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ABSTRACT: Background: Kathak is considered to be one of the eight Indian Classical dance form having main
characteristics that includes rhythmical tapping of the feet (tatkars), rapid spins (chakkars), facial expressions
and different fine hand poses (mudras). With increase in level of Kathak education, prolonged repetitive stress
(variations in tapping of the feet) is imposed upon the feet which may lead to changes in the foot posture / foot
alignment leading to various musculoskeletal injuries. The need of this study is to assess for the foot posture
deviations in Kathak dancers. Methods: 30 Kathak dancers (15 male and 15 female dancers) were taken for this
study from a dancing school in Mumbai (considering the inclusion criteria). The foot was assessed using Foot
Posture Index and Static rearfoot and forefoot angles. Results: From the total study population, maximum
population suggested foot pronation for both the feet ( about 50% for left and 67% for right), for rearfoot values
about 56% showed valgus in right foot and 66% showed no deviations in left foot. For forefoot alignment,
maximum population showed forefoot varus ( 86% for left and 90% for right). Females suggested more foot in
pronation as compared to males.Conclusion: It can be concluded from this study that foot posture deviations are
seen in Kathak dancers ( lowering of medial longitudinal arch, rearfoot valgus and forefoot varus). It can also be
concluded that female dancers are more prone to foot pronation than male Kathak dancers.

Key Words: Kathak dancers, rhythmical tapping, foot posture deviations, foot posture index, rearfoot and forefoot
angles.
/

1. INTRODUCTION:

Kathak is considered to be one of the eight Indian classical dance form. The word ‘Kathak’ itself describes that
it is the art of storytelling i.e. portraying various characters and conveying to the audience in an entertaining manner
(combination of art, music and drama). It is a very complex yet lively dance form, where the kathak dancers make use
of ankle bells (ghungroos) for rhythm. The main characteristics of Kathak include intricate footwork (tatkars), chakkars
(different forms of rotations), complex and fine hand poses (mudras) and facial expressions.!

Initial stance or starting position of Kathak dancers is with dancers standing with feet placed in “V’ with about
four finger distance space between the hindfeet.2 Forefeet are placed away from the normal foot axis i.e., forefeet are
turned out. This results in excessive strain placed on the midfoot and hindfoot which leads to improper weight
distribution and hyper pronation of feet especially the hindfeet are pronated in weight bearing position. But due to
repetitive stress imposed for prolonged practice session, over a course of duration, the forefeet tends to deviate from its
normal alignment.>* As Kathak dancers perform rapid, rhythmical stamping with the help of ankle bells, there is
improper weight bearing on the feet, giving rise to various ankle musculoskeletal injuries. Also, due to repetitive stresses
placed on the feet over a period of the time, results in ankle and foot injuries. Maximum reported injuries by Kathak
dancers consist of ankle and feet. These repetitive tapping for years can lead to collapse of medial longitudinal arch due
to impact of ground reaction force and imbalance that occurs with it.With changes in the medial longitudinal arch, the
talus bone deviates from the normal leading to rearfoot misalignment.®%1° Along with this, these injuries or trauma gets
aggravated when a dancer performs rapid spins or jumps during the performance where most of the time dancers land
on one foot that further leads to improper weight distribution and improper muscle activation.

Furthermore, the ankle bells made up of metallic bells or mainly brass are tied around the ankles bilaterally,
approximately consists of about 100 to 150 ghungroos per leg (the number of ghungroos increases with levels) which
may put additional stress on the tissues surrounding the ankle and feet. Combined effect of tapping for prolonged
duration with ankle bells may affect structural alignment of the ankle and feet joints.®° Over time, the feet undergoes
various biomechanical changes and tissues are strained due to weights of ankle bells and stamping because of which
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muscles must work harder to carry out movements during performance.®° In today’s era, where high demands and
stakes are placed on the artists around the globe practicing any art form and the competitive nature among them has lead
even the Kathak dancers to strive hard to gain perfection in their art, which can lead vigorous and prolong practice
sessions contributing to the changes occurring in the foot posture. Due to various ankle and foot injuries caused in
Kathak dancers, the assessment of foot and ankle is considered to be an important as foot and ankle injuries may lead
to activation of various compensatory mechanisms in the lower extremities and spine.'® As in the previous study, only
foot posture was assessed in the Kathak dancers, the need for this study to assess the foot posture deviations using FPI-
6 and rearfoot, forefoot angles, along with the comparison of these foot posture deviations among male and female
Kathak dancers.The foot posture index (fpi-6) is a diagnostic outcome measure usually used to measure the degree to
which a foot can be indicated as pronated, supinated or neutral. The rearfoot angle is the angle formed by a line bisecting
the Achilles tendon and a line passing through the posterior aspect of the heel of the foot. It is used to measure whether
rearfoot is in varus, valgus or in normal alignment. For forefoot angle measurement, the patient is in a prone . The
subtalar joint should be in neutral. The examiner stabilizes the subtalar joint and places the goniometer such that the
stationary arm is perpendicular to the line drawn from the base of the calcaneus and the movable arm on an imaginary
line which is parallel to the metatarsal heads.'>617

