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Abstract: Introduction: Studies of vocational ballet students are sparce. In particular, there is a
lack of gender comparisons. The aim of the present study, therefore, was to give a musculoskeletal
and sociodemographic description of the typical vocational ballet student in gender comparison.
Methods: In this study, n = 414 female and n = 192 male students of the John Cranko School (JCS),
aged between 5 and 22 years (Mean £ SD: 13.9 £ 3.5), were examined by an experienced orthopedist
and dance physician. Results: Males started ballet (5.8/8.2 years, p < 0.001) and training at later age
than females (13.5/14.6 years, p < 0.05). There was a high prevalence of low body weight among
both sexes; however, particularly among female participants (58.4/16.2%, p < 0.001). Both sexes
showed a large external rotation of the hip (f/m: 59/62°, p < 0.001), a large turnout (f/m: 82/86°,
p < 0.01), high values for plantarflexion of the ankle joint (f/m: 72/68°, p < 0.001) and dorsiflexion
of the metatarsophalangeal joint of the big toe (f/m: 90/87°, p < 0.001). Discussion: Differences in
ballet-specific characteristics between genders (f/m) are converging and are smaller than described
in the past. The particularly high prevalence of low body weight among students in the vocational
training sector, particularly among females, highlights the need for deeper diagnostic investigation.

Keywords: ballet; dance; elite athletes; vocational; pre-professional; eligibility; gender differences

1. Introduction

While the pedagogy of classical ballet dates back to the 19th century, the developments,
strict selection and systematization of long training beginning in childhood have led to
enormous technical and stylistic development [1]. Although the technical fundamentals
have remained unchanged, the demand for virtuosity, acrobatics, precision, speed and ver-
satility, in terms of mastering different styles, has greatly increased in the 21st century [2—4].
Thus, in addition to the artistic-aesthetic requirements, above all, the psychological and
physical stresses, which have an effect on the growing ballet student and are comparable to
competitive sports, must be taken into account [5,6]. The stresses are also so high because,
in classical ballet, there are hardly any aids that facilitate the work process and protect the
dancers. The stresses act directly on the body, which makes the unrestricted and uncompro-
mising suitability of the body for this profession all the more important [5,7,8]. Some claim
that limited suitability favors acute injuries, incorrect loading and overuse damage [4,9,10].
The main sites of injury, incorrect loading and overload damage in ballet are the joint and
ligament structures of the lower extremities. These are often tendinopathies, the degenera-
tion of cartilage and bone in the hip, knee, and ankle joint, or stress fractures. Less common
are injuries to the upper extremities [5,11-14]. The physical characteristics of professional
ballet dancers are well described in the dance medicine literature [7,9,15]. For example,
above-average flexibility is a characteristic of professional ballet dancers, as it is in acrobatic
arts and gymnastics [7]. Furthermore, the external rotation of the hips plays a particularly
important role in ballet, as all movements in classical ballet are based on outwardly rotated
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legs (turnout). Extensive studies of professional ballet dancers and vocational ballet stu-
dents are still insufficient in the literature [9,16-21]. In particular, very little is known about
the musculoskeletal characteristics of vocational male ballet students [19,22]. It has been
suggested that male ballet dancers have lower physical suitability than females [9,23]. The
aim of the present study was therefore to investigate gender differences between students
at a vocational school for classical ballet and to describe their sociodemographic and mus-
culoskeletal characteristics in order to provide a broad and up-to-date database that would
allow comparisons to the normal population, previous and future studies of ballet students
and adult professional ballet dancers. This article focuses on gender differences and shows
an excerpt of a larger study containing more data and analysis on the subject. The other
findings of the underlying study are not included. The complete study is the subject of a
medical dissertation, which is expected to be defended by mid —2023.

2. Materials and Methods

Between 1998 and 2017, vocational ballet students of the John Cranko School (JCS),
Germany, were examined by an orthopedist and dance physician. Affiliated with the
Stuttgart Ballet of the Wiirttemberg State Theater, this school trains vocational ballet
students and is one of the most renowned ballet schools in the world [24]. The present
study examined n = 606 students (414 female, 192 male), of an average age of 13.9 years
(SD (Range): 3.5 (522 years)). High cross-cultural diversity was evident (49 countries,
5 continents). Those examined were in the ongoing admission process for ballet school (pre-
school, grades 1-6), vocational school/state ballet academy, or had already been admitted.
The subjects were examined for musculoskeletal and sociodemographic characteristics.
Missing data in each characteristic category resulted in different numbers (n). In retrospect,
it remains unclear why every student was not screened for every characteristic. For a good
overview and transparency, the respective N are given in Table 1, and in the other tables
after each category. Characteristic expressions were surveyed quantitatively or qualitatively.
Data collection and documentation were carried out by history taking, inspection, and
examination using a laptop, examination table, length measuring device, tape measure,
body scale, and Jules Rippstein’s Plurimeter system: Pluri-Ligament for measuring mobility
of the index metacarpophalangeal joint (iMCP), Puritor C for measuring external and
internal rotation of the hip (ER/IR), Pluritor T for tibial torsion (TT) and Pluri-Ped for ankle
joint ROM (Figures 1-4) [7,15,25].

