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ABSTRACT

Objective: To compare hip abductor muscle strength in ballet dancers with and without snapping hip syndrome and to evaluate the correlation betwe-
en Hip and Groin Outcome Score (HAGOS) sub-scores and snapping intensity

Material and Methods: A cross-sectional study was conducted in randomly selected dancers, allocated to 3 groups according to their assessment by
anterior hip pain or snapping in physical examination. The subjects completed the HAGOS survey. Subsequently, hip abductor strength was measu-
red using a hand-held dynamometer.

The study was carried out on a total of 70 pre-professional ballet dancers (140 hips, aged 16-20). Participants classified into three groups based on
medical history and physical examination (G1: pain (-) snapping (-); G2: pain (-), snapping (+); G3: snapping (+) and pain (+)). Secondly, all hips were
classified into three groups (H1: pain (-), snapping (-), H2: pain (-), snapping (+), H3: pain (+), snapping (+). Snapping intensity in participants rated by
the frequency of snapping (between level 0-4) according to their self-report. Differences were assessed between dancers and hips with snapping hip
and without snapping hip.

Results: There was no difference in hip abductor strength levels between three hip groups (p=0.446). However, significant differences were observed
in MHAGOS, pHAGOS, sHAGOS mean values between the three (G1, G2, G3) groups (p<0,001; p<0,001; p<0,001, respectively). SHAGOS, pHA-
GOS and mMHAGOS mean values were significantly higher in G1 and G2 when compared to G3. Besides, there were negative correlation between
snapping intensity and mHAGOS (p=0.002, rho=-0.37), pHAGOS (p=0.001, rho=-0.39) and sHAGOS (p=<0.001, rho=-0.55).

Conclusion: Hip abductor strength levels were not significantly affected by the presence of snapping in dancers; further investigation is needed in this
regard. However, the results revealed that HAGOS sub-scores and snapping intensity is related. HAGOS questionnaire might be implemented to the
dancers as a preseason screening method for snapping hip.
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Amag: Atlayan (snapping hip) kalga sendromu olan ve olmayan bale dansgilarinda abduktdr kas kuvvet degerlerini karsilastirmak ve Kalca ve/veya Ka-
sik Problemlerine iligkin Anket (HAGOS) alt skorlari ile atlama yogunlugu (frekansi) arasindaki korelasyonu degerlendirmek.

Gereg ve Yontemler: Calismaya 16-20 yas araliginda, 70 yari-profesyonel bale dansgisi (kalga sayisi:140) katildi. Katiimcilar 6ncelikle fizik muayenede
kalga 6nU agrisi ve/veya kalgada atlama hissi olup olmamasina gére 3 kategoriye ayrildi. (Grup 1: agr (-), atlama (-); Grup 2: agri (-), atlama (+); Grup 3:
agri(+), atlama (+)). Ardindan tekrar toplam kalga sayisi Gzerinden baska bir gruplama yapildi. (H1: agn (-), atlama (-); H2: agri (-), atlama (+); H3: agni(+),
atlama (+)). Katiimcilarin beyanina gére atlama yoguniugu 0-4 arasinda derecelendirildi. Butiin katiimcilar ¢calismanin basinda HAGOS anketini doldur-
du. Ardindan bilateral kalga abduktor kas kuvvetleri el dinamometresi ile dl¢uldu.

Bulgular: Calismaya katilan bale dansgilarinin %92,86’sinde atlayan kalga sendromu, %58,57‘sinde kasik agrisi tespit edildi. H1, H2, H3 gruplar ara-
sinda kalga abduktor kuvveti agisindan fark bulunmadi (p=0.446). Bununla birlikte G1,G2,G3 arasinda mHAGOS, pHAGOS, sHAGOS ortalama de-
Gerlerinde anlamli fark vard (sirasiyla; p<0,001; p<0,001; p<0,001). Ikiserli kiyaslamalarda ise MHAGOS, pHAGOS, sHAGOS degerleri G3'e gére G1
ve G2'de daha yulksekti. Atlama yodunlugu ve mHAGOS (p=0.002, rho=-0.37), pHAGOS (p=0.001, rho=-0.39) ve sHAGOS (p=<0.001, rho=-0.55)
arasinda negatif korelasyon vardi.

