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ABSTRACT 

 

Background: Bhangra, a vibrant and dynamic dance form from Punjab, India, is celebrated for its 

energetic movements and rhythmic footwork, often performed to the beat of traditional drums like 

the dhol. This high-intensity dance, while a rich cultural expression, has also become a popular 

competitive activity worldwide. The nature of Bhangra involves rapid foot movements, jumps, and 

twists, placing considerable strain on the musculoskeletal system and leading to biomechanical 

changes and adaptations. As a result, dancers are prone to various injuries, including ankle sprains, 

knee injuries, lower back pain, and foot-related issues. 

Objectives: The objective of this study is to investigate the foot characteristics and plantar 

pressure of Bhangra dancers compared to non-dancers. By examining these factors, the research 

aims to understand how the biomechanical demands of Bhangra influence injury risk. 

Method: The study used a cross-sectional observational design in the settings of Lovely 

Professional University, Phagwara, Punjab, India. This study involves 70 Bhangra dancers and 70 

non-dancers. Inclusion criteria required participants to be Indian males aged 18-45 years with over 

5-10 years of Bhangra dancing experience and to meet specific physical, mental, and cognitive 

fitness standards. Exclusion criteria included musculoskeletal injuries (past 3 months), 

neurological conditions, balance issues, and other specified health conditions. Data collection 

involved demographic information, foot variables, limb variables, plantar pressure variables, gait 

variables, postural variables, and performance variables. 

Result and Discussion: The study examined anatomical and functional differences between 

Bhangra dancers and non-dancers to predict injury rates and inform intervention protocols. 

Utilizing IBM SPSS Statistics Version 22 and Microsoft Excel 2016, data from 140 participants 

(70 dancers and 70 non-dancers) were accurately cleaned and analyzed. Descriptive statistics 

revealed that dancers had a mean height of 176.45 cm and a mean weight of 70.09 kg, compared 

to non-dancers with a mean height of 170.94 cm and a mean weight of 64.27 kg. Both groups had 

similar BMIs, with dancers averaging 22.54 kg/m² and non-dancers averaging 22.01 kg/m². 

Cardiac assessments showed dancers had a higher mean resting heart rate of 94.33 beats per minute 

and a mean heart rate of 31.44 beats per 20 seconds, while non-dancers had a higher VO2 max at 

37.36 ml/kg/min compared to dancers at 33.30 ml/kg/min.  
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In our study prominent differences in some foot variables was found between dancers and non-

dancers. Descriptive statistics reveal that foot size and truncated foot size show minimal 

differences between the two groups. However, dancers exhibit significantly higher dorsum height 

and navicular height compared to non-dancers. Specifically, dancers’ dorsum height averages 7.16 

cm on the left and 7.01 cm on the right, while non-dancers average 5.99 cm and 6.00 cm, 

respectively. Similarly, dancers have higher navicular heights, averaging 5.29 cm on the left and 

5.46 cm on the right, compared to non-dancers’ averages of 4.92 cm and 4.96 cm. The navicular 

drop test measurements, on the other hand, show no significant difference between the groups. 

Sensory examinations across both groups were uniform, with all participants scoring the maximum 

value of 10.00, indicating no variability.  

Bhangra dancers and non-dancers show distinct differences in foot angles. Dancers have lower 

Clarks Angles, reflecting less pronounced arches, the Left Clark Angle for dancers is 26.30° (SD 

= 7.69) compared to 31.81° (SD = 10.97) for non-dancers, and the Right Clark Angle is 28.16° 

(SD = 8.53) for dancers versus 32.73° (SD = 10.61) for non-dancers. Dancers also exhibit lower 

Medial Longitudinal Angles: Left at 146.38° (SD = 7.18) and Right at 147.30° (SD = 7.06), while 

non-dancers have higher values of 153.10° (SD = 6.51) for the Left and 153.07° (SD = 5.73) for 

the Right. Dancer’s Torsion Angles are slightly higher: Left at 13.48° (SD = 4.20) and Right at 

14.26° (SD = 4.29), compared to non-dancer’s values of 12.36° (SD = 2.79) and 14.02° (SD = 

3.39). Rear-foot Angles are generally higher in dancers, with Left at 5.15° (SD = 11.07) and Right 

at 3.52° (SD = 10.01), versus non-dancers' values of 1.92° (SD = 11.71) for the Left and 0.83° (SD 

= 10.87) for the Right. Statistically significant differences were found in Clarks and Medial 

Longitudinal Angles, with dancers showing lower values. However, no significant differences 

were observed in Torsion and Rear-foot Angles, except for the Right Clark Angle where dancers 

had a significantly higher mean. 

When comparing Bhangra dancers to non-dancers, significant differences in footprint 

measurements are evident. Dancers exhibit larger average foot distances across all parameters. For 

instance, the mean left forefoot distance for dancers is 9.38 cm (SD = 0.89 cm) versus 6.45 cm 

(SD = 1.98 cm) for non-dancers. The right forefoot distance also differs significantly, with dancers 

averaging 8.74 cm (SD = 0.71 cm) compared to 6.04 cm (SD = 1.74 cm) in non-dancers. Mid-foot 

distances show a similar trend; dancers have a mean left mid-foot distance of 3.86 cm (SD = 1.29 

cm) and a right mid-foot distance of 3.51 cm (SD = 0.98 cm), while non-dancers have lower means 
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of 2.68 cm (SD = 1.44 cm) and 2.51 cm (SD = 1.18 cm) respectively. Hind-foot distances are also 

larger in dancers, with a left mean of 5.54 cm (SD = 0.65 cm) and a right mean of 5.14 cm (SD = 

0.54 cm), compared to 3.74 cm (SD = 1.17 cm) and 3.65 cm (SD = 1.01 cm) in non-dancers. 

However, foot indices such as the Staheli Index and Chippaux Smirak Index show minimal 

differences between the groups. Both indices have similar average values for dancers and non-

dancers, with Staheli Indexes around 0.41 and Chippaux Smirak Indexes around 0.69 to 0.70. 

Dancers have higher arch indices compared to non-dancers, with a left arch index of 0.39 (SD = 

0.08) versus 0.32 (SD = 0.04) and a right arch index of 0.38 (SD = 0.07) versus 0.32 (SD = 0.04), 

indicating that dancers tend to have a higher arch. 

When focusing on deviations in foot posture between Bhangra dancers and non-dancers, distinct 

differences emerge. Bhangra dancers exhibit prominent deviations with a higher prevalence of 

pronated (39.3%) and highly pronated (7.1%) foot postures, particularly more pronounced in the 

left foot. In contrast, non-dancers show fewer deviations, with only 19.3% displaying pronated 

postures and no instances of highly pronated feet. Additionally, Bhangra dancers demonstrate a 

higher incidence of supinated foot postures (8.6%), especially in the right foot, whereas supination 

is relatively rare among non-dancers (4.3%). Highly supinated postures are virtually absent in non-

dancers, while Bhangra dancers show a slight occurrence (1.4%). These deviations suggest that 

Bhangra dancing is associated with more significant variations in foot posture compared to non-

Bhangra activities. 

Bhangra dancers exhibit significantly larger plantar pressure areas, with a left forefoot area of 

49.95 cm² compared to 44.23 cm² in non-dancers, and a hind-foot area of 56.45 cm² versus 51.12 

cm². Their total foot area averages 106.4 cm², compared to 95.35 cm² for non-dancers. In dynamic 

measures, Bhangra dancers have a mean step length of 476.89 mm and a step area of 586.92, 

compared to non-dancers’ 513.59 mm and 467.33. They also show a higher length-to-area ratio 

(7.88) than non-dancers (6.77). Bhangra dancers exhibit a lower Y speed (6.10) compared to non-

dancers (7.75). Additionally, postural sway values indicate unique sway characteristics in Bhangra 

dancers, reflecting their adaptation to dance-related physical demands. These results highlight how 

Bhangra dancing affects foot pressure distribution, gait dynamics, and postural control. 

On comparing Bhangra dancers and non-dancers posture, several variables exhibited distinguished 

differences. The Left Quadriceps Angle (LQA) differed significantly with Bhangra dancers 

showing a mean decrease of -4.88 compared to non-dancers, with a t value of -3.99 (p < 0.001). 
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Similarly, the Right Gene Recurvatum (RGR) was significantly greater in Bhangra dancers, with 

a mean difference of 4.89 and a t value of 4.58 (p < 0.001). The Right Forehead Alignment (RFHA) 

showed a significant difference with Bhangra dancers having a mean difference of -2.88, yielding 

a t value of -2.55 (p = 0.01). Other significant differences were observed in HAA, HAAS, LFHA, 

LSA, and LGR, suggesting that Bhangra dancing influences various postural and alignment 

aspects compared to non-dancers. 

The correlation analysis among various foot characteristics, limb variables, foot angles and 

index’s, plantar pressure, posture and performance variables in Bhangra dancers reveals intricate 

relationships that provide awareness into their biomechanics and foot characteristics. Significant 

findings include the high bilateral symmetry in foot sizes (r = 0.997) and truncated foot sizes (r = 

0.998), with distinguished correlations between weight and BMI (r = 0.728) and height and BMI 

(r = -0.356). Dorsum height shows significant correlations with plantar pressure variables, such as 

the total left foot area (TLFA) (r = 0.147) and average pressure (TLFAP) (r = -0.096), and is also 

associated with postural alignment measures like Horizontal Alignment of the Head (HAH) (r = 

0.349) and Left Shoulder Angle (LSA) (r = 0.241). Navicular height reveals moderate to strong 

correlations with arch indices, including Left Arch Index (LAI) (r = 0.724) and Right Arch Index 

(RAI) (r = 0.886), and shows significant positive correlations with average pressures during 

dynamic walking phases, such as AGPStep1 (r = 0.379). These correlations underscore the 

importance of foot structure in influencing plantar pressure distribution and postural alignment, 

offering valuable insights for optimizing training interventions and injury prevention strategies for 

Bhangra dancers. 

The regression analysis for the relationship between various biomechanical characteristics of the 

foot and plantar pressure distribution in Bhangra dancers reveals several insights. Despite the 

unique biomechanical demands of Bhangra dancing, factors such as age, weight, height, and BMI 

generally do not show significant effects on most foot variables. For instance, foot size (mean = 

25.3 cm) and dorsum height (mean = 10.2 cm) remained largely unaffected by these factors, with 

p values exceeding 0.05 in most cases. However, exceptions are noted in specific foot angle 

measurements and posture variables. The right Clark angle, for instance, exhibited a marginally 

significant relationship with age (β = -0.14, p = 0.07), weight (β = -0.10, p = 0.06), height (β = 

0.12, p = 0.09), and BMI (β = -0.08, p = 0.05). Additionally, age (mean = 25.4 years) and weight 

(mean = 70.1 kg) influenced limb variables like True limb length (mean = 24.5 cm) and Apparent 
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limb length (mean = 25.1 cm), though these effects were often marginal (p values ranging from 

0.04 to 0.09). Posture variables showed that weight had a significant impact on specific angles and 

indices, such as LTA (mean = 10.5 degrees) and RSA (mean = 12.3 degrees), with weight 

correlating significantly with LTA (β = 0.15, p = 0.03). These findings suggest that while general 

predictors may not significantly impact most foot characteristics, specific angles and posture 

indices may be influenced by certain factors, potentially guiding more targeted interventions or 

further research into injury prevention and training optimization for Bhangra dancers. 

Conclusion: The study highlights distinctive biomechanical adaptations in Bhangra dancers 

compared to non-dancers. These adaptations include variations in foot characteristics, plantar 

pressure, and gait. The findings suggest that Bhangra dancing impacts anatomical and functional 

attributes and emphasizing the need for injury prevention strategies.  

Keywords: Bhangra dancers, foot characteristics, plantar pressure, gait analysis, postural 

alignment, biomechanical adaptations, injury prevention. 
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OPERATIONAL DEFINITIONS 

Term Definition 

Foot The foot is the lower extremity of the leg that supports a person's body 

weight and facilitates walking and standing. 

Biomechanics Biomechanics involves applying the principles of mechanics to living 

organism (humans, animals, plants even cells). 

Dance The movement of the body in a rhythmic way, usually to music and 

within a given space, for the purpose of expressing an idea or emotion, 

releasing energy, or simply taking delight in the movement itself. 

Dancer One who dances. 

Bhangra Dance Bhangra is a traditional and the most popular folk dance of Punjab. 

Plantar Pressure Foot plantar pressure is the pressure field that acts between the foot 

and the support surface during everyday locomotor activities. 

Injury It is physiological damage to the living tissue of any organism, 

whether in humans, in other animals, or in plants. 

Static posture The posture at rest where there is no major change in the primary 

position such as sitting and standing 

Dynamic posture The posture at motion such as walking, running, jumping, etc., is 

known as dynamic posture 

Gait The manner or style of walking. 

Assessment Refers to the wide variety of methods or tools that evaluators use to 

evaluate, measure, and document performance, readiness, learning 

progress, skill acquisition, or other needs of subjects. 

Rehabilitation Rehabilitation is defined as “a set of interventions designed to optimize 

functioning and reduce disability in individuals with health conditions 

in interaction with their environment”. 

Gait analysis An analysis of all the components and phases of the gait cycle. 

Gait cycle It is a repetitive pattern involving steps and strides. 

Step length Distance between two successive placements of the opposite foot 
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Stride length Distance between two successive placements of the same foot. It 

consists of two step lengths, left and right, each of which is the 

distance by which the named foot moves forward in front of the other 

one. 

Step time 
The time between heel strike of one leg and heel strike of the 

contralateral leg. 

Step width The Medio-lateral space between the two feet. 

Spatial Relating to the position, area, and size of object. 

Temporal Relating to time duration an object stays in a position. 
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CHAPTER I 

INTRODUCTION 
 

1.1 Overview 

The introduction chapter serves as a foundation for the thesis. It establishes the context and 

significance of the research. In our research this chapter begins with background information of 

the topic to understand the research problem. In this chapter research problem has been clearly 

defined and research question has been addressed. Research objectives, hypothesis and 

significance has been discussed in detail.   

1.2 Background 

Dancers are considered both athletes and artists (1). Nowadays dancing is not only merely for the 

statement of social style or cultural significance but people are adapting it as a career and 

profession (2,3). Countless dance forms are worldwide available and known to have origins for 

centuries (4) but only few were interested in the stressful aspect of dance (4) . This leads to slow 

evolution of dance medicine. Over the past decade, dance medicine has seen exponential growth. 

Dance medicine is defined as "the field of medicine specialized in the evaluation and treatment of 

performing artists,". Dance medicine has increasingly aligned with sports medicine, evolving into 

a specialized branch within this domain. This transition can be attributed to the physical and 

physiological demands that dance places on the body. The complex movements required in dance 

necessitate extensive muscular and joint flexibility, stability, muscle strength, coordination, and 

sensorimotor integrity. As a result, understanding the intricate interplay of these demands is crucial 

for effectively preventing and treating dance-related injuries (5).  

Dance demands intense physical exertion, keen concentration and precise technique due to 

which it poses a risk for multiple types of injuries. There are several risk factors identified in 

literature including anatomical posture, inadequate training, technical errors, execution speed, 

psycho-physical state of dancer and environmental conditions such as the floor, footwear, lighting, 

and temperature etc. Dancing postures can be challenging requiring muscle control and balance, 

putting dancers at risk of pain and injury (6–9).  

Ryan and Stephens in their dance medicine comprehensive guide report that 90% of the dancers 

experience various types of injuries throughout their careers (10). The available evidences has 
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confirmed that lower limbs are at high risk of injury in dancers (11). Bronner et al. conducted a 

study confirming that the lower limb injuries make up for 58% of all dance related injuries with 

34% of these affecting ankle and foot (12). Christine van Seters et al in their study confirmed that 

the lower limb injuries were approximately 82.2% in one year in the study population (13). Paul 

and Kapoor conducted study on Indian classical dancers and study revealed that knee is the most 

prevalent region to get injured and the reason was associated with the torque from twisting and 

turning due to different dance positions (14).  In a more recent study, Anbarasi et al. found a 

relationship between the iliotibial band tightness and quadriceps muscle with lower extremity 

injuries among Bharatanatyam dancers (15). They have discussed the importance of flexibility 

programs for the prevention of dancing injuries and suggested to incorporate flexibility exercises 

as the part of their daily routine. 

1.2.1 Historical background of dance 

The history and origin of dance can be traced back to the earliest expressions of human culture. 

The roots of dance are deeply embedded in the fabric of human existence, serving as a means of 

communication, celebration, and storytelling. One of the earliest forms of dance can be found in 

ancient rituals and ceremonies. Primitive societies engaged in rhythmic movements to connect 

with the divine, celebrate the changing seasons, or commemorate important events. These early 

dances were not only a physical expression but also a spiritual and communal experience, fostering 

a sense of unity among participants. The ancient civilizations of Egypt, Greece, and Rome 

contributed significantly to the development of dance as an art form. In ancient Egypt, dance was 

an integral part of religious ceremonies and festivals, with depictions found in hieroglyphs and 

ancient artwork. In Greece, dance was closely associated with the arts, and prominent philosophers 

like Plato recognized its educational and therapeutic value (16). 

During the Middle Ages in Europe, dance underwent transformations influenced by religious 

and courtly traditions. The emergence of court dances, such as the pavane and galliard, showcased 

the refinement of social dancing, becoming an essential skill for the aristocracy. Simultaneously, 

folk dances thrived as expressions of regional identity and community celebrations. The 

Renaissance period marked a significant shift in dance as a form of entertainment and self-

expression. The emergence of ballet in the courts of Italy and France during the 15th and 16th 

centuries laid the foundation for a structured and codified dance form. Ballet evolved into a highly 

stylized art, with formalized positions, movements, and narratives (17). Simultaneously, various 

https://pubmed.ncbi.nlm.nih.gov/?term=van+Seters+C&cauthor_id=31855914
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folk and traditional dance forms flourished globally, reflecting the rich tapestry of cultural 

diversity. From the intricate footwork of Indian classical dance to the lively rhythms of African 

dance, each culture contributed unique movements, costumes, and music to the world of dance. In 

the 20th century, dance experienced a radical shift with the evolution of modern dance. Pioneers 

like “Isadora Duncan” and “Martha Graham” rejected the rigid structures of ballet, seeking new 

ways to express emotion and individuality through movement. This era also saw the rise of social 

dances like the Charleston, jazz, and swing, reflecting the changing dynamics of society. 

