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ABSTRACT | The turnout, primary gesture in classical bal-
let, refers the 180° of the feet. The lateral rotation provides
the greatest amount of degrees necessary to perform the
position perfectly. If performed improperly, it can generate
problems, specialy in the knees, causing pain. The aim of
this study was to evaluate the factors that influence the
implementation of turnout in adolescents ballet danc-
ers with knee pain and to compare them to the dancers
without pain. Twenty three (23) ballet dancers with knee
pain and 26 ballet dancers without pain were evaluated
for range of motion of external rotation of the hip, muscle
strength, femoral neck anteversion and static and dynamic
turnout. The angles were measured with a manual goni-
ometer, and the strength of the abductor muscle groups,
external rotators and hip extensors with isometric dyna-
mometer. The analysis was performed using ANOVA and
Mann-Whitney. Range of motion of external rotation of the
hip, femoral neck anteversion and muscle strength were
similar between groups. The dynamic turnout was lower
in ballet dancers with knee pain (p=0.02) and ballerinas
with angular deficits above 10% over the static group had
lower turnout under the bilateral extensor muscle group
(p=0.04 and 0.03, right left) and right abductor (p=0.03).
Although anatomical factors can influence the lateral rota-
tion of the turnout, the angle decreased dynamic turnout
was related to the group of dancers with pain. This sug-
gests that training based on proximal awareness of move-
ment can prevent and minimize burdens on the knees of
classical dancers teens.
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RESUMO| O turnout, gesto principal do balé classico, refere-
se a posicao de 180° entre os pés. A rotacao lateral do qua-
dril fornece a maior quantidade de graus necessarios para
realizar a posicao com perfeicao. Se executada de forma ina-
dequada, pode gerar compensacoes, preferencialmente nos
joelhos, ocasionando dor. O objetivo deste estudo foi avaliar
fatores que influenciam na execucao do turnout em bailari-
nas classicas adolescentes com dor nos joelhos e comparar
a bailarinas sem dor. Foram avaliadas 23 bailarinas com dor
e 26 bailarinas sem dor quanto a amplitude de movimento
de rotacao lateral do quadril, forca muscular, a anteversao do
colo femoral e ao turnout estatico e dinamico. Os angulos
foram mensurados com gonidmetro manual, e a forca dos
grupos musculares abdutores, rotadores laterais e extenso-
res do quadril com dinamobmetro isomeétrico. A analise foi
feita por meio do ANOVA e Mann-Whitney. A amplitude de
movimento, a anteversao do colo femoral e a forca mus-
cular foram semelhantes entre os grupos. O turnout dina-
mico foi menor no grupo de bailarinas com dor (p=002),
e bailarinas com déficits angulares acima 10% em relacéo
ao turnout estatico apresentaram menor forca do grupo
muscular dos extensores bilateral (p=004 e 003, direita e
esquerda) e abdutores direito (p=003). Embora fatores ana-
tdmicos possam influenciar na rotacao lateral do turnout, a
diminuicdo angular do turnout dinamico esteve mais rela-
cionada ao grupo de bailarinas com dor. Tal fato sugere
que o treinamento baseado na conscientizacao proximal
do movimento pode prevenir e minimizar as sobrecargas
nos joelhos de bailarinas classicas adolescentes.
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RESUMEN | El turnout, principal gesto del ballet clasico, se refiere
ala posicion de 180° entre los pies. La rotacion lateral de la cadera
proporciona una mayor cantidad de grados necesarios para reali-
zar la posicion perfectamente. Si se realiza de forma inadecuada,
puede generar compensaciones, preferentemente en las rodillas,
generando dolor. El objetivo de este estudio fue evaluar los facto-
res gue influyen en la ejecucion del turnout en bailarinas clasicas
adolescentes con dolor en las rodillas y comparar las bailarinas y
sin dolor. Se evaluaron a 23 bailarinas con dolor y 26 bailarinas sin
dolor en cuanto al rango de movimiento de rotacion lateral de la
cadera, la fuerza muscular, a la anteversion del cuello femoral y al
turnout estatico y dinamico. Los angulos fueron medidos con un
goniometro manual, y la fuerza de los grupos musculares abducto-
res, rotadores externos y extensores de la cadera con dinamometro

INTRODUCTION

The pli¢, main movement of classical ballet, reaches the
final position of 180° of the feet, known as the turnout. In
order to perform the movement without articulate com-
pensations, it is essential that the lateral rotation of the
lower limbs reaches 70° for the hips, 5° for the knees and
15¢ for the ankles, condition that defines the hips as the
primary articulating element'.