2. MATERIALS AND METHOD:

The present study is of cross sectional study design with convenience sampling. A total study population of
30 Kathak dancers (15 male and 15 female dancers) were included in the study. Study setup was in Sanskriti Nritya
Kalamandir, Mumbai. The criteria put forth for assessing the dancers included age group between 18- 30 years, both
male and female dancers, dancing experience of more than or 3 years or passed 3 levels and dancers with normal BMI
(according to Asian Criteria). The exclusion criteria included Kathak dancers pursuing other extra- curricular activities
along with Kathak dancing. Kathak dancers who have undergone any lower limb or spinal surgeries. Kathak dancers
suffering from any trauma to the spine or lower limb in past two weeks. Kathak dancers suffering from any congenital
deformities, neurological, musculoskeletal deformities. The outcome measures used were Foot Posture Index (FPI),
static forefoot and rearfoot angles.

3. PROCEDURE:

This study was ethically approved by the ethical committee of TMV’s Lokmanya Tilak College of

Physiotherapy, Kharghar. Demographic details were noted and informed written consent of the Kathak dancers were
obtained and participants BMI was noted.
Foot posture index-6: The six diagnostic criteria in FPI-6 are: (1) Palpation of talar head (2) observation of supra and
infra lateral malleolar curve (3) Alignment of calcaneus in frontal plane (4) Prominence in and around the talonavicular
joint region (5) Medial longitudinal arch congruity (6) Forefoot varus or valgus on rearfoot. Scores are divided as -2, -
1,0, 1, 2.83%4 The final score will be a whole number between -12 to 12. The score between -5 to -12 is suggestive of
highly supinated foot, between -4 to -1 as supination of foot, between 0 to +5 is normal, score of +6 to +9 is suggestive
of foot pronation and scores between +10 to +12 as highly pronated foot.(>!®The participants were asked to be in
standing position and were assessed and observed according to the FPI-6 criterion. The observations were noted and
scored.

Rearfoot angle: Before, measuring the angle the participants were taken in prone, with the tested leg extended and
placed such as the foot and ankle are outside the plinth.%7 In this position, following points were palpated: base of
calcaneus, Achilles tendon insertion, point marked at the center of Achilles tendon attachment at the height of medial
malleoli, center of the calf muscle approximately 15cm from the previous point.® A line was drawn so as all the point
on Achilles tendon attachment is covered. Another line was drawn from the base of the calcaneus which bisects the
above line to form an angle. Then the participants were asked to stand in a relaxed stance phase with the stationary arm
of the goniometer is placed on the line drawn from the base of the calcaneus while the movable arm is placed on the
line drawn through the Achilles tendon attachment points, with fulcrum placed near the point of intersection.® Normal
values i.e., the rearfoot is in neutral when the angle is about 4° of valgus and varus. The rearfoot is said to be in varus
when the angle is < 4° and in valgus when the angle is > 5°. The readings were noted and interpreted.

Forefoot angle: The participants was taken in prone with the ankle placed out of the table. Initially, the subtalar joint
was taken in neutral position. Then with the help of goniometer( stationary arm perpendicular to the line from base of
calcaneus and movable arm is parallel to an imaginary line from the metatarsal heads), the forefoot angle was measured.
The forefoot is considered neutral when observation noted is 0°. The positive readings suggest of forefoot varus whereas
the negative readings suggest of forefeet valgus.
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The readings were noted and interpreted. All the three measurement scores and interpretation were correlated
and final conclusion was inferred. After the final interpretation, the results were compared between male and female
Kathak dancers and readings were noted.

Figure 1: shows rearfoot angle assessment in a Kathak dancer.