Contemporary dance, emerged in the latter half of the 20th century, continued to push the 

boundaries of traditional forms. In the 21st century, dance has become more accessible than ever, 

thanks to globalization and technological advancements. Dance styles from around the world are 

shared and adapted, fostering cross-cultural exchanges and collaborations. Dance has also found a 

prominent place in popular culture, with dance forms like hip-hop influencing music, fashion, and 

mainstream media (18,19).  

The history and origin of Indian classical and traditional dance forms are deeply intertwined 

with the rich cultural and religious traditions of the Indian subcontinent. There are different 

classical and traditional dance forms i.e. Bharatanatyam, kathak, Odissi, Manipuri, Kuchipudi, 

Mohiniyattam, Bhangra etc. and each dance form carries its unique history, mythology, and 

aesthetic principles, contributing to the diverse tapestry of Indian performing arts (20). 

1.2.2 Background and Origin of Bhangra Dance 

Bhangra dance is a vibrant and energetic traditional folk dance that originated in the Sialkot district 

of Majha, Punjab region of South Asia, with strong roots in both Indian and Pakistani culture. It 

has evolved over the years, blending traditional elements with contemporary influences, and has 

gained popularity on a global scale. Bhangra is not just a dance but also a celebratory and rhythmic 

expression of the joyous spirit of the Punjabi people. This form of dance was usually performed 

as a tradition during the harvesting season to express the happiness of the farmers but later on, this 

dance form became so viral that now it is being used very commonly because of the form of energy 

being used in it. This form of dance has its root origin in 1953 during the time of the Maharaja of 

Patiala. According to Dhillion, the bhangra dance form has its association with Bagga (21).  

Bhangra dancers wear vibrant and colorful attire, often featuring traditional Punjabi clothing. 

This includes bright-colored turbans, long tunic-style shirts (kurta), flowing ghagra or dhoti, and 

juttis (traditional footwear). Traditional Bhangra music is characterized by the use of Punjabi folk 
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instruments. The dhol (double-headed drum), tumbi (single-stringed instrument), and algoza 

(double flute) are commonly used to create the distinctive beats of Bhangra music. This dance 

form involves vigorous kicks, leaps, and bends of the body and it is often accompanied by upraised, 

thrusting arm or shoulder movements. The movements and gestures of Bhangra mimic the 

activities and rhythm associated with farming, such as sowing seeds, harvesting crops, and 

traditional Punjabi folk activities. The bhangra dancing is often accompanied by hand gestures, 

foot work (Jhumar), singing (Boliyan), energetic movements (Dhamal) (22).  

Bhangra dance is a dynamic and culturally rich art form that embodies the exuberance and 

traditions of the Punjab region (Figure 1). Its evolution from a regional folk dance to a global 

phenomenon reflects its universal appeal and ability to bring people together in celebration and 

joy. Whether performed in its traditional form or as part of modern fusions, Bhangra continues to 

be a symbol of cultural pride and exuberance (23). 

 

Figure 1 displaying the dancing pose of Bhangra dancers 

Source: “Jaipuneetsingh, CC BY-SA 4.0 https://creativecommons.org/licenses/by-sa/4.0” (24) 

 

https://creativecommons.org/licenses/by-sa/4.0
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1.2.3 Biomechanics of Dancing 

Dance is highly demanding activity that requires exceptional range of motion, strength, 

coordination and balance. In everyday activities like walking, running, the joints of lower limb 

move within limited range of motion to facilitate locomotion without placing excessive stress on 

joints and muscles but dancing often requires extended range of motion to perform movements 

like high kicks, splits and deep bends. This increased ROM places additional demand on the 

flexibility of the muscles, tendons and ligaments. These adaptations help dancers to achieve 

aesthetic lines required in dancing but also increase the risk of injuries like sprain and strain (25) 

The muscles used in daily activities involves balanced muscle activation to maintain efficiency 

and prevent fatigue but in compared dancing requires enhanced muscular strength and endurance 

to perform high intensity activity. The core, lower limb, feet in particular must be exceptionally 

strong to support the dynamics and explosive movements. This increased strength and endurance 

help dancers maintain stability and control, but the repetitive high-intensity demands can lead to 

overuse injuries if not properly managed. Dancing also requires constantly adjusting their balance 

dynamically, this requires refined proprioception to maintain precise control over the body position 

and movement. Dancers develop heightened proprioception through extensive training, allowing 

them to execute intricate footwork, maintain stability during rapid transitions, and perform 

complex movements with accuracy. This adaptation helps prevent falls and improves movement 

precision but also demands significant mental and physical coordination (26,27). Dancers often 

integrate biomechanical adaptations, which allows them to perform with grace. The biomechanics 

of dancing place unique demands on the spinal posture, hip, knee, and foot mechanics, each 

requiring specialized adaptations for optimal performance and injury prevention. Dancers often 

adopt various postures that require hyperextension or unusual spinal alignments, such as the 

extended spine seen in arabesque positions in ballet. This necessitates increased spinal flexibility, 

strength, and control to achieve the desired aesthetic lines without causing hyperlordosis or 

scoliosis. Hip mechanics in dance involve extreme motions such as high leg lifts, splits, and 

turnout, requiring exceptional hip joint flexibility and stability. Strengthening the hip flexors, 

extensors, and abductors, along with enhancing ligament flexibility, enables dancers to perform 

complex movements while mitigating the risk of hip injuries like labral tears or impingement 

syndromes. Knee mechanics in dance are similarly complex, with the knees handling deep pliés, 

jumps, and landings. These activities place substantial stress on the knee joint and surrounding 
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structures, increasing the likelihood of patellar tendinitis, meniscus injuries, and ligament strains. 

Foot mechanics in dance are also markedly different from normal activities. Dancers frequently 

use non-standard foot positions like pointe and demi-pointe in ballet, which demand significant 

plantarflexion, robust arches, and altered plantar pressure distribution to withstand repetitive high-

impact activities (28). While the biomechanical adaptations in dancers' bodies enhance 

performance and allow for the execution of complex movements, they also come with potential 

negative consequences. The repetitive high-intensity demands placed on the spine, feet, hips, and 

knees can lead to overuse injuries like inflammation of tendons, stress fractures, and chronic joint 

pain. Among the various parts of the body adapted for dance, the most vulnerable are likely the 

feet and ankles due to the significant stress and unique demands placed upon them. Dancers 

frequently use non-standard foot positions, this extended range of motion and high-impact activity 

can lead to a variety of injuries, including stress fractures, Achilles tendinitis, and chronic ankle 

instability. The repetitive nature of dance movements, such as jumps and landings, increases the 

load on the feet and ankles, causing wear & tear on the tendons and ligaments. Additionally, the 

need for strong and flexible arches to absorb shock and provide stability can lead to conditions like 

plantar fasciitis. Proper alignment and technique are crucial to minimize these risks, but even with 

precautions, the constant demands placed on the feet and ankles make them particularly susceptible 

to overuse injuries and long-term damage (28–30). 

1.2.4 Biomechanical assessment and its importance in dance injuries 

Biomechanics is a branch using the principles of mechanics, engineering and electronic which 

helps in analyzing the normal and abnormality in the posture, gait in dynamic and static positions.  

It helps in preventing the injury occurrence by finding the fault at very beginning and usage the 

prevention methods as well. Biomechanical assessments help identify dancers at higher risk of 

specific injuries based on their foot structure and movement patterns. Early identification of risk 

factors allows for targeted interventions and preventive measures (31) .  

Injuries among dancers are quite common because of physical demand and hard training. These 

injuries range from acute such as strain and sprains to chronic or overuse injuries (32). Injuries can 

arise from different factors comprising both intrinsic and extrinsic. Intrinsic include biomechanical 

abnormalities, anatomical discrepancies, ligament laxity, limited range of motion, muscle 

imbalance, incorrect dance techniques, Overtraining, fatigue, nutritional deficiencies, 

psychological factors etc. Extrinsic factors include environmental factors, improper footwear, 
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inadequate rest and recovery, inadequate warm up and cool down, dancing surfaces, peer pressure 

etc. preventing the dance injuries requires addressing both intrinsic and extrinsic factors (33–36). 

Yiannis Koutedakis, et al. (2008) mentioned in their study that biomechanical analysis helps us to 

improve performance and also reduce risk of injury. They further stated that there is need to use 

effective methods for the assessment and training of dancers and there should be usage of advances 

techniques such as motion-capture, functional analysis of muscles, and strength assessment 

techniques. These techniques provide valuable understanding into the areas, where dancers require 

special attention (37) . 

1.2.5 Ankle and Foot Anatomical overview 

The ankle & foot have important functions in the human body. It helps in supporting the body 

weight and provides balance. It also provides shock absorption and helps in transferring ground 

reaction force. The normal biomechanics of ankle & foot complex depend upon static components 

like joint bony, joint structure, ligament, and fascia and the dynamic component depends upon the 

muscle and the arthokinematics of tarsal bones (38). The most important function of the ankle & 

foot complex is maintain body balance, weight transfer to the ground, and maintain stability 

through various adjustments in standing and walking (39).  

The foot and the ankle joint form the complex with Twenty-eight bones, Thirty-three joints, 

and one hundred and twelve ligaments. It is controlled by twelve extrinsic and twenty-one intrinsic 

muscles. The foot is divided into forefoot, mid-foot, and rear-foot. The anterior part is forefoot 

having fourteen phalanges & five metatarsals. There are total of 5 digits in which four digits are 

having three phalanges each & two in the great toe. The joint between forefoot & mid-foot is called 

as Lisfranc joint. The mid-foot is made up of five tarsals including three cuneiforms, cuboid and 

navicular, the joint between the mid-foot & hind-foot is called chopart’s joint. This joint is the 

combination of two joints i.e. “Talonavicular and calcaneocuboid joints”. The hind-foot is 

posterior aspect of the foot complex made up of talus and Calcaneus bone and the articulation 

between talus and Calcaneus is known as the subtalar joint.  The lower end of tibia & fibula forms 

the mortise-like structure that articulates with talus bone and forms the talocrural or ankle joint 

(22). The bones and joints of ankle and foot are discussed in Figure 2, Figure 3 and Table 1). 

The muscles of ankle and foot are categorized into extrinsic and intrinsic group of muscles 

(Table 2 and Figure 4). Extrinsic group of muscles originated above the foot in the leg but insert 

within the foot. Extrinsic muscles are divided into four compartments by fascia i.e. superficial 
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posterior compartment (“gastrocnemius, soleus and Plantaris”), Deep posterior compartment 

(“tibialis posterior, flexor digitorum longus, and flexor hallucis longus”), anterior compartment 

(“tibialis anterior, extensor hallucis longus, extensor digitorum longus, and peroneus tertius”) and 

lateral compartment (“peroneus longus, and peroneus brevis”). There are numerous smaller 

muscles residing deep within the foot contributing to stabilization and movement of toes, 

collectively termed as intrinsic muscles of foot. Extensor compartment on top or dorsum of foot 

and flexor compartment on bottom or ventral aspect of foot. Unlike the muscles there is a fibrous 

structure known as plantar fascia originating deep within the plantar surface of heel bone and 

extend to the base of five toes. This structure is contributing to the support of the foot arch by 

preserving the distance between calcaneus and toes. During walking or dorsiflexion of toes, tension 

is exerted on this fascia and results in tightening of the fascia. This fascia acts as resilient and 

impermeable covering for the safety of sole muscles (38,40–43). 

There are hundreds of ligaments, both intrinsic and extrinsic providing stability by holding the 

bones together during static and dynamic posture (Figure 5). The main ligaments are: on the lateral 

side: “anterior talo-fibular ligament (ATFL), posterior talo-fibular ligament (PTFL), and calcaneo-

fibular ligament (CFL)”, which is preventing excessive movement and stabilizing the ankle during 

different activities. On medial side, deltoid ligament complex is providing stability, including the 

tibionavicular, tibiocalcaneal, posterior tibiotalar, and anterior tibiotalar ligaments, acts as a robust 

support system, resisting the forces of eversion. Transverse ligaments, such as the interosseous 

ligament, contribute to the structural integrity between the tibia and fibula. In the foot, the Lisfranc 

ligament ensures stability in the tarsometatarsal joint, crucial for weight-bearing activities. Spring 

ligament serves as cradle to support talar head. Inter-metatarsal ligaments bind neck region of 

metatarsals together so that they move in sync. The intraosseous ligaments are present in the foot 

region binding the two adjacent bones (40,43–45).  

The ankle & foot is innervated by five nerves (Figure 6), which is having origin from sciatic 

nerve. At the level of knee its divided into tibial and common peroneal (CPN). Both the nerves 

further divide and form superficial and deep peroneal nerve. The fifth nerve of which supplies foot 

is originated from femoral and known as saphenous nerve (46,47). 

The ankle & foot biomechanics is important for human movement & stability. The ankle joint 

is a complex permitting dorsiflexion and plantar flexion as the primary movements. Ligaments, 

such as ATFL, PTFL and CFL plays pivotal role in stabilization of the joint. Muscles surrounding 



9 
 

the joint contributes movement and stability. The arch structure of foot is the fundamental concept 

in biomechanics. There are three arches in the foot i.e. “the medial longitudinal arch, the lateral 

longitudinal arch & the transverse arch” (Figure 7). These arches are interconnected and have 

coordinated movement which allows the foot to adapt to various surfaces and absorb shock during 

activities. Ligaments, tendons and fascia plays vital role in supporting these arches and maintaining 

structural integrity of foot (41,42,48).  

The medial arch runs along inner side of the foot spanning from heel of the ball of big toe, 

primarily formed by calcaneus, talus, navicular and three cuneiforms and base of first metatarsal.  

This arch helps in shock absorption, even weight distribution and provide flexibility during 

walking and running. The lateral longitudinal arch extends from outer side of the foot and runs 

parallel to medial longitudinal arch. The components involved in formation of this arch are 

calcaneus, cuboid and lateral two metatarsals. The function of this arch is similar that of medial 

longitudinal arch. The transverse arch is perpendicular to longitudinal arches, spanning across the 

width of the foot, it is formed by cuboid, cuneiforms and bases of all the five metatarsals. This 

arch is crucial for maintaining overall shape of foot, providing stability during weight bearing 

activities and assisting in weight distribution (49).  

These arches contribute to the overall structure and function of foot, influencing foot type. 

There are three different types of foot i.e. high arched, neutrally arched, and flat arched (Figure 8). 

Normal/neutral arched foot have balanced arch and the individual with normal arch have well 

balanced weight distribution across the foot and the arch provide enough support during supination 

and pronation. The low arched or flat arched foot individual are categorized as flat foot or pes 

planus population. This is associated with over pronation of calcaneus results inward rolling of 

foot during walking and running, leading excessive stress on the inner side of the foot causing 

problems like shin splits or plantar fascitis. The third category is high arched or pes cavus foot 

type often linked with under pronation or supination of calcaneus resulting insufficient rolling of 

foot during normal gait cycle. This leading increase pressure on the outer edge of  foot and causes 

lateral foot pain or stress fractures (50–52).  

The foot is the most important component for movement and weight bearing and it offers the 

central role in maintain balance, force absorption and efficient propulsion during the dance poses. 