Sonug: Kalga abduktor kuvvetinin atlayan kalga sendromu varliginda etkilenmedigini ancak HAGOS alt skorlari ile atlayan kalga sendromu arasinda ilis-
ki oldugu saptandi. Bu baglamda, ileri calismalara ihtiya¢ olmakla birlikte HAGOS anketinin atlayan kalca sendromu olan bale danscilarinin sezon n-
cesi degerlendirmelerinde kullanilabilecegi disUnulmustar.

Anahtar Sozciikler: Atlayan kalca, kalca abduktor kuvveti, HAGOS, bale dansgisi

Received / Gelis: 07.09.2021 - Accepted / Kabul: 03.12.2021 - Published / Yayin Tarihi: 15.03.2022

Correspondence / Yazisma: Sensu Dinger - Istanbul Fizik Tedavi ve Rehabilitasyon Egitim ve Arastirma Hastanesi, Spor Hekimligi B6liimii, istanbul, Turkey -
dincersu@gmail.com

Cite this article as: Kiziltoprak S, Dincer S. Comparison of hip abductor strength in pre-professional ballet dancers with and without snapping hip Turk J Sports Med. 2022,
57(2):86-91; https://doi.org/10.47447/tism.0603

© 2022 Turkish Sports Medicine Association. All rights reserved.


https://doi.org/10.47447/tjsm.0603
https://orcid.org/0000-0002-3439-8665
https://orcid.org/0000-0003-1425-2543

S. Kiziltoprak, S. Dinger, et al.

INTRODUCTION

The major hip abductor (HA) muscle is the gluteus medius,
it also helps hip flexion, internal rotation, extension, and
external rotation due to its different directional fibers (1-3).

During the gait and other various movements, it yields
frontal plane stability of the pelvis (3,4).

Snapping hip is defined as an audible or palpable move-
ment of the hip (5-7), particularly during flexion or extensi-
on. Some of the cases can be symptomatic such as hip pain
(5). Snapping hip can occur due to external, internal, and
intra-articular etiology. External reasons are possibly due to
posterior iliotibial band, gluteus medius (GM) tendon, troc-
hanteric bursitis, proximal hamstring tendon; internal re-
asons are related to iliopsoas tendon interaction over the
anterior capsule of the femoral head; intra-articular causes
are labral tear, loose bodies, synovial chondromatosis, cap-
sular instability, and displaced fractures (5,8-10). Internal
snapping hip can emerge from the flipping of iliopsoas ten-
don over the iliopectineal eminence, lesser trochanter, and
femoral head (9,11,12). External snapping hip localized at
the hip joint's lateral aspect and comes up due to gluteus
maximus (abductor fibers), tensor fascia lata, or iliotibial
band gliding over the greater trochanter of the femur
(7,9,12,13). Recently, snapping hips with intra-articular eti-
ology tend to be classified separately (7,13).

The reported prevalence of snapping hip appears to be qu-
ite different. A prevalence of 5.26% was reported in a study
on 14 professional ballet dancers (14), while in another
controlled study conducted amongst 30 professional ballet
dancers it was 53.3% (15). Two studies that involved 87 stu-
dent & company ballet dancers (16) and 204 pre-professi-
onal ballet dancers (17) reported the prevalence of 90.8%
and 75.5%, respectively. It is stated that snapping hip preva-
lence is higher in dancers than in the average population

(15).

