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Abstract: Ballet dancers have a higher risk than the general population of ankle sprains.
Ankle proprioception is of the utmost importance for executing static and dynamic positions
typical of ballet dancing. Ankle sprains can create changes in functional ability that may affect ballet
performance. The aim of this cross-sectional observational study is to evaluate if non-professional
ballet dancers that were previously injured with a grade II ankle sprain carry a long-term stability
deficit in ballet specific positions (passé, arabesque) and in single-leg flat-foot stance, thereby affecting
ballet performance. We enrolled 22 amateur female ballet dancers, 11 who previously had a grade
II ankle injury and 11 who had no history of ankle injury. Stabilometric data (Center of Pressure
Speed and Elipse Area) were assessed with the postural electronic multisensory baropodometer in
normal, arabesque, and passeé positions with both open and closed eyes. Using an unpaired t-test,
we compared healthy and pathological feet of the ankle injury group for a standard monopodalic
position and two ballet-specific positions. No difference between pathological and healthy feet of
non-professional ballet dancers who suffered grade II ankle injury was detected. According to the
parameters considered in this study, grade II ankle sprains seem to have a favorable prognosis in the
sample that we evaluated.

Keywords: stabilometry; ballet dancers; ankle injury; chronic ankle instability; balance

1. Introduction

During performance, ballet dancers have a great need for stability and balance control [1,2], along
with a high level of general “flexibility”, which are peculiar characteristics that improve with ballet
training [1,3-5]. Ankle control is of the utmost importance for executing static and dynamic positions
typical of ballet dancing [6,7]. In 2017, Vassallo et al. reported the epidemiology of dance-related
injuries between 2000 and 2013, defining ankle sprains as the most common injury [8]. Later, Smith
et al. and Smith et al. collected data about their incidence and prevalence [9,10]. Ankle sprains
could cause chronic functional ability changes, as is common in groups of dancers and non-dancers
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alike [11,12], also increasing the risk of re-injury [13]. In addition, it was seen that people with functional
ankle instability had a less refined kinesthesia, in particular for inversion movements [14]. However,
a prospective study conducted in 1996 by Leanderson et al., based on stabilometry, demonstrated only
short-term consequences after ankle sprain in ballet dancers [15]. Data about chronic ankle instability
(CAI) in the general sporting population are, to date, not satisfactory to determine the presence of
common aspects of CAI within individual sports [16]. However, an exploratory study conducted
by Simon et al. revealed a condition of CAI in 75.9% of university dance majors [17]. Despite new
wearable technologies, such as Inertial Measurament Unit IMU [18,19] and wireless electromyography
(EMG) [20], having been proposed to investigate balance and postural control, stabilometry remains
the most commonly used tool [21]. To date, there is a lack of studies about the chronic effects of an
ankle injury in ballet dancers using stabilometry evaluation, but there is an increasing body of literature
concerning this method [22,23], including not previously injured ballet dancers [24]. A study performed
by Lin et al., using stabilometry to assess dancers with ankle injuries, found that non-acute ankle injuries
could worsen postural stability of professional ballet-dancers during ballet-specific postures. However,
they did not focus on a specific injury nor on a precise time-frame for the post-injury evaluation [25].
Another relevant aspect in the evaluation of balance control is represented by the visual system’s role
in proprioception, which has the potential to mask proprioceptive issues in athletes [26]. For this
reason, it can be argued that in order to obtain reliable proprioceptive measures, visual occlusion is
mandatory [27,28]. As ankle control is crucial for successfully executing ballet specific positions and it
could be impaired in ankle sprains, a position specific testing with closed eyes is needed. Moreover,
some studies showed that athletic and sport training is task specific and skills acquired in a specific
task did not completely translate to the same skills in different tasks [29-31]. Recently, Thalassinos et al.
discovered that there were many sport skill-specific bias about sensory inputs for spatial orientation and
postural control between experienced soccer athletes, ballet dancers, and nonathletes [32]. Considering
the high incidence and prevalence of ankle injuries in professional and non-professional ballet dancers
(from 3% to 25.6% of all musculoskeletal ballet injuries [4,8,10,33]), and the primary role of ankle
control to perform ballet-specific tasks, the aim of our study was to understand if non-professional
ballet dancers, previously injured with a grade II ankle sprain, compared to dancers who did not
suffer any ankle injury, carry a long-term stability deficit in ballet specific positions (passé, arabesque),
thereby affecting ballet performance.