Some author consider that muscle strength, flexibil-
ity and the articulate position of the lower limbs, spe-
cially the hip, are intimately related to the turnout®*~.
'This way, when one of these factors fails, compensatory
strategies kick in, preferably on the knee, through the
screwing movement>'®!! in order to achieve the nec-
essary lateral rotation.

'The inappropriate execution technique, combined
with biomechanical imbalances, result in the primary
factor of chronic musculoskeletal injuries of lower
limbs**7%1215 For Gamboa e al.'®, pre-professional
ballet dancers between 12 and 18 years of age rep-
resent a group which is more susceptible to injuries.

Thus, as a result of the compensatory mechanism,
there is an overload of the joint, resulting in knee pain,
especially in the tibiofemoral and patellofemoral joints™'.
Thus, the prevalence of knee injuries is high, represent-

1617 4nd

ing approximately 20% of all lower limbs injuries
having atraumatic and chronical characteristics.

At the same time, the causes of knee injuries have
been related to muscle strength deficit of the maximum

and medius gluteus. Once these two muscles are hip
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isomeétrico. El analisis se realizd por medio del ANOVA y Mann-
Whitney. El rango de movimiento, la anteversion del cuello femoral
y la fuerza del musculo fueron similares entre los grupos. El turnout
dindmico fue menor en el grupo de bailarinas con dolor (p=0,02),
v las bailarinas con déficits angulares superiores a 10% en relacion
al turnout estatico presentaron menor fuerza del grupo muscular
de los extensores bilaterales (p=004 y 003, derecha e izquierda)
y abiductores derecho (p=003). Aungue los factores anatdmicos
pueden influir en la rotacion lateral del turnout, la disminucion del
angulo del turnout dindmico se relaciono con el grupo de bailari-
nas con dolor. Tal hecho sugiere que el entrenamiento basado en
la conciencia proximal del movimiento puede prevenir y minimizar
las sobrecargas en las rodillas de bailarinas clasicas adolescentes.

Danza; Rodilla; Dolor; Cadera.

stabilizers, they are responsible for controlling rotational
movements at knee level. Besides that, they primarily act in
lateral rotation, extension and hip abduction movements,
being essential in the performance of the turnout'%2!,
Thus, the objective of this study was to evaluate the
tactors which influence the execution of the turnout move-
ment by adolescent classical ballet dancers with knee pain
(DP) compared to dancers without knee pain (DWP).

METHODOLOGY
Subjects

Forty-nine ballet dancers of the Escola Municipal de Bailado
in Sdo Paulo, between 12 and 16 years of age, were eval-
uated. They were all females, practitioners of classical
ballet, with minimum experience time in the modality
of 5 to 10 years and training duration of at least 15 and
at most 40 hours a week.

'The size of the sample was based on the parameters
of muscle strength, in a previous study with 23 bal-
let dancers with and without knee pain. The strength
found varied at about 2.2 points in kilogram-force
(kgf). For the strength deficit, a variation of 20% was
considered, being 1.4 points enough to evidence the
difference between the groups.

The participants were divided into two groups:
dancers with knee pain (DP) n=23 and dancers with-
out knee pain (DWP) n=26.These latter ones did not



report complaints concerning pain in the lower limbs
over the past six months. In the DP group, pain was
defined as anterior localized pain in the tibiofemoral
and/or patellofemoral joints, unilaterally or in both
knees, for at least 4 weeks, originated by trauma, present
during or right after practicing classical ballet dance,
granting its association to the exercise.

Ballet dancers with knee pain resulting of sprains or
falls on the lower limbs were not considered. Besides, the
minimum intensity of pain considered was 4 points on
the Visual/Verbal Numeric Pain Scale (VNS Pain)?'2,
which characterizes moderate to intense pain.