Table 1. Surveyed Characteristics with respective n.

Characteristic (Unit) n (f/m)
Age (a) 412/191
Sociodemographic Vision aid (yes/no) 403/189
Commenced with Ballet (a) 392/185
Training (a) 124/69
Anthropometry Body Height (cm) 412/191
Weight (kg) 412/191
Shoulder girdle Symmetry * 397/186
Waist triangle Symmetry * 402/190
Pelvis Anterior/Posterior tilt * 382/184
Lateral tilt * 400/187
Spine Curvature * 403/189
Leg Axis * 402/186
Length (cm) 396/188
Intercondylar distance (TF) 380/172
Tibial torsion (°) 267/125
Foot Rearfoot axis * 402/189
Instep * 59/27
Longitudinal arch * 374/177
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Table 1. Cont.

Characteristic (Unit) n (f/m)
Transversal arch * 392/185
Big toe axis * 404/189
Shape * 397/188
Functionality Hand iMCP dorsiflexion (°) 244/148
Spine Mobility * 402/186
Hip ER/IR (°) 412/192
Knee Extension (°) 390/184
Ankle joint Extension/Flexion (°) 358/176
Tarsus Mobility * 105/59
MTP joint Extension (°) 392/184
Flexion (°) 391/184

* Qualitative, TF = transverse finger, iIMCP = index metacarpophalangeal joint, ER/IR = external/internal rotation,

MTP = metatarsophalangeal. a = years.

Figure 1. Non-dominant hand on plate of Pluri-Ligament with index finger pulled into dorsiflexion

with 1 kg of pulling force (figure with the kind permission of Thieme group, © Thieme).

Figure 2. Subject in prone and axis of Pluritor C aligned with margo anterior tibiae to measure

rotation of the hip (figure with kind permission of Thieme group, ©Thieme).
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Figure 3. Subject in quadruped stance and tips of the fork of Pluritor T touching malleoli from dorsal
to measure tibial torsion (figure with kind permission of Thieme group, ©Thieme).

Figure 4. Subject in supine and plate of Pluri-Ped firmly pressed against sole of the foot to measure
range of motion in ankle joint.

The sociodemographic characteristics were obtained by history taking. Each subject
was asked if they were using a vision aid. “Age” was calculated using the birthdate.
“Commencing with ballet” is the age at which the first ballet class was attended and
“commencing with training” is the age when vocational training started. Body height
and weight were taken and used to calculate the BMI (kg/ m?) and BMI Percentile after
Kromeyer-Hauschild [26] for those younger than 18 years old. A low body weight was
defined by a BMI below 18.5 kg/m? or below 10th BMI percentile. Severely low body
weight was defined as a BMI below 17 kg/m? or below 3rd BMI percentile [27,28]. The
dorsiflexion of iMCP was measured with the non-dominant hand on the plate of the Pluri-
Ligament (Figure 1). The shoulder girdle, waist triangle, spine, position of the pelvis, leg
axis, intercondylar distance, rearfoot axis (RFA), instep, arches of the foot, foot shape and
big toe axis were assessed by inspection (clinical judgement of the experienced physician)
in a parallel stance, with feet hip width apart. The mobility of the tarsus was evaluated by
observing the Windlass mechanism when performing a forefoot stance. The mobility of the
spine was assessed by lateral flexion, forward flexion, backward flexion and a rotational
movement. Scoliosis was assessed using the Adam’s forward bend test. If it was possible
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to actively or passively make scoliotic deformities disappear, it was considered a scoliotic
malposition. Leg length, extension of the knee joint, range of motion (ROM) of the ankle
joint (Figure 4) and metatarsophalangeal joint of the big toe (MTP) were measured in the
supine position. The length of both legs was measured from the anterior superior iliac
spine to the medial malleolus. Differences in these lengths were calculated. The ROM
of MTP was measured using a goniometer. The ER and IR of the hip were measured in
prone position with hips extended and knee flexed (Figure 2). The ROM (ER + IR) was
calculated. TT was measured in a quadruped stance with feet extending over the edge
of the examination table (Figure 3). Data preparation and analysis were performed by
Microsoft Excel 30/15/2017 and IBM SPSS Statistics Version 26 for Mac. Significance was
tested by two-sided T test, Mann-Whitney U test and the Chi2 test, with the significance
level being set at 5.0%. Pearson’s correlation was used to evaluate the association between
two variables.

