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Analysis of Lower Extremity Muscle Flexibility
among Indian Classical Bharathnatyam Dancers
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Abstract—Musculoskeletal  problems are common in high
performance dance population. This study attempts to identify lower
extremity muscle flexibility parameters prevailing among
bharatanatyam dancers and anayze if there is any significant
difference exist between norma and injured dancers in flexibility
parameters. Four hundred and one female dancers and 17 male
dancers were participated in this study. Flexibility parameters
(hamstring  tightness, hip internal and externa rotation and
tendoachilles in supine and sitting posture) were measured using
goniometer. Results of our study it is evident that injured female
bharathnatyam dancers had significantly (p < 0.05) high hamstring
tightness on left side lower extremity compared to normal femae
dancers. Therange of motion for left tendoachilles was significantly
(p < 0.05) high for the normal femae group when compared to
injured dancers during supine lying posture. Majority of the injured
dancers had high hamstring tightness that could be a possible reason
for pain and MSDs.

Keywords—External rotation (ER), Internal rotation (IR),
Muscul oskeletal disorder (M SD), Range of motion (ROM)

|. INTRODUCTION

ANCE involves the body, emotion and mind: it is both a

physical activity and a means of expression and
communication. Dance is a conscious effort to create visual
designs in space by continuously moving the body through a
series of poses and pattern training. The movements must also
be in symmetric and should follow a particular rhythm.
Bharatanatyam, according to Balasaraswati, is a natya yoga
that reveals spirituaity through the physical and emotional
body. It is the most popular of the Indian classica dance
forms in South India, and the most ancient of al the classical
Indian dance styles in India, which are all based on Natya
Shastra, the Bible of the classical Indian dance.

There is a huge lacuna in the area of dance medicine in
relation to Indian classica dance. Though practiced over
centuries, Indian classica dance has undergone enormous
change along with passage of time. Today it stands facing
new challenges in order to meet the demands of the present
world. Injuries have become a great threat to the dancers just
as in the case of athletes and sports persons. The population
of dancers is unique because they are not merely athletes
whose work intensity is no less than one football player but
also they are artists who constantly strive to perfect the subtle
and aesthetic details in their performance. In relation to this
transition of the dancing style we need to evaluate the
conseguential changes happening in the human body, thereby
preventing further damages.
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Flexibility is considered as an essential element of normal
biomechanical functioning in sport [1]. Lack of flexibility
may lead to produce early muscle fatigue or ater the normal
biomechanics of movement predisposing to injury. The
literature report shows a number of associated benefits of
flexibility including improved athletic performance, reduced
injury risk, prevention or reduction of post exercise soreness
and improved co-ordination [1] — [4]. Some studies have
shown that decreased hamstring flexibility is a risk factor for
the development of patellar tendinopathy and patellofemoral
pain [5], [6].

Muscul oskel etal problems occur more frequently among the
classical ballet dancers [7]. It has been estimated that
approximately 90% of professional dancers will suffer at least
one musculoskeletal injury during their career. In a study
performed by Hincapie, Morton, and Cassidy, it was
discovered that the point prevalence of minor injury
occurrence in a group of university and professiona ballet,
modern, and theatrica dancers was 74% [8]. A similar study
from New Zealand determined the point prevalence of pain
related to chronic injuries in professional ballet and modern
dancersto be 48 % [9].

The demands placed on dancers' lower extremities leave
them at risk of musculoskeletal injuries. Severa literatures
shows that 64 - 80% of ballet injuries happen in the lower
extremity such as muscles strain and tear [10], about 64 - 75%
of these injuries affect the muscles and soft tissues. Looking
at lower extremities, dancers may expect a high numbers of
foot and ankle injuries. The most common site for stress
fractures in the dancer is the shafts of the 3 central metatarsals
(63%), and stress fractures (7%) on anterior tibial cortex [11].
A five year analysis at Alvin Ailey American Dance Center
identified 58% of all dancer injuries as occurring in the lower
extremity with 34% occurring at the foot and ankle and 17%
occurring in the low back and pelvis[12].