2. Materials and Methods

This was a cross-sectional observational multi-center study. We enrolled 22 subjects (N =11 in
the pathological group and N = 11 in the control group) from six different schools of classical ballet
dance in Italy. The inclusion criteria were: age between 15 and 25 years old; classical ballet dancer;
at least 10 years of training (average of 2-3 sessions of training a week); right footed in ballet practice;
unilateral ankle injuries; clinical diagnosis of grade II inversion right ankle sprain that occurred at
least 6 months before our evaluations made by an orthopedic surgeon [34]; and informed consent
signed (parents” consent was collected if subjects were under 18 years old). The exclusion criteria
were: professional dancer; another lower extremity injury; history of neurological or motor deficits;
and any visual impairment. The control group had the same inclusion and exclusion criteria, except
for the history of ankle injury. For grading the severity of the ankle injury, we used the classification
proposed by Malliaropoulos et al. [34], and classified grade II ankle injury patients positive to anterior
drawer test but negative to talar tilt test. We defined grade II ankle injury as a partial tear of the lateral
ligament complex of the ankle without decreased motion and loss of function. All pathological subjects
were treated conservatively with soft bandages applied for 2 weeks. No patient underwent a specific
rehabilitation protocol. At the moment of inclusion in the study;, all patients were symptom free and
fully participating in dance at their pre-injury level. Before entering the study, the participants were
fully informed about the study’s aims and procedures, and written informed consent was obtained
before testing. The study protcol was approved by the Ethics Committee of the University of Milan
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(approved on 12/10/15, Prot. N. 54/15) in accordance with current national and international laws and
regulations governing the use of human subjects (Declaration of Helsinki II).

3. Sample Size Calculation

In order to determine the sample size of the study, we carried out an a-priori power analysis on
the basis of the scientific literature. Since our main outcome was to determine if there was a difference in
monopodalic stance ellipse area between healthy and previously pathological ballet dancers, we used data
from the 2017 paper by de Mello et al. [24]. With a reported monopodalic ellipse area in ballet dancers of
155 + 64 mm? and an expected difference of 70 mm? (effect size = 1.1), we calculated that we would need
a sample of 22 subjects (11 for each group) to detect a significant change with a power of 0.80 and an alpha
of 0.05. To calculate the sample size, we used the GPower software (Universitat Dusseldorf-Germany).

4. Tools and Procedures

The internationally approved stabilometric parameters [35] we evaluated in this paper are:
(1) Ellipse area (mm?), contains 90% of the positions sampled of the center of pressure (CoP) and represents
the dispersion of the oscillations and the precision of the system; and (2) CoP speed (mmy/s), the average
speed related to the CoP oscillations. The acquisition of stabilometric data was performed with the postural
electronic multisensory baropodometer Diasu®, equipped with Milletrix® interface, which has previously
been shown to be a valid and reliable tool [36] This tool features a scanning frequency of 100 frames
per second in real time, acquisition surface of 40 cm? per module, accuracy of +/—5%, and maximum
point pressure of 150 N/cm?. The evaluations were carried out in six different gyms with a dedicated
medical room, characterized by the absence of external perturbations, especially acoustic. Prior to the test,
each dancer stretched and warmed up the muscles of the lower limbs via routine self-selected exercises
for 5 min. Each dancer wore comfortable and adherent clothes, and a pair of cotton socks.