3. Results
3.1. Sociodemographic Characteristics

The female examinees were younger than the males (13.4/15.1 years, U = 28097.50,
Z = —5.625, p < 0.001) (Table 2). At the time of the study, 23.1% of the female and 20.6% of
the male participants were dependent on a vision aid. This difference was not significant
(x*(1) = 0.4, p = 0.51). Figure 5 illustrates two frequency peaks for female and one for male
students in the age groups examined.

Table 2. Sociodemographic characteristics, Mean £ SD (Range).

Characteristic (Unit) Female Male n (f/m)
Age (a) 13.4 4+ 3.5 (5.8-20.4) 15.1 *** £+ 3.2 (7.2-22.6) 412/191
Body height (cm) 152.4 £ 16.0 (113-179) 166.2 *** 4+ 16.7 (121-197.5) 412/191
Body weight (kg) 38.5 + 11.4 (17-64.6) 52.7 *** + 14.6 (21-95) 412/191
BMI (kg/m2) 16.1 4 2.0 (11.3-22.2) 18.5 % + 2.3 (13.3-24.4) 411/192
BMI percentile ** a 11.5 + 12.0 (< 1-73) 31.3 ¥ 4+ 20.5 (< 1-86) 385/155
Commenced with
Ballet (a) 5.8 +2.3 (2-14) 8.2 *** 4+ 2.9 (2-18) 392/185
Training (a) 13.5 + 3.1 (6-18) 14.6 * 4+ 3.1 (5-20) 124/69

a = years, *** p < 0.001, ** according to Kromeyer-Hauschild [26], * p < 0.05.
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Figure 5. Frequency of those examined per age group in percent.
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3.2. Body Weight

The prevalence of low body weight was significantly higher among females (f/m:
58.4/16.2%, x*(1) = 93.70, p < 0.001). Gender differences by age group were evident
(Figure 6). Among the group with low body weight, female subjects accounted for 88.5%.
The higher the severity of the low body weight, the higher the proportion of female students
(<10./ < 3./ < 1.Perc. according to Kromeyer-Hauschild [26]: 86.9/93.3/95.2%, BMI <18.5/
<17.0 kg/m?: 72.2/100%). Severely low body weight (< 3. Perc./BMI < 17 kg/m?) was
observed in 22.7% of female and 3.1% of male subjects (Figure 7).

80
. 69.8 567

60 57.1

50 456

relative amount in %

40

31.8
30
20.0
20 13.9
8.8
10 I
. i
<10 10-14 14-18 =218 years

female (n=409) mmale (n=191)

Figure 6. Low body weight by age group (ages < 10-17 years: <10th BMI percentile [26];
age > 18 years: BMI <18.5 kg/m? [28]).
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Figure 7. Severely low body weight by age group (ages <10-17 years: <3rd BMI percentile [26];
age >18 years: BMI <17 kg/m? [28]).
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3.3. Physical Examination
3.3.1. Dorsiflexion of the Index Finger

The female examinees showed significantly higher values for dorsiflexion than the
males (92.0/81.4°, £(256) = 8.721, p < 0.001). Younger students were less likely to have iMCP
joint mobility assessed (</>14 years: f: 26.8/88.8%, m: 48.4/91.3%) and showed signifi-
cantly higher mobility (</>14 years: f: 95.0°/91.1°, t(241) = 2.565, p = 0.01, m: 86.0°/80.2°,
t(145) = 2.295, p = 0.02).

3.3.2. Trunk

The trunk of the male examinees appeared significantly more symmetrical and erect
(Table 3). The differences in spinal mobility were not significant (f/m: very good: 21.4/18.3%,
physiological: 74.1/75.8%, limited: 4.5/5.9%, x*(3) = 2.28, p = 0.52). Scoliosis was most
frequently manifested thoracically in those examined. There was a difference in the sec-
ond most frequent level of manifestation (f/m: thoracic: 44.1/41.7%, thoracolumbar:
39.6/25.0%, lumbar: 16.3/33.3%). Anterior pelvic tilt was observed significantly more often
in younger students (</>10years: f: 47.1/8.8%, x2(1) = 67.844, p < 0.001, m: 40.0/4.9%,
x2(1) = 27.495, p < 0.001). The differences between genders in this age group were not
significant (f/m: 47.1/40.0%, x*(1) = 0.33, p = 0.57).

Table 3. Differences in torso inspection in percent.