Araimandi is the most basic of bharathnatyam dance, which
issimilar to demiplie position used in the ballet. This dancing
posture has a closed chain knee flexion with hip abduction and
external rotation. To maintain the balance (stability), dancers
need adequate flexibility in their lower extremity muscles. The
term flexibility is the range of motion to joint through its
normal plane of motion and static flexibility is the range of
motion available to a joint or series of joints. The dynamic
flexibility refersto the ease of movement within the obtainable
range of motion [3].

Knee injuries are quite common in ballet dancers and are
estimated to account for approximately 14% to 17% of the
injuries seen in this patient population. Epidemiological
studies of balet dancers' show that 90% of professional and
63% of student dancers have a dance related injury in hisher
career [13]. During professional training (age < 18 years) 36
% of the dancers have experienced chronic injuries. Dancers
perceive injuries are partly caused by faulty technique and
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body structure with 28% citing these factors assative [14].
Vicki Negus (2005) reports that 93.1% of non tratimajury
and 41.4% of traumatic injury are occur for dandéktension
of the pelvis or hyperlordosis of the lumbar spare to be
avoided. But, many dancers creating such a posbene are
able to achieve greater external rotation [15].

Bennell et al, (1999) study reported that there was
significant increase in dorsiflexion range aftervigg
periodical stretching exercise for 3 years. Thisp @onclude
that dorsiflexion range is largely fixed, and thi®uld be
consistent with it being limited by bone to bonepegition
(tibiotalar) rather than soft tissue [16]. Baltktncers require
extreme degrees of hip external rotation (ER) atuation to
perform dance steps such as the demi plie. Perfarenaf the
demiplie, damage to the inert and contractile #ssllied with
the knee joint lead to anterior knee pain. llidditband (ITB)
tightness may be a contributing factor to pateftodeal pain
for dancers [17]. Hamstring injuries are commoispninting,
dancing, martial arts, hockey, and kicking sponshs as
soccer [18].

Overuse knee injuries occurring most often amomgafe
dancers include patellofemoral joint syndrome, lfatéendon
disorders such as “Jumper’s knee”, iliotibial bayhdrome
(ITBS), and medial collateral ligament (MCL) sprdit9],
[20]. A study by Reid addressed a few of theseries,
discovering distribution of knee problems to be wtb50%
patellar knee pain, 11% ITBS, and 10% ligamentaousry
[20]. According to Reid, about 20% of patellar &ngain is
due to chondromalacia patella in conjunction
patellofemoral joint syndrome. Patellofemoral jagndrome
in dancers is usually due to weakened medial ardaotive
lateral knee stabilizers that lead to biomechanitdlalances
of the patellofemoral joint. In dancers who fotoenout by
overstretching medial musculature and internaltoosa this is
an even more likely injury.

Forced lower extremity external rotation, balletndars
have been found to have significantly increasedifiial band
(ITB) tightness when compared with other athlete®
tightened lateral component and excessive amountsne
spent in full lower extremity external rotation, myadancers
begin to have patellofemoral issues arise as wkitreased
tension laterally usually causes medial over-stiats or
laxity in dancers. Like many people with patellofeal
issues, many dancers have been found to have wastksv
medialis obliquus muscles which fail to properlglstize the
patella [20].

There is lack of research work done specificallylogian
classical dancers and in their own context andtg as a great
impediment in providing a scientific recommendatiom
prevent injuries and offer the right treatment. oligh dance

need to be studied on this aspect of Indian claksiancers.
The traditional practices of the dancers need tedrefully
studied and juxtaposed with the modern system g6ipal
training. This study attempts to identify the lowettremity
MSD problem among south Indian dancers. The obgds
to find the flexibility parameters between normabanjured
south Indian bharathnatyam and analysis if thereany
significant difference between normal and injuredhekrs in
terms of flexibility parameters.