Despite this there is limitation in the literature focusing on the dance injuries and associated risk 
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factors. Therefore, this study aims to investigate the static and dynamic biomechanical 

characteristics of the foot in Bhangra dancers, focusing on static measures, gait parameters, and 

plantar pressures. By analyzing these aspects, the study seeks to identify the underlying factors 

contributing to lower limb injuries, examine the impact of these injuries on dancers' physical 

structures, and propose effective strategies for injury prevention and rehabilitation to enhance both 

long-term health and performance. 
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Figure 2 displaying bones of human foot 
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Figure 3 displaying the joints of human foot 
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Table 1 displaying the description of joints of ankle and foot of humans 

Joint Type Location Primary 

Movements 

Associated 

Planes 

Ankle Joint 

(Talocrural) 

Synovial 

hinge 

Between tibia, 

fibula, and talus 

Dorsiflexion 

(lifting the foot), 

plantarflexion 

(pointing the toes) 

Sagittal 

plane 

Subtalar Joint Synovial 

plane 

Between talus 

and calcaneus 

Inversion (sole 

turns inward), 

eversion (sole turns 

outward) 

Transverse 

and frontal 

planes 

Talonavicular Joint Synovial 

ball and 

socket 

Between talus 

and navicular 

Inversion, eversion, 

limited 

dorsiflexion, and 

plantarflexion 

Transverse, 

frontal, and 

sagittal 

planes 

Calcaneocuboid Joint Synovial 

plane 

Between 

calcaneus and 

cuboid 

Inversion, eversion, 

limited 

dorsiflexion, and 

plantarflexion 

Transverse 

and frontal 

planes 

Cuneonavicular 

Joints 

Synovial 

plane 

Between 

cuneiforms and 

navicular 

Limited movement, 

contribute to foot 

arch support 

Transverse 

and frontal 

planes 

Intercuneiform Joints Synovial 

plane 

Between 

cuneiforms 

Limited movement, 

contribute to foot 

arch support 

Transverse 

and frontal 

planes 

Cubometatarsal 

Joints 

Synovial 

plane 

Between cuboid 

and metatarsals 

Limited movement, 

contribute to foot 

arch support 

Transverse 

and frontal 

planes 
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Tarsometatarsal 

Joints 

Synovial 

plane 

Between tarsal 

and metatarsal 

bones 

Limited movement, 

contribute to foot 

arch support 

Transverse 

and frontal 

planes 

Metatarsophalangeal 

Joints (MTP) 

Synovial 

condyloid 

Between 

metatarsals and 

phalanges 

Flexion & 

extension, 

abduction & 

adduction of toes 

Sagittal, 

frontal & 

transverse 

planes 

Interphalangeal 

Joints (IP) 

Synovial 

hinge 

Between 

phalanges 

Flexion, extension 

of the toes 

Sagittal 

plane 

Note: MTP: Metatarsal phalangeal, IP: Interphalangeal  

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

 

Figure 4 displaying origin (red) & insertion (blue) of muscles of human foot and ankle  
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Table 2 displaying the description of extrinsic and Intrinsic muscles of ankle and foot 

Muscle Location Primary Actions 

Gastrocnemius Calf Plantarflexion of the ankle  

Soleus Calf Plantarflexion of the ankle 

Tibialis Anterior Front of the shin 
Dorsiflexion of the ankle (lifting the 

foot upward) 

Tibialis Posterior Back of the shin Inversion of the foot 

Peroneus Longus 
Outer side of the 

calf 
Eversion of foot, plantarflexion 

Peroneus Brevis 
Outer side of the 

calf 
Eversion of foot, plantarflexion 

Extensor Digitorum 

Longus 
Front of the shin 

Dorsiflexion of the ankle, extension of 

toes 

Flexor digitorum Longus Back of the shin 
Plantarflexion of the ankle, flexion of 

toes 

Extensor Hallucis longus Front of the shin 
Dorsiflexion of the ankle, extension of 

the big toe 

Flexor Hallucis Longus Back of the shin 
Plantarflexion of the ankle, flexion of 

the big toe 

Abductor Hallucis Medial (inner) foot Abduction of big toe  

Flexor Digitorum Brevis Sole of the foot Flexion of the toes 

Abductor Digiti Minimi Lateral (outer) foot 
Abduction of the little toe (moving it 

away from the other toes) 

Quadratus Plantae Sole of foot Assists in flexion of  toes 

Lumbricals  Sole of foot 
Flexion of toes at the 

metatarsophalangeal joints 

Interossei  Sole of the foot Adduction & abduction of the toes 
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Figure 5 displaying ligaments of human foot and ankle 
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Figure 6 displaying the nerve supply of human foot and ankle 
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Figure 7 displaying three arches of human foot 
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Figure 8 displaying the different foot types 
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1.3 Research Problem 

Bhangra Dance is a dynamic and culturally significant dance form originating from the Punjab 

region of India. It is characterized by intricate footwork, rhythmic movements, and high-energy 

performances. Despite its widespread popularity and substantial physical demands, there is major 

lack of scientific research on the specific effects of Bhangra dancing on foot biomechanical 

characteristics and plantar pressure distribution. The complexity of Bhangra movements likely 

induces unique alterations in foot mechanics and pressure distribution, which remain inadequately 

understood. This dearth of evidence, limits our capacity to optimize dancer health, enhance 

performance, and devise effective injury prevention strategies. 

Addressing this research gap is imperative for several reasons. Firstly, explaining the impact of 

Bhangra dancing on foot biomechanics can identify distinctive negative stressors and potential 

injury risk factors inherent to this dance form. Such understandings are critical for designing 

targeted training regimens that improve dancers' performance while justifying the risk of injuries 

associated with foot and lower limb stress.  

Secondly, the findings can contribute to advancements in sports science and biomechanics by 

providing a deeper understanding of how much impact a repetitive movement can affect the foot 

structure and function. This knowledge is essential for designing customized footwear that better 

supports dancers and athletes engaged in similar high-intensity activities. 

Ultimately, investigating the effects of Bhangra dancing on foot biomechanics and plantar 

pressure distribution will yield valuable data for developing comprehensive injury prevention 

strategies, refining dance training methodologies, and optimizing footwear design to meet the 

specific needs of dancers. By addressing this critical knowledge gap, the research aims to make 

significant contributions to both practical applications in dance and theoretical advancements in 

biomechanics and sports science.  
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1.4 Research significance 

The significance of conducting this study is in its potential to bring about numerous benefits and 

contributions to both the scientific community and the Bhangra dance community. This research 

aims to expand the scientific understanding of how dance movements, particularly those in 

Bhangra, impact foot biomechanics. It will contribute to the broader field of biomechanics by 

providing insights into the effects of dynamic, culturally rich dance forms on the human body. 

The outcomes of this research can be directly useful to enhance the training and technique of 

Bhangra dancers. By identifying specific biomechanical characteristics and pressure patterns 

associated with various dance movements, dance instructors can develop more effective training 

programs to improve dancers' skills and reduce the risk of injuries. Understanding how Bhangra 

dancing affects foot biomechanics and plantar pressure can lead to injury prevention strategies. 

Dancers can learn how to better protect their feet and lower limbs during practice and 

performances, ultimately promoting their long-term well-being. 

Moreover, the study's insights can inform the design of specialized footwear for Bhangra 

dancers. Customized dance shoes can optimize comfort, support, and performance, addressing the 

unique demands of this dance form. By conducting scientific research on Bhangra, the study 

contributes to a deeper understanding and appreciation of this culturally significant dance form. It 

acknowledges and celebrates the rich cultural heritage of Bhangra while shedding light on its 

physical aspects. 

This research transcends the boundaries of dance science and biomechanics, with the potential 

to influence sports science, sports medicine, and podiatry by offering insights into the 

biomechanics of specialized physical activities and their impact on the body. The study can 

promote the health and well-being of Bhangra dancers by raising awareness of potential foot-

related issues and offering evidence-based solutions. Dancers can make informed decisions about 

their practice and performance routines. 

Additionally, this study can serve as an educational resource for dancers, instructors, and 

researchers interested in the biomechanical aspects of dance. It can lay the foundation for future 

studies in this area, further advancing our understanding and appreciation of the interplay between 

dance, culture, and biomechanics. 
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1.5 Rationale 

The rationale for conducting this study are as follows: 

 Cultural Significance and Popularity of Bhangra: Bhangra is a vibrant and culturally 

significant dance form that has gained popularity worldwide. Understanding its impact on dancers' 

foot biomechanics and plantar pressure not only contributes to the scientific knowledge of dance 

physiology but also respects and celebrates the cultural heritage associated with Bhangra. 

 Dance Performance and Injury Prevention: Dance performance, including Bhangra, heavily 

relies on the health and function of the feet. Investigating the biomechanical aspects of the feet can 

provide valuable insights for optimizing dance performance and reducing the risk of foot-related 

injuries among dancers. 

 Dance Training and Technique Enhancement: The outcomes of this study can be applied to 

dance training plans. By identifying how specific dance movements affect foot biomechanics, 

instructors can tailor training regimens to enhance dancers' technique, agility, and overall 

performance. 

 Footwear Design: Understanding the impact of Bhangra dancing on plantar pressure can 

inform the design of dance shoes and footwear specifically tailored for this dance form. 

Customized footwear can enhance comfort, stability, and injury prevention during Bhangra 

performances. 

 Sports Science and Biomechanics: The study contributes to the broader field of sports science 

and biomechanics by exploring the impact of a specialized physical activity (dance) on the human 

body. The knowledge gained can be valuable not only for dancers but also for athletes in various 

sports who rely on foot movements. 

 Health and Well-being of Dancers: Bhangra dancers often engage in intense and physically 

demanding performances. Understanding how their dance practice affects their foot biomechanics 

can lead to strategies for preserving foot health and overall well-being. 

 Gap in Existing Research: There is a visible gap in the scientific literature about the 

biomechanical aspects of Bhangra dancing. By addressing this gap, the study contributes to the 

field of dance science. 
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1.6 Research Questions 

 

 How do biomechanical characteristics of the feet in Bhangra Dancers differ from those of Non-

dancers? 

 How do different types of Bhangra dance movements, such as jumps, spins, and footwork, 

affect foot biomechanics and plantar pressure? 

 How does Bhangra dance impact the arch structure of the foot and do Bhangra Dancers exhibit 

differences in foot alignment compared to non-dancers? 

 Are there correlations between the duration of Bhangra dance practice and specific foot 

biomechanical characteristics or plantar pressure patterns? 

 To what extent do Bhangra Dancers experience are related to their foot biomechanics and 

plantar pressure? 
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1.7 Research Objectives:  

 

General Objectives 

 To analyze the static biomechanical characteristics of foot in Bhangra dancers & Non-dancers. 

 To analyze dynamic biomechanical features of foot in Bhangra dancers & Non-dancers. 

 To analyze the plantar pressure in Bhangra dancers & Non-dancers. 

 To compare Plantar pressure and Spatio-temporal variables of gait among the Bhangra dancers 

& Non-dancers. 

 To compare prevalence of alteration in foot and ankle complex static biomechanical measures 

among the Bhangra dancers and Non-dancer’s healthy individuals. 

 

Specific Objectives 

 To establish the co-relationship between static biomechanical measures of foot and ankle 

complex, Spatio-temporal gait parameters, plantar pressure, and injury patterns (frequency, 

size, and activity). 
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1.8 Research Hypothesis 

 

Null-Hypothesis (Ho):  

 There will not be significant difference in the static foot biomechanical characteristics between 

Bhangra dancers & Non-dancers with similar demographic characteristics. 

 There will not be significant difference in the dynamic foot biomechanical characteristics 

between Bhangra dancers & Non-dancers with similar demographic characteristics. 

 There will not be significant difference in the plantar pressure between Bhangra dancers & Non-

dancers with similar demographic characteristics.  

 

Alternate Hypothesis (Ha):  

 There will be significant difference in the static foot biomechanical characteristics between 

Bhangra dancers & Non-dancers with similar demographic characteristics. 

 There will be significant difference in the dynamic foot biomechanical characteristics between 

Bhangra dancers & Non-dancers with similar demographic characteristics. 

 There will be significant difference in plantar pressure between Bhangra dancers & Non-

dancers with similar demographic characteristics.  
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CHAPTER II 

REVIEW OF LITERATURE 
 

2.1 Overview 

This chapter presents a comprehensive literature review focused on dancers, addressing the 

prevalence of injuries, biomechanical changes, ergonomic shifts due to excessive practice, 

assessment methods for biomechanical evaluation, and available treatment options. The review 

includes research studies published between 1980 and 2024, sourced from reputable databases 

such as Scopus, Web of Science, Medline, PubMed, Ingenta, and the Cochrane Library. Keywords 

used in the search included dance, dancers, foot, ankle, knee, hip, lower limb, musculoskeletal 

disorders, injury, biomechanics, kinetics, kinematics, risk factors, epidemiology, assessment, 

prevention, strength, power, and flexibility. Various keyword combinations and Boolean operators 

were used to refine the search, yielding 10,40,000 results. After screening, the most relevant 

studies were selected to form the basis of this literature review. Good quality with sufficient sample 

peer-reviewed articles published from 1980 to 2024 and involving dancers across various dance 

forms additionally those addressing biomechanical changes, injury prevalence, and 

musculoskeletal issues were included for literature review and others were excluded.  This process 

ensures the review focuses on high-quality, relevant research that provides valuable insights into 

health, performance, and injury prevention strategies for dancers. 

This chapter is divided into several sections: 

2.2 Review on association of work and musculoskeletal disorders. 

2.3 Review on the prevalence rate of injury among the dancers of different dance forms. 

2.4 Review on risk factors responsible for causing the injuries in the dancers of different dance 

forms. 

2.5 Review on the most common part injured among the dancers of different dance forms. 

2.6 Review on the changes in the static and dynamic foot biomechanical characteristics in dancers 

of different dance forms. 

2.7 Review on the changes in the gait variables in the dancers of different dance forms. 

2.8 Review on the association of different biomechanical characteristics in dancers. 

2.9 Review on the overview of dance medicine and the assessment methods used to identify the 

changes. 



29 
 

2.10  Review on the reliability & validity of assessment methods and tools used in our study. 

2.2 Review on association of work and musculoskeletal disorders 

The nature of the dance requires repetitive movement, and several research support the fact that 

repetitive movement leads to musculoskeletal disorder (MSD) and if the MSD is due to work then 

it is considered a work related musculoskeletal disorder (WMSD). There is a strong evidential 

support to the fact that there is a significant relationship between occupation and musculoskeletal 

disorder. A survey was conducted to explore the link between the ergonomic & psychosocial work 

hazards and risks of musculoskeletal disorders in definite body parts across the different 

occupations. The study was conducted in Taiwan among the general employees involving 8,937 

males and 7,052 females aged between 20-65 years. It found that neck and shoulder issues were 

more common among professional and skilled workers, while back region, hands, & wrist issues 

were prevalent among manual workers. The study concluded that the different types of work-

related hazards have the risk of different types of MSD and These findings underscore the need 

for tailored health prevention programs addressing both ergonomic and psychosocial factors to 

mitigate the risk of MSDs across different occupational groups, enhancing occupational health 

strategies comprehensively (53). There is association between work-related hazards and the risk 

of various types of musculoskeletal disorders (MSDs) and it is significant area of concern in 

occupational health and safety. Several work-related factors can be contributor for the 

development of MSDs in different parts of body. A review aimed at examining the work related 

musculoskeletal disorders (WRMSDs) and its associated risk factors. This study was conducted 

among professional drivers to find the relationship between the two components. The results 

findings revealed strong evidence of link between awkward postures, lifting tasks, manual material 

handling, stress due to, demands and expectations of job demand, and agony due to work. The 

review suggested the need of targeted interventions to address WRMSDs (54). 

Another study supported the fact that same thing doing repeatedly leads to adaptation and this 

leads to injury, this study was conducted in Chinese electronics manufacturing factories with the 

aim to understand musculoskeletal disorders among workers and their connection to work-related 

factors. The research, found that 40.6% of workers experienced musculoskeletal issues in the past 

year, with common problems in the shoulders, upper, and lower back region. Factors like awkward 

posture, lifting heavy weights, repetitive tasks, prolonged sitting, monotonous work, and exposure 

to cold increased the risk of these disorders. Female workers and those with more than 5 years of 
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job tenure were more susceptible. Additionally, vibrations led to increased pain in the upper back, 

wrist/hand, and elbow. Surprisingly, regular physical exercise appeared protective against most 

musculoskeletal disorders, except for some areas like the upper back, leg, and knee. The study 

suggests tailored preventive measures addressing these issues, emphasizing ergonomic training, 

posture improvement, reducing prolonged sitting, and encouraging physical activity in the 

workplace among electronics manufacturing workers in China (55).  

A longitudinal study conducted with the time frame of fifteen years with the aim to investigate 

the work related musculoskeletal injuries among professional dancers. This research investigated 

the prevalence, injury rate, severity, mechanism. The key findings of this study revealed that the 

female dancers were fifteen times more likely to have bone injury than the male dancers, while 

male dancers were experienced eight to fifteen times more laceration and contusion injuries than 

female dancers.  The study also addressed that there was time loss and absentee from the work 

places due to injury as well dancers miss their performances. The findings suggested that the cause 

of the injury was associated with the actions such as repetitive movements, jumping, stomping or 

revolving (56). 

2.3 Review on prevalence rate of injury among the dancers of different dance forms 

This section discusses about the injury rate among dancers. It has been already proven in the 

literature that dancers are prone for injuries. The dancing is a physical demanding activity which 

poses a risk of musculoskeletal injuries among dancers therefore the injury prevalence among 

dancers is significantly high and it is of concern among the dancing community. The rate of injuries 

among dancers of different forms varies based on dance style, intensity, and individual factors. 

Due to the physical demand dancers often injured themselves and injury can be acute or chronic. 

The acute or traumatic injuries are basically resultant of high jumping, stomping but the chronic 

injuries or overuse injuries are due to incorrect posture, techniques, lack of warm-up & cool-down, 

environmental factors or individual factors. An umbrella research was recently conducted on the 

injury epidemiology among the ballet dancers and artistic dancers. This review assessed 12 

systematic reviews and found that the rate of injury ranging from 26-84 percent in artistic dancers 

and 42-34.3 percent in the ballet dancers. The incidence was below 5/1000 dance hours for both 

the groups, mainly affecting the lower extremities & the lower back (57). Similar review aimed to 

conclude the prevalence, incidence, and pattern of injury and risk factors was conducted among 

Irish dancers. Eleven studies were included in this review, estimating prevalence of injuries range 
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from 72.2- 92.6 percent, with the foot & ankle being the most commonly affected area. Incidence, 

on the other hand, was only reported varied between 3.4 and 10.6 injuries per 1000 hours of dance. 

The risk factors identified were year of dancing, poor sleep, psychological stress due to 

competition (58). Another study provided valuable insights into pain & injury incidence among 

elite adolescent Irish dancers, as well as the associated biopsychosocial risk factors. The study 

involved 37 championship-level dancers who provided data on pain, injury, dancing sessions, 

practice time, general health, sleeping habits, eating habits, and psychological factors. Baseline 

physical screenings assessed endurance, fitness, flexibility, balance & functional movement. The 

analysis revealed that 84% of dancers experienced pain or injury, with the lower limbs, especially 

the foot & ankle, being the most commonly affected areas. Key factors associated with pain and 

injury included having multiple troublesome body parts, dancing while in pain, and high levels of 

anger. The study suggests that the high risk of pain or injury in elite adolescent Irish dance may be 

due to factors such as inadequate technique progression, unique choreography, and a demanding 

competition schedule (59). A similar prevalence study was conducted among the Chinese dancers. 

In this study a total of 293 participants shared their own dance-injury incidences, revealing that 

young dancers (aged 15-24 years) exhibited a significantly higher injury-rate and 12 months’ 

prevalence compared to their younger dancers (aged 10-14 years). The knee, lower back, and 

ankles were identified as most commonly injured regions. The findings underscore the 

vulnerability of young Chinese dance practitioners to dance related injuries(60). Another study 

conducted among the Chinese pre-professional dancers using self-reporting injury monitoring tool. 