Characteristic Female Male n (f/m)
. symmetrical 76.6 86.6 **
Shoulder girdle asymmetrical 234 13.4 ** 397/186
. . symmetrical 71.1 83.2*
Waist triangle asymmetrical 28.9 16.9 * 402/190
Anterior/Posterior  physiological 80.4 85.3
pelvic tilt anterior tilt 17.3 8.7 ** 382/184
posterior tilt 2.4 6
- straight 83.8 87.2
Lateral pelvic tilt tilted 163 12.9 400/187
vertical 58.8 65.6
Scoliosis 27.5 20.1
Spine scol. malposition 10.4 74 403/189
flatback 1 5.3 %
Kyph./Hyperlord. 2.2 1.6

*p <0.05,** p <0.01, scol. = scoliotic, Kyph./Hyperlord. = Kyphosis/Hyperlordosis.

3.3.3. Legs and Hips

The differences in terms of relevant leg length difference (>1.5 cm) (f/m: 4.7/2.1%,
x2(1) =2.34, p = 0.13), straight leg axis (f/m: 93.3/89.2%, x2(1) =2.82, p =0.09), genua vara
(f/m: 3.7/7.0%, x*(1) = 2.98, p = 0.09), valga (f/m: 3.0/3.8%, x*(1) = 0.25, p = 0.62) and
recurvata were not significant (f/m: 16.2/12.5%, x2(1) =1.31, p = 0.25). The male students
showed significantly smaller IR of the hip (Table 4) and greater turnout (f/m: 82.3°/85.6°,
t(390) = —3.10, p < 0.01). Younger students showed greater IR (<11/11-14/14-18/>18:
f: 53.6/47.6/41.6/41.3°, m: 50.3/43.7/32.5/32.1°) and smaller ER than older examinees
(f: 56.3/58.5/61.2/58.8°, m: 57.1/62.0/63.1/61.9°). Figure 8 shows the differences between
age groups in turnout, compared by sex.
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Table 4. Legs and hips by gender, Mean + SD (Range).
Characteristic (Unit) Female Male n (f/m)
Leg Length (cm) 82.8 + 9.7 (59.0-101.0) 90.7 *** £ 10.1 (62.0-110.0) 396/188
ICD (TF) 0.7 £1.1(0-5) 1.1** +£1.4(0-7) 380/172
TT (°) 22.2 + 6.4 (2-40) 22.8*+ 5.9 (5-38) 267/125
ER (°) 59.1 £ 7.7 (35-75) 61.9 *** + 6.8 (40-80) 412/192
IR (°) 46.4 +10.1 (18-72) 37.1** £ 11.1 (10-70) 412/192
ROM (ER +IR) (°) 105.5 £ 9.6 (78-138.5) 99.0 *** £ 10.6 (72.5-130.0) 412/192

***p <0.001, ICD = Intercondylar distance, TF = Transverse finger, ER/IR = External/Internal rotation of the hip,
TT = Tibial torsion, * not significant p < 0.05.
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Figure 8. Average turnout by age group and gender.

3.3.4. Foot-Ankle Complex

Differences in the foot inspection were not significant (Table 5). Splayed feet occurred
with a higher prevalence among older students (</>10 years: f: 36.3/59.1%, m: 20.0/53.3%).
Here, there was no significant difference between genders in the group of older students
(f/m: 59.1/53.3%, x*(1) = 1.47, p = 0.23). Females showed a valgus big toe axis significantly
more often (f/m: 20.8/7.9 %, x*(1) = 15.30, p < 0.001). In single cases, severe forms were
observed (juvenile hallux valgus (<10years): n = 3 (f), severe hallux valgus (>40°): n =3 (m),
hallux rigidus: n =1 (m)).

Table 5. Examinations of the foot by gender in percent.

Characteristic Female Male n (f/m)
valgic 321 24.3
RFA straight 57 59.3 402/189
varic 10.9 16.4
high 39 40.7
Instep normal 23.7 11.1 59/27
low 37.3 48.1
lowered 84 87
Arch (1) preserved 14.4 10.7 374/177

sperelevated 1.6 23
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Table 5. Cont.

Characteristic Female Male n (f/m)
splayed 53.8 49.7

Arch (t) not splayed 46.2 50.3 392/185
egyptian 42.3 48.9
greek 37.8 37.8

Shape roman 11.1 8 397/188
interform 8.8 5.3
flexible 75.2 61

Tarsus normal 14.3 18.6 105/59
rigid 10.5 20.3

RFA = Rear foot axis, 1/t = longitudinal /transverse, p < 0.05 for all.