Some repetitive dance movements may predispose to snap-
ping hip. Generally, the repeated hip flexion movements
are related to the fascia lata thickness and tenderness,
which can create a weakness on the abductor and external
rotator hip muscles, lack of core stability, or overpronation
(6). In dancers, snapping hip related with iliopsoas tendon
is the most common form (6,16). It is suggested that iliopso-
as syndrome can develop due to repeated hip flexion and
abduction in dancers. The weakness of hip flexors in ab-
duction position is a diagnostic tool. Grand battement and
passé developpe ballet movements are accomplished by re-
peated flexion of the externally rotated hip, which causes
internal snapping hip (5). Charbonnier et al. suggested that
overtraining and overuse could precipitate internal snap-
ping through the hip joint using the motion analysis met-
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hod during the classic ballet positions: developpe' the
grand e'cart facial the grand e'cart late'ral, and the grand
plie' (18) Also, dancers who try to attain more turn-out wit-
hout a proper technique form a hyperlordotic pelvic postu-
re, which leads to the femoral head to move forward and
the tendon of the iliopsoas to slide over it (19).

Although snapping hip may be a common performance-li-
miting factor for dancers, the reason-result relationship be-
tween hip adductor (HA) strength or any other lumbopelvic
kinematics parameter and snapping hip has not been in-
vestigated. Besides, data on HA strength in ballet dancers is
limited. The hip abduction/adduction muscle strength ratio
was in favor of abduction in ballet dancers, but it was emp-
hasized that measuring muscle strength in the standard po-
sition may not be appropriate for dancers performing in the
turn-out pose (20). In another study, female ballet students
aged 8-11 were found to have HA strength similar to that of
the control group with the same bodyweight, although the
control group had stronger hip flexion, internal/external
rotation, and adduction significantly (21).

This study aims to investigate snapping hip prevalence in a
cohort of pre-professional ballet dancers and compare the
HA strength levels in dancers with and without snapping
hip. The null hypothesis is: There is no significant differen-
ce between HA strength levels between dancers with and
without snapping hip in a cohort of pre-professional male
and female ballet dancers. Additionally, we investigated the
correlation between Hip and Groin Outcome Score (HAGOS)
sub-scores and snapping intensity.

MATERIALS AND METHODS
Subjects

A total of 72 pre-professional ballet dancers between 16 and
20 years of age were included according to inclusion and
exclusion criteria (Table 1). Two participants were withdra-
wn from the groups due to incompatibility between their
anamnesis, clinical assessment. A total of 31 female (mean
age: 18.06, SD: 0.90) and 39 male dancers (mean age: 18.17,
SD: 0.91) from a dance institution voluntarily attended to
the study. 67 dancers fully completed the HAGOS question-
naire, therefore only 67 of them were included in HAGOS
assessments. Hip abductor strength measurements were
performed on both hips of 70 subjects (140 hips). Two clini-
cians with similar experience at The Royal Ballet School fa-
cilities conducted all the tests.

Informed consent was obtained in accordance with the Hel-
sinki Declaration from all participants. The study was app-
roved by the Research Ethics Committee, the Queen Marry



Turk ] Sports Med

University of London (QMREC2014/24./123.). All partici-
pants were informed about the study.

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
Previous surgical operation due to scoliosis,
ow back, hip, abdomen, groin and other lower
extremity pathologies

Being between 16 to L
20 years old

Male and female
dancers
Dancers ata
company, institute or
ballet school
Dancing at least 3
hours per day for
minimum 2 years
Volunteer to be
involved in the project

Symptomatic or asymptomatic scoliosis

Recent low back, hip, abdomen, groin and
other lower extremity pathologies (last 2

years)*4
Previous low back, hip, abdomen, groin and
other lower extremity surgeries
Pregnancy

Participating to other sports

Study design and testing procedures

Participants’ anamneses were taken, and they filled the
HAGOS questionnaire. General musculoskeletal assessment
was performed. Afterward, clicking, snapping and pain in
the anterior hip were evaluated during external hip rotation
and resisted hip flexion in abduction. Snapping intensity in
participants rated by the frequency of snapping according
to their self-report. No snapping assigned as ‘level o’, ‘ra-
rely’ snapping assigned as ‘level 1’, ‘sometimes’ snapping
assigned as ‘level 2’, ‘often’ snapping assigned as ‘level 3’,
‘constantly’ snapping assigned as ‘level 4’. During the exa-
mination, subjects whose examination results were conflic-
ted were evaluated by both examiners and concluded. Sub-
sequently, HA strength of participants were measured by
hand-held dynamometer.