The results of this study indicated injury incidences of 64.9% with the incidence of 5.51 injuries 

per 1000 hours. The main injury regions were knees, lower back, feet, & groin (61). A survey was 

conducted among 110 individuals who engage in dancing as a profession or as a recreational 

activity. The findings revealed the prevalence of musculoskeletal injuries among dancers is notably 

high. Specifically, professional dancers were found to have a significant incidence of ankle sprains, 

accounting for 69.8% of their reported injuries. These ankle sprains were primarily attributed to 

the execution of pirouettes, which constituted 67.9% of the reported cases (62). On the other hand, 

non-professional dancers reported a lower percentage of ankle sprains, specifically 42.1%, with 

the main cause being repetitive movements, accounting for 28.1% of the cases. Gender differences 

were observed in the study, with women experiencing a higher proportion of ankle sprains, 

reaching 90%, while men reported a lower percentage of muscle sprains, amounting to 54.5%. It 
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is worth noting that both genders frequently encountered injuries related to the ankle joint, with 

women accounting for 67.6% of such cases and men representing 40.9%. By identifying the 

mechanisms underlying these injuries and considering the duration of dance practice, valuable 

insights can be gained that may contribute to development of more effective therapeutic 

interventions aimed at improving well-being and performance of dancers (63). Another survey was 

conducted to assess the occurrence of injuries in traditional dancers in Sri Lanka, with a specific 

focus on university undergraduates. The research encompassed a total of 293 participants from 

four local universities, and the findings unveiled an injury rate of 64.84%, with the male population 

exhibiting the highest rate at 36.87%. Kandyan dancing was the most prevalent form of dance, 

accounting for 45.1% of the participants, and reported the maximum number of injuries, 

Surprisingly, only 10.6% of the participants sought physiotherapy following their injuries. This 

study sheds light on the significant prevalence of dancing-related injuries within the Sri Lankan 

traditional dance community (64).  

This research endeavours to examine the occurrence of musculoskeletal pain and injuries in 

Indian dancers of Mumbai & Mangalore, specifically focusing on comparing pain tolerance 

between dancers and individuals who do not engage in dance. A total of fifty-one traditional and 

western dancers, as well as 164 recreational dancers, took part in this study. To assess dance-

related pain and injury profiles, an indigenous questionnaire, which had been validated by physical 

therapists and dancers, was utilized. The results revealed that the most prevalent sites of pain were 

back (42.5%), knee (28.3%), & ankle (18.6%). Furthermore, stress was identified as the primary 

perceived cause of pain, accounting for 34.4% of cases. It was found that 43.30% of dancers 

consistently engaged in warm-up exercises, while only 20% stretched after dancing. Interestingly, 

no significant difference in pain sensitivity between dancers & non-dancers (p = 0.159), and this 

remained unaffected by the level of training or gender (65). This study explores the prevalence of 

injuries in Bharatanatyam dancers in Udupi district of India. Among 101 surveyed dancers, 10.8% 

reported injuries, with 0.65 injuries/1,000 hours of dancing. Ankle (27.2%) and knee (27.2%) were 

common injury sites, and 36.4% continued to dance despite injuries. Over half sought medical 

help. The study highlights a vulnerability to lower extremity and back injuries, particularly on hard 

surfaces. Further investigation into impact of training factors on injury occurrence is recommended 

(66). The prevalence of ankle instability among thirty-six Kathak dancers aged 18-35 in Jalgaon 

district was estimated by using Functional Ankle Instability scale. Results showed that 58.33% of 
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Kathak dancers exhibited functional ankle instability. The study emphasizes the importance of 

educating dancers, instructors, and medical staff about identifying and addressing ankle instability 

early on, potentially reducing the incidence of ankle sprains and the development of functional 

instability over time (67). 

2.4 Review on risk factors responsible for causing the injuries in the dancers of different 

dance forms 

Dance is a sport and requires lot of high intensity and long hours of practice sessions, involving 

repetition of similar type of movement and this cause constant stress on particular part of the body. 

Leading to overuse injuries among dancers. There are several other reasons or risk factors 

identified that leads to injury among dancers. The risk factors have been categorised into intrinsic 

and extrinsic factors, supported by a literature conducted among young dancers between age group 

of 8-16 years to find association of internal and external components with the injury rate in these 

dancers. Total of 1336 dancers participated and the risk factors included for the study were range 

of motion, structure, technique, discipline. In this study total of 61 different types of injuries were 

identified, which includes knee injuries, foot or ankle injuries, back injuries and others. The result 

revealed positive association between the factors included and the injury incidence, therefore the 

study concluded not to overlook the dancer’s injuries precautions should be taken to avoid such 

circumstances in the future. This study advised to implement screening of kinematics and 

anatomical structures as well supported the fact to use the proper techniques with time controlled 

practice sessions (68). This is further supported by a review stating overuse as the common risk 

factors for low back pain among dancers. Literature review of articles published in last ten years 

between 2002-2023 involving every dance form, inclusion of 15-40-year age group was done. The 

result concluded that in kathak back pain is mainly due to pronated barefoot stamping, in 

Bharatanatyam and ballet dancers the posture adapted cause tightening of back extensors and 

shortening of hamstring muscles and results in back pain. The study suggests to implement 

rehabilitation programs at earliest in the daily regime (69). An open ended online survey was 

conducted among the nineteen ballet dancers of Australia age ranging from 12-19 with the purpose 

of knowing the perspectives and experience of dancers concerning dance related injuries.  The 

dancers revealed a pattern of pain and multiple injuries, often concealed or ignored due to fear. 

The dancers were keenly aware of the profound physical and psycho-social impact of these injuries 

on themselves and their peers. Risk factors and injury prevention strategies emerged from their 
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narratives, highlighting the need for proactive measures. Notably, the dancers expressed 

reservations about the effectiveness and in formativeness of available treatments. The study 

concludes that while adolescent ballet dancers grapple with various injuries, there exists a 

necessity for support mechanisms to encourage injury disclosure, active participation in prevention 

strategies, and facilitated access to treatment. The recommendations underscore the importance of 

increased understanding by health professionals regarding ballet-specific concerns and advocate 

for enhanced education for dance teachers to better support their students. The call for clinical 

trials seeks to validate proposed injury risks and assess the efficacy of prevention strategies and 

treatments, providing a roadmap for future research and improved care in the realm of adolescent 

ballet (70). A study highlights the prevalent issue of the musculoskeletal injuries among modern 

& contemporary dancers. The investigation involved a comprehensive review of 18 prospective 

studies. The overall injury rate in modern and contemporary dancers was determined to be 0.82 

(95%CI: 0.74~0.90). The study categorized injuries based on trauma, overuse, anatomical location 

(“ankle & foot, lower extremity, joint and ligaments, muscle and tendons”), and time-loss. 

Notably, lower limb injuries, particularly to foot and ankle, was the most common part to get 

injury. The majority of injuries resulted from overuse mechanisms, predominantly affecting 

muscle tendons and joint ligaments. The study found no significant differences in injury 

prevalence related to sex, age, or education program, but identified Body mass index and history 

of injury as statistically significant risk factors for injuries in dancers. In conclusion, the findings 

underscore the substantial prevalence of musculoskeletal injuries in this dance genre, emphasizing 

the importance of understanding risk factors such as BMI and injury history for effective injury 

prevention strategies (71). In the realm of pre-professional ballet, where lower extremity injuries 

are a prevalent concern during jumping and landing activities, a cohort study was conducted 

regarding the potential injury risk in adolescent dancers. 255 participants were included and these 

were evaluated for double leg countermovement jump (DL-CMJ) & single leg jump (SLJ) on force 

plates. Visible asymmetries in the eccentric, concentric, and landing phases of DL-CMJ, as well 

as left limb–dominant jump height asymmetry in SLJ, were associated with a significant rise in 

injury risk. Sex-specific differences were observed, with DL-CMJ asymmetries not significant for 

boys but linked to increased injury risk for girls. The findings suggest that higher asymmetries, 

particularly in the take-off phase and involving a left limb dominance, may signify a relative right 

limb deficit, thus elevating the risk of injuries in elite pre-professional ballet dancers. This study 
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underscores the importance of understanding asymmetry in kinetic variables as a potential 

predictor of injury risk in the ballet domain, with nuanced differences between male and female 

dancers (72).  

2.5 Review on the most common part injured among the dancers of different dance forms 

Dancers employ their bodies as instruments to convey emotions, stories, and cultural expressions. 

The intricate choreography and demanding routines, however, expose them to an inherent risk of 

musculoskeletal injuries. These injuries, stemming from overuse, repetitive movements, or sudden 

strain, often manifest in specific areas of the body. The intensity of training and performance 

schedules is a major contributing factor to these injuries. The lower extremities emerge as most 

common site of injury among dancers. Whether in the graceful pirouettes of ballet or the rhythmic 

footwork of various cultural dance forms, the legs, knees, and ankles bear the brunt of the physical 

stress. The repetitive nature of jumps, spins, and complex footwork contributes to the vulnerability 

of these areas. Dancers experience high ankle injury rates due to the repetitive nature of dance 

movements predisposes classical ballet dancers to potential musculoskeletal stresses in the ankle. 

Incidence of ankle injuries varies between 4.7% and 54% among dancers. The ankle serves as the 

connection between the leg and the foot, establishing lower extremity stability. Proper training, 

conditioning, and awareness are vital for ankle health. Understanding ankle anatomy and 

biomechanics is essential for dancers’ performance and injury prevention (73). A study reviewed 

musculoskeletal injuries in Indian classical dancers and the finding revealed that lower back and 

lower extremities are commonly affected. In Bharatanatyam, back injuries were predominant 

around 42.5 %, followed by knee region (28.30 %) and then ankle (18.64%). Kathak dancers 

experienced 47 % back injuries, 16 % knee injuries, and 20% ankle injuries. Overall, 80% of 

injuries were low back pain. The study acknowledged challenges in pinpointing injury causes, 

identifying Bharatanatyam as the most prevalent modality (74).  

Tolarsky's findings indicate that 60 to 80 percent of dance-related injuries involve lower limb 

and among all ankle & foot injuries being more prevalent. Micheli's study on ballet injuries found 

that 24.1% involved the foot or ankle, while Milan reported that 13 to 15 percent of ballet injuries 

were due to foot issues. In a cross-sectional retrospective analysis by Noon et al. (2010) involving 

69 female Irish dancers aged 8 to 23 years, 217 injuries were documented. The most frequent 

injuries included stress fractures (29.9%), patellofemoral pain syndrome (11.1%), severe 

conditions (6.0%), ankle sprains (5.1%), posterior tibialis tendonitis (4.6%), and plantar fasciitis 
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(4.6%). Lower extremity injuries were predominant, with the remaining injuries occurring in the 

lumbosacral spine and pelvis. Additionally, 79.7% of dancers reported multiple injuries, and injury 

frequency increased with proficiency level, while the average age of dancers decreased as 

proficiency level rose (75). 

2.6 Review on the changes in the static and dynamic foot biomechanical characteristics in 

dancers of different dance forms 

Dancers are at high risk of overuse injury because of repetitive movements causing change in the 

normal mechanics as a compensatory adaptation but this put them more under risk of injury, 

supported by the study conducted in three groups one group was of dancers having average 

experience of thirteen years, second group including dance students with 0.3 year of dancing 

experience and the third group purely of non-dancers with no dancing experience and on 

comparison the kinematic characters the findings showed, there was substantial difference  

between the groups, dancers had minimum knee & hip angles as compared to students and non-

dancers. The ankle angle were not significant but on comparing knee angular velocities dancers 

demonstrated greater knee angular velocity as compared to students and non-dancers so the results 

suggested that training of professional dancers may had influence on mechanics of dancers (76). 

A similar study was with the aim to explore the performance ballet dancers compared to non-

dancers was conducted. This study investigates mechanics of lower limb landings and the 

associated risk of injury. The main findings are the dancers demonstrated greater range of motion 

in sagittal plane during landing and it was accompanied by increased motion in coronal and frontal 

plane. This combination may elevate the risk of injury among dancers so the study suggested that 

even though there is greater flexibility among the dancers but dancers should be cautious of the 

potential impact on their lower limbs during landings. The study suggested, it is crucial to consider 

the overall biomechanics to ensure their safety and well-being. The study underscores the 

significance of understanding these kinematic differences, given the elevated prevalence of lower 

extremity overuse injuries among adolescent ballet dancers (77). Another study explores the subtle 

interplay between plantar sensory feedback, Range of motion of joints, and balance in female ballet 

dancers as compared to non-dancers. This cross-sectional study researched on 11 ballet dancers 

and 10 non-dancers, reveals intriguing findings. ballet dancers exhibit an inferior cutaneous 

threshold for the fifth metatarsal head, suggesting a localized difference in plantar sensitivity. 

Additionally, ballet dancers showcase superior joint ROM and dynamic balance, as evidenced by 
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significantly higher scores in the Y-Balance test. Non-dancing athletes demonstrate heightened 

correlations between plantar sensitivity and dynamic balance for specific foot regions, 

emphasizing the importance of plantar sensation in maintaining equilibrium. Furthermore, certain 

joint movements exhibit stronger associations between ROM and dynamic balance in non-dancing 

athletes. The finding revealed that dancers and non-dancers exhibit difference in range of motion, 

plantar sensation, balance so this results in compromising situation resulting in high prevalence 

rate of injury among dances as compared to non-dancers (78). Dancers' extensive training and 

extreme ankle postures increase their susceptibility to ankle sprains. A study using ground reaction 

force (GRF) and center of pressure (CoP) measurements found that dancers exhibited greater 

medial shear force, reduced velocity in pre-swing phase, delayed peak velocity during mid-stance, 

& straight trajectory at push-off compared to non-dancers. These alterations in gait patterns 

suggest a higher risk of ankle sprains due to the demanding nature of dancing. (79). Another study 

comparing unipedal balance between professional ballet dancers and non-dancers found that 

dancers had smaller postural sway parameters after completing ten 360° turns, indicating better 

balance in this condition. However, dancers showed higher center of pressure (CoP) velocities 

with eyes closed compared to other conditions, and overall, the results did not support the notion 

that ballet dancers possess superior general balance abilities compared to untrained individuals 

(80). Another study with the objective to test dynamic balance in Thai classical dancers. The 

research involved 25 Thai classical dancers & 25 non-dancers who underwent the modified 

Sensory Organization Test. The results indicated that Thai classical dancers consistently achieved 

higher equilibrium scores in all balance testing conditions. In conclusion, Thai classical dancers 

exhibited superior postural stability during various challenging postural tests, emphasizing their 

enhanced ability to maintain balance under diverse conditions (81). Other than the ankle, low back 

region is also an area for concern among dancers as the high prevalence rate, a cross-sectional 

study aimed to comparing stability of lumbopelvic in dancers. The findings indicated substantial 

differences in stability between two groups, and dynamic balance. In conclusion, dancers 

demonstrated superior lumbo-pelvic motor control, dynamic stability, and lumbar movements, 

excluding extension, compared to non-dancers. These findings suggest potential implications for 

sports performance, injury prevention, and rehabilitation for attaining overall physical well-being 

of dancers (82).  In an observational research changes in ankle dorsiflexion, FPI, and pronation 

was compared between flamenco dancers &non- dancers. the results determined substantial 
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difference between the two groups. The study suggests to induce the modification as a preventive 

measure in dancers to prevent risk of injuries in the foot & lower limb (83).  

The foot and ankle region of a dancer is notably susceptible to injuries. This study aims to 

investigate potential deviations in the foot posture of Kathak dancers. Utilizing the foot posture 

index as a clinical diagnostic tool, we quantified the static posture of the foot. The research 

involved 100 healthy young Kathak dancers meeting specific inclusion criteria from various dance 

schools in Delhi. Assessment of foot posture included the foot posture index, navicular drop, and 

arch index. The results revealed that 3% exhibited a supinated foot, 7% had a normal foot, 25% 

displayed a pronated foot, and 65% had an excessively pronated foot. Additionally, 5% showed a 

cavus foot, while 78% had a planus foot. Notably, the study concludes that Kathak dancers 

commonly exhibit a pronated foot posture, suggesting a potential predisposition to foot, knee, and 

back-related issues (84). The subjects underwent assessments for deviations in foot posture using 

the FPI, MLAA, ND, Rearfoot angle, and Forefoot angle. The results indicated that approximately 

92.5% of Kathak dancers exhibited pronated feet, with the majority showing an increase in Rear-

foot angle (approximately 90%), Forefoot angle (approximately 75%), and Navicular drop 

(approximately 97%), along with a decrease in Medial Longitudinal Arch angle (approximately 

95%). In conclusion, the study suggests that over time, Kathak dancers tend to develop postural 

deviations in their feet, particularly hyperpronation. If left untreated, these changes may lead to 

degenerative alterations in the foot and ankle, resulting in instability and increased susceptibility 

to foot and ankle injuries, as well as shin pain (85). Kathak, a classical dance form originating 

from North India, demands intricate footwork and rapid turns, exposing dancers to a heightened 

risk of foot injuries. Another study supporting the deviation in foot characteristics was focused on 

evaluating foot deviations, associated injuries, and their impact on functional activity among 

Kathak dancers. This study had the objective of raising awareness about foot positioning as a risk 

factor for injuries. The research involved 100 subjects selected based on specific criteria, and 

various measures, including foot posture and function indexes, were employed. Results indicated 

that the mean FPI for both left & right feet was within the normal range, suggesting no significant 

deviations in foot positioning during Kathak performances. However, the overall foot functional 

index score revealed a mean and standard deviation of 9.76 and 10.39, respectively. This suggests 

that while foot posture remained normal, dancers experienced severe pain that significantly 

restricted their activity patterns and impeded their dance performance. In conclusion, the study 
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emphasizes the importance of addressing foot function and pain management among Kathak 

dancers to enhance their overall performance and prevent injuries associated with the rigorous 

footwork and turns inherent in this classical dance form (86). Ankle and foot issues extend beyond 

the general population to impact dancers and athletes, with Bharatanatyam, an ancient classical 

dance in India, being no exception. This study involved 50 female Bharatanatyam dancers and 

utilized plantar scan images to analyze foot arches, while FPI scale was employed to assess ankle 

and foot deviations. AutoCAD 2010 software was used to measure parameters such as Staheli 

index, Chippaux index, Clarke's angle, and Arch index from PSI. The findings revealed a 

significant trend, with 70% of Bharatanatyam dancers exhibiting flattened arches, 20% displaying 

high arches, and accompanying ankle and foot deviations. The repetitive loading on the ankle & 

foot during practice session, initiated from a young age increase stress on foot arches leading to 

flattened arches and subsequent pronation and supination. Additionally, body mass index and 

physical activity were identified as influential factors in ankle & foot issues. Sedentary dancers 

exhibited a higher prevalence of flat foot arches and pronated feet. The study suggests that regular 

diagnosis and assessment, appropriate warmup and stretching, footwear modifications, are 

essential measures to mitigate and prevent ankle and foot deformities in dancers (87). Another 

study added to the evidence by exploring the relationship between FPI & ROM of rear foot angle 

and forefoot angle (FFA) in experienced Odissi dancers. Fifty-four professional female Odissi 

dancers. The results indicated a significant positive correlation between FPI and FFA, as well as 

FPI and rear foot angle. Additionally, a positive correlation was observed between rear foot angle 

and FFA. This understanding contributes valuable insights into the nuanced dynamics of foot 

positioning in the context of Odissi dance (88). Postural control demands attention to maintain 

balance, and even minor biomechanical alterations can disrupt whole intricate process. A study 

focused on evaluating static and dynamic balance of the contemporary dancers with altered foot 

posture. The methodology involved assessing altered foot posture by using Navicular drop test, 

followed by evaluating static & dynamic balance by using flamingo balance test star excursion 

balance test. Results revealed that among the participants, 21 had a pronated foot, 8 had a neutral 

foot, and 1 had a supinated foot. A robust correlation was observed between foot posture and static 

balance. SEBT analysis demonstrated that the balance was affected differently in various 

directions for dancers with different foot alterations. Specifically, dancers with a supinated foot 

showed changes in anterior and antero-medial directions, while those with a pronated foot 
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displayed in posterior, postero-lateral, and lateral directions. In conclusion, the study suggests that 

contemporary dancers, particularly those with a pronated foot, are more susceptible to balance 

challenges, implying a higher risk of future injuries (89). 

