fat mass paired with a higher incidence of pelvic-region
bone and soft-tissue injuries. Lastly, professional ballet dancers,
in addition to intense flexibility training from childhood, often
have genetic predispositions to hypermobility and joint laxity".
Combined, these factors raise concern about spinal deformity
development.

Idiopathic scoliosis (IS) develops most commonly in
adolescence (11 to 18 years) and is defined as a spinal curvature
(often in the thoracic region) in the coronal plane of >10°
(mild, >10° moderate, >24°; and severe, >45°)">". The eti-
ologies of IS are multifactorial and are not fully understood but
may involve hormonal imbalance, proprioceptive disorders,
malnutrition, low body mass, and genetic components'*".
These factors impact bone and/or connective tissue health and
may affect IS development. Although the prevalence of IS in the
general population ranges from 1% to 3%, female athletes tend
to be about twice as likely to develop IS relative to men and
female non-athletes®*. With regard to ballet, hypothesized
risk factors for IS include intrinsic factors such as genetic
predispositions to joint laxity paired with extrinsic factors
such as high-volume and/or high-impact training before
skeletal maturity”*, asymmetric loading, family history of
IS, and reduced BMD*?. For example, Longworth et al.”
observed that, compared with aged-matched adolescent con-
trols, ballet performers were more likely to have developed
scoliosis between the ages of 9 and 16 years and to have a higher
prevalence of hypermobility. Although not established to be
causative, such findings remain concerning because young
dancers (<15 years of age) presenting with IS have been
observed to have a heightened incidence of lumbar, knee, and
ankle injuries™.

To date, IS prevalence in professional ballet remains
understudied. If their performers are observed to be at a
heightened risk, amateur and professional companies may
benefit from regular screening, which may help to identify
those who would benefit from early interventions (e.g.,
bracing, casting, physical therapy) or monitoring strate-
gies”. Although the mean age of professional performers is
past the optimal age for treatment via bracing, improved
screening could be performed for this population at younger
ages and would be supported by previous findings in youth
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populations™. Additionally, analysis of demographic and
physiologic differences between those with and without IS
would provide important information for identifying those
most likely to present with the condition. Therefore, the
purpose of this study was to perform a retrospective review
of yearly physical screening records to determine the prev-
alence of IS in professional ballet performers relative to
general-population norms. We also sought to compare demo-
graphic characteristics, anthropometric measures, BMD, and
skeletal dimensions between performers with and without cri-
teria for IS. We hypothesized that there would be an elevated
prevalence of IS in ballet performers and that the prevalence
would be elevated in women compared with men. We also
hypothesized that performers with criteria for IS would have
reduced BMD, body mass, fat mass, and lean mass compared
with those without criteria for IS.

Materials and Methods

1l procedures for this investigation were approved by the

Houston Methodist Hospital institutional review board
for human subject research (Protocol #PR0O00032736). Annual
screening data collected between 2017 and 2022 during routine
physicals for 98 professional ballet dancers (49 male performers
[mean age, 25 + 6 years] and 49 female performers [mean age,
27 * 5 years]) actively employed by a professional dance com-
pany were analyzed. During screening, all company dancers
had a single full-body anteroposterior dual x-ray absorptiometry
(DXA) (iDXA; GE Healthcare) scan made with the dancer in the
supine position. Subject body composition, bone densitometry,
demographic, and anthropometric data were also recorded and
analyzed. Data gathered via DXA during yearly physicals were
collected as part of a yearly comprehensive evaluation for
improved athlete monitoring with regard to fracture and/or
injury risk, metabolic disturbances, and dietary and overall
athlete health.'

Although individual training volumes were not collected,
the company indicated that performers are contracted for
performance or rehearsal for up to 6 hours per day, 5 to 6 days
per week, for 43 weeks per year.

DXA Analysis

BMD and body composition were assessed using DXA scans
performed by a licensed radiologist. The lean mass index (LMI)
and fat mass index were also calculated in kg/m?. Total and
regional Z-scores were calculated for BMD measures: (Z-score
= [BMD of interest — mean age, sex, and race-matched general
reference population BMD] =+ general-population standard
deviation)®"*.