Figure 2: shows forefoot angle assessment in a Kathak dancer.
4. STATISTICAL ANALYSIS:
The present study was conducted on 30 Kathak dancers ( 15 males and 15 females). Mean and standard

deviations were calculated for demographics details. Percentage of the collected data and Coefficient of Correlation
was calculated for analysis.
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Figure 3: depicts the age and gender distribution in Kathak dancers who volunteered for the study.

AGE GROUP DISTRIBUTION

GENDER 18- 20 yrs 21- 23 yrs 24- 26 yrs 27- 30 yrs
Males 1 4 2 8
Females 3 8 4 0

Table 1: shows age group distribution in the study population.
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The observations from Foot Posture Index states that from the total study population about 10% of the Kathak
dancers showed foot pronation for both the feet. About 50% of the total population showed the chances of the left foot

being in pronation. 67% showed suggestions of foot in pronation in their right foot. Around 40% showed no
deviations in left foot and 23% showed no deviations in their right foot.
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Figure 4: shows rearfoot angle interpretation in left and right feet for total population.

The observations from this study states that about 33.33% of Kathak dancers showed rearfoot valgus in left
foot and 56.66% showed rearfoot valgus in right foot. About 66.66% showed no deviations in rearfoot in left foot and
40% in rearfoot in right foot. Rearfoot varus was noted in about 10% and 3.33% Kathak dancers in left and right foot

respectively.

FOREFOOT ANGLE INTERPRETATION IN BOTH LEFT AND RIGHT FEET FOR
TOTAL SAMPLE POPULATION (N=30)

LEFT FOOT RIGHT FOOT
FOREFOOT VARUS 86.66% 90%
NORMAL 13.33% 10%
VALGUS 0 0

Table 2: shows forefoot angle interpretation in both left and right feet for total study population.

FOOT POSTURE INDEX IN MALE AND FEMALE KATHAK DANCERS
FEMALES MALES
Left foot Right foot Left foot Right foot
Foot Pronation 6.66% 6.66% 13.33% 13.33%
Suggests foot pronation 73.30% 93.33% 40% 40%
Normal 26.66% 0 46.66% 46.66%
Suggests foot supination 0 0 0 0
Foot supination 0 0 0 0

Table 4: shows foot posture index interpretation in female and male Kathak dancers for both the feet.
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Figure 5: describes the percentage of rearfoot angle variations in male and female Kathak Dancers in both left and
right foot.

The graph to the right shows rearfoot angle interpretation and comparison in male and female Kathak dancer.
In females dancers, about 20% showed rearfoot valgus in left foot and 66.66% showed valgus in right foot. There were
no changes in rearfoot angle in about 66.66% and 33.33% for left and right foot respectively. Rearfoot varus was seen
to about 13.33% and 1.66% in left and right foot. In male dancers, rearfoot valgus was seen in about 26.66% and 60%
for left and right foot respectively, 66.66% showed no changes in left foot and 40% showed no changes in right foot.
Rearfoot varus was seen in 6.66% for left foot.
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Figure 6: describes variations in forefoot angles of male and female Kathak Dancers for both left and right foot.

The graph on the left shows the forefoot angle interpretation in both feet of male and female Kathak dancers.
About 86.66% dancers , both male and female dancers showed forefoot varus in left foot. 13.33% of female and male
dancers showed no forefoot deviations in left foot. In right foot female dancers showed 100% forefoot varus and about
80% male dancers showed forefoot varus in right foot. 20% male dancers showed no forefoot angle deviations.