Dancers with a history of surgery, illnesses or previous
hip, ankle, lumbar spine and sacroiliac joint fractures were
excluded. The study was approved by the Research Ethics
Committee of the Universidade Estadual de Campinas
(protocol No. 114968), and the parents or legal guard-
ians of the subjects signed an Informed Consent.

Procedure

It is a cross-sectional observational study, based on a
single individualized evaluation. It consisted of an inter-
view through a questionnaire, which registered data on
demographic information, previous injuries, characteris-
tics of the pain (intensity and duration of the pain), time
of classical ballet practice and amount of weekly train-
ing. The intensity of the pain was registered by the VNS
Pain, considering the average score over the last 24 hours.

Also, a physical evaluation of the lower limbs of the
dancers was carried out for comparison purposes between
groups of range of motion (ROM), femoral neck ante-
version (FA), muscular strength (MS) and angulation
of the turnout. The assessments were conducted by two
physical therapists with two years of experience.

'The reproducibility of the ROM, FA and MS tests was
verified one month before the evaluations. Five healthy
and sedentary individuals were assesses and re-assessed
within a ten-day interval. The results showed intraclass
correlation coeflicients of 0.95 for ROM,., 0.90 for the
Craig test, 0.89 for the muscle strength test in the groups
of lateral rotators and 0.95 for extensors and abductors.

Physical evaluation
Range of motion of the lateral hip rotation
'The passive and active ROM of the lateral hip rotation

was evaluated with a universal goniometer (Carci, 20 cm)
in prone position, knee flexed at 90°. A non-elastic belt

was used at the major trochanter height in order to avoid
compensation. The angle formed between the midpoint of

the patella and the tibial tuberosity was considered™?*,

Femoral neck anteversion

The angle of the femoral neck anteversion was evalu-
ated through the hip rotation angle, known as the Craig
test”. At prone position and with the knee flexed at
900, the evaluator palpates the major trochanter and,
at the same time, performs passive rotations of the
hip. The movement ends when the major trochanter is
positioned more prominently. Values below 8° indicate
femoral retroversion, above 15° the excessive femoral
anteversion, and the interval between 8 and 15° was
considered normal femoral anteversion.

Mouscle strength

For the assessment of the lateral rotators (LR), abduc-
tors (ABD) and extensors (EXT) of the hip, we used
a Manual Dynamometer (Jackson Evaluation System
Model da Lafayette Instrument Co.)". These groups
were chosen for their muscular action of the maximum
and medius gluteus in the mains gesture of classical
ballet, the turnout. The maximum gluteus has a tridi-
mensional action, the main one being the lateral rota-
tor, extensor and contributing to abduction. The lateral
rotation is also performed primarily by the piriformis,
the internus obturator, the superior and inferior twins,
and the quadratus femoris muscles. The external obtu-
rator, the sartorious, the long head of the biceps, and
the posterior fibers of the medius gluteus muscles,
on the other hand, have secondary action.

In extension, the maximum gluteus, the posterior
head of the adductor magnus and the ischiotibials pri-
marily perform the movement; the secondary action
is performed by the middle portion and the posterior
medius gluteus and by the anterior head. The abduc-
tion is performed by the medius gluteus, the minimum
gluteus and the fascia lata tensor. The piriformis, the
Sartorius, the rectus femoral and the maximum gluteus
also assist in the process secondarily?®.

'The abduction was measured in a lateral decubitus
position, hips at 20° of abduction, 10° of neutral rota-
tion and extension and knee extension® (Figure 1). The
dynamometer was positioned 2 cm from the superior
lateral condyle. In lateral rotation, the dancers stayed
in position for the ROM of lateral hip rotation assess-
ment, and the equipment was placed close to the medial
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malleolus®. Keeping this position, with a slight lateral
rotation, the extensors of the hip were evaluated with
the dynamometer positioned at the distal and poste-
rior region of the thigh!*.

'The evaluations were performed on a stretcher and
inelastic bands were placed in order to avoid compensa-
tions, to restrain movements during the test and to sta-
bilize the equipment, ensuring isometry. During the test,
the contralateral limb was positioned so that it would
relax and not influence the evaluation.