Female students had significantly greater ROM of the ankle joint (Table 6). Among the
females, older participants showed significantly greater values (</>10years: Ex: 22.9/24.4°,
t(356) = —2.52, p = 0.01, Flex: 67.7/72.2°, t(356) = —5.76, p < 0.001), while for the male
examinees, this effect was not observed (</>10years: Ex: 22.9/22.6°, t(173) = 0.23, p = 0.82,
Flex: 67.4/67.9°, 1(173) = 0.31, p = 0.76). For females, there was a correlation with age
(right/left: Ex: f: r =0.122/0.102, p = 0.020/.054, m: r = —0.039/—0.040, p = 0.611/0.600,
Flex: f: r=0.215/0.215, p <0.001/0.001, m: r =0.093/0.071, p = 0.218/0.351). Among females,
passive dorsiflexion in the MTP joint was significantly smaller among older students
(</>10years: f: 91.4°/89.6, U = 11013.50, Z = —3.266, p = 0.001, m: 89.7°/86.3°, U = 1238.50,
Z = —1.667, p = 0.1). This difference was even greater compared to the adult group and
more evident among males (> 18years: f/m: 88.8/85.1°). There was a correlation with age
(right/left: f: r = —0.245/—-0.267, p = 0.001/0.001, m: r = —0.192/—-0.184, p = 0.009/0.013).

Table 6. Passive ROM of ankle and MTP joint in degrees, Mean + SD (Range).

Characteristic Female Male n (f/m)
Ankle ioint dorsiflexion 24.1 + 4.8 (5-40) 22.7 *** + 4.7 (10-45) 358/176

) plantarflexion 71.2 £ 7.4 (40-90) 67.9 *** 4 7.6 (50-90) 358/176

MTP ioint Dorsiflexion 90.0 + 4.6 (70-110) 86.7 *** £+ 8.4 (40-100) 392/184

) plantarflexion 62.4 + 5.1 (50-90) 61.9 + 5.4 (50-80) 391/184

ROM = Range of Motion, MTP = Metatarsophalangeal joint of the big toe, *** p < 0.001.

4. Discussion

Studies describing the musculoskeletal profile of ballet and dance students are rare
and often outdated, limited to the female gender, specific age groups, or certain characteris-
tics [16,17]. Male ballet students are described even less frequently in the literature [19,22].
The present study collected the sociodemographic and physical characteristics of female
and male vocational ballet students.

4.1. Age

The John Cranko School’s training program is divided by age, proficiency, and intensity
levels (preschool, junior, intermediate, senior, professional level) [29]. In the present
study, approximately half of the female examinees were of preschool and junior age,
whereas the male examinees tended to be of intermediate age and older. The actual peak of
male examinees did not occur until the senior and professional level. The generally high
number of students in these age groups may be explained by the JCS’s good international
reputation, which makes graduation from JCS particularly attractive if students have
previously attended another school [30]. In addition, we suppose that attending senior
level, with its intensified training, may increase the chances of entering the professional
level of the school. The male subjects in the present study were, on average, slightly
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older than females. Any cross-age comparisons, therefore, should take into account an
age-dependent developmental advantage of the males.

4.2. Body Weight

According to Tamaschke, a 10-year-old female vocational ballet student develops
around the same percentile (height and weight) in the course of training [31]. Therefore,
already at the aptitude test, a decision could be made about the usefulness of admission to
training [31]. He describes her “ideal” body length (1.35-1.42 m) and weight (26.5-29.5 kg)
and he claims a maximum of 50 kg to be the “ideal” weight of the fully-grown female
professional ballet dancer [31]. These models reflect a leptosome-gracile (f) and athletic-
gracile body type (m) described as favorable for classical dance [7]. Accordingly, the
present study showed an extremely high and alarming prevalence of low body weight
among students. Moreover, more than one-third were of severely low body weight. In the
normal population, the prevalence of low body weight among 3-17 year old individuals
was 7.6% [32]. There was no difference between genders [26]. In the present study, the
prevalence for the same age group was approximately seven times higher (52.5%) and low
body weight was significantly more common among females. This proportion increased
with the increasing severity of low body weight. One possible cause is eating disorders
or disordered eating behavior, the prevalence of which has been described as greatly
increased in the professional educational sector [33,34]. Here, it is essential to ensure that
the present body image was not brought about by dietary measures and corresponds to
the constitutional type, as it is not generally a low BMI, as is frequently found in dance,
but only a low BMI as a result of an eating disorder that is associated with an increased
rate of injury and hormonal disturbances (sec. amenorrhea, delayed menarche, fatigue
fractures, osteoporosis) [35-42]. The results of the present study underscore the need to
determine BMI and percentile in vocational ballet students in the first instance so that low
body weight does not go undetected. Furthermore, we see an importance in including
screenings for eating disorders and appropriate nutrition uptake.