Screening for IS

Utilizing the same radiographic images acquired via DXA,
Cobb angle assessments were performed using a vertebra-
by-vertebra analysis (Surgimap, version 2; Nemaris) by 3
independent orthopaedic physicians (intraclass correlation
coefficient [ICC], >0.95). The criteria for IS were defined as a
Cobb angle of >10°". The accuracy of segmented regional
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analysis via DXA has been previously reported as having a 1%
to 6% error and excellent reliability (ICC, 0.99)™.

Skeletal Dimensions

Skeletal dimensions were assessed from DXA images using
Image] software (National Institutes of Health) in a manner
similar to that of previous investigations™*’. Measurements of
extremity length, trunk length, shoulder width, and pelvic
width were performed.

Statistical Analysis

The frequency of IS was plotted against previously reported
general-population norms for adolescents and adults®***. An
ICC was calculated to assess reliability between observers for
Cobb angle assessment and was interpreted as follows: <0.5 =
poor, 0.5 to 0.74 = moderate, 0.75 to 0.9 = good, and >0.9 =
excellent™. A t test was used to compare demographic and
anthropometric characteristics and DXA measures between
performers with and without criteria for IS. The same analysis
was used to compare Cobb angles between men and women.
Lastly, a Fisher exact test was used to compare the prevalence of
IS between sexes. The Type-I error was set at o« = 0.05. For all
significant comparisons, the effect size was calculated using the
Cohen d statistic and was interpreted as follows: <0.1 = neg-
ligible (N), 0.1 to 0.29 = small (S), 0.3 to 0.49 = moderate (M),
0.5 to 0.7 = large (L), and >0.7 = very large (VL)***>*.

Results
Prevalence of IS

he comparison of the mean Cobb angle between sexes as

well as sex-specific plotting of IS prevalence in our ballet
sample population against general-population norms are pre-
sented in Figure 1. Cumulatively, women were observed to
have an elevated major curve Cobb angle compared with men
among all performers (p = 0.027) (Fig. 1-A). Cobb angle
analysis revealed that the prevalence of IS in men (3 [6.12%)]
of 49) was comparable with reported sex-matched normative
reference ranges (0.31% to 5.60%) (Fig. 1-B). Conversely,
female dancers were observed to have an elevated prevalence
of IS relative to the male dancers (10 [20.41%] of 49; p =
0.037) that was also markedly elevated compared with sex-
matched normative population reference ranges (0.65% to
8.90%) (Fig. 1-C). The age range of our data was most closely
aligned with that published by Carter and Haynes™ (25 to 34
years). For performers meeting the criteria for IS (Cobb angle,
>10°), the Cobb major curve was observed, on average, between
vertebrae T4 and T11, with the apex occurring at T8, and the
mean major curve angles were measured to be 29.10° (95% CI
width, 3.95°) for women and 26.33° (95% CI width, 9.35°) for
men.

Comparison of Physiologic Characteristics Between
Performers with and without Criteria for IS

Comparisons of demographic and physiologic characteristics
between female dancers with and without criteria for IS are
shown in Table 1. Performers with criteria for IS were observed
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to have a lower percentage of body fat and fat mass (p < 0.05).
Female dancers with criteria for IS had greater upper-extremity
(arm) length, trunk length, pelvic width, and shoulder width
compared with those without criteria for IS (p < 0.001). This
resulted in a reduced leg:trunk length ratio in performers with
criteria for IS (p = 0.002). Data for male dancers are presented
in Table II. As only 3 men were observed to meet criteria for IS,
the same statistical comparisons were not made within the
male cohort.

Discussion
We sought to determine the prevalence of IS in a company
of professional ballet performers. In line with our
hypothesis, female performers had an elevated prevalence of
IS compared with male performers as well as with age-
matched, general-population women (Fig. 1). These findings
were paired with observations that women meeting the criteria
for IS were observed to have a significantly lower percentage of
body fat and fat mass compared with those not meeting the
criteria for IS (Table I), which may add further insight into
musculoskeletal abnormalities often associated with reduced
energy availability in female athletes'”. As professional ballet
performers often begin their training before adolescence and
progress to elite levels before physiologic maturation, further
prospective investigations should determine the point in devel-
opment where IS begins to present and to what degree extrinsic
factors such as chronic biomechanical stresses, training, and
nutrition may contribute to IS development in combination
with potential genetic predispositions. Such identification may
provide earlier opportunities for intervention or regular moni-
toring of deformity progression.