During the test, an expert podiatrist and a nurse were present in the room. The baropodometer
was placed at a distance of two meters from a homogeneous color wall that the subjects faced during
the whole time of examination. Each evaluation session was held in the early afternoon and each
subject had to be at rest from training in the previous day. The subjects were evaluated with both
eyes open and closed. To ensure a reference point to be observed during acquisitions, a mark was
positioned on the wall at the same height and equidistant to the patient’s eyes, and at a distance of 2 m.
We acquired each measurement three times with eyes open and three times with eyes closed. The first
try was considered as a demonstration and we did not record it. For each foot we tested, the patients
in the following conditions both with eyes opened and closed.

Monopodalic stance with the contralateral limb slightly detached from the ground (5 s length)
(Figure 1).

/ 4

Figure 1. Monopodalic position.
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Monopodalic with the limb in contact with the ground in “en dehors” position, and the contralateral
in “arabesque” position, defining a 45° angle between them (5 s length) (Figure 2).

Figure 2. Arabesque.

Monopodalic with the limb in contact with the ground in “en dehors” position and the contralateral
in “passé” position with a back “retiré” (5 s length) (Figure 3).

Figure 3. Passe.

5. Statistical Analysis

For each subject, parameters were determined by calculating the mean of the trials; subsequently,
the grand average and the standard deviation over the subjects in each position were computed.
Preliminary tests for normality (Kolmogorov-Smirnov test) and for equality of sample variances
(Levene’s test) provided the basis for using parametric statistics. All parameters were normally
distributed. First, we checked if there were any significant statistical differences between the two
groups as far as age, body mass index (BMI), years of dance practice, or age when they started
practicing using an unpaired Student’s t-test. Second, we compared stabilometric parameters, of each
position, between the left and right foot in healthy subjects, and between injured and non-injured
feet in the post-injury patients by the unpaired Student’s t-test. Third, the difference between open
and closed eyes in each condition, for each foot, was calculated; then, we checked if the differences in
stabilometric parameters between closed and open eyes were larger in pathological vs. healthy feet
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using the unpaired Student’s t-test. The level of significance was set to p < 0.05. Statistical analysis was
performed using IBM SPSS 20.

6. Results

Demographical data of the study population are shown in Table 1. We could not find any statistical
difference between the two groups for the parameters of age, BMI, years of dance practice, or age when
they started practicing.

Table 1. Demographical data of participants.

Post-Injury (N =11) Healthy (N =11) p-Values
Age (years) 16.36 + 2.81 17.5+3.37 >0.05
BMI (Kg/mz) 19.85 +2.43 19.37 +2.33 >0.05
Years of Practice 1191 £ 2.11 12.37 £ 4.07 >0.05
Age When They Started 436+123 518 + 147 >0.05

Practicing (years)

Data are reported as Mean + SD. Abbreviation: BMI, body mass index.

First, we analyzed the healthy subjects. We compared stabilometric parameters of the right and
left feet for each parameter and no statistical differences for all parameters were detected (Table 2).

Table 2. Comparison between right and left foot in healthy subjects (N = 11) for stabilometric parameters
acquired with open eyes.

Right Foot Left Foot p-Values
Monopodalic Ellipse Area (mm?) 105.91 + 67.87 82.06 + 47.43 >0.05
Monopodalic CoP Speed (mm/s) 13.84 + 3.24 13.20 £ 5.34 >0.05
Arabesque Ellipse Area (mm?) 274.40 + 255.50 152.23 + 87.54 >0.05
Arabesque CoP Speed (mm/s) 21.84 + 8.46 19.65 + 5.60 >0.05
Passe Ellipse Area (mm?) 222.49 + 130.06 133.26 + 72.00 >0.05
Passe CoP Speed (mm/s) 22.22 +4.98 18.17 £ 5.58 >0.05

The pathological group was then analyzed. We compared stabilometric parameters between the
injured feet and the healthy feet and no statistically significant differences were observed (Table 3).

Table 3. Comparisons between injured and healthy feet in pathological subjects (N = 11) for stabilometric
parameters acquired with open eyes.

