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Abstract

Our study aimed to determine the incidence and expression of body asymmetries in dancers of
three different dance styles: dancesport (n = 14), hip-hop (n = 21) and ballet (n = 20) and to
examine how body asymmetries (muscle strength and power, stability and range of motion) are
associated with musculoskeletal injuries occurring over the past 12 months. In this cross-
sectional and retrospective study, maximal isometric voluntary contraction was measured for
trunk, hip, knee and ankle movements. Participants performed a single leg stance, unilateral
landing, weight bearing symmetry, squat and countermovement jump on force platforms.
Passive range of motion was measured for hip, knee and ankle with two-arm goniometer or
digital inclinometer (hip flexion, extension and rotations). A retrospective questionnaire was
used to collect data on musculoskeletal injuries occurring in the last 12 months. Different
dance styles were associated with different body asymmetries, including strength asymmetries
(hip flexion and external rotation), agonist/antagonist asymmetries (trunk flexion/extension,
hip abduction/adduction, ankle dorsi/plantar flexion) and hip adduction and internal rotation
range of motion asymmetries. Moreover, strength asymmetries of hip flexion, adduction and
abduction/adduction as well as stability asymmetries were associated with the total number of
musculoskeletal injuries. In conclusion, the incidence of body asymmetries (> 10%) in
dancesport, hip-hop and ballet dancers was confirmed, as well as the association of some
asymmetries with self-reported injuries occurring over the last 12 months. The cause-effect
relationship should be clarified by further studies.
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depend on movement skills such as strength and power,

Symmetry, as an aspect of body geometry, can be
defined as the quality of harmony in size, shape and
form when the body is divided into two parts in a single
plane.! In terms of complexity of the movement task or
the involvement of the body segments, body
asymmetries can be divided into local and global
asymmetries. Local asymmetries are further divided into
asymmetries between the left and right side of the body
(contralateral) and asymmetries between opposing
muscle groups of the same side of the body
(agonist/antagonist). Global asymmetries, on the other
hand, are manifested as inconsistencies in the
performance of a larger body part during more complex
movement tasks. Both local and global asymmetries

balance and stability, and mobility and flexibility,> and
can be defined as functional asymmetries. All those
movement skills are crucial for successfully executing
dance movements.> The International Dance
Organization divides dance styles into three main
groups: performing arts disciplines (ballet, jazz dance,
modern and contemporary dance, oriental, etc.), street
dance disciplines (hip hop, electric boogie, disco, break
dance, etc.) and couple dance disciplines (Couple Dance
Formations, Latin Show, Salsa, etc.). Dance styles
within individual group are distinguished from each
other mainly by the way of movement. For example, in
ballet movements are more commonly performed at the
right side of the body, which may lead to body
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asymmetries.* Dancers perform many repetitive and, in
terms of mobility, extreme movements, resulting in high
forces affecting mainly lower limbs and spine.*® Hence,
lower limbs and spine are the most commonly injured
areas in dancesport,” ballet,® and hip hop dancers.’
Besides extreme mobility and force exposure, injuries
might be the consequence of these risk factors combined
with other such as age, smoking, gender, somatotype,
low percentage of body fat, menstrual cycle,
inappropriate environment and footwear.%!0-14

Body asymmetries have previously been studied in
sports science to understand their relation with injuries
in different athletes (most commonly soccer players,
rugby players, collegiate athletes, CrossFit participants,
netball players, basketball and volleyball players, ski
racers, sprinters). Previous studies of body asymmetries
in dancers consider the presence of musculoskeletal
injuries as a consequence of asymmetries,'>!¢ yet we did
not find any research that combines different aspects of
asymmetries and their correlation with the
musculoskeletal injuries.

The present study aimed to determine the incidence and
expression of body asymmetries in muscle strength and
power, stability, and range of motion (RoM) in dancers
of three different dance styles: dancesport, hip-hop and
ballet. We also examined the association of body
asymmetries with self-reported musculoskeletal injuries
occurring in the past 12 months. We hypothesized that
(1) clinically relevant (> 10%) body asymmetries occur
in dancesport, hip-hop and ballet dancers, (2) local,
global and ability asymmetries will differ significantly
(p < 0,05) between the dancers with more and fewer
self-reported injuries, (3) local, global and functional
asymmetries will differ significantly (p < 0,05) between
dancers of different dance styles, (4) dancers with fewer
self-reported injuries will have significantly (p < 0,05)
fewer and less severe body asymmetries than dancers
with more injuries occurring in the last 12 months.