Prevalence of Scoliosis in Ballet Performers

Although the IS prevalence was greater among female per-
formers compared with male performers, we also observed the
IS prevalence in the female performers to be markedly elevated
above the previously reported reference ranges for general-
population women (Fig. 1). Such findings are in line with
studies of youth amateur performers>. There is also growing
debate on whether or not musculoskeletal abnormalities
related to ballet represent a product of predisposition or
chronic adaptation through training exposure'”. For exam-
ple, several studies have shown an increased prevalence of
syndromic hypermobility as well as connective-tissue gene
variants associated with hypermobility in this population'**.
Whether or not these adaptations or predispositions allow
ballet performers to achieve a highly competitive professional
status remains unknown. Vera et al."” recently observed that
89% of performers examined met criteria for hip dysplasia,
which mirrored the reporting of a heightened incidence of
hip instability in this population®. However, it was observed
that the incidence of pain associated with hip dysplasia was
markedly low compared with that in the general population
with the same criteria. Therefore, such a condition may be
advantageous for reaching various ranges of motion required
for professional performance. On the basis of the present
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A) Comparison of IS Prevalence and Cobb Angle Major Curve Between Male and Female Ballet Performers
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Fig. 1

Pfevalence of ISin professional ballet performers. Data are presented as the prevalence of IS (Cobb angle >10°) (Fig. 1-A, left) and as the mean and the 95%
Cl width for the Cobb angle major curve (degrees) (Fig. 1-A, right) for all male and female ballet performers examined. The Type-l error for sex-based
comparisons was set at « = 0.05. For all significant comparisons, the effect size (ES) was calculated using the Cohen d statistic and was interpreted as
follows: <0.1, negligible (N); 0.1 to 0.29, small (S); 0.3 to 0.49, moderate (M); 0.5 to 0.7, large (L); and >0.7, very large (VL). Prevalence data were also
plotted against male (Fig. 1-B) and female (Fig. 1-C) general-population reference norms.
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TABLE | Demographic, Anthropometric, and Compositional Comparison Between Female Ballet Dancers with and without Criteria for IS*

IST (N =10) No ISt (N = 39) P Value¥ Effect Size§
Demographic characteristics
Age (yr) 27.5 (3.4) 24.5 (5.9) 0.075
Height (cm) 166.6 (3.1) 164.7 (1.5) 0.101
Weight (kg) 53.2 (3.1) 52.3 (1.7) 0.325
BMI (kg/m?) 19.1 (0.6) 19.3 (0.5) 0.394
Percentage with low body mass, BMI < 20 kg/m?2 80.0% 61.5%
Body composition
Percentage of body fat 17.7% (3.7%) 21.4% (1.5%) 0.021 0.69 (L)#
Fat mass index, FMI (kg fat mass/m?) 3.24 (0.75) 3.97 (0.36) 0.040 0.62 (L)#
Lean mass index, LMI (kg lean mass/m?) 14.85 (0.48) 14.52 (0.62) 0.301
BMD
Total BMD (g/cm?) 1.154 (0.063) 1.160 (0.031) 0.434
Total BMD AM Z-score** 0.32 (0.66) 0.34 (0.28) 0.470
Spine BMD (g/cm?) 1.015 (0.091) 1.028 (0.033) 0.381
Spine BMD AM Z-score* * 0.52 (0.80) 0.65 (0.31) 0.367
Legs BMD (g/cm?) 1.180 (0.060) 1.189 (0.031) 0.397
Legs BMD AM Z-score** 0.31 (0.61) 0.46 (0.44) 0.373
Skeletal dimensions
Arm length (cm) 54.2 (1.7) 47.8 (0.9) <0.001 2.28 (VL)#
Leg length (cm) 89.8 (4.1) 89.7 (1.1) 0.451
Trunk length (cm) 45.4 (0.8) 42.1 (0.9) <0.001 1.51 (VL)#
Leg: trunk ratio 1.98 (0.08) 2.14 (0.05) 0.002 1.10 (VL)#
Pelvic width (cm) 26.1 (0.6) 23.9 (0.5) <0.001 1.65 (VL)#
Shoulder width (cm) 37.1(1.4) 33.8 (0.5) <0.001 1.75 (VL)#
Pelvic: shoulder width ratio 0.70 (0.03) 0.71 (0.01) 0.438
*BMI = body mass index. TThe values are given as the mean and the 95% CI width for demographic characteristics, body composition, BMD, and
skeletal dimensions or as the percentage. FSignificant values are shown in bold. The Type-l error was set at a = 0.05. §For all significant
comparisons, the effect size was calculated using the Cohen d statistic and was interpreted as follows: <0.1, negligible (N); 0.1 to 0.29,
small (S); 0.3 to 0.49, moderate (M); 0.5 10 0.7, large (L); and >0.7, very large (VL). #Significantly different between groups at p <0.05. **AM Z-
score = age-matched Z-score calculated against general-population norms.