4.3. Beginning with Ballet and Training

On average, females in the present study began ballet earlier (5.8 vs. 8.2 years) and
entered vocational training (13.5 vs. 14.6 years) before the male students. In a study by
Hamilton et al., female dancers began ballet four years earlier than males, compared with
only two years in the present study [9]. Compared with previous studies (1992 and 1974:
ages 11 and 16, respectively), the males of the present study began their first ballet classes
much earlier (age 8) [9,43]. Male students, in particular, commence with ballet earlier. Some
claim that a late start with training might favor overload injuries [43,44]. As a cause, here, a
lower adaptation to dance-specific loads in relation to the malleability of the bone and joint
system, as well as a lower development of dance-specific coordination and basic motor
skills with increasing age are discussed [7,18,44]. With a late start of training, the training
time is also shortened, which further increases the load. The complete training period
is eight to nine years and usually begins around the age of 10 [29,45]. The examinees in
the present study started later, on average, but entered the JCS at least as early as 11.7
and 13.6 years (female and male subjects, respectively). Applicants who enter one of
the advanced training classes must have previous dance-technical knowledge in order to
qualify for the respective level [45]. Thus, it can be assumed that even older examinees
who entered JCS or began training had sufficient previous dance training.

4.4. Physical Examination
4.4.1. Mobility of the Index Finger

Hypermobility has previously been shown to be a possible risk for acute injury and
chronic overuse injuries, and ballet students are more likely to be hyperflexible than profes-
sional dancers [15,19,35,46,47]. However, opinions on the topic of hypermobility in dance
remain divided [9,46,48-51]. This is due to the different methods used to assess mobility, as
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well as the interpretation of the results. For example, the Beighton score is controversial,
because forward flexion can be improved through specific training. No correlation can be
shown between the mobility of the base joint of the little finger and general mobility, and
dancers are generally more flexible than the normal population [9,50-52]. Huwyler [15]
declares that the iMCP joint of the non-dominant hand is the optimal location for measuring
innate general mobility because it would not be particularly trained by any activity. He
emphasizes that low values would not allow conclusions about the mobility of the joints
important for dance and that values could only give an indication of the basic tendencies
in joint mobility and should be understood as a warning in the case of particularly high
values [15]. He mentions values above 105° to be possibly “critical” and values above
115° to be possibly “pathological”, as they might indicate a deficiency in the muscular
stabilization of the joints [15,23]. However, studies to verify those statements are still
lacking in the literature.

Hypermobile, isokinetic trunk strength tests can be used to test the extent to which
the examined can ensure safe coordination of hypermobile joints through sufficient core
stability [7]. Furthermore, knowledge and understanding of body types and the existence
of hypermobility are important injury-preventing factors [19]. Thus, Benign Joint Hy-
permobility Syndrome would not be an obstacle to vocational training, as hypermobile
dancers could develop strategies to meet the demands of their profession [19]. In the
present study, none of the examinees showed values above 115°, and only for a few female
examinees were very high values of dorsiflexion measured, among which one suffered
from a recurrent dislocation of the patella. In general, female dancers are expected to be
more flexible than males [23]. Accordingly, the female students in the present study also
showed significantly higher values of dorsiflexion. The values only become meaningful
around the age of 14 years, whereas higher values are generally expected in children [23].
In the present study, therefore, significantly fewer examinees in the younger group were
examined by the Pluri-Ligament test, who, in turn, showed significantly higher values
compared with the older group.

4.4.2. Trunk

A majority of the examinees in the present study showed a symmetrical, plumb
and erect trunk. Asymmetries were not uncommon among both sexes, simultaneously.
They may indicate scoliosis [7]. A lifetime prevalence of 5.2% (0-17-year-olds) has been
described for scoliosis [53]. In comparison, the prevalence of scoliosis was found to
be greatly increased in the present study. In addition, scoliotic malpositions were not
infrequently observed. Among professional ballet dancers, an even higher prevalence of
scoliosis has been described (f/m: 50/27%) [9]. In addition, scoliosis occurs more frequently
in the pubertal growth phase (14-17-year-olds: 11.1%) and the difference between the sexes
increases with age (f > m) [53,54]. This difference between age groups and sexes was also
shown in the present study. At the same time, the present study observed a high prevalence
of juvenile scoliosis. Scoliosis is generally not a criterion for exclusion from vocational
classical ballet, although it is associated with an increased prevalence of spinal injury [35].
Some report that structural scoliosis with a Cobb angle greater than twenty degrees (lumbar
or high thoracic) or scoliosis with an indication for surgical therapy would be incompatible
with a professional ballet career [7,55]. However, studies to verify those statements are
lacking in the literature. In the present study, as well as in Hamilton et al., scoliosis was
detected and assessed by a clinical forward flexion test [9]. In addition, comparative data
of standard values of the upper body posture for men and women could also be used here
for comparison from an older age [56,57].