Materials and Methods

Fifty-five dancers (n = 55) participating in three
different dance styles: dancesport (n = 14), hip-hop (n =
21) and ballet (n = 20) participated in this study (Figure
1). Dancesport and hip-hop dancers have been actively
participating in national and international dance
competitions, while ballet dancers have been either
attending Conservatory of Music and Ballet Ljubljana
(n = 7) or have been members of Slovene National
Ballet Theater in Ljubljana (n = 13). Dancers who
matched the following inclusion criteria participated in
the study: (1) were 16 years or older, (2) trained one of
the aforementioned dance styles for the last three years
(or more) at least three times per week. Participants with
acute injuries/pain at the time of measurements were
excluded from the study. All participants provided
written informed consent. Measurements lasted
approximately 180 minutes per participant. The study
protocol (Figure 1) was approved by the Slovenian

ethics committee (number of approval: 0120-99/2018/5)
and was compliant with the Helsinki declaration. All
dancers in figures gave their permission to be
recognizable in case of publication.

All data on groin pain and training characteristics were
collected using a single self-reported recall
questionnaire for musculoskeletal injuries occurring in
the last 12 months. The questionnaire was partially
based on existing instruments, such as OSTRC
questionnaire,!” and was expanded according to the
purpose of the present study. This questionnaire starts
with questions about the training process (average
number of training sessions per week, average duration
of each training session, duration of the warm-up,
presence of stretching and/or stabilization exercises in
the warm-up and stretching exercises in the final part of
the training, the most common type of stretching and the
performance of separate strength training sessions). This
is followed by a section on acute injuries, where
subjects report the name and mechanism of the injury,
possible absence from training caused by injury,
whether the injury required surgery/rehabilitation
(yes/no) and where, how and when the injury occurred.
All the mentioned data is reported for every acute injury
present in the last year. Follows the section about
chronic injuries with a table stating different parts of the
body (neck, shoulders, upper arm, elbow, forearm,
wrist, upper back, lower back, chest, abdomen,
hip/groin, thigh, knee, shin, ankle/foot), where
participants should report whether they have had any
chronic injury/pain in the last year (yes/no). If the
answer is positive, they indicate the level of pain (scale
1 - 10; 1 - mild; 10 - severe pain), the pain causing any
absence from training (yes/no), whether the pain
occurred several times (yes/no) and how many times (if
the answer is yes).

Passive RoM measurements of hip, knee and ankle
movements were performed in accordance with the
international clinical evaluation protocols (Figure 2, see
supplementary material),'® using either a manual two-
arm goniometer or digital inclinometer (Baseline) for
hip flexion, extension and rotations. To reduce the
measurement error, all measurements were performed
by the same investigators, one of whom performed the
passive joint motion and the other marked important
anatomical landmarks on the body and measured the
RoM three times. A third investigator had written down
the results. The average of three measurements for each
movement was used for further data analysis, using the
difference between the measured ROM and the starting
position as the final result.

On force platforms (9260AA, Kistler, Winterthur,
Switzerland), participants performed three repetitions of
five tests (Figure 3, see Supplementary material): single
leg stance test,' unilateral landing,’ squat jump and
countermovement  jump,?!  and  weight-bearing
symmetry,?? during standing, semi-squat and deep squat.
Single leg stance and symmetry tests were performed
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Fig. 1 Study protocol diagram.