Il. METHODS AND MATERIALS

A.Participants
In this study, 401 female dancers (177 — Norma$4 22
Injured) and 17 male dancer (13 — Injured, 4 — Naljrwere
involved where all the participants who had no nece
traumatic lesion due to other external cause wetetaken.
The average hours practiced per week was 11.57s hanat
had total dancing experience of 7.7 years. Theelarhas the
following physical characteristics
v' Age: 17.85 years (mean)
v' Weight: 47.63 Kgs (mean)
v" Height: 156.698 cms (mean)

B.Inclusion Criteria
» Indian classical dancers (both male and female)
» Minimum of four year of regular dance experience.
» Current dance activity must be 8 hours per week.
» Age between 13 - 35 years.

With & Exclusion Criteria

» Subjects with recent injury within 1 year.

» Subjects who have undergone any surgery in lower
limb.

» Subjects with neurological
problems.

deficit and medical

All the dancers are given a questionnaire and thgests
who meet the criteria are selected as samples. thalldata
were done in the dance institute of the respecgr@ups
namely

EXPERIMENTAL DESIGN AND PROTOCOLS

=

Natyasankalpa, Chennai
Mahalakshmi dance school, Chennai
Ashram, Puduchery
Lavanya shankar’'s dance institute, Coimbatore
Kalamandalam, Kerala
. Kalaikaviri, Trichy

The study was performed at different dance ingtw@nd as
per the guidelines of the hospital Ethics Commitéértho
One Hospital for human volunteer research. Allunbéers
also read and signed an informed consent befotiipating.

SESENAIN

medicine has branched out as a speciality undertsspo; jg g retrospective, single session, observatioaad

medicine, there is much to be studied in order fgplya or
translate it on the Indian classical dancers. Want of
careful and in depth study and analysis of thedndilassical
dancers with regard to their training and pracpedterns is
the main reason for this scenario. Since flexipiplays a
pivotal role in the range of performance of a danceuch

comparative study design.

Flexibility variables (joint angle) were measuresing a 3m
plastic goniometer of 360° movements with movabim a
fixed at an axis of 6 inch as shown in fig 1. TH&vice has
been shown to be reliable (intra and inter ratBab#ity) for
measuring knee extension, plantar flexion and @lerébn of
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ankle, hip rotational movements. Cooperation wakioed
from the dance institutes to interview and meastire
flexibility. The standard warm up and flexibilitiraining
portion of several
analyzed. Each dancer was given a questionnaitadoa
their age, years of experience and duration of idgnper

secured to the plinth with a belt to avoid anyaer passive
hip movement other than ER and IR. The pelvis sexsired
to the plinth in a neutral position in all planesing another

classes were observed and Wsuabelt; padding was done for the lumbar spine anghtlshown

in fig 3. The contralateral lower limb was abduacstightly to
allow free movement of the tested limb, but it was allowed

week also those who had pain were asked to desisbe to rest on the outside of the plinth. The axishef goniometer

quality, nature duration and associated disabilifhe range was placed on the tibial tuberosity located by nanu

of motion was measured prior warm up and stretchirgyder
to maintain uniform procedure.

=

Fig. 1 Goniometer Instrument

A.Measurement of Flexibility Variables

Hamstring [21]: The subjects were positioned in supine

lying such that the lower extremity to be measwed in 90°
of hip flexion and full knee extension. The cotataral lower
limb was strapped down to the table to control acgessory
movements as shown in fig 2. The bony landmarkekeah
were greater trochanter of femur, lateral epicoadyid lateral
malleoli using marker. Assistance taken to mamthe hip in
90° of flexion and subjects were asked to do kneension

actively and no verbal encouragement was given he t

subjects.