Two submaximal tests were performed prior to
the maximum isometric strength test". The duration
of the contraction was 5 seconds, with 60 seconds of
rest for the assessment of the same muscle groups on
the contralateral side. At the end, the strength values,
measured in kgf, were normalized?. In order to calcu-
late the torque of the ABD and EXT muscle groups,
it was considered the distance between the major tro-
chanter to the knee articular line and the LR, from the
knee articular line to the lateral malleolus.

Turnout

'The dancer performed the movement of the first posi-
tion, p/ié, on top of a cardboard sheet on the ground,
aiming at the 180° feet position, called static turnout
(ST). In the dynamic turnout (DT), the participant
performed three consecutive leaps, keeping their feet
in the first position**?. The evaluator circled, with a
pen, the outline of the feet in both evaluations. The
angles formed from the two lines, from the mid cal-
caneus to the distal phalanx of the second toe on each
foot**) measured by a universal goniometer (Carci,
20 cm), were defined for these variables. As a warm-
up, the dancers performed three movements of static
and dynamic turnouts prior to the tests.

The compensated turnout (CT) was also considered,
representing the compensations performed by the distal
articulations, knees and ankles**?’, through the equa-
tion [static turnout angle — (¥ passive external rota-
tions)] and the angular difference between the static
and dynamic turnouts.

In all evaluations, the average value for the three
measures was considered, with up to 10% difference
between them®.

Data analysis

In the continuous variables, the descriptive statistics

were calculated. The XLSTAT 2012 software was used.
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Figure 1. Evaluation of the muscular strength of the hip. (A) Abductors,
(B) Lateral rotators, (C) Extensors
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In order to verify the homogeneity between groups,
normality tests were used (Shapiro Willks), ANOVA.
In the AM variables, muscular strength and turnout
angulations, the groups were compared by the side,
through the ANOVA.

For the FA variable, we performed the nonparametric
test of Mann-Whitney. Contingency tables were built
and association ¥’ tests and Fisher exact tests were per-
tormed. The odds ratio and the prevalence were used in
the interpretation of the results to verify the association
between excessive FA and the DP group. The signifi-
cance level used was 5% (p<0.05).

Table 1. Mean distribution of the demographic variables

Age 146411 139+09 012
Height (m) 159+006 159+005 083
Weight (kg) 478164 462441 028
Hours/week 24.8+89 2084101 014
Years of practice 85423 77H17 017
Bilateral pain 74% (17) =
Onset time (years) 14404 -
VNS Pain (O-10) 49417 -

SD: standard deviation; DP: dancers with pain; DWP: dancers without pain; Onset time (years):
mean time for the onset of pain; VNS Pain: Visual Numeric Pain Scale

RESULTS

'The demographic data and the characteristics of the pain
in the DP group are presented in Table 1. Tables 2 and
3 show the angular values of the ROM, FA and muscu-
lar strength. The excessive FA was analyzed as for their
muscular strength and compared to the other groups,
without difference between them.

'The excessive FA was similarly prevalent between the
groups (81 and 75%, right and left sides, respectively).
Besides that, the odds ratio was 1.49, i.e., the chance of a
dancer having excessive FA on their right side was almost
1.5 times higher for the DWP group when compared to
the DP one, and the confidence interval for the odds ratio
varied from 0.48 to 4.60. Meanwhile, on the left side, the
chance of the dancer having excessive FA was 1.73 times
higher for the DWP, confidence interval from 0.55 to 5.47.

The DT and the difference between the turnouts were
significantly lower in the DP group. The percentage differ-
ence of the static turnout in relation to the dynamic one was
grouped in deficits of up to 10% (D1), between 10 and 20%
(D2) and above 20% (D3). In the DP group, 74% (n=17)
presented deficits between 10 and 20%, only 21.7% (n=5)
had a deficit lower than 10%, and one dancer had a percent-
age higher than 20%. In group of DWP on the other hand,
50% (n=13) of the dancers had deficits of up to 10%, 42.3%
(n=11) between 10 and 20%, and two dancers had a deficit
higher than 20%, without statistical difference between groups.