barefoot, while for squat jump, countermovement jump observed the total centre of pressure movement (as well
and landing ballet dancers were wearing ballet shoes as the centre of pressure movement in anterior-posterior
and hip-hop and dancesport dancers were wearing and medial-lateral direction).!® Landing was performed
sneakers. During the 30-s single leg stance test, we unilaterally from a box (with a height of 35 cm),
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Table 1. Post-hoc analysis results
Dancesport — ballet Dancesport — hip-hop Hip-hop — ballet
p- 95% d p- 95%CI d p- 95%CI d
value CI value value
10.266
a
= Hipriex 0.001 , 1.447  0.573 10.266, 0.495  0.015 —44.883, 0.869
-4 44.883 -10.266
44.883
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= E N 0.593 5191 0.464 0.761 4934 0.376  0.026 ~6.409 0.879
Trunk 0.673, -21.572, -5.585,
. 0.037 28 631 0.989 0.525 6-160 0.510  0.526 19527 0.405
Hip 43.088
3.625, 3.259,
AbdAdd <0.001 , 1.983  0.01 32932 1.311 0.203 23279 0.523
(left) -
° 13.490
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g ?Il?i(lAﬁ(tl) 0.001 - 2.293  0.025 31215 1.026  0.009 3481 0.901
8 & 18.353
=
Ankle )
15.549 -4.272, < 5.391,
(E/lfg; 0.001 ’_ 1.628  1.000 5660 0.097 0.001 14.384 2.371
4.744
Ankle '
< 15.549 -5.722, < 5.675,
((VrpiFlzt) 0.001 ~ 1.628  1.000 4977 0.105 0.001 15363 1.723
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£ wre 0532 12812 0425 = RO a0 e 5 100s
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& d/pFlex 0.513  13.138 0.403 > 2.150 > 1.846
(right) 3538 0.001 27.544 0.001 21.873
. 20.358 -6.930, -16.264,
= Hipaaa 0.044 " 0.128  1.000 13.034 0.457  0.160 1.814 0.587
Z 0.196
Hipinro 1.396, -9.725, 1.044,
[ 0.013 14719 0972 0.738 3466 0.371  0.139 10.091 0.781
Legend: CI — confidence interval, RTD — rate of torque development, Flex — flexion, Ext — extension, ExtRot —
external rotation, IntRot — internal rotation, Add — adduction, AbdAdd — Abduction/Adduction, d/pFlex —
dorsi/plantar flexion

holding the position for 5-s after landing. We observed
dynamic postural stability index and directional
components (vertical, anterior-posterior and medial-
lateral) in line with previously presented measures.?

Maximum voluntary contraction was evaluated during
isometric contraction for trunk, hip, knee and ankle
muscles (Figure 4, see Supplementary material), using
computer-aided electronic dynamometers (S2P, Science

to Practice, Ltd., Ljubljana, Slovenia). Participants were
instructed to reach their maximum torque for hip, knee
and ankle movements as fast as possible, while trunk
isometric contraction was performed to maximum
regardless of the speed of execution. Throughout the
repetitions, participants were vocally encouraged and
had to hold the contraction until they were stopped by
the investigator (3—5-s). Each task was repeated three
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times with a 20-s rest period between repetitions; the
highest achieved value among three sets for each
participant was used for further data analysis. Hip
flexion and extension strength were evaluated
unilaterally, while the strength of other lower extremity
muscles was evaluated bilaterally. The results were
normalized with 2/3 of the individual body weight.?*
Trunk, ankle and knee dynamometers (S2P, Science to
Practice, Ltd., Ljubljana, Slovenia) collected signals
with frequency of 1000 Hz. Force sensor Bending beam
load cell 1-Z6FC3/200kg (HBM, Darmstadt, Germany)
was built-in to work as a torque sensor. Collected
signals were processed using Analysis and reporting
software — ARS (S2P, Science to Practice, Ltd.,
Ljubljana, Slovenia) with the use of 5-ms moving
average filter. Hip dynamometer - Muscle Board (S2P,
Science to Practice, Ltd., Ljubljana, Slovenia) equipped
with amplifier INSAmp (Isotel, Logatec, Slovenia), and
paired with MuscleBoard 2.0.0.0 (S2P, Science to
Practice, Ltd., Ljubljana, Slovenia) software collected
signals with frequency of 450 Hz. Digital-analogue
converter Board S2P 02 (S2P, Science to Practice, Ltd.,
Ljubljana, Slovenia) was used. Force platforms 9260AA
(Kistler, Winterthur, Switzerland) collected ground
reaction force signals with frequency of 1000 Hz. The
ground reaction force signals were processed using
Measurement, Analysis and Reporting Software
(MARS) (Kistler, Wintherthur, Switzerland), which
enables data acquisition as well as data management and
offers reporting tools. Amplifying-converter unit DAQ
type 5695B (Kistler, Wintherthur, Switzerland) was
used. Force signals were filtered using average moving
filter in 5-ms time window, while the centre of pressure
signals were filtered using a second-order Butterworth
low-pass filter with a cut off frequency of 10 Hz.
Asymmetry indexes were calculated using the formula
((stronger — weaker) / stronger) x 100.%° To enable the
use of the same formula for all measured parameters
and to avoid negative values, we adjusted the formula
for the purpose of this study to (greater value — smaller
value) / greater value) *x 100. The commonly used
criterion of 10% for the presence of clinically relevant
asymmetries was used.?%?’