Fig. 2 Method of Measuring Hamstring Flexibility

palpation. The moving arm of the goniometer wagnaid
along the longitudinal axis of the lower leg and #iationary
arm was aligned vertically with the table leg. $hes hip
internal and external rotation was measures aptir of the
resistance.

Fig. 3 Hip Internal and External Rotation Measuretne

Observational StudyFlat foot was a very common problem

among the dancers. Flat foot, iliotibial band apdhdriceps
muscle tightness was quantified
method. Following techniques were used to quantifithe
observational parameters.

lliotibial Band Tightness (ITB) [23]:Measured in side
lying, where hip is stabilized and the knee joingeéxtended,
abducted and allowed to fall in internal rotatioif. the leg
falls in internal rotation it is considered normél,the leg
touched the midline it is mild tight. If the legesn’t touch
the midline then it is considered to be very tight.

Ellys Method: To find the quadriceps muscle tightness.

Which the patient is prone lying position with kniseflexed
and thigh is extended. Care is taken in ordervmdathigh
abduction and pelvis lift. If the heel touches thetock and
the thigh is lifted freely it is considered to bed flexible. If
the hip just touches the buttock and unable totli& thigh

Tendoachilles [22]:Ankle dorsiflexion was measured inthen it is considered mild tight and if the heedoatoes not

full knee extension as well as in 90° knee flexianhigh

sitting. The axis of the goniometer was placed dlre lateral
malleoli; the stationary arm placed vertically ajothe mid
shaft of fibula and the movable arm was along tffih f
metatarsal. It was ensured that the subjects didaatively
dorsiflex the ankle during measurement. While idlessng

the ankle and heel was held such that the hindviast pulled
distally and the ankle lightly dorsiflexed with aagnitude of
torque which caused a slight stiffening of tendaleh

Hip Internal and External Rotation (IR & ER) [15Passive
range of motion in internal and external rotation fiip was
measured in supine, with both knees flexed anchet over
the end of treatment plinth. The supine positicaswhosen
because of the better ability to stabilize the igeand lumbar
spine. Hip was positioned in neutral and the thigas

touch the buttock it is considered as very tightahe.

Measure Flatfoot:In this measurement patient to stand in

single leg and observe the medial arch positiohthe foot
musculature is weak then the medial arch collapses.

B. Statistical Analysis

The flexibility features such as hamstring, IR, ERRasured
using goniometer for normal and injured female @angere
statistically analyzed. Similarly, abnormal dangender wise
comparison for flexibility parameters were alsotistecally
analyzed. Normality test (Skewness—Kurtosis test)the
data-to-be-assessed yielded a positive result, herte an
unpaired students -t test (a parametric test) veafopned on
the features to evaluate the level of significaBPSS 12.0 for
Windows (SPSS Inc., Chicago) was used for the ssitzai
calculations.

through observation
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IV. RESULT

From the results it was evident that injured femal
bharathnatyam dancers have significantly (p < 0.Bigh
hamstring tightness at left side as of lower exitgcompared
to normal female dancer as shown in table I. Nbferaale
dancers the range of motion (ROM) for left tenddigeh joint
was significantly (p < 0.05) high when comparedirtured
dancers during supine lying posture as shown id fig

TABLE |
SIGNIFICANT STATISTICAL RESULTSFOR FLEXIBILITY PARAMETERS AMONG
INDIAN CLASSICAL BHARATHNATYAM DANCERS

Right-  Left

Left Leftt TA - TA - Right

Hams IR Sup Sup TA-Sit
FM
Normal Vs 0.035 - - 0.005 0.022
Abnormal
Abnormal
M Vs FM - 0.05 0.0001 0.00%. -

Note: Shows results with significant p — values (< 0.08y1 — Female, M —
Male, L. IR — Left hip internal rotation, R. TA /.ITA - Sup — Right / Left
tendoachilles in supine posture, R. TA -Sit - Rigdnidoachilles in sitting
posture

In sitting posture, right tendoachilles flexibilityalues were
significantly high (p < 0.05) for normal female dans as
compared to injured dancers (Fig 4). It was obsgrihat
injured female dancers have low ROM at left andhtrig
tendoachilles, due to this most of dancers haveersev
musculoskeletal disorders (MSDs) in lower extrenmégion.
Hip internal and external rotation of flexibilityapameters
(ROM) doesn’'t show any significant difference betwe
normal and injured female dancers.