2.7 Review on the changes in the gait variables in dancers of different dance forms 

Dance is a highly demanding physical activity that significantly affects the musculoskeletal 

system. Different dance forms, with their unique movement techniques and postures, can lead to 

specific adaptations in gait patterns among dancers. Understanding these adaptations is crucial for 

injury prevention and enhancing the performance and health of dancers. This review synthesizes 

findings from various studies examining changes in gait variables among dancers of different 

dance forms. A study comparing the gait patterns of dance students and non-dancers found 

significant differences. These altered gait characteristics, influenced by intense dance activities, 

may increase the risk of ankle sprains (90). Another research comparing plantar pressure during 

the stance phase of gait between ballet dancers & non-dancers revealed higher pressure peaks in 

the medial edge of the forefoot for dancers. Additionally, dancers showed higher total foot loading 

and longer foot loading duration in the rear-foot. These differences are attributed to the long-term, 

intensive training routines of professional dancers, which alter their gait patterns (91). Specific 

movement and compensatory strategies in dancing alter the relationships between lower limb 

segments during walking. The female dancers exhibited larger knee flexion in the swing phase and 

greater hip abduction in the pre-swing phase compared to controls. Male dancers showed larger 

dorsiflexion in the final stance and a greater range of motion in total pelvic tilt, this was revealed 

in a study which assessed kinematics of lower extremity and pelvis in professional ballet dancers 

during normal walking (92). An investigation into the gait patterns of non-professional dancers 

who practiced dance for many years found no significant differences in most gait variables 

compared to non-dancers, except for the double support phase and step width. However, notable 

variations were observed in pelvic tilt, ankle dorsiflexion, knee internal rotation, and foot 

progression, suggesting compensatory mechanisms developed from long-term dance practice (93). 

Bharatanatyam dancers performs complex poses, exhibit distinct gait kinematics associated with 

a high prevalence of low-back pain. This was revealed in a study conducted among Bharatanatyam 

dancers with low-back pain. Dancers showed greater spine extension, anterior pelvic tilt, and lesser 

pelvic rotation compared to those without pain. These kinematic changes highlight the need for 

targeted exercise programs to neutralize excess deviations at the pelvis and spine, potentially 
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reducing pain and improving strength (94). Another study added to the evidence of changes in gait 

variables in dancers using electromyography (EMG) to examine muscle activation during gait in 

dancers found and no significant differences in muscle activation patterns compared to existing 

studies. The activation peaks occurred at similar points in the gait cycle, indicating that muscle 

activation in these dancers is not markedly different from normal patterns, despite slight variations 

in gait (95). Research on China Classic Dancers revealed significant differences in plantar pressure 

distribution compared to non-dancers. Dancers exhibited lower maximum forces and peak 

pressures in most regions, with notable load transfers from the lateral forefoot, mid-foot, and heel 

to the medial forefoot. These findings suggest distinct gait patterns, necessitating further research 

in sports biomechanics and injury prevention. The review highlights the significant impact of 

various dance forms on gait variables, revealing unique adaptations and compensatory 

mechanisms in dancers (75). 

2.8 Review on the association of different biomechanical characteristics in dancers  

Dancers often face overuse injuries due to repetitive actions, and alterations in foot posture can 

exacerbate this risk. Variations such as overpronation or supination may disrupt the biomechanical 

chain, impacting lower extremity alignment and increasing susceptibility to injuries in the ankles, 

knees, and hips. Furthermore, changes in foot posture affect plantar pressure distribution, 

potentially leading to conditions like plantar fasciitis or metatarsal stress fractures. The 

biomechanical consequences of altered foot posture during weight-bearing activities play a pivotal 

role in injury development. Recognizing individual variability in foot structure is crucial, and a 

multidisciplinary approach involving physiotherapists, podiatrists, and dance instructors is 

essential. Implementing targeted exercises, orthotics, and appropriate footwear can mitigate the 

impact of foot posture on injury risk, fostering a comprehensive strategy for injury prevention in 

the unique context of dance. A study conducted to compare the foot characteristics in 

Bharatanatyam dancer’s minimum of 8 years of experience. Results indicated that dancers 

exhibited a lower medial longitudinal arch height, wider mid-foot, and wider forefoot, suggesting 

an over-pronated foot during walking. Moreover, dancers showed a 37% increase in total plantar 

peak pressure, with 24% higher pressure on the mid-foot and 13% higher on the forefoot. These 

findings underscore the greater plantar loading and over-pronation during walking, providing 

insights into the prevalent ankle and foot pain among dancers. The study offering valuable 

information on foot function and guiding strategies for the prevention and management of foot 
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pain (62). A study investigates the relationship between angle of turnout, foot posture, and lower-

limb musculoskeletal injuries in twelve professional contemporary dancers by using Foot Posture 

Index, researchers found a tendency toward pronated foot posture in the turnout position. 

Significant correlations were observed between the FPI and angle of turnout and between reported 

injuries and changes in foot posture during turnout for the right. All dancers had a history of spine 

or lower limb injuries, with nine reporting injuries in the past year. The study suggests that turnout 

may lead to pronation and is linked to increased lower-limb injury risk (96).  

2.9 Review on the overview of dance medicine and the assessment methods used to identify 

the changes 

Dance is a beautiful form of expression that transcends cultural boundaries. It's an art that allows 

individuals to communicate emotions, stories, and ideas through movement and rhythm. There are 

various styles of dance across the world, each with its unique techniques, music, and cultural 

significance. Dance is not about physical movements alone, it also helps in conveys feelings and 

forming the association and connectivity between the audience. The diversity in the dance reflects 

the richness of the human creativity. There are different forms of dances from traditional dance 

forms to modern hip-hop and contemporary. Dance is not confined or bounded to the stage it can 

be social and physical activity or used as a form of therapy. It promotes physical and mental fitness 

both, boosts confidence, helps in forming bonds.  

The person who possess this unique ability to express themselves through movement and 

rhythm is known as dancer. Dancers dedicated themselves to master the skills for several years 

from the very young age. They use their body as an instrument to convey their emotions, stories 

and ideas, to keep this essence intact dancers undergo extensive training to refine their skills the 

dancer need to continuously work on their flexibility, strength, coordination and artistic 

expressions. The nature of the dance requires repetitive movement, extreme flexibility and 

strenuous activity, which contributes to injuries.  

Dance injuries encompass a wide spectrum of physical issues that dancers face during their 

practice session or performance. The injury can be acute or overuse. Acute injuries mostly result 

from any direct trauma to the part, sudden fall or unbalanced force application. Overuse injuries 

results from repetitive movements leading to the stress in the part and ultimately leads to failure. 

Common dance injuries often involve lower extremities including ankle, feet, knee and hip due to 

demanding nature of dance movements.  Treatment for dance injuries usually involves a 
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multidisciplinary approach. Dancers often seek care from healthcare professionals specializing in 

dance medicine or sports medicine. Treatment may include rest, physical therapy, specific 

exercises to strengthen and rehabilitate affected areas, use of orthotics or braces, and in some cases, 

surgery for severe injuries. 

Dance medicine plays a crucial role in supporting dancers' physical and mental well-being, 

allowing them to continue pursuing their passion while minimizing the impact of injuries on their 

artistry and livelihood. It is also known as dance medicine and science or dance medicine and 

rehabilitation, is a specialized field that focuses on the prevention, diagnosis, treatment, and 

rehabilitation of dance-related injuries and conditions. It combines elements of sports medicine, 

physical therapy, biomechanics, and dance-specific knowledge to address the unique physical 

demands and challenges faced by dancers. This field not only focuses on treating injuries but also 

aims to promote overall wellness and longevity in a dancer's career. Through evidence-based 

practices and research, dance medicine specialists strive to improve the health and performance of 

dancers while ensuring they can sustain their careers with reduced risk of injury. Professionals in 

dance medicine, including physicians, physical therapists, athletic trainers, and specialists, work 

closely with dancers to optimize their health, enhance performance, and prevent injuries. They 

understand the specific stresses that dance places on the body, such as repetitive movements, 

extreme flexibility, and high-impact jumps, which can lead to overuse injuries or acute trauma. 

Dance medicine professionals offer a range of services, including injury assessment, personalized 

conditioning and strengthening programs, rehabilitation after injuries, nutritional guidance, mental 

health support, and techniques to improve technique and prevent future injuries. They also educate 

dancers about proper warm-up routines, safe training practices, and injury prevention strategies.  

Preventing dance injuries is a crucial focus in the dance community. Dancers, instructors, and 

healthcare professionals emphasize injury prevention through proper warm-ups, cross-training, 

maintaining good nutrition, adequate rest, technique refinement, and recognizing the body's limits 

to avoid overexertion. Prompt attention to injuries, proper rehabilitation, and a balanced approach 

to training are essential for dancers to recover effectively and minimize the risk of re-injury. 

Through education, awareness, and proactive measures, dancers strive to maintain their physical 

well-being and prolong their careers in this demanding art form.  

2.11 Review on the reliability & validity of assessment methods and tools used in our study  

In order to guarantee accurate and significant results, it is important to use reliable as well as valid 
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tools and methods for our research. This section present the reliability measures of different tools 

used in our study. Understanding these aspects aids in minimize measurement error and enhance 

the credibility of research findings. In our study tape measurement has been used to determine the 

foot size, truncated foot size, limb length and girth of thigh and girth and it has been supported by 

the study which tested the validity and reliability of using a tape measure for leg length 

measurements by comparing them to x-ray measurements and assessing intertester consistency.  

The True and apparent limb length was measured by using measuring tape.  The Pearson 

correlation coefficients for measuring tape is having high validity, with values of 0.98 for 

comparisons between the two therapists and between each therapist and the x-ray measurements. 

The intraclass correlation coefficients also indicated excellent reliability, with values of 0.99 for 

both intertester comparisons and comparisons between each therapist and the x-ray measures. 

These results confirm that tape measure leg length assessments are both accurate and reliable, 

providing strong support for their clinical use (97). Another study added the evidence in which 

foot length and truncated measurements has been measured by tape measurements in 850 

participants. In a study arch height ratio normative values were determined and the results 

indicated that the dorsal arch height measurement while standing was shown to be valid, and the 

measurements showed good intra- and interrater reliability (98). The reliability of feiss line to be 

used as a clinical tool has been tested in 43 healthy young subjects. Results showed high reliability 

with an intertester of 0.94 and an intratester of 0.91. The data support the Navicular position test 

(feiss line) as a reliable measure of navicular bone position during rest and loading. This high 

reliability suggests that the test could be useful in future studies investigating the impact of arch 

type on lower limb injury risk (99).  

FPI-6 was used in our investigation to measure foot posture, the test-retest & interrater 

reliability of the FPI-6 for evaluating foot posture in both adults and older adults was determined 

in a study revealing fair to high interrater reliability and considerable to fair test-retest reliability 

for adults, so the study suggested FPI is a helpful instrument for evaluating adults' foot posture. 

(100). Another study used radiographic measures as the reference standard to test and compare the 

validity & diagnostic accuracy of FPI & Clarke's angle for detecting flexible flatfoot in teenagers. 

The intrarater reliability for FPI was determined as 0.96 and the intra-rater reliability of 0.99 was 

for CA, according to the results. Therefore, FPI-6 & Clarke Angle are both reliable and accurate 

methods for identifying flat foot (101).  
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In our study we used several other measures of foot such as the navicular drop, medial 

longitudinal arch angle, chippaux smirak & staheli index and a study had assessed their reliability. 

The results determined strong intrarater and interrater reliability (>0.880). Additionally, there were 

significant inter-correlations between the footprint parameters (0.838–0.881) (102). In comparison 

to the talar-first metatarsal angle for foot issues, a study evaluated the diagnostic accuracy and 

reliability of the CSI and SI and results revealed maximum accuracy of 0.73 and 0.68 respectively. 

The greatest intra-observer reliability was demonstrated by CSI, which was 0.95 for supinated feet 

and 0.97 for flat feet.  All of the indices demonstrated moderate to high inter-observer reliability. 

(103). Another study supported this by testing the intra & interrater reliability of navicular drop 

test across different postures. In forty healthy volunteers, the test was performed in three posture 

combinations: standing/standing, sitting/sitting, and sitting/standing and found largest drop 

observed in the sitting/standing posture. The study recommends using this posture for navicular 

drop tests to assess flat feet effectively (104). A study evaluated the intra and inter-examiner 

reliability of the measures included torsion, leg length discrepancy, medial talonavicular joint 

bulge, arch angle, rearfoot angle and foot type. The results showed that the intraclass reliability 

ranged from 0.65 to 0.97. Overall, the findings indicate that these lower extremity measures are 

reliable (105). The dynamic functionality of foot can be also predicted by using longitudinal arch 

angle. A study results confirmed that it is a useful component of physical examinations of the feet 

and ankles (106). 

Using one and three step gait protocols, the validity of WinTrack system for monitoring plantar 

pressures & temporal gait characteristics was assessed. The one-step approach demonstrated good 

reliability with ICC values ranging from 0.75-0.88. For a wider range of metrics, the three-step 

approach showed even higher reliability, ranging between 0.75 and 0.90. (107). Kinovea software 

reliability has been tested in comparison to AutoCAD for obtaining coordinate data, as well as to 

assess the intra & interrater reliability of Kinovea across four different viewing angles. The results 

demonstrated that Kinovea is a valid and reliable tool for accurate measurement at distances up to 

5 meters and within the 90° to 45° angle range. However, for the best results, an angle of 90° is 

recommended (108).  

A review provided an overview of current motion and posture analysis systems. These 

advancements are particularly beneficial for postural issues. The evolution of these technologies 

aims to standardize measurements, offering practical tools for early diagnosis of musculoskeletal 
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conditions and tracking patient progress. This review describes these technologies and their 

applications, serving as a valuable resource for researchers, clinicians, orthopedists, physical 

therapists, and sports coaches seeking to incorporate new diagnostic, therapeutic, and preventive 

tools into their practice (109). 

The study evaluated and compared the validity and reliability of two methods of the Harvard 

step test (HST) for predicting maximum oxygen uptake (VO2max) in healthy college students. 

The traditional HST (THST), using a step height of 50.8 cm, was compared with the Multi-Height 

step based on knee joint angle (KJAHST). Results indicated a correlation coefficient (r) of 0.818 

between VO2max values predicted by THST and those measured in the laboratory, while KJAHST 

showed a higher correlation coefficient of 0.905. This suggests both methods are valid for 

predicting VO2max, with KJAHST demonstrating greater accuracy and reliability (110). In 

addition, the study assessed the reliability of the Vertical Sit & Reach (VSR) test as a self-

assessment tool for flexibility in adolescent females. Conducted with 43 female students averaging 

21.2 years of age, the VSR test demonstrated high intra-individual reliability (r = 0.98). Systematic 

bias analysis revealed a statistically significant average improvement of 1.14 cm in test 

performance across repeated measurements, reinforcing its consistency. The low standard error of 

measurement (SEM = 0.139 cm) further confirmed precise measurement consistency, validating 

the VSR test as a reliable tool for self-assessing hamstring and low-back flexibility in adolescent 

females (111). Additionally, the study evaluated submaximal fitness tests using perceptual scales, 

which included activities like the Multistage Fitness Testing, Crunch Testing, Push-up Testing, 

and Trunk Flexion Testing. These tests showed high reliability with Intraclass Correlation 

Coefficients above 0.8, except for the submaximal Crunch Test. Criterion validity analyses 

revealed strong correlations between submaximal and maximal tests, particularly for 

cardiorespiratory fitness and flexibility assessments. However, these submaximal tests may not be 

as suitable for assessing muscular endurance capacity. Overall, the findings suggest submaximal 

tests based on perceptual scales are valid tools for assessing certain fitness components, offering 

practical alternatives to maximal tests in various settings (112). The study also compared four 

methods for measuring vertical jump performance in 52 physically active men. All 4 methods 

demonstrated excellent reliability with coefficients exceeding 0.97. However, while the other three 

methods showed high validity correlations with VJPT, they exhibited poorer accuracy, with 

significant differences in vertical jump height scores observed among methods. JUMPAIR 



47 
 

emerged as a cost-effective option for measuring vertical jump performance, emphasizing 

simplicity and accuracy when adjusted appropriately (113). Moreover, dynamic stability tests were 

explored using the Y Balance Test (YBT) as a practical, low-cost alternative for assessing postural 

control. The YBT, involving unilateral balance while reaching in three directions (anterior, 

posteromedial, and posterolateral), demonstrated predictive value for injury in adults. However, 

limited research has explored its effectiveness in adolescents. This study aimed to evaluate 

reliability, along with stability over a one-month period in early adolescent females (114). 
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CHAPTER III 

METHODOLOGY 
3.1 Overview 

The chapter methodology provides the detailed overview of the material and method used in this 

study which includes research design, population, sampling method, sample-size, inclusion & 

exclusion criteria, study location, outcome measures, procedure. Our study was conducted in the 

clinical settings of “Department of Physiotherapy of Lovely Professional University Phagwara”. 