HAGOS is a self-reported valid and reliable hip and groin
outcome score that includes six subscales: symptoms-stiff-
ness, pain, physical function in daily living, function in
sports and recreational activities, physical activity atten-
dance, hip and groin related life quality (22,23). As recom-
mended in the HAGOS user manual, each category's total
score was calculated and accounted for the maximum pos-
sible score. 100 stands for no problem, while o value repre-
sents severe problem. We only analyzed symptom and pain
subscales of HAGOS besides mean HAGOS, since all other
subscales are expected to get full points in ballet dancers.

The Lafayette Manuel Muscle Tester (Model 01163), La-
fayette Instrument Company, Lafayette, IN, USA, was used
for the HA strength assessment. This digital dynamometer
can measure peak force, peak force time, and torque. Ac-
cording to manufacturer reports, the maximum force me-
asurement capability is a plus 136.1 kg (300lIbs). The accu-
racy and reliahility of this compact portable device were
confirmed by previous studies (24,25).
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The HA strength measurements of hips were performed in a
lying-down position on the opposite side of the body
(24,26). A minimal flexion position has been given to the
knee and hip; also, the pelvis was slightly deviated to the
forward position by the examiner during the pelvis stabili-
zation by doing an anterior and posterior rotation. The leg
was tested in 40-degree abduction, extension, and external
rotation of the hip. To stabilize the subjects while they were
lying on their side, non-stretching hangers were used to
stabilize the subjects from their opposite side lower thigh
and waist area to the examination table. The dynamometer
was positioned to the leg's lateral side above the ankle; it
was approximately 5 cm proximal to the lateral malleolus.
The tester pressed down directly against the active abducti-
on of the participants. First, the test was explained to the
subjects, and a trial test was performed as a submaximal
voluntary isometric contraction. The maximum HA force
was performed in a brake test (24,25,27). The test was repe-
ated three times with 5 minutes break between them, and
the maximum value was recorded. Maximum force results
were recorded measured from the both sides of
participants.

Following the completion of all procedures, subjects were
classified according to their snapping, pain, and physical
examination findings, in one of the three following groups:
The first group (G1) consisted of subjects who were snap-
ping and hip/groin pain (-); the second group (G2) were
snapping (+), pain (-), while the third group (G3) included
snapping (+) and pain (+) participants. Furthermore, all
hips were classified into 3 groups: Hip 1 (H1): pain (-), snap-
ping (-); Hip 2 (H2): pain (-), snapping (+); Hip 3 (H3): pain
(+), snapping (+).

Statistical analysis

Shapiro-Wilks test was employed to assess the normal dist-
ribution of numeric variables. Descriptive data were used to
report median (M) and interquartile range (IQR) of the follo-
wing values: HA strength; mean HAGOS (mHAGOS), symp-
tom subcale HAGOS (sHAGOS) and pain subscale HAGOS
(pHAGOS) according to the normality of the distribution
test. Non-parametric Kruskal Wallis tests were employed to
detect significant differences in HA strength levels between
Hi, H2, and H3, and HAGOS values between the three G1,
G2, G3 groups. Spearman correlation coefficient test was
used to assess correlations between snapping intensity and
HAGOS subscales. Numbers between 0.00-0.30 were consi-
dered as poor or no correlation, 0.30-0.50 were considered
as fair correlations, 0.50-0.70 were considered as moderate
correlations, 0.75 to 1.00 were considered as strong correla-
tion (28). Data were analyzed on SPSS version 24, IBM sta-
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tistics program. The alpha level of significance was set at P-
value <0.05.