Female Bharathnatyam Dancers

,,,,, %

Y2z Normal Dancer
Injured Dancer

Flexibility Value

R. TA. Sit

-

L. TA. Sup
Flexibility Parameters

eft Ham

Fig. 4 Shows mean and one SEM of flexibility partenéetween

normal and injured female bharathnatyam dancemoryens used

are Left Ham — Left hamstring, L. TA. Sup — Leftibi® Achilles

supine Lying Position, R. TA. Sup — Right Tendo Mlek Supine
Lying Position. Note *p < 0.05, # p<0.1

In gender wise comparison of injured dancers, & Yaand
that left internal rotation (IR) was significanify < 0.05) high
for injured female when compared to male injuredspe.
During supine lying posture flexibility parametef left and
right tendoachilles joint ROM was significantly ¢ 0.05)
high for injured female dancers as compared torétjumale
as shown in fig 5.

Injured Bharathnatyam Dancers

@2 Male Dancer
Female Dancer

7

V)

AN\

NN

AT

Range of Motion

i

LIR R.TA. Sup
Flexibility Parameters

L.TA. Sup

Fig. 5 Shows mean and one SEM of flexibility partenbetween
Male and Female injured bharathnatyam dancers.myons used are
L. I. R — Left Internal rotation, L. TA. Sup — Lefiendo Achilles
supine Lying Position, R. TA. Sup — Right Tendo #els Supine
Lying Position. Note * p < 0.05

There is no significant difference between male famdale
injured dancers for flexibility parameters suchhasnstring,
ROM during sitting position etc. Lower Extremityugcle
Flexibility problem arising from musculoskeletal sdiders

(MSDs) in injured and normal dancers have been -well

documented among south Indian Bharatanatyam dancers

A.Observational Result

Observation results show that a flat foot complaias high
for injured dancers as compared to normal. lliatiBand
(ITB) muscle tightness was high and quadriceps tausc
tightness was low in normal male and female damdezn
compared to injured dancers as shown in table I.&T his
result concluded that injured dancers have flat &oa muscle
tightness problem which may lead to MSD during Hes/
dancing carrier.

TABLE Il
OBSERVATIONAL RESULT FOR FLAT FOOT AND MUSCLE TIGHTNESS
COMPLAINT FOR FEMALE DANCERS

Normal Dancers  Injured Dancers

Right Left Right  Left
Pes planus (flat foot) 55 55 62 63
ITB Muscle Tightness 55 55 59 59
Quadriceps Muscle Tightness 74 78 101 101
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TABLE lll
OBSERVATIONAL RESULT FOR FLAT FOOT AND MUSCLE TIGHTNESS
COMPLAINT FORMALE DANCERS

Normal .
Injured Dancers
Dancers
Right Left Right  Left
Pes planus (flat foot) 0 0 1 1
ITB Muscle Tightness 0 0 1 1
Quadriceps Muscle Tightness 1 1 9 9

V. DISCUSSION

Generally dancers had a routine warm up sessiodsatn
the movements were dance specific posture includidig
squat (muzhumandi jumps) and full jumps, lateraigks.
Many dancers attend yoga sessions. The majoritipoaly
regions complaint that was found among the fem
bharathnatyam dancers was knee (48.8%), LBA (24%kle
(12.4%), shoulder and neck (7.5%) and shin (2.6%f),pain
(0.8%) which was already found by a survey stud#].[2
Some of the previous study observed that kneei@guare
more pronounced in ballet dancers. It was alsdesti that
bharathnatyam dancers were significantly affectgdkbee
injury during his/ her dance life. This could beedto the
demi plie like position adopted in bharathnatyamiclhis
known as aramandi.