'The DP were weaker in relation to the DWP group as for
their bilateral extensors in group D1 (p=0.04, for the right and
p=0.03, for the left) and in the group D2 for the right abduc-
tors and extensors (p=0.03 and 0.04, respectively) (Table 4).

Table 2. Mean values and standard deviation of range of movement, muscular strength and turnouts

— Passive 4464111 41784 031 443418 403195 02
Active 446113 401+86 015 438%10 3954104 015
Abductors 2574103 281486 038 254489 262+84 074
MS (kgf) Lateral rotator 107423 10621 079 Nn1£21 105+16 029
Extensors 251174 282+76 015 238482 284484 005

Static turnout 15004111 1534414 035

Dynamic turnout* 12834104 13564107 002
Turnout (°)

Comp. turnout 6174213 714+192 010

Dif. turnouts* 217488 1484119 004

DP: dancers with pain; DWP: dancers without pain; ROM: range of movement of the lateral hip rotation; MS: muscular strength; Comp. turnout: compensated turnout; Dif. turnouts: Difference between

turnouts; SD: standard deviation. *significance level (p<0.05)
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Table 3. Femoral neck anteversion: distribution and muscular strength

Excessive 1(48) 12 (52) 15 (58) 17 (65)
Normal 9 (39) 9 (39) 10 (38) 83N 016 024
Retroversion 3(13) 209 1@

LR (kgh 102414 N3+2.2 1058+2.2 1048415 029 009
ABD (kgf) 266+105 268183 305485 262489 013 041
EXT (kgf) 276%72 267+87 285+77 282492 037 031

MS: muscular strength; FA: femoral neck anteversion; LR: lateral rotators muscle group; ABD: abductors muscle group; EXT: extensors muscle group; DP: dancers with pain; DWP: dancers without pain;

SD: standard deviation

Table 4. Distribution of the mean values of muscular strength in relation to the three deficit levels of the dynamic turnout

D1 245+97 256188
Right (kgf) D2 261515 304+26*
D3 235 313439
D1 253+106 23877
Left (kgf) D2 256489 272486
D3 28 363159

93+26 108+2.2 207+14 26.32+21*
N13+£2.2 10419 264+17 2941+21*
11 124408 246 334445
101+16 107415 191+2.8 279+2.2¢
N.3+21 101£1.8 25423 285+45
124 11.8+14 255 316499

D1: angular deficit of up to 10%; D2: angular deficit between 10 and 20%; D3: angular deficit above 20%. *significance level (p<0.05). DP: dancers with pain; DWP: dancers without pain

DISCUSSION

This study observed that the dynamic turnout presented
smaller angulation in teenager classical dancers with pain
in the knees. Although anatomic factors, such as range
of movement, femoral neck anteversion and muscular
strength influence the execution of the turnout, it was
not possible to establish the deficit relation of these vari-
ables in the population of dancers with pain complaints.

Considering the ROM and the FA, similar angular
values between groups were verified, a fact which corrob-
orates the results of the works of Gupta ez al.”, Gamboa

et al**and Negus ez al**.The same way, the distribution
of FA was similar, and the excessive FA prevailed in both
groups. For Hamilton e# al?, factors such as capsular
stretching and femoral neck anteversion could influence
the lateral rotation of the hip during the performance of
basic ballet moves. However, these two anatomic condi-
tions did not influence the turnout, considering that the
angular values were similar among the dancers.

In relation to muscular strength, the excessive FA
of the lever arm (femoral head — major trochanter)
is lower, which decreases the abductor and side rota-
tor muscle torque of the hip*’. Such condition was
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not observed, once the muscular strength was similar
between the groups, both for the analysis of the exces-
sive FA and for its individual analysis.

In the static and compensated turnout, the results of
the present study corroborate with the studies of Gamboa
et al.'® and Negus ez a/** and do not grant association
to the DP group. Besides, for Negus ez a/.*, the higher
positive value for the difference between the static and
dynamic turnouts suggest a relation with the occurrence
of non-traumatic, severe injuries, resulting from a lower
dynamic control of the hip in the sportive gesture.