findings, similar factors may play a role in spinal deformity
observed in this population. Therefore, both early screen-
ing before professional participation as well as continued
monitoring following retirement may be required to deter-
mine if IS observed in this population has long-term nega-
tive consequences.

Anthropometrics, Bone Density, and Musculoskeletal
Abnormalities in Ballet Performers

Female ballet performers have been observed to have a mark-
edly reduced percentage of body fat compared with the general
population and reduced lean mass compared with other athlete
populations"*'*®. In a previous investigation, these findings
were also paired with a 26% incidence of oligomenorrhea'.
Although factors such as overtraining, reduced energy avail-
ability, and reduced fat mass have been observed to contribute
to a collection of symptoms often referred to as the female
athlete triad™, the findings presented here may be indicative of
more chronic exposure to such external and internal stressors.

For example, in a similar population of ballet performers,
Vahedi et al.’ reported that female ballet performers were
subjected to nearly 3.5 times the yearly training volume of
professional female soccer athletes. With regard to muscu-
loskeletal health, the same contributing stressors have been
associated with chronically reduced BMD, osteoporosis, skeletal
muscle abnormalities, and injury risk"***.

In addition, we observed skeletal structure differences in
female performers with the criteria for IS, compared with those
without the criteria for IS (Table I), in which those with the
criteria for IS were observed to have greater trunk length,
longer arms, wider shoulders, and a wider pelvis. This finding
is in line with previous observations that longer wing spans
and dolichostenomelia (arm-span-to-height ratio, 21.05) are
common physical examination findings in those with IS*.
Furthermore, despite similar body masses between those with
and without IS in this study, it is possible that load distribution
across the spine differs in a manner that contributed to the
current findings™.
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TABLE Il Demographic, Anthropometric, and Compositional Comparison Between Male Ballet Dancers with and without Criteria for IS*

Body composition

Percentage of body fat

Fat mass, FMI (kg fat mass/m?)

Lean mass, LMI (kg lean mass/m?)
BMD

Total BMD (g/cm?)

Total BMD AM Z-score§

Spine BMD (g/cm?)

Spine BMD AM Z-score§

Legs BMD (g/cm?)

Legs BMD AM Z-score§
Skeletal dimensions

Arm length (cm)

Leg length (cm)

Trunk length (cm)

Leg: trunk ratio

Pelvic width (cm)

Shoulder width (cm)

Pelvic: shoulder width ratio

IST (N=23) No ISt (N = 46)
Demographic characteristic
Age (yr) 23.7 (5.7) 25.2 (1.7)
Height (cm) 188.8 (7.2) 177.5 (1.5)
Weight (kg) 82.3 (6.4) 71.3 (2.0)
BMI (kg/m?) 23.1 (1.4) 22.6 (0.5)
Percentage with low body mass, BMI < 20 kg/m?2 0.0% 0.0%

14.3% (4.1%) 13.8% (1.0%)

3.25 (1.05) 3.13 (0.23)
18.3 (0.11) 18.6 (0.46)
1.407 (0.138) 1.351 (0.034)
1.30 (1.01) 1.14 (0.26)
1.250 (0.081) 1.226 (0.035)
2.49 (0.53) 2.16 (0.29)
1.532 (0.222) 1.452 (0.040)
1.61 (1.57) 0.90 (0.29)
54.6 (2.2) 51.2 (0.8)
101.8 (1.4) 94.7 (0.9)
43.7 (4.4) 44.9 (0.7)
2.34 (0.21) 2.11 (0.04)
25.7 (3.5) 24.8 (0.5)
38.9 (4.1) 38.0 (0.5)
0.67 (0.12) 0.65 (0.01)

score calculated against general-population norms.