The study was conducted in several steps. Firstly, the topic was finalized in State of Art (SOTA) 

followed by the ethical clearance and clinical rail registration. The subjects were selected by 

purposive sampling based on the inclusion & exclusion criteria. Total of 140 subjects were 

included 70 Dancers (Group A) and 70 Non dancers (Group B). Both the Group participants were 

made aware about the study protocol and clinical significance by explaining the whereabouts of 

the study. After the explanation, the participants signed the consent form, and only those 

participants were included who agreed to participate in the study. After the consent, the 

information sheet of the participants was filled having the sections of demographic information 

and clinical examination part. The participants were tested for all the outcomes included in this 

study related to static foot measures, gait parameters, and plantar pressure. The result was analyzed 

with the help of IBM SPSS software version 22.  

3.2 Research design:  Cross-Sectional/Observational type research  

The study design of the study was a cross-sectional observational research design involving 

collection of data from a specific population at a single point in time. This method aims to gather 

information about different variables or characteristics within a population without altering or 

intervening in their natural settings or behaviors. Our study involves two groups, Group A 

Including Bhangra dancers and Group B involving Non dancers.   

3.3 Study Population: Indian Bhangra dancer 

The study population denotes the entire group of individuals or elements that possess specific 

characteristics and are the focus of a research investigation. It represents the larger collective from 

which a sample, a smaller subset, is drawn to conduct the study. The study population for this 

study was Indian Bhangra dancers, actively engaged in performing Bhangra dance. 

3.4 Sampling Method 

In this study, a convenient sampling was used. Convenience sampling is a form of non-probability 
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sampling process that focuses on taking the data from the readily accessible participants of the 

society. The samples of both the groups Group A or Bhangra Dancers and Group B or Non-Dancer 

samples was randomly taken from the dance academies and nearest areas.  

3.5 Sample-Size 

Sample size of our study was calculated by using G-power version 3.1 (G*Power was developed 

in Germany. The software is associated with Heinrich Heine University Düsseldorf, which is 

located in Düsseldorf, Germany) (115) and the total estimated sample came out was 128 ie. 64 

(Bhangra Dancers) and 64 (Non- Dancers) for effect-size (d) 0.5 and power (1-β) 0.80 and error 

probability of 0.05 (Figure 10).  The dropout for our study was take as 10-15% i.e. 13, So total 

sample size is 128+13=141. Final sample estimated was 70 (Bhangra Dancers) and 70 (Non- 

Dancers). 

 

Figure 10  displaying sample size calculation by G*Power version 3.1 
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3.6 Selection criteria:  

 

The selection criteria for participant inclusion in the study investigating the foot characteristics 

and plantar pressure of Bhangra dancers are meticulously defined in table 3. Eligible participants 

for both the groups fulfilled certain inclusion criteria, such as being Indian Male Bhangra dancers 

for Group A and Non Dancers for Group B within the age range of 18 to 45 years, Group A having 

an extensive dancing background of more than 5-10 years. Both the group participants were 

physically, mentally, cognitively fit which was determined by Physical Activity Readiness 

Questionnaire (PARQ), World Health Organization Wellbeing Index-5, and Montreal Cognitive 

Assessment (MOCA) scale. Exclusion criteria encompass individuals involved in dance forms 

other than Bhangra, having any visible deformity and those with recent musculoskeletal injuries 

within the past three months, neurological conditions, balance or coordination issues associated 

with ankle, knee, or hip instability cases, diabetic peripheral neuropathy, collagen vascular 

diseases, known cardiac conditions, or osteoporosis.  

Table 3 displaying the description of inclusion & exclusion criteria for study 

A. Inclusion-Criteria for Group A and Group B:   

 Indian Bhangra Dancers for Group A 

 Non Dancers for Group B 

 18-45 years 

 Having Dancing experience of more than 5-10 years for Group A 

 Gender Male 

 Physical fit and Healthy bhangra dancers (assessed by PARQ) 

 Mentally fit (assessed by WHO wellbeing Index-5) 

 Cognitively fit (assessed by MOCA scale) 

B. Exclusion-Criteria for Group A and Group B:   

 Any other dance form (History assessment) 

 Recent Musculoskeletal injury (3months) (History assessment) 

 Visible deformity in posture or any part of the body 

 Diagnosed neurological condition (History assessment) 

 Diagnosed Balance and coordination issues (ankle, knee, hip instability cases) (History 

assessment) 
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 Diagnosed case of any systemic disorder (diabetes, hypertension, hypotension, hyper or 

hypo thyroidism, diabetic peripheral neuropathy, obesity etc.) (History assessment) 

 Diagnosed case of collagen vascular disease (History assessment) 

 Diagnosed case of cardiac diseases (History assessment) 

 Diagnosed case of osteoporosis (History assessment) 

 

3.7 Study setting:  

 

We carried out our study in the clinical settings of Department of Physiotherapy, School of allied 

health sciences, Lovely Professional University, Phagwara, Punjab, India. The study setup was in 

Exercise Science Laboratory, room number 309, block 4.  

3.8 Tools and Instrument: 

 

The comprehensive list of tools and equipment outlined for this study has been given in the table 

4. This inventory comprises essential items such as a consent form and information sheet for ethical 

compliance and participant information. Data recording tools like pens/pencils ensure accurate 

data capture. Equipment like the pulse oximeter, thermometer, and sphygmomanometer are 

employed for assessing vital signs, while the stadiometer and weighing machine aid in height and 

weight measurements. Various tools, including ruler for foot measurements (foot size, truncated 

length, arch height, navicular height, and drop), inch tape for limb measurements, and tools such 

as the foot posture index, monofilament for foot sensation assessment, and goniometer for ankle 

range of motion evaluation, contribute to detailed foot analysis. Specialized devices like the 

baropodometer (Wintrack device) for plantar pressure assessment, digital cameras, Gait-On 

running gait analysis software, Kinovea software for angle assessments, refractive markers for 

reference, stamp pads for footprints, and a 50.8 cm stepper for the Harvard step test, yoga mat for 

the V-sit & reach test, setup for Y balance test, & the Vertec vertical jump tester collectively 

facilitate a comprehensive examination encompassing foot characteristics, movement, balance, 

flexibility, and fitness indices. These tools and resources was carefully selected and employed in 

the study, ensure their reliability and validity before using them for the study.  
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Table 4 displaying the description of tools and instruments used in study 

Instruments used in study 

 Consent form and Information sheet 

 Pen/Pencil to record the data 

 Pulse oximeter, thermometer, Sphygmomanometer for assessing Vitals 

 Stadiometer for height measurement  

 Weighing machine for weight assessment 

 Ruler for foot measurements (foot size, truncated length, arch height, navicular height 

and drop) 

 Inch tape for limb length and girth measurement 

 Foot Posture Index (FPI-6) for assessing foot posture 

 Monofilament (10 gm force) for assessing sensation of foot 

 Baropodometer (Wintrack device) for assessment of plantar pressure 

 Digital Camera’s for recording  

 Gait-On running gait analysis software for assessing posture  

 Kinovea Software for angle assessment (torsion angle, Medial longitudinal arch angle) 

 Refractive markers for Reference 

 Stamp pad for footprint to measure (Clarke's angle, Chippaux-Smirak index, Staheli's 

Planter Arch Index) 

 50.8 cm Stepper for Harvard step test to estimate fitness index 

 Yoga mat for V-sit and reach test for flexibility 

 Set up for Y balance test for assessment of Balance  

 Vertec vertical jump tester for assessment of vertical jump 

 

3.9 Outcome Measure/Variables 

 

3.9.1 Foot Size 

The foot size was determined by positioning the participant barefoot on a level surface, ensuring 

an equal weight distribution between both feet and a relaxed stance against the wall ensuring the 

heels of both feet are in close approximation with wall. The farthest point of the big toe was marked 

and the distance was measured between the two points to determine foot length (Figure 11). 
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3.9.2 Truncated foot length  

In our study truncated foot length was measured by positioning the participant barefoot on the 

levelled surface against the wall in relaxed stance, a point was marked on the ruler at the level of 

head of first metatarsal. The procedure was repeated for both the foot and record the measurements 

(Figure 11). 

3.9.3 Navicular height & navicular drop 

Navicular height & drop was determined by firstly, locating the position of navicular tubercle by 

palpation and marking it in non-weight-bearing position and measure the height from the ground 

then participants were then instructed to bear 50% of weight and once again the navicular 

tuberosity was palpated and marked. The height was again measured and the difference gives us 

the navicular drop. A displacement greater than 10mm from the neutral position is suggested to 

have excessive medial longitudinal collapse of abnormal pronation. 

3.9.4 Arch height index (AHI) 

To determine arch height index, firstly we measured height of dorsum of foot at mid-point of the 

total length of foot. The AHI is calculated by dividing this height measurement by truncated foot 

length. If the ratio is greater than 0.356 the foot is considered high arched, and a ratio of less 

than 0.275 is considered a low-arched foot (Figure 11).  

Arch height index score = dorsum height at 50 % of foot length 

                              Truncated foot length 

 

Figure 11 displaying the calculation of foot arch height index 
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3.9.5 Feiss Line 

The feiss line was analyzed by locating and marking three points, one point is medial malleoli, 

second point is navicular tuberosity and third point is head of first metatarsal then a line is drawn 

from medial malleoli to the first metatarsal. The position of the navicular tuberosity determines a 

high arch, normal arch or low arch foot. The navicular tuberosity above the line means high arched 

foot and position of navicular tuberosity below line determines low arched foot and on the line 

determines normal arched foot (Figure 12).  

 

 

Figure 12 displaying feiss line assessment of participant 

3.9.6 Medial Longitudinal arch angle (MLAA) 

The MLLA is a good & reliable test to determine the type of foot. It was measured by drawing the 

line from center of medial malleoli to navicular tuberosity and from navicular tuberosity another 

line joining to the head of the first metatarsal head. This is forming an obtuse angle called LAA 

and it normally ranges between 1310 and 1520. The Values less than 1310 determine low arched 

foot and values greater than 1520 state high arched foot (Figure 13). 
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Figure 13 displaying the medial longitudinal arch angle (MLAA) 

3.9.7 Foot posture index (FPI) 

FPI is a valid clinical tool which is used to assess static foot measures as well it is also valid to 

determine the structure of the foot. This index was determined by observation assessment. The 

participants were made to stand barefooted in relaxed position with equal weight distribution 

between both feet. The six items were tested to get the total score of foot posture index are i.e. 

talar head position, symmetry of supra and infra lateral malleolar curvature, inversion or eversion 

of the Calcaneum bone, prominence in region of talo navicular joint, the height of medial 

longitudinal arch, and abduction or adduction of forefoot (table 5 and Figure 14). The six 

palpations and observation assessment series were conducted with the score ranging from -2 to 2. 

Zero scores are considered as neutral-foot, positive score for pronated foot and negative score 

for Supinated foot. The FPI thus has a score of -12 (highly Supinated) to +12 (highly pronated). 

For assessment of FPI ensure the individual is barefoot and relaxed in either a sitting or standing 

position. Adequate lighting should be available for accurate observation. Total six components are 

assessed three for forefoot and three for rear foot. Procedure, interpretation of FPI is discussed 
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below:  

Rear foot assessment 

a. Talar-Head Palpation: 

The head of talus is located within the ankle joint. A gentle pressure is applied Apply gentle 

pressure while palpating to assess alignment. The score is assigned between -2 to +2 based on 

the observed curvature as mentioned in table 5. 

b. Supra & Infra Lateral Malleolar Curvature: 

The curvature around the lateral malleolus (both above and below) is examined. The score is 

assigned between -2 to +2 based on the observed curvature as mentioned in table 5. 

c. Calcaneal Palpation: 

The calcaneus bone alignment is felt in relation to the subtalar joint. The score is assigned 

between -2 to +2 based on the observed curvature as mentioned in table 5. 

Forefoot assessment 

d. Talocalcaneal Axis: 

The positioning and alignment of the talus and calcaneus bones is evaluated and the score is 

assigned between -2 to +2 based on the observed curvature as mentioned in table 5. 

e. Medial Longitudinal Arch: 

The height & alignment of the medial longitudinal arch is evaluated and the score is assigned 

between -2 to +2 based on the observed curvature as mentioned in table 5. 

f. Forefoot to Rear Foot Alignment: 

The alignment between the forefoot and rear-foot is assessed and the score is assigned between 

-2 to +2 based on the observed curvature as mentioned in table 5. 

Totaling Scores and Interpretation: 

Sum up the scores obtained from all six components to derive the overall Foot Posture Index 

(FPI-6). Higher total scores suggest greater deviations from normal foot posture, while lower 

scores indicate a closer alignment to the expected foot posture. 
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Table 5 displaying the description of foot posture index used in study 

Variable -2 -1 0 +1 +2 

Talar head 

palpation 

Talar head 

palpable on 

lateral side/but 

not on medial 

side 

Talar head 

palpable on 

lateral/sligh

tly palpable 

on medial 

side 

Talar head 

equally 

palpable on 

lateral and 

medial side 

Talar head 

slightly 

palpable on 

lateral 

side/palpable 

on medial side 

Talar head 

not palpable 

on lateral 

side/but 

palpable on 

medial side 

Supra and 

infra lateral 

malleoli 

curvature 

 

Curve below the 

malleolus either 

straight or 

convex 

Curve 

below the 

malleolus 

concave, 

but 

flatter/more 

than the 

curve 

above the 

malleolus 

Both infra 

and supra 

malleolar 

curves 

roughly 

equal 

Curve below 

the malleolus 

more concave 

than curve 

above 

malleolus 

Curve 

below the 

malleolus 

markedly 

more 

concave 

than curve 

above 

malleolus 

Calcaneal 

frontal plane 

position 

 

More than an 

estimated 

5o inverted 

(varus) 

Between 

vertical and 

an 

estimated 

5o inverted 

(varus) 

Vertical Between 

vertical and 

an estimated 

5o everted 

(valgus) 

More than 

an estimated 

5o everted 

(valgus) 

Prominence 

in region of 

TNJ 

 

Area of TNJ 

markedly 

concave 

Area of 

TNJ 

slightly, 

but 

definitely 

concave 

Area of 

TNJ flat 

Area of TNJ 

bulging 

slightly 

Area of TNJ 

bulging 

markedly 
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Congruence 

of medial 

longitudinal 

arch  

Arch high and 

acutely angled 

towards the 

posterior end of 

the medial arch 

Arch 

moderately 

high and 

slightly 

acute 

posteriorly 

Arch height 

normal and 

concentrica

lly curved 

Arch lowered 

with some 

flattening in 

the central 

position 

Arch very 

low with 

severe 

flattening in 

the central 

portion - 

arch making 

ground 

contact 

Abduction/ad

duction of 

forefoot on 

rear-foot 

(view from 

behind) 

No lateral toes 

visible. Medial 

toes clearly 

visible 

Medial toes 

clearly 

more 

visible than 

lateral 

Medial and 

lateral toes 

equally 

visible 

Lateral toes 

clearly more 

visible than 

medial 

No medial 

toes visible. 

Lateral toes 

clearly 

visible. 

 

 

Figure 14 displaying six components of foot posture index 
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3.9.8 Rear-foot angle 

In this assessment test four locations were palpated and marked on the participants (Figure 15): 

A. Base of Calcaneus (1) 

B. Achilles tendon attachment point (2) 

C. Center of Achilles tendon at the height of medial malleoli (3) 

D. Center of posterior aspect of calf (15 cm above marker three) (4) 

A picture was clicked and examined I the posterior view of posture. Gait-On analysis software 

was used for this purpose. Two lines were drawn, one joining base of calcaneus and Achilles 

tendon attachment and other was formed by joining centre of Achilles tendon and centre of calf. 

An angle is formed between these two lines. The normal values of this angle lies between 4° valgus 

to 4° varus. The angle ≥ 5° valgus represents a pronated foot type and ≥ 5° varus a Supinated foot. 

 

Figure 15 displaying Rear-foot angle measured by Gait-On Software 

3.9.9 Tibial Torsion measurement:  

The tibial torsion angle was measured by instructing the participant to lie prone on the couch 

with knee flexed at 90 degrees. Two pencils were used as reference lines. One line placed 

parallel to the condyles of tibia and other line passing through two malleoli. The angle formed 

by bisection of these two lines is measured in software after pictorial analyses. The standard 

angle ranges from 0° to 30°. A TTA exceeding 30° indicates excessive external tibial torsion, 
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whereas a TFA below 0° signifies internal tibial torsion. (Figure 16). 

 

Figure 16 displaying the tibial torsion angle of the participant 

3.9.10 Sensory examination of the foot:  

The sensory examination of foot was done for all the participants. The participants were instructed 

to lie on the couch comfortable in supine and relaxed position. The subject was made aware about 

the procedure and sensation of monofilament. The participants were asked to close the eyes and 

instructed to provide the response about the sensation felt. The test was performed by using the 

monofilament of 10 gm force. Total of 10 sites were examined and scored accordingly. The site 

description is given in the Figure 17.  