Trauma No Trauma p-Values
Monopodalic Ellipse Area (mm?) 128.25 + 93.83 83.23 + 49.15 >0.05
Monopodalic CoP Speed (mm/s) 14.23 + 5.05 13.28 + 5.55 >0.05
Arabesque Ellipse Area (mm?) 165.17 £ 127.18 117.16 + 59.89 >0.05
Arabesque CoP Speed (mm/s) 19.32 + 4.38 18.54 + 5.63 >0.05
Passe Ellipse Area (mm?) 148.15 + 82.43 119.66 + 66.75 >0.05
Passe CoP Speed (mm/s) 20.75 £ 6.92 18.58 + 5.97 >0.05

Data are reported as Mean + SD. Abbreviation: CoP, Centre of Pressure.

We calculated the differences between open and closed eyes for all the parameters, and with
reference to the pathological group, data collected with the feet that suffered a grade II ankle injury
were compared with healthy contralateral limbs. As reported in Table 4, no significant differences
between the sides were observed.

Lastly, we also compared right foot parameters of healthy and pathological subjects, both with
open eyes (Table 5) and the difference between open and closed eyes (Table 6), and no significant
differences were detected.
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Table 4. Comparison between injured and healthy feet in pathological subjects (N = 11). Mean delta

values (difference between open and closed eyes) of stabilometric parameters.

Trauma No Trauma p-Values
Monopodalic Ellipse Area (mm?) 321.47 £ 151.77 358.42 + 310.67 >0.05
Monopodalic CoP Speed (mm/s) 15.77 + 3.77 16.88 +7.81 >0.05
Arabesque Ellipse Area (mm?) 449.63 + 203.33 440.82 +£378.02 >0.05
Arabesque CoP Speed (mm/s) 15.28 + 9.60 15.29 +9.60 >0.05
Passé Ellipse Area (mm?) 330.93 + 294.15 302.69 + 216.10 >0.05
Passe CoP Speed (mm/s) 16.90 +9.22 12.66 +7.53 >0.05

Data are reported as Mean + SD. Abbreviation: CoP, Centre of Pressure.

Table 5. Comparison between right feet of pathological and healthy subjects for stabilometric parameters

acquired with open eyes.

Right Foot Right Foot p-Values
Post-Injury (N = 11) Healthy (N =11)

Monopodalic Ellipse Area (mm?) 105.91 + 67.87 128.25 + 93.83 >0.05
Monopodalic CoP Speed (mm/s) 13.84 £3.24 14.23 +£5.05 >0.05
Arabesque Ellipse Area (mm?) 274.40 + 255.50 165.17 +127.18 >0.05
Arabesque CoP Speed (mm/s) 21.84 + 8.46 19.32 + 4.38 >0.05
Passe Ellipse Area (mm?) 222.49 + 130.06 148.15 + 82.43 >0.05
Passe CoP Speed (mm/s) 22.22 +4.98 20.75 + 6.92 >0.05

Data are reported as Mean + SD. Abbreviation: CoP, Centre of Pressure.

Table 6. Comparison between right foot of pathological and healthy subjects. Mean delta values

(difference between open and closed eyes) of stabilometric parameters.

Right Foot Right Foot Val
POST-Injury (N=11)  Healthy (N = 11) p-vatues

Monopodalic Ellipse Area (mm?) 321.47 £ 151.77 397.47 + 252.87 >0.05
Monopodalic CoP Speed (mm/s) 15.77 £ 3.77 15.85 + 5.29 >0.05
Arabesque Ellipse Area (mm?) 449.63 + 203.33 307.73 + 252.13 >0.05
Arabesque CoP Speed (mm/s) 15.28 + 9.60 14.64 + 5.04 >0.05
Passe Ellipse Area (mm?) 330.93 + 294.15 294.46 + 85.47 >0.05
Passe CoP Speed (mm/s) 16.90 + 9.22 1532 +7.14 >0.05

Data are reported as Mean + SD. Abbreviation: CoP, Centre of Pressure.