To calculate the percentage of dancers with body
asymmetries, the results were divided into five groups
of functional asymmetries: maximum torque and rate of
torque development (trunk, hip, knee and ankle
dynamometry), stability (single leg stance test and
unilateral landing), explosive muscle power (squat and
countermovement jump) and RoM (hip, knee and
ankle). Agonist/antagonist asymmetries were calculated
as quotients (multiplied by 100): flexion/extension
(trunk, knee and hip), dorsi/plantar flexion (ankle),
abduction/adduction (hip), internal/external rotation
(hip).2%% Based on the obtained self-reported number of
low back and lower limbs acute and chronic
musculoskeletal injuries, we divided the dancers to
more and less injured. We defined more injured dancers

as those who reported four or more injuries in the
previous 12 months (n = 15), while less injured dancers
reported from zero to two injuries (n = 27). Dancers
who reported three injuries were excluded from further
analysis. To obtain the correlation of injuries with the
number and severity of body asymmetries, we have
considered the total number of contralateral and
agonist/antagonist asymmetries and divided the results
into three groups of functional asymmetries: (1) strength
and power, (2) RoM, (3) stability. To analyze the
influence of different dance styles, dancers were divided
into different dance style groups (hereinafter referred to
as “sub-group”).

Data analysis was performed using Microsoft Excel
2013 (Microsoft, Redmond, Washington, USA) and
IBM SPSS Statistics 25 (IBM, Armonk, New York,
USA). Descriptive statistics (mean, SD and standard
error, minimum and maximum values) were calculated
for all variables. Differences between groups were
calculated with a two-tailed t-test for independent
samples, the effect size was interpreted using Cohen’s d
as follows: small at d = 0-0.2; medium at d = 0.2-0.5
and large at d > 0.5.%° To determine the difference in the
selected outcome biomechanical metrics between dance
styles, analysis of variance (ANOVA) was used,
followed by post-hoc tests (Bonferroni correction).
Squared eta (n?) represents effect size (small at n2= 0.1;
medium at > = 0.25 and large at n?> = 0.4).3° Pearson
correlation coefficient was used to determine the
correlation between variables, with 12 representing the
effect size (small at r> = 0.01; medium at r*> = 0.03 and
large at r? = 0.25).3! The level of statistical significance
was set at p < 0.05 for all tests.

Results

In total 55 participants completed the measurements.
Due to technical issues with equipment, one hip-hop
dancer did not perform measurements on the force
platforms, and data recording for the landing test for one
dancesport dancer failed.

Asymmetry indexes for rate of torque development
during maximum voluntary hip flexion were statistically
significant different (with high effect size) between
different dance styles (F = 8,565; p = 0,001; n? = 0,895).
Moreover, maximum torque asymmetry index for
external hip rotation was statistically significant
different between sub-groups of dancers (F =3.729; p =
0.031; n?> = 0.789). Asymmetries for trunk
flexion/extension maximum torque occurred in most
hip-hop dancers (81.0%), followed by ballet (71.4%)
and dancesport dancers (64.3%). Mean values of trunk
flexion/extension maximum torque differed between
different style groups of dancers with high effect size (F
= 3.382; p = 0.042; n?> = 0.772). Mean values of
maximum torque for abduction/adduction differed
between sub-groups of dancers with a high effect size
for left (F = 11.240; p < 0.001; n? = 0.918) and right hip
(F = 15.407; p < 0.001; n? = 0.939). Mean values of
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Table 2. Body asymmetries and musculoskeletal injuries.
Asymmetries > 10% Acute and chronic injuries (%)
Dancesport Hip-hop  Ballet Hip-
(%) (%) (%) Dancesport hop Ballet
Max 26.0 24.7 314 Low .back 643 767 R0.0
torque and hip
RTD 56.4 55.2 67.5 Upper leg 42.9 66.7 60.0
and knee
Muscle 14.3 55.8 6.3 Lower leg 64.3 429 95.0
power and feet
RoM 37.4 11.3 354
Pearson correlation coefficient
(n=55)
r p-value r?
Stability 49.4 40.7 48.3 0,337 0,012 0,114
o Hipadw 0 14.3 5.0 -0.288 0.033 0.083
% Hipabdadd 333 52.43 66.7 0.281 0.038 0.079
g (left)
éé Hipabdadd 429 66.7 61.9 0.358 0.007 0.128
(right)
§ Hipriex 64.3 85.7 95.0 0.351 0.009 0.123
Legend: RTD — rate of torque development, Add — adduction, Abd — abduction, AbdAdd — Abduction/Adduction
ratio, Flex — flexion, RR — recommended agonist/antagonist ratio, RoM — range of motion