In the present study, anterior pelvic tilt was rarely seen with suspected bony fixation of
an increased sacral base angle and was otherwise due to an inadequate ability to muscularly
stabilize the pelvis. This is particularly supported by the significantly higher prevalence
among younger students, who often still have insufficient core stability. The Palucca
School in Dresden implemented X-ray diagnostics of the spine to exclude spondylosis



Appl. Sci. 2023,13,108

12 of 17

for the entrance examination, from 1980 until the reunification of Germany [20]. Lohrer
emphasizes that X-rays should be avoided before the age of 11 (absence of apophyseal
bone nuclei) and describes a clinical test battery (suspension test, lumbosacral stabilization
test) [58]. In addition, spondylosis and spondylolisthesis in competitive sports and dance
are often asymptomatic [10,55].

4.4.3. Legs and Hips

A beautiful leg line in classical ballet is emphasized by the curve of a genu recur-
vatum [7]. Accordingly, in the present study, all of those examined showed at least full
extension of the knee joints and almost all showed a straight leg axis. The prevalence
of genu recurvata showed no significant gender difference. These results underline the
typical characteristic of a beautiful leg line in ballet. Even more characteristic is the outward
rotation of the legs from the hips (turnout) [7,9]. A reduced IR, in favor of an increased ER,
is typical here and has been reported for professional ballet dancers [9]. The males of the
present study showed a relevantly smaller IR and ROM in gender comparison. At the same
time, the participants of the present study showed a larger IR and ROM than professional
dancers [9]. The reason for this difference could be the significantly younger population of
the present study. The development from childhood to adulthood leads to an increase in
ER and a decrease in IR, via the physiological detorsion of the femur, and a reduction in
the angle of antetorsion [7,15,18]. However, a strongly reduced IR can be pathological [59].
In the present study, a severely reduced IR, with a documented suspected diagnosis of
hip dysplasia, epiphysiolysis capitis femoris, or femoroacetabular impingement, was doc-
umented for 2.2% of those examined. However, the mean IR (>15 years) was within the
normal range (30—40°) [60].

ER of the hip is a major contributor to turnout [9]. In the present study, this showed a
statistically significant, but not clinically relevant, difference between the sexes
(f/m: 59/62°). The values were much higher than in previous studies of female ballet
students and professional dancers (49 and 52°) [9,18]. This may be due to the perfected
ballet-specific selection, but also to the increasingly earlier onset of ballet and training,
which allows for increased skeletal shaping. Together with a large ER, a relatively large
TT allows for the turnout required for classical ballet (90° per leg) [7]. The mean TT of the
present study (22°) showed no difference between the sexes and was above the average
of the normal population (15-20°) [7]. None of the students had values (>40°) associated
with an increased risk of damage to the knee joint (high shear forces) [7]. There was also a
significant, but clinically irrelevant, difference in turnout between the sexes, with generally
high values (f/m: 82/86°). If turnout is forced because its range is anatomically too small,
an anterior pelvic tilt and, consequently, a provoked hyperlordosis of the lumbar spine,
a forced rotation of the knee joints, a hyperpronation of the feet with valgus of the inner
ankles and lateral foot edges that lose contact with the ground (rolling-in) are clinically
evident [7,61]. Such mechanisms of compensation may achieve an additional 25° turnout,
on average, but, at the same time, seem to increase the risk of acute injury, laxity of the joint-
stabilizing ligamentous apparatus and chronic degenerative cartilage damage [10,43,61-63].
Huwyler emphasizes that for the calculation of the individual turnout, the anatomical
ability of the knees for external rotation must therefore not be included [15].