In the dynamic turnout, the angular decrease in
the lateral rotation between the feet after three con-
secutive leaps implies fails in the control of the hip in
supporting the lateral rotation associated to the move-
ment. Furthermore, when muscular strength was veri-
fied for dancers who presented a deficit higher than
10% for the static turnout, the extensors were observed
weaker in relation to the DP group.

In the universe of classical ballet dancers, the initia-
tion in the modality is very precocious, at around three
and four years of age. At this age range, ballet dancers
worry solely about keeping a wide amplitude between
their feet. As they grow up, the awareness on their lateral
hip rotation during the performing of the basic move-
ment, turnout, should be stimulated. Once the lateral
hip rotation does not keep its range of movement, the
knee is overloaded, with valgus stress, affecting mainly
the articulate and myotendinous structures of the femo-

rotibial and patellofemoral joints®'*2.

CONCLUSION

Although intrinsic factors, such as range of movement, fem-
oral neck anteversion and the strength of muscle groups of
lateral rotators, abductors and extensors may influence the
turnout lateral rotation, the present study evidences that
the inability of the hip in sustaining the lateral rotation
during dynamic turnout was more related to the group of
adolescent classical ballet dancers with knee pain.

Thus, in the presence of rotational deficit, one
should adopt preventive strategies of proximal aware-
ness of the sportive gesture in basic classical ballet
moves, as the turnout. The educational intervention
by the teachers is vital in the correction of movements
throughout the learning phase and the improvement
of the modality in adolescence.

REFERENCES

Leanderson C, Leanderson J, Wykman A, Strender LE, Johansson SE,
Sundquist K. Musculoskeletal injuries in young ballet dancers. Knee
Surg Sports Traumatol Arthrosc. 2011,19(9)1531-5.

Fu F, Stone DA. Sports Injuries: Mechanisms, prevention and
treatment. 22 ed. Lippincott: William & Wilkins; 2001.

Coplan JA. Ballet dancer’s turnout and its relationship to self-reported
injury. J Orthop Sports Phys Ther. 2002;32(11):579-84.

Krasnow D, Wilmerding MV, Stecyk S, Wyon M, Koutedakis Y.
Biomechanical research in dance: a literature review. Med Probl
Perform Art. 2011,26(1):3-23.

Hamilton WG, Hamilton LH, Marshall P, Molnar M. A profile of the
musculoskeletal characteristics of elite professional ballet dancers.
Am J Sports Med. 1992,20(3):267-73.

Bennell K, Khan KM, Matthews B, Gruyter MD, Cook E, Holzer K,
et al Hip and ankle range of motion and hip muscle strength in
young novice female ballet dancers and controls. Br J Sports Med.
1999;33(5):340-6.

Gupta A, Fernihough B, Bailey G, Bombeck P, Clarke A, Hopper D. An
evaluation of differences in hip external rotation strength and range
of motion between female dancers and nondancers. Br J Sports Med.
2004;38(6):778-83.

Steimberg N, Hershkovitz |, Peleg S, Dar G, Masharawi Y, Heim M, et al.
Range of joint movement in female dancers and nondancers aged
8 to 16 years: anatomical and clinical implications. Am J Sports Med.
2006;34(5):814-22.

Steimberg N, Siev-Ner |, Peleg S, Dar G, Masharawi Y, Zeev A, et al. Joint
range of motion and patellofemoral pain in dancers. Int J Sports Med.
2012.33(7)561-6.

Winslow J, Yoder E. Patellofemoral pain in female ballet dancers:
correlation with iliotibial band tightness and tibial external rotation. J
Orthop Sports Phys Ther. 1995;22(1)18-21.

Solomon RL, Solomon J, Minton SC. Preventing dance injuries. 22 ed.
Champaign: Human Kinematics; 2005.

Reid DC, Burnham RS, Saboe LA, Kushner SF. Lower extremity
flexibility patterns in classical ballet dancers and their correlation to
lateral hip and knee injuries. Am J Sports Med. 1987:15(4):347-52.

Bryan N, Smith BM. Back school programs. The ballet dancer. Occup
Med. 1992;7(D:67-75.