7. Discussion

Our study showed that there is no ballet specific long-term balance deficit for grade II ankle
injuries in ballet dancers. In order to have this specific conclusion, we checked if our sample of
non-professional, but experienced, ballet dancers had any difference in balance while performing ballet
specific positions on the dominant or non-dominant foot. We did not find any difference between the
two sides. This finding is in contrast with a classic study performed by Leanderson et al. in 1996,
where they tested professional athletes and non-athletes in the monopodalic position [15]. However,
the study cited is 22 years older, so training techniques and materials such as shoes have changed,
and are performed in a different, monocentric, and professional setting. This could very well explain
the differences found. Moreover, the verified parameters of validity and reliability of the tools we
used [36] and the power set at 80% for the sample size calculation, could be some of the reasons of the
differences found between the outcomes of our study and the study published by Leanderson et al.
Since the right and left foot were found to have no difference in the healthy group, we compared
injured and non-injured side of our pathological group. We found out that, after six months, there was
no significant difference in balance between the injured and non-injured sides. The internal (same
subject) comparison is of the utmost importance, as any kind of difference in training could be an
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important bias [37]. In fact, using the contralateral healthy feet as a control, we were able to eliminate
biases caused by potential differences in skills, body types, and other physical characteristics between
athletes. Recently, a few studies pointed out that a crossover effect of injuries can exist, especially
tendinitis, from one side to the other [38,39]. While it is not clear the mechanism of action of this
crossover effect (e.g., central nervous system or anticipatory postural adjustments [40]), it still could be
a possible confounder of our results as the pathological and healthy side could be similar because of it.
Our study arrived to a different conclusion than a similar 2011 study [25]; however, we focused on a
more selective group of subjects who had only grade II ankle injury. We supposed that patients with
more severe ankle sprains could have long-term impairment in postural control.

One strength of our study was the use of stabilometry in a new way, comparing ballet-specific static
positions for determining ankle injury effects. We found just two studies that examined ballet-specific
positions; one examined the single-leg retiré position [37] and the other the passé en demi-pointe
position [24]. However, neither of the studies focused on post-injury athletes. Another strength of the
study was the comparison between healthy and injured feet in the same athletes that eliminate the role
of possible differences in skills between different subjects, allowing us to better study the role of the
previous ankle injury. Furthermore, we recruited the subjects in six different ballet schools. Different
centers have different training strategies, so the results obtained are probably not linked to a peculiar
type of training but to the natural history of grade II ankle injuries.

A limitation of our study is the small number of subjects involved; however, we enrolled 22 patients
(11 for each group) as resulted with the sample size calculation. Our inclusion criteria were very strict
to guarantee the internal validity of our study, and despite screening six different centers, we were
able to find 11 patients meeting the required inclusion criteria for the pathological subjects group.
Furthermore, because of our study design, we cannot exclude an important role of specific rehabilitation
protocol in speeding up the recovery process, as we tested our patients long after their injury.

In the future, it could be important to study in a similar fashion different grades of ankle injuries,
classified using imaging support, as well as different types of ankle injuries, such as inversion and
eversion. Moreover, it could be interesting to evaluate the parameters used in our study in relevé,
another ballet-specific position. One more possible future study could investigate the role of treatment
(e.g., immobilization (functional or rigid) vs. no immobilization) and rehabilitation in the time to return
to optimal performance as well as potential long-term effects in ankle injuries of higher clinical grading.

Our finding could encourage many dancers all over the world that suffered and will suffer
ankle injuries [8]. Dancers with a grade II ankle injury should be reassured by clinicians that their
functional ability as ballet dancers performing single-leg flat-foot stance will likely not be hindered in
the long term.

8. Conclusions

Our findings show that grade Il ankle injury does not compromise the ability of a ballet dancer, even
if treated with just soft bandage applied for two weeks, even without a specific rehabilitation protocol.
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