maximum torque for dorsi/plantar flexion differed
between the three dance styles with a high effect size for
left (F = 14.148; p < 0.001; n? = 0.934) and right ankle
(F=17.438; p < 0.001; n?> = 0.946). Mean values of rate
of torque development for ankle dorsi/plantar flexion
also differed between sub-groups of dancers with a high
effect size for left (F = 9.474; p < 0.001; n* = 0.905) and
right ankle (F = 18.608; p < 0.001; n?> = 0.949). Index
asymmetry for hip adduction RoM differed between
sub-groups of dancers with high effect size (F = 3.605;
p = 0.034; n*» = 0.783). Furthermore, internal hip
rotation RoM asymmetry differed between sub-groups
of dancers with high effect size (F = 4.759; p = 0.013;
1 = 0.826). Post-hoc analysis results are presented in
Table 1.

Maximum force asymmetry indexes for squat jump
differed between dancers (F = 3.252; p = 0.048; 0>
0.763). However, post-hoc analysis did not detect
statistically significant differences between any of the
three dance styles. Also, no statistically significant
differences between groups were found for other muscle
power asymmetries (F = 0.221-1.735; p = 0.187-0.803;
n? = 0.181-0.634). Other asymmetry indexes that were
not mentioned in the results were not statistically
significant for muscle strength (F = 0.044-2.948; p =
0.061-0.957; n? = 0.043-0.747), stability (F = 0.118 —
1.642; p=0.204 — 0.889; > = 0.106 — 0.622) or RoM (F
= 0.013-2.356; p = 0.105-0.988; 1> = 0.012-0.702)
asymmetries.  Percentage of dancers showing

contralateral asymmetries higher than 10% is presented
in Table 2.

We also analysed the incidence of musculoskeletal
injuries of low back and lower limbs occurring in the
last 12 months. Ballet dancers (n = 20) reported the
most injuries (12 acute and 56 chronic), followed by
hip-hop dancers (n = 21), who reported 10 acute and 35
chronic injuries. The least injuries (5 acute and 27
chronic) were reported by dancesport dancers (n = 14).
To compare injuries within groups, the percentage of
injured dancers was calculated (Table 2).

When linking different aspects of body asymmetries
with injuries, we detected a statistically significant
correlation between the total number of injuries and
stability asymmetries and specific asymmetry indexes
(Table 2). Other aspects of asymmetries showed no
statistically significant correlations with total number of
injuries (r = 0.102 — 0.262; p = 0.053 — 0.994; r*= 0.010
— 0.069). When comparing more and less injured
dancers, statistically significant differences were
observed for three variables (Table 2). Differences in
the variables that are not mentioned were not
statistically significant (t (40) = -2,051-2,013; p =
0,051-0,987; d = 0,002-0,469).

Discussion

This study investigated the incidence and expression of
body asymmetries in muscle strength and power,
stability, and RoM in dancesport, hip-hop and ballet
dancers and evaluated the correlation of aforementioned
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Table 3. Comparison between agonist/antagonist ratio and total number of injuries reported.

Agonist/antagonist ratio (%)

Independent samples t-test (n = 42)

Less injured More
injured t (40 -value d 95% CI

(n=27) (nJ: 15 (% 0 P '
o . 108,3 =+ 21 2221,
% Hipabdadd 93,0 +£20,6 19.1 95 2.364 0.023 0.365 28429
:
S Amkene 241273 0 T 3% 2287 0028 0353 giey
= 0.051,
S Kneeriex / / / 2.162 0.037 0.334 1523

ratio, RoM — range of motion, Flex — flexion

Legend: AbdAdd — Abduction/Adduction ratio, pFlex — plantar flexion, RR — recommended agonist/antagonist