5. DISCUSSION:

Kathak dance is one of the eight classical dance forms which requires extensive footwork, rapid spins and facial
expressions, which are used to express various emotions, actions or depict a story. The rhythm of the dancers is generated
through the rhythmical and repetitive tapping of the ghungroo tied feet.* Due to increase in the hours and days of practice
as well as increase in the syllabus with years, the dancer's feet undergo various musculoskeletal changes. The current
study was conducted to assess the foot posture changes occurring in the Kathak dancers (both males and females)
between the age group of 18 to 30 years. The postural deviations in foot were assessed using Foot Posture Index (FPI-
6), static rearfoot and forefoot angles. The starting position of Kathak dancers is with dancers standing with feet placed
in “V’ with about four finger distance space between the hind feet i.e. the heels of the foot are almost in touch to form
an angle.? Forefeet are placed in turned out i.e. forefeet in abduction. This can lead to imposing excessive strain on the
midfoot and hindfoot which leads to improper weight distribution and hyper pronation of feet especially the hindfeet
are pronated in weight bearing position. Due to which supination occurs at the transverse tarsal joint to maintain the
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alignment of the forefeet. But due to repetitive stress imposed for prolonged practice sessions, the forefeet tends to
deviate from its normal alignment.® With prolonged duration the dancers tend to stand with deviated feet even in normal
standing position. As this stresses continue for prolonged duration, inadequate supination at transverse tarsal joint results
in the medial forefeet i.e. the first and second rays are dorsiflexed due to the ground reaction force which increases its
impact during tapping on the floor. The lateral forefeet i.e. the fourth and the fifth rays are responsible for the
plantarflexion of the tarsometatarsal joint so as to keep the whole of the forefeet in contact with the ground. Thus, the
forefeet goes in abduction and inversion aka forefoot varus.®#5 As talus is considered to bear the whole of the body
weight, lowering or flattening of the medial longitudinal arch can lead to misalignment of the talus i.e. deviate from its
anatomical position. In the rearfoot, eversion and adduction occurs, as the subtalar joint axis reduces causing rearfoot
valgus which further leads to excessive foot pronation.3

The collapse of medial longitudinal arch as tapping makes primarily use of tibialis posterior, flexor hallucis
longus and flexor digitorum longus. Tibialis posterior acts as a dynamic stabilizer of the medial longitudinal arch (by
elevation of medial longitudinal arch stabilizing midtarsal bones making hindfoot and midfoot rigid), aids in
plantarflexion and inversion.>® The flexor hallucis longus supports the medial longitudinal arch, flex great toe, stabilize
the metatarsal head and supinate the subtalar joint. Due to dysfunction of tibialis posterior, the surrounding ligaments
and joint capsules become lax leading to flat feet. Also, foot overpronation can occur due to dysfunction of tibialis
posterior which results in improper eccentric contraction of the muscle.® The flexor hallucis longus tendon is at a risk
of friction and compression at various tendon insertion sites. At the plantar midfoot, the flexor hallucis longus tendon is
passed over by the flexor digitorum longus tendon (aka knot of Henry). At this site, the tendon sheaths of both the
muscles communicate. Thus, microtears or any microtrauma at the location or inflammation leads to dysfunction of both
the muscles.” From a study conducted in 2021 by Yamazaki et al. published in Journal of Foot and Ankle Research,
there is general joint laxity and increase in plantar fascia elasticity during ovulation (i.e. during higher estrogen levels)
in females. #* Considering this, it can be hypothesized that due to increased joint and ankle laxity in females combined
with the microtrauma to the musculature, altered biomechanics of the starting posture or stance and prolonged practice
sessions (rapid and rhythmical tapping), the incidence of foot pronation is seen more in females than in males. In future
studies, dominance and relation between menstrual cycles and ankle and foot should be considered to fully assess the
prevalence and affinity of foot pronation in both the sexes.

6. CLINICAL IMPLICATIONS:

From this study it is stated that there are foot posture deviations present in Kathak dancers i.e. foot pronation
with flattening of medial longitudinal arch, forefoot abduction and rearfoot valgus. This may lead to many
musculoskeletal injuries occurring in and around the ankle joint and foot. Also, the years of practice and negligence in
treating these changes may later on lead to compensatory changes in the lower limb and lumbar spine, further increasing
the risk of musculoskeletal injuries and pain. An early intervention is necessary to avoid further complications and
injuries and in prevention of the same. A proper education regarding the foot posture changes, their complications and
treatment is important. Strengthening of lower limb musculature is considered to be pivotal in maintenance of Foot
posture.

7. CONCLUSION:

From this study conducted on both male and female Kathak dancers, it can be concluded that Kathak dancers
show significant changes in their foot posture. Due to increase in frequency of their practice sessions with increase in
their training levels (i.e rhythmical tapping variations), it is seen that Kathak dancers show depression in medial
longitudinal arch, forefoot abduction and rearfoot valgus leading to foot pronation. The study also showed that female
Kathak dancers are more prone to foot pronation than the male Kathak dancers. However, the study lacks to provide
accurate comparisons due to small sample size, Kathak gharanas not taken into consideration and lack of noting down
of the number of years gap taken in between their Kathak education.
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