RESULTS

Demographic data were given in Table 2. There were no sig-
nificant differences between the means of age, height, we-
ight variables (p>0.05). Snapping frequencies reported by
subjects were varied from no snapping to constantly snap-
ping. Bilateral snapping was positive in 19 dancers. Table 3.
depicts the snapping hip profile, according to their snap-
ping hip presence and locations, observed in male and fe-
male participants. The profile was categorized as follows:
lateral snapping, anterior and lateral snapping, anterior
snapping, hip and groin pain. The profile was determined
based on the history of self-reported anterior/lateral hip
pain, clicking or snapping, and physical examination fin-
dings with hip external rotation and resisted hip flexion in
abduction positions. The results were checked for compati-
bility with the subjects' answers to the HAGOS subgroup
questions.

Table 2. Demographics of participants, mean (SD)

Group 1(n=5) Group 2 (n=24)  Group 3(n=41) p
Age (year) 17.8 (0.83) 18(1.1) 18.2(0.79) 0.485
Height(cm)  174.3(0.84) 174.6(7.94) 172.6(7.17) 0.605
Weight (kg) 62.1(14.30) 61.9(8.67) 60.1(0.4) 0.860

n: Number of participants SD: Standard deviation

Table 3. Snapping hip profile

male female Total
participants participants participants

(n=39) (n=31) (n=70)
Lateral snapping 2 1 3
Anterlor+Lateral q G a

snapping
Anterior snapping 33 29 62
Shapping +.h|p/grom 19 o 4
pain
Shapping without

hip/groin pain 16 8 24
Total snapping 35 30 65

Table 4. Comparison of HAGOS and HA strength values of hips

HAGOS COMPARISON  Group 1 Group 2 Group 3 pvalue
Number of participants 5 22 40
mMHAGOS (M (IQR) 957 (768) 958 (268) 8721(597) 0,000
SHAGOS (M (IQR)) 9857 (3.57) 8755(9.80) 7178 (13.39) 0,000
pHAGOS (M (IQR)) 99.5(13) 0988625 09175(6.90 0,000
HIP COMPARISON Ha H2 H3 p value
Number of hips 57 33 50
HA strength (M (IQR)) 294 (75)  29.2(3.8) 282(4.3) 0446

M: Median; (IQR): Interquartile range; HAGOS: Hip and Groin Outcome Score;
MHAGOS: mean HAGOS; sHAGOS: HAGOS symptom subscale score; pHAGOS:
HAGOS pain subscale score; HA: hip abductors

Table 5. Pairwise comparisons of G1, G2, G3 groups in terms of HA-

GOS sub-scores

p values
mHAGOS pHAGOS sHAGOS
Group 1-Group 2 1.000 1.000 0.311
Group 2-Group 3 0.000 0.000 0.000
Group 3-Group 1 0.020 0.001 0.000

HAGOS: Hip and Groin Outcome Score; mHAGOS: Mean HAGOS; sHAGOS: HA-
GOS symptom subscale score; pHAGOS: HAGOS pain subscale score
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Snapping hip was found in 92.86% of dancers, and 58.57%
of the participants reported hip-groin pain in this study.
The test results revealed no significant HA strength diffe-
rences between the H1, H2, and H3 (p= 0.446) (Table 4). Ho-
wever, significant differences were observed in mHAGOS,
pHAGOS, sHAGOS mean values between the three (Gi,
G2,G3) groups (p<0,001; pP<0,001; P<0,001, respectively)
(Table 4). mHAGOS, pHAGOS and sHAGOS mean values are
significantly higher in G1 and G2 when compared to G3. Sig-
nificant values of pairwise comparisons of G1, G2, G3 gro-
ups in terms of HAGOS sub-scores are given in Table 5. Ne-
gative correlation was found between snapping intensity
and mHAGOS (p=0.002, rho=-0.37), pHAGOS (p=0.001,
rho=-0.39) and sHAGOS (p=<0.001, rho=-0.55).