*BMI = body mass index. TThe groups were not sufficiently powered for statistical comparison. The values are given as the mean and the 95% CI
width for demographic characteristics, body composition, BMD, and skeletal dimensions or as the percentage. §AM Z-score = age-matched Z-

Clinical Considerations and Applications

Importantly, scoliosis prevalence in ballet dancers may exist
on a spectrum between idiopathic and syndromic, potentially
driven by intrinsic and extrinsic factors. For example, chronic
biomechanical stresses combined with a predisposition to
hypermobility may make these dancers susceptible to unique
spinal challenges. The results of this study show that the
greater prevalence of IS in this professional ballet cohort
relative to the general population (Fig. 1-C) warrants regular
screening, as recommended by several professional societies
for girls at ages 10 and 12 years and for boys at age 13 or 14
years™. This can allow detection, monitoring, and treatment of
scoliosis as indicated and for determination of when symptoms
may present. Given the present findings, continued yearly
screening past this age range may be of benefit for the identi-
fication and monitoring of curve progression. Further inves-
tigation will be required to determine whether changes to
nutrition, training habits, and other factors at earlier ages
may decrease the incidence or progression of IS, thereby
reducing the need for more invasive interventions such as

bracing or, in some cases, surgery. For example, strength and
stability training with an emphasis on symmetry and strength
through a range of motion has been observed to reduce ortho-
paedic pathologies in this population’. Whether or not such
interventions may influence the development of IS remains to be
determined.

Limitations

This investigation was not without limitations. This study
was retrospective and had a sample limited to a single ballet
company, without age-matched controls. Future investigations
related to the prevalence and progression of IS in athlete pop-
ulations should seek to perform direct age-matched compari-
sons with non-athlete groups. This will likely provide more
insight than current approaches of retrospectively clustering
differing athlete groups that are exposed to different phys-
iologic stresses. We were not able to examine the medical
history before professional performance or the time in devel-
opment when their amateur training began. However, a rep-
resentative of the company utilized in this investigation
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indicated that, as an early-specialization sport, all performers
within the company had between 8 and 10 years of training
before becoming professionals, with training beginning between
7 and 10 years of age as is common***. Although well-established
criteria for IS were used in this investigation, we were only able to
include a single frontal plane radiograph with the subject in the
supine position and, therefore, we were not able to determine if
abnormalities might have been present in other planes. Such
information might have allowed for better characterization of
spinal deformity. As supine positioning may have reduced the
amount of measurable curvature in the spine compared with a
standing measurement, the frequency of IS may have been
underestimated. Therefore, future prospective studies utiliz-
ing gold-standard radiographic assessments are warranted.
Lastly, we were unable to gain assessment data on hypermo-
bility, which might have allowed us to better characterize the
relationship between hypermobility and IS. Future prospec-
tive studies will be needed to further characterize IS preva-
lence and development in this population; medical history,
survey questionnaires, training history information, nutri-
tional status, family history of IS, and further biomechanical
analyses may greatly expand on the current findings.

Conclusions

Female professional ballet performers exhibit a higher preva-
lence of IS that, along with an inherent predisposition, may
be linked to modifiable factors such as reduced fat mass
resulting from decreased energy availability, which is known
to affect musculoskeletal health in this and other elite female
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athlete populations. Female performers meeting criteria for
IS were observed to have longer trunk lengths, a reduced leg:
trunk length ratio, wider shoulder and pelvic width mea-
sures, and longer arms. Whether or not these factors influ-
ence skeletal loading in a manner that may, in turn, influence
IS development requires further study. Cumulatively, these
results highlight the understudied prevalence of IS as well as
the importance of clinical screening and identification of
population-specific risk factors for developing IS. As pro-
fessional ballet performers often begin their training at an
early age, further prospective investigations should seek to
determine the point in development where IS begins to
present. ®
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