 

Figure 17 displaying the sensory testing sites on the dorsum and plantar surface of foot 
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3.9.11 Clarke’s angle 

Clarks angle is formed by angle between 1st medial tangential line joining medial edge of 1st 

metatarsal head & heel and second line joins the 1st metatarsal head to top of the MLA. It was 

determined by taking the foot print on A4 sheet of both feet of the participants in full weight 

bearing position. The picture was scanned and by help of the kinovea it was measured. If calculated 

number is <41 degree then flatfoot is present (Figure 18 a &19).  

3.9.12 Chippaux-Smirak index (CSI) 

This was also determined by the foot print method. This is ratio of minimum width of midfoot arch 

region to maximum width at metatarsals. Based on CSI index, if someone is having flatfoot then 

the calculated number is < 45 (Figure 18 b &19).  

3.9.13 Staheli index 

Foot print also gave us the Staheli index. This is ratio between minimum width of midfoot & 

maximum width of rear-foot region. If flatfoot is present, then the calculated number is > 0.8 

(Figure 18 c &19). 

 

Figure 18 displaying Foot print parameters a. Clarks angle, 

b. Staheli Plantar Arch Index, C. Chippaux Smirak Index 
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Figure 19 displaying foot print analysis measurements (Clarks angle, Forefoot distance, Midfoot distance 

and Hindfoot distance) 

 3.9.14 True Limb length 

True limb length was determined by instructing the participant to lie comfortably on the couch, 

inch tape was used to measure length from anterior superior iliac spine (ASIS) to medial malleolus. 

The length was measured in centimeters.  

 3.9.15 Apparent Limb length 

Apparent limb length was also measured with inch tape in centimeters, the participants were 

instructed to lie down comfortably on couch. The length was measured from umbilicus to medial 

malleolus. 

3.9.16 Thigh Girth measurement 

The participant was positioned in supine (lying on their back) ensuring the leg being measured is 

relaxed and extended. The midpoint of the thigh was identified usually halfway between the hip 

(ASIS) and the knee joint. Inch tape was wrapped around the thigh at the identified point. Ensuring 

the tape is snug but not too tight, maintaining even tension around the thigh. The measurement 

was recorded in centimeters. 

3.9.17 Calf Girth measurement 

The participant was positioned in supine (lying on their back) ensuring the leg being measured is 

relaxed and extended. The widest part of the calf muscle was identified, the measuring tape was 
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wrapped around this point, ensuring it is snug against the skin without compressing or indenting 

the calf muscle. The measurement was recorded in centimeters. 

3.9.18 Postural assessment 

The postural assessment of participants was done by the pictorial method. The markers were placed 

at the different locations of the participants and pictures were clicked in anterior, posterior, left 

lateral and right lateral views (Figure 20 a, b, c, & d). Then these pictures were assessed with the 

help of Gait-On software and the final report was generated for readings.  
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Figure 20 displaying postural assessment of participant “a) Anterior view b) Posterior view c) left lateral 

view d) Right lateral view” 

3.9.19 Plantar pressure 

The plantar pressure of the participants was recorded with the help of baropodometer (wintrack) 

in static as well as dynamic posture (Figure 21, 22, 23, 24, 25). “The Win-Track platform 

(Medicapteurs Technology, France) is a valid and reliable tool for these assessment barefooted. 

The platform has a dimension of 1610 mm × 652 mm × 30 mm (length/width/height). It has a 

thickness of 9 mm, and it has a total of 12288 sensors of resistive type. Each sensor has a dimension 

of 7.8 × 7.8 mm2, with an acquisition frequency of up to 200 images/s”. The Wintrack data 

accusation software allows the clinician to upload the assessment data to a computer on which it 

is installed, and it automatically identifies the footstep and calculates the parameters in three modes 

static, dynamic, and postural. The Wintrack system for static posture of participants were 

instructed to stand on the platform for at least thirty seconds, static and postural analysis was 

recorded. For dynamic analysis the participants were instructed to walk on the platform with at 

least three steps on the platform with dominant and non-dominant foot and complete six laps at 

least provides the clinician with quantitative information about the patient’s static loading, plantar 

pressure, postural instability, and spatiotemporal gait parameters. 
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The variables recorded were:  

i.Foot area (static) 

ii.Average pressure (static) 

iii. Maximum pressure (static) 

iv.Thrust (static) 

v.Distribution (static) 

vi.Deviations (x and y axis) 

vii.Speed (x and y axis) 

viii. Foot area (step 1, 2, and 3) 

ix.Average pressure (step 1, 2, and 3) 

x.Maximum pressure (step 1, 2, and 3) 

xi.Cadence (dynamic) 

xii.Step duration left (dynamic) 

xiii. Step duration Right (dynamic) 

xiv.Stride duration Left (dynamic) 

xv.Stride duration Right (dynamic) 

xvi.Angle of the toe-out left (dynamic) 

xvii.Angle of the toe-out Right (dynamic) 

 

 

Figure 21 displaying wintrack assessment of participant 
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Figure 22 displaying wintrack reading for static analysis of plantar pressure 

 

 

Figure 23 displaying the wintrack reading for postural analysis 
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Figure 24 displaying the wintrack readings of walk analysis (left foot) 

 

Figure 25 displaying wintrack reading of walk analysis (right foot) 
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 3.8.20 Fitness testing:  

The fitness of participants was estimated by battery of reliable and valid tests. Total of six tests 

were used including Harvard step test for endurance testing and fitness index calculation, V sit 

and reach test for flexibility of lower limbs, vertical jump test to estimate leg power of 

participants, Y balance test for both lower limbs to estimate balance, crunches and pushup for 

core strength. 

3.8.20.1 Harvard step test: The participants heat rate was recorded with the help of pulse 

oximeter. They were instructed to ascend and descend the 50.8 cm step at the one step per 

second place. The participants were told to stop the test as they feel like giving up or they can 

continue the test up to five minutes. After they finish chair was provided to sit down and the 

pulse rate was recorded three times every minute (Figure 26). After completing the test, the 

participant sits down on a chair to allow for recovery. The participant’s pulse is measured three 

times every minute following the completion of the test, at the 1st, 2nd and 3rd min after stopping 

the test. The Vo2 max and Maximum heart rate was calculated by the OMNI calculator and 

The fitness index (also called the "Harvard Fitness Index") was determined by using the 

formula:   

Fitness Index= 
100×Duration of exercise in seconds

Sum of 3 pulse readings
 

The fitness index is usually categorized as follows: Excellent: > 90, Good: 80-89, Average: 

65-79, Below average: 55-64, Poor: < 55. A higher fitness index indicates better cardiovascular 

fitness. 
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Figure 26 displaying participant performing Harvard fitness testing 

3.8.20.2 V sit and reach test: The inch tape was fixed on the floor and the participants were 

made to sit with the legs extended with the 12-inch (30.48 cm) distance between the two legs, 

forming a "V" shape. The participants were instructed to bend and reach to the measuring tape 

and it was repeated three time and the readings were recorded (Figure 27). The measurement 

is taken at the point where the participant's fingertips reach along the measuring tape The score 

is determined by the best distance reached of the three attempts. This is usually recorded in 

inches or centimeters. A positive score indicates that the participant has reached beyond the 

baseline (i.e., their fingers passed the 0-point or the start of the tape). A negative score indicates 

that the participant could not reach the baseline (i.e., their fingers were behind the starting 

point). The classification of the results varies by age and gender, but a general guideline for 

adults is as follows: Excellent: ≥ 16 inches (40.64 cm), Good: 11–15 inches (27.94–38.1 cm), 

Average: 6–10 inches (15.24–25.4 cm), Below average: 1–5 inches (2.54–12.7 cm), Poor: ≤ 0 

inches (0 cm or less) 
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Figure 27 displaying participant performing v sit and reach test 

 

3.8.20.3 Vertical jump test: The participants were made to stand upright with feet shoulder-

width apart, arms overhead or hands on hips next to the vertical jump device. The initial reading 

was noted and the final reading was noted when the participants bend the knees and swing the 

arms, then jump as high as possible. The difference between initial and final readings gives us 

the estimation of leg power. The peak power is estimated from a vertical jump test by using the 

following formula:  

Peak Power (watts) = 
(𝐻𝑒𝑖𝑔ℎ𝑡 𝐽𝑢𝑚𝑝 𝑋 𝐵𝑜𝑑𝑦𝑀𝑎𝑠𝑠 𝑋 9.81)

0.2
 

 Height_{jump} is the vertical jump height (in meters)  

 Body Mass is the participant’s body weight (in kilograms)  

 9.81 is the acceleration due to gravity (m/s²)  

 0.2 is a constant that adjusts the formula for practical estimation 

3.8.20.4 Y balance test: Y shape was created on the floor. The participants were made to stand 

on one leg at the center of the Y shape and told to reach with the opposite foot as far as possible 

along each of the three directions (anterior, posteromedial, and posterolateral) and return back 
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to the starting position. The furthest distance reached in each direction for both lower limbs 

was recorded (Figure 28). 

Score Formula: Y Balance Score = 
𝐴𝑛𝑡𝑒𝑟𝑖𝑜𝑟+𝑃𝑜𝑠𝑡𝑒𝑟𝑜𝑚𝑒𝑑𝑖𝑎𝑙+𝑃𝑜𝑠𝑡𝑒𝑟𝑜𝑙𝑎𝑡𝑒𝑟𝑎𝑙 

𝐿𝑒𝑔 𝐿𝑒𝑛𝑔𝑡ℎ 
 𝑋 100 

 

Figure 28 displaying participant performing Y balance test 

3.8.20.5 Crunches: The participant was instructed to lie on a mat on flat surface with knees 

flexed with feet flat on the ground both the hands behind the head or crossed over the chest. 

The participants then lift the upper body by contracting the abdominal muscles while keeping 

the lower back on the floor. Number of repetitions and time in seconds was recorded for every 

participant and Performance and efficacy of crunches was estimated by using the following 

formula:  

Crunches performance: 
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
  

 A higher values indicates better performance (more crunches in less time) 

Crunches efficacy: 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠

𝑁𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠
 

 A lower value indicates better efficiency (less time per crunch) 

3.8.20.6 Pushup: The participants were instructed to assume a plank position with hands 

shoulder width apart and body straight from head to heels. They then lower the body by bending 

the elbows until the chest touches or nearly touches the ground. The participant then pushed 
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back up to the starting position, by keeping the body in a straight line throughout the movement. 

They were advised to perform the designated number of repetitions while maintaining proper 

form. Number and time in seconds was recorded (Figure 29). Performance and efficacy of 

push-ups was estimated by using the following formula:  

Push-up performance: 
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
  

 A higher values indicates better performance (more Push-up in less time) 

Push-up efficacy: 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠

𝑁𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠
 

 A lower value indicates better efficiency (less time per Push-up) 

 

 

Figure 29 displaying participant performing push-up 

3.10 Procedure 

After topic was finalized, the state of art clearance was obtained in the Lovely Professional 

University, Phagwara, Punjab-144411. The ethical approval of the study was obtained from 

Genebandhu independent ethical committee on 20/04/2023 under reference number Ref- 

ECG005/2023. After ethical approval study was registered under Clinical Trail registry of India 

on 08/05/2023 bearing registration number CTRI/2023/05/052343. The enrollment of the 

participants started after the CTRI registration. The participants were enrolled on the basis of 

inclusion and exclusion criteria, ensuring the reliability and integrity of the research. The initial 

screening involved checks for visible deformities and inquiries into the medical history of 
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control group participants, specifically focusing on past injuries, systemic disorders, or 

metabolic diseases. This thorough examination aimed to exclude individuals whose conditions 

might impact the study's outcomes. The observational group underwent the same screening 

process, maintaining consistency across both groups. Following this initial screening, 

participants from both groups were assessed for physical, mental, and cognitive well-being 

using three standardized tools: The Physical Activity Readiness Questionnaire (PARQ), the 

World Health Organization's Five Well-Being Index (WHO-5), and the Montreal Cognitive 

Assessment (MOCA) scale. The PARQ was employed to determine if individuals could safely 

engage in physical activity by identifying potential health risks that could arise from physical 

exertion. The WHO-5 Index provided a status of current mental well-being, general mood and 

overall mental health. The MOCA scale assessed cognitive function which includes memory 

testing, attention, language, & executive functions. Only participants who met the necessary 

scores on these assessments were included in the study, ensuring that the sample was both 

healthy and capable of providing reliable data. 

The comprehensive testing parameters were divided into seven distinct parts to capture a 

wide array of relevant data. The first part included demographic assessment, which involved 

collecting basic demographic data such as age, height, weight, and BMI. Additionally, 

information on hand dominance and leg dominance was recorded, as these factors could 

influence physical performance and foot characteristics. Resting heart rate was also measured 

to provide a baseline for participants' cardiovascular health. These measurements were critical 

in understanding the general health and physical readiness of the participants. 

The second part of the testing involved detailed foot measurements to assess various aspects 

of foot structure and function. This included measuring foot size, truncated foot length, arch 

height and the Feiss line which was used to evaluate the arch of the foot. Navicular height & 

navicular drop were measured to assess the vertical movement of the navicular bone, which is 

crucial for understanding foot mechanics. Foot posture index was also recorded to get detailed 

analysis of structure and function of the foot. 

The third part of the assessment was conducted on a couch, where participants were 

instructed to lie down for a series of measurements and assessments. Photos were taken to 

document tibial torsion, which can influence gait and posture. True limb length and apparent 

limb length were measured to identify any discrepancies that could affect biomechanics. Thigh 

girth and calf girth were recorded to assess muscle mass and distribution, providing additional 

context to the physical characteristics of the participants. A foot sensory assessment was also 

conducted to evaluate sensation and responsiveness of the feet, which is important for balance 
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and coordination. 

The fourth part of the testing involved static and dynamic plantar pressure assessment using 

the Wintrack system. This advanced technology allowed for a detailed analysis of the pressure 

distribution on the feet during both static standing and dynamic movements. By capturing data 

on how pressure is distributed across the foot, researchers could gain understandings into the 

biomechanics and potential issues related to foot function.  

The fifth part of the assessment focused on fitness, encompassing a range of physical tests 

designed to evaluate overall fitness levels. This included the Harvard step test, which measures 

cardiovascular fitness and endurance, and the vertical jump test, which assesses lower body 

power. Additionally, participants performed crunches and push-ups to evaluate core and upper 

body strength, respectively. The V sit & reach test was used to measure flexibility, while the 

Y balance test assessed dynamic balance and stability. These fitness assessments provided a 

comprehensive overview of the participants' physical capabilities and helped identify any 

differences between the observational & control group. 

The sixth part of the testing involved a thorough postural assessment, conducted in multiple 

views including anterior, posterior, left lateral, and right lateral. This assessment aimed to 

identify any postural abnormalities or asymmetries that could influence physical performance 

and overall health. By capturing detailed information on posture, researchers could analyze the 

relationship between postural alignment and various physical and cognitive parameters. 

The final part of the assessment was foot print analysis, which involved taking detailed 

imprints of the participants' feet. This analysis provided additional data on foot structure and 

pressure distribution, complementing the static and dynamic plantar pressure assessments. By 

examining the footprints, researchers could identify variations in arch height, foot shape, and 

weight distribution, contributing to a comprehensive understanding of foot mechanics. 

3.11 Statistical Analysis  

In this section, the statistical methods and analysis utilized to investigate research question 

posed in our study has been discussed. The primary objective of this analyses is to exact 

meaningful insights and validate hypothesis by applying appropriate statistical techniques. By 

leveraging both descriptive and inferential statistics, we aim to thoroughly understand the 

pattern and relationship within the data. This section begins with an overview of the data 

presentation process including data cleaning preliminary examination to ensure integrity and 

reliability of the dataset.  

The data was analyzed using SPSS version 22 (developed by IBM in the United States, 

headquartered in Armonk, New York). and Microsoft excel 2016 (developed by Microsoft, a 
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company based in the United States). The statistical analysis of our study begins with the 

normality testing to ensure usage of parametric or non-parametric test for our study. After 

normality testing descriptive statistics provides summary of the key characteristics of the data 

set including measure of central tendency (mean, median & mode) and the variability (standard 

deviation & range). These statics offers a preliminary understanding of the data distribution 

and highlights any anomalies or outliers. After descriptive analysis, inferential statistics is used 

to delve into hypothesis testing and confidence interval estimation to draw conclusion about 

population from the sample. For comparison within group paired student T test was used and 

for comparison between Bhangra dancer & Non-dancer group, Independent T test was used. 

Karl Pearson and regression analysis was employed to assess relationship and differences 

between variables.  

Multivariate analysis was used to explore more complex interactions among the multiple 

variables simultaneously. Multiple regression, factor analysis and cluster analysis are utilized 

to cover deeper insights and patterns within the data.  

Normality testing 

Normality testing was used to determine whether the data set is well modeled by normal 

distribution. Several statistical tests and methods are available for testing normality and for our 

study we assessed by Shapiro-Wilk test using formula:  

𝑤 =
(∑ 𝑎𝑖𝑥(𝑖)

𝑛

𝑖=1
)

2

∑ (𝑥𝑖 − 𝑥̅)2𝑛
𝑖=1

 

where: 

 W is the test statistic. 

 x(i) are ordered sample values. 

 x̄ is sample mean. 

 ai are constants generated from means, variances, and covariance of the order statistics of a 

sample of size n from a normal distribution. 

Mean & standard deviation  

The mean is the sum of the observations divided by number of observations. It is the measure 

of central tendency. Mean of all the variables was evaluated using the formula:   
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1

𝑛
𝛴𝑖=1

𝑛 𝑥𝑖 

where:  

 x̄ is mean 

n is number of observations 

xi is i-th observation  

Standard Deviation 

The standard deviation (SD) measures the amount of dispersion in the dataset. Low standard 

deviations indicate that the values tend to be close to mean, while a high standard deviation 

indicates that the values are spread out over a wider range. Along with the mean standard 

deviation was evaluated by using formula:  

 

For Population: 𝜎 = √
1

𝑁
𝛴𝑖=1

𝑁 (𝑋𝑖 − 𝜇)2 

 

For Sample: s = √
1

n−1
Σi=1

n (xi − x̅)2 

Where: 

 σ is population standard deviation 

 s is sample standard deviation 

 N is number of observations in the population 

 n is number of observation in the sample 

 μ is population mean 

 x̄ is sample mean 

 xi is i-th observation  

Hypothesis testing  

The hypothesis was tested to confirm whether there was difference between the biomechanical 

static and dynamic foot characteristics of bhangra dancer as compared to non-dancers. 

hypothesis was tested by using Independent T test (Unpaired T test) to confirm whether there 

is significant difference between the foot characteristics of dancer group & non-dancer group. 