DISCUSSION

Even though snapping is frequently seen in dancers, it is
possibly underreported and is accepted as a normal pattern
which is also suggested by Winston (16) and Nolton (29). In
our study, the snapping prevalence was 92.86 % for the
dancers, which is compatible with the study conducted on
87 randomly selected ballet dancers from two different ins-
titutes. 26% of the snapping hips were bilateral, and this
figure was well below what was offered in the same study
(16). The majority of the snapping was in an anterior positi-
on, while 3 of them were localized laterally, and in one of
the subijects, it was found anterior and lateral snapping to-
gether in one of the participants. Although snapping hip
etiology is highly variable, pain-free snapping is often ran-
domly determined (13). Iliopsoas tendon-related asympto-
matic snapping has been reported to occur in 5-10% of the
general population. It is thought that some activities such
as ballet may lead to overuse injuries (30). Repetitive hip
flexion with external rotation, femoral anteversion, hyper-
lordotic posture are accused on turn-out mechanisms (19).
In addition, similar to Winston's study (16), 58.57% of the
participants reported hip-groin pain at different grades and
frequencies by free from the time loss.

There was no significant difference between HA strength
levels and snapping hip presence in the study. It is possibly
related to the complicated function of the GM, which is a
crucial lumbopelvic stabilizer. As Grimaldi (19) suggests, it
may not be possible to evaluate different muscle parts that
have different functions and different innervations by a
single test method. Furthermore, in a possible muscle dys-
function or weakness, other minor HA may play a predomi-
nant role and compensate the hip abduction function. Furt-
her studies seem to be very important in bringing more evi-
dent results in this regard.

Two trials have been reported of HA strength data so far.
Both studies were performed in the same subject group on
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8-11-year-old female ballet dancers. There was no difference
between the dancers and the control group for basal HA st-
rength in these studies (20,31). It is necessary to study the
strength of the HA of dancers for a comparison. Although
there is no significant difference between our study groups,
in this sense, our practice can be the first step for reference
values.

We found significant differences in the HAGOS scores bet-
ween dancers with and without snapping. This study sho-
wed that in the presence of snapping hip, the mHAGOS,
sHAGOS, and mHAGOS scores were lower in the snapping
positive groups (H2, H3) than in snapping negative group
(H1). There were also negative correlation between snap-
ping intensity and all three HAGOS sub-scores (p<0.01). We
also found moderate correlation between snapping inten-
sity and sHAGOS (r=0,55); fair correlation between snap-
ping intensity and pHAGOS (r=0.39) and mHAGOS (r=0.37).
According to these results, as snapping intensity increases,
HAGOS sub-scores decreases in ballet dancers. These fin-
dings show snapping intensity and HAGOS sub-scores are
related. So, we may speculate that this scoring system se-
ems to be usable in the preseason health evaluation prog-
ram to be able to foresee the snapping hip. Additionally,
this study's HA strength measurements may provide contri-
butions to create reference values for ballet dancers.

This study has several limitations. Firstly, it was conducted
with randomly selected dancers from the same company.
Since the snapping is a common pattern for the ballet dan-
cers, the sample size was small for the control group of this
population. The sample group consists of randomly selec-
ted dancers from a single institute. Although the study has
been conducted in an environment where training is based
on a wide range of choreographies, choosing the partici-
pants from a single-center may be considered as a
limitation.

The other aspects of pelvic stahility could be related to the
development of snapping hip, which can be the future
study topics for dancers. This study may be repeated with
more than one method of muscle strength measurements in
a larger group.

CONCLUSION

There was a significant difference between HAGOS scores
but not HA strength levels in ballet dancers. However, there
is no significant difference between our study groups, our
practice can be the first step for creating reference values.
Multi-centered further studies with muscular strength me-
asurements combined with different methods are
suggested.

Abductor strength in dancers with and without snapping hip
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