4.4.4. Foot-Ankle Complex

A “beautiful foot” completes the desired leg line in classical ballet. A large plantar flex-
ion of the ankle joint particularly contributes to this aesthetic effect. Compared to normal
values (40-50°), the examinees of the present study showed significantly higher values [60].
Hamilton et al. describe the “beautiful foot” as an inert “must have” of the professional
female ballet dancer, which would not be required of her male colleagues [9]. Although
the females in the present study demonstrated significantly greater plantar flexion of the
ankle joint, similarly high values were also measured for the males (71/68°). This result
emphasizes the importance of large plantar flexion in aesthetic and functional terms for
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professional classical ballet. For the plantar flexion of the ankle joint, skeletal shaping and
enlargement through training has been reported [9,15]. This could explain why the older
female participants showed significantly greater plantar flexion than the younger students
(weak positive correlation with age). In contrast, this effect was not seen for males. In addi-
tion to a large plantar flexion of the ankle joint, a high instep is associated with a “beautiful
foot” [7]. In the present study, the female and male examinees showed a high instep with
equal frequency. In contrast, the prevalence of a flexible tarsus was higher among females,
and that of a low instep and a rigid tarsus was relevantly higher among males, which may
indicate that the “beautiful foot” is still more frequently required by female ballet students
than by males. A high instep should be distinguished from a hollow foot, which, according
to Huwyler, always needs to be neurologically clarified and is not suitable for ballet [15]. It
has been described that repetitive dorsiflexion of the ankle joint forced to the maximum
can lead to symptoms of chronic anterior impingement in dancers and that the anatomy
of a pes cavus, in particular, provokes an anterior impingement of the ankle joint [64-66].
Exner-Grave states that a hollow foot with unrestricted dorsiflexion of the ankle joint and
a flexible tarsus is suitable for professional classical ballet [7]. According to this, a good
joint guidance of the ankle joint with unrestricted joint play is essential for classical ballet
in order to be able to sufficiently cushion the countless repetitive, aestheticized knee bends
(i.e., pliés, fondus), small, medium, and large jumps. In the present study, the average
passive dorsiflexion in both sexes (f/m: 24/23°) was within the normal range of the general
population (20-30°) [60]. It has been observed that dancers in a muscularly warmed-up
state can achieve significantly higher values [15]. The participants in the present study
were not always muscularly warmed-up. Amongst the female students, there was also a
weak positive correlation with age. With dorsiflexion in the ankle joint, force is optimally
developed and transmitted via straight RFA. Valgus or varicose RFA, on the other hand, are
associated with overuse injuries and injuries to the foot and ankle in dance, and also in the
cranial chain at the lower leg, knee, hip, and back [59,62]. The majority of those examined
in the present study demonstrated straight RFA. Valgus RFA was observed relevantly more
frequently in female examinees (32/24%). Valgus RFA, in combination with a flat foot (pes
planovalgus), is characteristic of childhood and, moreover, is a very common deformity in
adults [7,59]. Both are also shown in the results of the present study.

The development of a splay foot in classical ballet is favored by the repetitive toe
stance (relevé) and is not prevented by the material properties of the ballet shoes [4,7,10].
This may explain the high prevalence of splayfoot in the present study. A protective effect
has been described for the square toe box of the pointe shoe in this regard [8]. In the
present study, however, no significant difference in the prevalence of splayfoot between
the sexes was found that would confirm a protective effect of the toe box, which is worn
only by the female sex. Splayfoot, in turn, is associated with the development of HAYV,
which is considered to be the most common deformity of the lower extremity [59]. The
prevalence of HAV among the 18-65- year old population is reported in the literature to be
23% and positively correlated with age [67]. In the considerably younger population of the
present study, the prevalence of a valgic axis of the big toe was much lower. Furthermore,
the literature describes a gender-typical difference (f > m), which the present study was
also able to find [59]. A straight axis of the big toe and a large dorsiflexion in the MTP
joint of the big toe guarantee the correct execution of the relevé and the elevation to the
tip of the toe. In ballet, the MTP joint of the big toe is as important as the major joints
of the body [15]. Those examined in the present study exhibited a desirably large dorsal
extension for classical ballet (f/m: 90/87°). It turned out to be greater than normal values
(70°) [68]. Huwyler emphasizes that it cannot be increased by training [44]. The present
study could even show a weak negative correlation with age. The foot can be divided into
four categories, according to its shape. Exner-grave [7] claims that a Roman or Egyptian
shape, with short toes of equal length, provides an even load distribution on the toes’ tips
in the female dancer’s pointe shoe. Huwyler [15] claims that its shape is important for
female dancers (pointe work), but also of medical importance for the male dancer. The
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Greek shape, with an elongated second metatarsal bone, would lead to hammer toes, clavi
and, due to punctual overloading, to a severely painful clinical picture of the metatarsus in
both sexes [15]. However, in their study, Davidson et al. [69] did not show an increased risk
for stress fracture due to a Greek shape of the foot. In the present study, a Greek shape with
elongated os metatarsale Il was observed in many of the students. In contrast, a Roman
shape was rather rare among the examinees. There is still a lack of studies that investigate
complaints of the foot based on foot shape in ballet.

5. Conclusions

The present study gives a broad description of the sociodemographic and muscu-
loskeletal profile of female and male vocational ballet students. At present, male vocational
ballet students begin dancing at a much younger age and eventually differ less than before
from females regarding ballet-specific characteristics (anthropometry of legs, ER, turnout,
ROM of ankle joint, dorsiflexion of MTP joint). The prevalence of low body weight, par-
ticularly among female vocational ballet students, is alarming and should prompt further
diagnostic testing to rule out eating disorders and disordered eating behavior.
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