The muscle flexibility measured among normal ardrad
dancers for hamstring muscle and we found thatiteness
is greater which indicates that painful group haxese
hamstring tightness. Johns (1993) studied theeepinlogy of
injuries associated with physical training amongry@ men in
the army and it has been concluded that athletés tight
muscles (low flexibility) are more susceptible tousule
strains [26]. But the left side tendoachilles viasnd to be
tight among the normal subjects.

The right side TA was found tight in sitting positi. Some

study of professional ballet dancers found an a@eranecessary for

dorsiflexion deficit of 10° in both position. Agfit gastroc-
soleus complex in a ballet dancer contributes tadfioiot
inversion during plie. This in turn may provokestheroneal
muscles to contract in an effort to evert the hoodfand
counteract the powerful gastroc-soleus. Such exstesses

No:6, 2012

joints as the lengthening of the musculo-tendinoni lags
behind that of the bone itself. This inflexibilitgreates
imbalance across the joints and increased stresseapplied
to joint during sports or play activity. At thisage more
stretching exercises can be advised in order toeptethe
imbalance in muscle group.

Internal and external rotation angle did not shomy a
significance between the normal and injured subjedtrom
the observations made we find that tightness wis® faund
among the ITB and quadriceps muscle groups. Thdugas
not quantified due to lack of timing these observatlies are
noteworthy inorder to bring about further studyesmplanus or
flatfoot was also found in larger population. Tdancers
reported that to produce resonance pressure alengedial
foot was used and dancers felt resonance helpstih&eep in
pace with the rhythm. Though many senior danceid s
resonance should be gentle and forced resonanaeotis
recommended or needed. The risks of patellofemoral

a@/ndrome, shin splints, and stress fractures mayp &le
increased by hyperpronation in ballet [27].

Gender-wise: Comparison between male and female
dancers shows significant results in calf muscleupine lying
both the right and left side. All female danceavédrange of
motion greater than the male dancers. Internaliost range
of motion on the left side also shows significandgut this
cannot be generalized since the male population less
compared to female dancers.

VI. CONCLUSION AND SUGGESTIONS

Injured dancer have high hamstring tightness thad Ito
pain and MSD. Tendoachilles range of motion was Io
both positions i.e. supine lying and sitting fojumed dancers.
Though the result did not show much variation amdtimg
muscle group, good flexibility is a part of dancemsll being.
All the dancers are recommended to do regular \giggtch
(hatha yoga). The yoga, hatha yoga in particidainiegral
part of bharathnatyam. Over centuries this has lieotten
or ignored. It is note-worthy that every stretchiexercises
the body, for any athletic event
bharathnatyam is well documented in hatha yoga.

Every dance teacher must be aware of the anatomical
variations that exist among the students. Thera isrge
group of dancers who had complaints of pain, thaihghpain
level was not severe enough to stop their dancinger. Lack

or

on the foot and ankle musculature, combined witle thof stretches and muscle tightness may lead to sednjury or

decreased cushioning effect of equinus may coritribw the

development of tendoachilles and peroneal tendpn
metatarsal and fibular stress fracture and additiomjuries

more proximal in the leg [13]. This variation waat found in

both the sides of the leg among bharathnatyam dswreared

this variation can possible be due to balancingpaadf one

leg on the other.

Also the majority of the dancers who were takeswgects
in this study were in their teen age (average ag®)l
According to Dalton [25] rapid bone growth duringogth
spurt can create tightness or muscle imbalancessctioe
joints. A large group of sports participants aree t
adolescents. During rapid bone growth, such asdoéescent
growth spurt, this creates tightness and infleitipticross the

even produce early wear and tear changes in thghtvei
itbearing joints. The other possible internal angmeal factors
are to be checked in-order to prevent injuries anthis

group.
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