Hamilton D, Aronsen P, Laken JH, Berg IM, Skotheim R, Hopper D, et al.
Dancetraining intensity at 1114 years is associated with femoral torsion
in classical ballet dancers. Br J Sports Med. 2006;40(4):299-303.

Thomas H, Tarr J. Dancers’ perceptions of pain and injury: positive
and negative effects.) Dance Med Sci. 200913(2):51-9.

Gamboa JM, Maring J, Roberts LA, Forgus A. Injury patterns in
elite preprofessional ballet dancers and the utility of screening
programs to identify risk characteristics. J Orthop Sports Phys Ther.
2008;38(3)126-36.

Stretanski MF, Weber GJ. Medical and reabilitation issues in classical
ballet. Am J Phys Med Rehabil. 2002;81(5):383-91.

Newmann DA. Kinesiology of the hip: A focus on muscular actions. J
Orthop Sports Phys Ther. 2010;40(2).82-94.

Magalhaes E, Fukuda TY, Sacramento SN, Forgas A, Cohen M, Abdalla
RJ. A Comparison of hip strength between sedentary females with
and without patellofemoral pain syndrome. J Orthop Sports Phys
Ther. 2010;40(10):641-7.

215



20. Nakagawa TH, Moriya ET, Maciel CD, Serrao FV. Trunk, pelvis, hip,

2.

22.

23.

24,

25.

and knee kinematics, hip strength, and gluteal muscle activation
during a single-leg squat in males and females with and without
patellofemoral pain syndrome. J Orthop Sports Phys Ther.
2012;42(6):491-501.

Fortunato JGS, Furtado MS, Hirabae LFA, Oliveira JA. Escalas de
dor no paciente critico: uma revisdo integrativa. Terapia Intensiva.
2013123)110-7.

Pereira LV, Souza FA. Mensuracdo e avaliagdo da dor pos-operatoria:
uma breve revisao. Rev latinoam Enfermagem. 1998:6(3):77-84.

Ciena AP, Gatto R, Pacini VC, Picanco VV, Magno IMN, Loth EA.
Influéncia da intensidade da dor sobre as respostas nas escalas
unidimensionais de mensuracao da dor em uma populacdo
de idosos e de adultos jovens Semina: Ciénc Biol e da Saude.
2008;29(2):201-12.

Negus V., Hopper D, Briffa NK. Associations between turnout and
lower extremity injuries in classical ballet dancers. J Orthop Sports
Phys Ther. 2005;35(5):307-18.

Reider ABB. The orthopaedic physical examination. 22 ed. Philadelphia:
Elsevier Saunders; 2005.

216

26.

27.

28.

29.

30.

31

32.

Piva SR, Goodnite EA, Childs JD. Strength around the hip and flexibility
of soft tissues in individuals with and without patellofemoral pain
syndrome. J Orthop Sports Phys Ther. 2005;35(12).793-801.

Finnoff JT, Hall MM, Kyle K, Krause DA, Lai J, Smith J. Hip strength and knee
pain in high school runners: a prospective study. PM R. 2011:3(9).792-801.

Aquino CF, Cardoso VA, Machado NC, Franklin JS, Augusto VG. Analise
da relacdo entre dor lombar e desequilibrio de for¢ca muscular em
bailarinas. Fisioter Mov. 2010;23(3):399-408.

Bennell KL, Khan KM, Matthews BL, Singleton C. Changes in hip and
ankle range of motion and hip muscle strength in 8-11 year old novice
female ballet dancers and controls: a 12 month follow up study. Br J
Sports Med. 2001:35(1):54-9.

Nguyen AD, Shultz SJ, Schmitz RJ, Luecht RM, Perrin DH. A preliminary
multifactorial approach describing the relationships among lower
extremity alignment, hip muscle activation, and lower extremity joint
excursion. J Athl Train. 2011:46(3):246-56.

Chuter VH, Janse de Jonge XA. Proximal and distal contributions to lower
extremity injury: a review of the literature. Gait Posture. 2012,36(1).7-15.

Jacobs CL, Hincapie CA, Cassidy JD. Musculo skeletal injuries and pain in
dancers: a systematic review update. J Dance Med Sci. 201216(2):-74-84.