asymmetries with self-reported musculoskeletal injuries
occurring over the past 12 months. The results support
the hypothesis that clinically relevant (> 10%) body
asymmetries occur in dancers (Table 2). Statistically
significant differences were observed between more and
less injured dancers for three variables (maximum
torque of hip abduction/adduction ratio, maximum
torque of ankle plantar flexion and knee flexion RoM)
(Table 3), as well as a statistically significant correlation
of certain aspects of body asymmetries with the total
number of injuries (Table 2). Furthermore, statistically
significant differences were observed between different
dance styles (Table 1), which supports the hypothesis
that asymmetries differ between sub-groups of dancers.
A high percentage of dancers (48 — 65%) of all three
dance styles exceed the 10% criterion for the presence
of body asymmetries for ankle dorsiflexion maximum
torque. When comparing dance styles for dorsi/plantar
flexion asymmetries, significant differences were found
between ballet dancers compared to hip-hop and
dancesport dancers (Table 1). All (100%) ballet dancers
exceed the recommended dorsi/plantar flexion ratio
(33%)*? for more than 10%, followed by 93% of
dancesport dancers and 74% of hip-hop dancers. This
may occur due to stronger plantar flexor muscles
compared to dorsiflexors, possibly resulting from
dancing at the tips of toes for ballet dancers and high
heels for dancesport dancers, which shifts weight to the
front of the foot and consequently increases the load of
plantar flexors. The results also show a significant
difference between more and less injured dancers. More
injured dancers deviate to a greater extent from the
recommended agonist/antagonist ratio (Table 2). By
eliminating these deviations, certain injuries (such as
ankle instability and/or sprain, ankle impingement
syndrome, medial tibial stress syndrome etc.) may be
prevented or reduced.

Hip abduction/adduction asymmetries for maximum
torque also differ between dance styles, with weaker hip
abductors in dancesport dancers, and stronger hip
abductors compared to hip adductors in ballet dancers.
Hip-hop dancers deviate from the recommended ratio
the least. To the best of our knowledge, there are no
previous studies examining this issue with dancers, but
weaker hip abductors were already observed in elite
soccer players,>® but not young soccer and basketball
players.>* Weakness of hip adductors is one of the
possible factors that can lead to the snapping hip
syndrome.> That could explain 45% of ballet dancers
reporting pain or hip injuries in the last 12 months,
while the same injuries were reported by only 14% of
dancesport dancers.

The asymmetries of the trunk maximum torque
flexion/extension are also common in dancers. Our
results show that the differences are most common in
hip-hop dancers (81%), followed by ballet (71%) and
dancesport dancers (64%). Despite that, low back pain
in the past 12 months was most commonly reported by
ballet dancers (70%), followed by dancesport (64%) and
hip-hop dancers (60%). In contrast, another study
reported the highest incidence of low back pain in hip-
hop dancers.’® Besides influencing the low back pain,
reduced trunk muscle strength can also increase the risk
of lower limb injuries.?” Therefore, it is important to
make a comprehensive evaluation rather than focusing
on just one parameter of individuals' physical
performance. It is also important to question whether
asymmetries are increasing the risk of injury, and
whether the generally accepted agonist/antagonist ratios
are valid and reliable for all populations.®

Stability asymmetries are the most evident in hip-hop
dancers (56%), followed by dancesport (49%) and ballet
dancers (48%). A weak positive correlation of stability
asymmetries with the total number of injuries was
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observed (Table 2). It is important to note that
significant differences in stability were reported when
comparing uninjured ballet dancers to those who have
suffered at least one ankle sprain in the last year.'® The
question then arises — whether and/or which
asymmetries are the cause or the consequence of an
injury.

Practical implications

i) Dancers' body asymmetries differ between dance
styles and should be treated differently in future
practice/research.

ii) Hip flexion, adduction and abduction/adduction
strength asymmetries as well as stability

asymmetries could present possible risk factors for
musculoskeletal injuries in dancesport, hip-hop and
ballet dancers.

Hip abduction/adduction and ankle plantar flexion
strength asymmetries differed between more and
less injured dancers.

In conclusion, the results confirm the incidence of
clinically relevant (> 10%) body asymmetries in
dancesport, hip-hop and ballet dancers, as well as the
correlation of some asymmetries with self-reported
injuries occurring in the last 12 months. Based on our
results, future research should clarify occurrence and
causes and effects of musculoskeletal injuries in
dancers. Guidelines can then be developed to reduce the
risk of musculoskeletal injuries in dancers, allowing
safer and more effective dance engagement.

iii)

List of acronyms

AbdAdd — Abduction/Adduction ratio,
Add — adduction

ANOVA - analysis of variance

CI - confidence interval

d/pFlex — dorsi/plantar flexion

Ext — extension

ExtRot — external rotation

Flex — flexion

IntRot — internal rotation

pFlex — plantar flexion

RoM - range of motion

RR — recommended agonist/antagonist ratio
RTD - rate of torque development
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