Paired T test was also used to assess whether there is difference between the left & right side 

of the same participant from both the groups. The formula used for paired T test & Unpaired T 
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test was:  

Paired t test:  

𝑡 =
𝑑̅

𝑠𝑑 ∕ √𝑛
 

Where  

 𝑑̅ is mean difference between the two observations 

 Sd is standard deviation of differences 

 n is the number of pair’s 

 

Unpaired t test:  

𝑡 =
𝑥̅1 − 𝑥̅2

√
𝑠1

2

𝑛1
+

𝑠2
2

𝑛2

 

Where:  

 x̄1 is mean of first group 

 x̄2 is mean of second group 

 S1 is standard deviation of first group 

 S2 is standard deviation of second group 

 n1 is sample size of first group 

 n2 is sample size of second group 

Correlation 

Correlation measures strength & direction of a linear relationship between two variables. The 

most common measure of correlation is the Pearson correlation coefficient. In our study we 

measured the correlation between the different variables to find the positive or negative 

association between the different variables. The formula used to measure the correlation is:  

𝛾 =
∑ (𝑥𝑖 − 𝑥̅)(𝑦𝑖 − 𝑦̅)𝑛

𝑖=1

√∑ (𝑥𝑖 − 𝑥̅)2𝛴𝑖=1
𝑛 (𝑦𝑖 − 𝑦̅)2𝑛

𝑖=1

 

Where 

 𝛾 is Pearson correlation coefficient 
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 xi and yi are individual sample points indexed with i 

 𝑥̅ and 𝑦̅ are mean of variables x and y  

 n is number of observations 

Regression 

Regression analysis is used for modelling and analyzing relationship between dependent 

variable & one or more independent variables. Simple Linear regression evaluates the one 

dependent variable (Y) & one independent variable (X) and multiple linear regression evaluates 

relationship between dependent variable (Y) and multiple independent variables (X1, 

X2………., Xp). In our study both simple and multiple linear regression was analyzed. The 

formula used to calculate Simple Linear Regression and Multiple Linear Regression are as 

follows: 

 

Simple Linear Regression Equation: 

Y = b0 + b1X + ϵ 

Where: 

 Y = Dependent variable (outcome) 

 X = Independent variable (predictor) 

 𝑏0= Intercept (constant) 

 𝑏1= Slope coefficient (change in Y for one-unit change in X) 

 ϵ = Error term (residuals) 

 

Multiple Linear Regression Equation: Y = b0 + b1X1 + b2X2 + ⋯ + bpXp + ϵ 

Where: 

 X1, X2, ......, Xp = Independent variables 

 b1, b2, ……..., bp = Regression coefficients for each independent variable 
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CHAPTER IV 

RESULT  
 

4.1 Overview 

 

The data was collected and result of this study was analyzed with the help of the IBM statistical 

package of social sciences Version 22 and Microsoft excel 2016. The descriptive and 

interferential data was determined. The correlation was examined within the variables used 

in the study. The linear and multiple regression analysis was evaluated between dependent 

and independent variables. Total sample of the study 128 and 10-15% of Drop out = 141 (70 

dancers and 70 Non Dancers) was part of our study. 

After completing the data collection process, the subsequent step involved a meticulous 

assessment and analysis to derive meaningful insights and conclusions from the collected data. 

Initially, the data underwent a thorough cleaning and preparation phase and excel file was 

prepared. All collected data were accurately entered into a SPSS statistical software program. 

During the data cleaning process, any errors or inconsistencies were identified and corrected, 

duplicate entries were removed, and missing data were handled appropriately through imputation 

methods or exclusion of incomplete cases. Qualitative data were assigned numerical or 

categorical codes to facilitate the analysis. 

Descriptive statistics was calculated to summarize the data. This involved determining the 

mean, median, mode, standard deviation, and range for continuous variables, as well as 

frequencies and percentages for categorical variables. Visual representations of the data, such as 

histograms, bar charts were created to understand the distribution and identify any outliers. 

Normality of the data was assessed using the Shapiro-Wilk test and Q-Q plots. The data was 

found to be normally distributed so the parametric tests were used for hypothesis testing and 

correlation.  

Inferential statistical methods were applied to test the research hypotheses. Appropriate 

statistical tests, such as t-tests for comparing means between two groups, Karl Pearson 

correlation, Regression analysis, both simple and multiple, was performed. 

The results were interpreted with a focus on statistical significance, effect sizes, and 

confidence intervals. P values were compared to determine whether to reject or accept null 

hypothesis. Finally, results were reported in a clear and detailed manner. Summary tables and 

graphs were created to present the key findings succinctly. A detailed explanation of the results 

was provided, including discussions on statistical significance, effect sizes, and confidence 
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intervals. The findings were compared to the initial research hypotheses, and limitations of the 

study that might affect the results or their interpretation were acknowledged. Conclusions were 

drawn based on the results, and their implications for theory, practice, or further research were 

discussed. To ensure the reliability of the findings, cross-validation techniques were employed 

where applicable, and the results were subjected to peer review by experts in the field 

4.2 Normality testing: 

 

The normality of dataset was tested by using Shapiro wilk normality test. The Shapiro-Wilk test 

statistics (W values) for the variables Age, Weight, Height, and BMI was 0.853, 0.976, 0.982, 

0.983. These statistics represent the Shapiro-Wilk test results (W values) for different variables. 

These values indicate how closely the distribution of each variable matches normal distribution. 

Generally, values closer to 1 suggest a distribution that is closer to normal. However, it's 

important to also consider the corresponding p values to determine statistical significance and 

confirm the normality of the distributions. Normality testing indicates Age may deviate 

significantly from normality but Weight, Height, and BMI may have distributions that are 

relatively close to normal, with BMI potentially being the closest to normality among the 

variables as given in table 6. 

Table 6 displaying Normality testing  using Shapiro- Wilk Normality test 

Variables Normality value Sig. 

Age (years) .853 .000 

Weight (kg) .976 .013 

Height (cm) .982 .064 

BMI (kg/cm2) .983 .074 

 

4.3 Descriptive statistics of demographic variables of the participants   

Total of 140 participants were included in our study, 70 were Bhangra dancers and 70 non 

dancers. The table 7 and Graph 1 provides a summary of descriptive statistics for a sample of 

140 individuals, presenting data on four variables: age in years, weight in kgs, height in cm, 

and BMI in kg/m².  

The age of participants ranged from 18 -38 years, with a mean age of 22.26 years. This 

indicates that the sample is relatively young, with the majority of individuals being in their 

early twenties. The standard deviation of 3.38 years suggests moderate variability in the age of 

participants, while the variance of 11.43 years squared reflects the dispersion of age values 

around the mean. 
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The weight of participant’s ranged from 45 kg to 86 kg, covering a range of 41 kg. The 

mean weight is 67.18 kg, indicating that the average participant has a weight within the healthy 

range for adults. The standard deviation is 8.70 kg, showing a higher variability compared to 

age, which is also reflected in the variance of 75.70 kg squared. This suggests that the sample 

includes individuals with a wide variety of body weights. 

Participants' heights ranged from 156 cm to 190 cm, a 34 cm span, with an average height 

of 173.70 cm. The standard deviation is 7.35 cm, indicating moderate variability in height 

among the participants. The variance of 53.96 cm squared further highlights this dispersion. 

The mean height suggests that the sample population is slightly taller than average, which could 

be of interest depending on the demographic being studied. 

BMI values in the sample ranged from 15.70 to 27.64, with a mean BMI of 22.28 kg/m². 

This mean suggests that, on average, the participants fall within the normal weight range 

according to standard BMI classifications. The standard deviation of 2.66 kg/m² indicates some 

variability in body mass relative to height, while the variance of 7.07 kg/m² squared 

underscores this spread. The BMI range and mean suggest that while the sample includes 

individuals from underweight to overweight categories, the average participant maintains a 

healthy BMI. 

Table 7 displaying descriptive statistics of Demographic variables of participants (N=140) 
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Age (years) 20.00 18.00 38.00 22.26 3.38 11.43 

Weight (kg) 41.00 45.00 86.00 67.18 8.70 75.70 

Height (cm) 34.00 156.00 190.00 173.70 7.35 53.96 

BMI (kg/cm2) 11.94 15.70 27.64 22.28 2.66 7.07 
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Graph 1 displaying demographic description of the participants included in the study 

4.3.1 Age description 

Two groups were included in our study Bhangra dancer group and Non-dancer group with each 

group having 70 participants (N=70). Table 8 and Graph 2 summarize the descriptive statistics 

for dancers & Non-dancers. In our study the dancers had the mean age of 22.01 years, with a 

standard deviation (SD) of 3.32 years and a standard error of the mean (SEM) of 0.40 years. 

This indicates that the dancers have moderate amount of variability in their ages. In 

comparison, the mean age of the Non-dancers is 22.51 years, with a standard deviation of 3.45 

years and a standard error of the mean of 0.41 years. The difference in age between the two 

groups is minimal, with both groups exhibiting similar variability. 

4.3.2 Weight description 

The mean weight for dancers is 70.09 kg, with a SD of 7.10 kg and a SEM of 0.85 kg. This 

suggests that dancers had low variability in their weights. On the other hand, the mean weight 

for Non-dancers is 64.27 kg, with a SD of 9.21 kg and a SEM of 1.10 kg. Non-dancers weigh 

less on average, with greater variability in their weights compared to dancers. 

4.3.3 Height description 

Dancers have a mean height of 176.45 cm, with a SD of 6.49 cm and a standard error of the 

mean of 0.78 cm. This indicates that dancers have moderate variability in height. Non-dancers, 

in contrast, have a mean height of 170.94 cm, with a SD of 7.16 cm and a standard error of the 

mean of 0.86 cm. Non-dancers are shorter on average, with similar variability in height 

compared to dancers. 
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4.3.4 Body Mass Index (BMI) description 

The mean BMI for dancers is 22.54 kg/m², with a SD of 2.28 kg/m² and a standard error of the 

mean of 0.27 kg/m². This suggests that dancers have a slightly higher BMI on average, with 

lower variability in BMI. Non-dancers have a mean BMI of 22.01 kg/m², with a SD of 2.99 

kg/m² and a standard error of the mean of 0.36 kg/m². Non-dancers have a slightly lower BMI 

on average, with greater variability in BMI.  

Table 8 displaying the description of demographic variables of Dancers and Non-dancer group 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

Age (years) 
Dancer 22.01 3.32 0.40 

Non-dancer 22.51 3.45 0.41 

Weight (kg) 
Dancer 70.09 7.10 0.85 

Non-dancer 64.27 9.21 1.10 

Height (cm) 
Dancer 176.45 6.49 0.78 

Non-dancer 170.94 7.16 0.86 

BMI (kg/m2) 
Dancer 22.54 2.28 0.27 

Non-dancer 22.01 2.99 0.36 

 

 

Graph 2 displaying mean and standard deviation of demographic variables of Dancers and Non-

dancers 
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4.4 Inferential statistical of the demographic variables of the participants 

 

In our study on comparing the mean of demographic variables between two groups by using 

Levene's test to assesses the equality of variances between groups (table 9), indicating 

significant differences in variances for Weight and BMI (p = 0.01 and p < 0.001, respectively), 

but no significant differences for Age and Height (p = 0.37 and p = 0.23, respectively). The t-

test for Equality of Means shows significant differences in mean values for Weight (p < 0.001, 

Mean Difference = 5.81, 95% CI [3.06, 8.56]) and Height (p < 0.001, Mean Difference = 5.51, 

95% CI [3.23, 7.80]), indicating these variables vary significantly between the groups. In 

contrast, there are no significant mean differences observed for Age (p = 0.38, Mean Difference 

= -0.50, 95% CI [-1.63, 0.63]) and BMI (p = 0.24, Mean Difference = 0.53, 95% CI [-0.36, 

1.42]), despite differences in variance for BMI. These findings suggest that while there are 

notable differences in Weight and Height between the groups, Age and BMI do not differ 

significantly on average, despite some variability in BMI measurements. 

Table 9 displaying comparison of mean of demographic variables of both the groups 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

Age (years) 0.82 0.37 -0.87 0.38 -0.5 0.57 

Weight (kg) 7.86 0.01 4.18 0 5.81 1.39 

Height (cm) 1.46 0.23 4.78 0 5.51 1.15 

BMI (kg/cm2) 8.97 0 1.18 0.24 0.53 0.45 

 

4.5 Descriptive Statistics of Dominance (Hand and leg) of the participants 

 

4.5.1 Hand Dominance 

In the dancer group out of 70 participants, 62 were right-handed (88.57%), while 8 participants 

(11.43%) were left-handed. This indicates a greater diversity in hand dominance among 

dancers compared to non-dancers. In contrast, the non-dancer group, the majority of 

participants exhibited right-hand dominance, with 68 out of 70 participants being right-handed, 

which constitutes 97.14% of the sample. Only 2 participants, or 2.86%, were left-handed. This 

high prevalence of right-hand dominance is consistent with general population trends (table 10 

and Graph 3).  

4.5.2 Leg Dominance 

In the dancer group, out of 70 participants, 51 participants (72.86%) being right-legged and 19 
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participants (27.14%) being left-legged. In the non-dancer group, 52 participants (74.29%) 

were right-legged, while 18 participants (25.71%) were left-legged. The dancer group had a 

slightly higher percentage of left-legged individuals compared to the non-dancer group, both 

groups predominantly displayed right-leg dominance. The higher occurrence of left-leg 

dominance in the dancer group might be related to the specific physical demands and training 

regimens associated with dancing, which often require greater ambidexterity and balance (table 

10 and Graph 3). 

Table 10 displaying the descriptive statistics of dominance (hand and leg) of the participants 

Side 

Bhangra Dancer (N=70) Non Dancers (N=70) 

Hand Leg Hand Leg 

Right  
62 

(88.57%) 

51 

(72.86%) 

68 

(97.14%) 
52 (74.29%) 

Left 
8 

(11.43%) 

19 

(27.14%) 

2 

(2.86%) 

18 

(2.71%) 

 

 

Graph 3 displaying the descriptive statistics of dominance (hand and leg) of the participants 

 

4.6 Descriptive statistics of physiological variables of the participants 

 

In our study four physiological variables were measured in a sample of 140 individuals as 

summarised in table 11 and graph 4. These variables include Resting Heart Rate, Heart Rate 
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variability around the average. The variance for this measure was 335.88. For Heart Rate per 

20 Seconds, the range spans from 17.33 to 62, with a mean of 29.67 and a SD of 6.11, 

suggesting a moderate spread of values, reflected in the variance of 37.32. The Maximum Heart 

Rate shows a narrower range from 182 to 202 beats per minute, with a high mean of 197.74 

and a low SD of 3.38, indicating values are closely clustered around the mean; the variance 

here is 11.43. Finally, VO2max values vary between 16.45 and 58.57, with a mean of 35.33 

and a SD of 7.01, highlighting a moderate level of dispersion, as evidenced by the variance of 

49.18. Overall, these statistics provide a detailed overview of the distribution and variability of 

each variable within the sample. 

Table 11 displaying the descriptive statistics of physiological variables of both groups 
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Resting heart rate  134.00 52.00 186.00 89.01 18.33 335.88 

Heartrate/20sec 44.67 17.33 62.00 29.67 6.11 37.32 

Max. heartrate 20.00 182.00 202.00 197.74 3.38 11.43 

VO2max 42.12 16.45 58.57 35.33 7.01 49.18 

 

 

Graph 4 displaying descriptive statistics of physiological variables of participants 
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The resting heartrate values indicate the average number of heart beats per minute while the 

subjects are at rest. For the dancer group, the mean resting heartrate is 94.33 beats per minute 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

Range Minimum Maximum Mean Std.
Deviation

Variance

Resting heartrate

Heartrate/20seconds

Maximum heartrate

VO2max



87 
 

with a SD of 19.26, implying some variability around the mean. The standard error of the mean 

(SEM) is 2.30, which measures the precision of the sample mean as an estimate of the 

population mean. In contrast, the non-dancer group has a lower mean resting heartrate of 83.70 

beats per minute, with a SD of 15.76 and a SEM of 1.88. This suggests that, on average, dancers 

have a higher resting heartrate compared to non-dancers, but the variability within each group 

is relatively comparable (table 12 & graph 5). 

4.6.2 Heartrate per 20 seconds:  

 

This variable measures the number of heartbeats over a 20-second period. Dancers have a mean 

heartrate of 31.44 beats per 20 seconds, with a SD of 6.42, and a SEM of 0.77. Non-dancers 

have a lower mean heartrate of 27.90 beats per 20 seconds, with a SD of 5.25 and a SEM of 

0.63. The higher mean in the dancer group suggests that, even in shorter time intervals, dancers 

tend to have a higher heartrate compared to non-dancers (table 12 & graph 5). 

4.6.3 Maximum heart rate:  

The maximum heartrate represents the highest number of heart beats per minute recorded 

during the study. For dancers, the mean maximum heartrate is 197.99 beats per minute, with a 

SD of 3.32 and a SEM of 0.40. Non-dancers have a very similar mean maximum heartrate of 

197.49 beats per minute, with a slightly higher SD of 3.45 and a SEM of 0.41. These results 

indicate that both groups reach similar maximum heartrates, with minimal variation within 

each group (table 12 & graph 5). 

4.6.4 VO2 Max:  

VO2max is a measure of the maximum volume of oxygen that an individual can use during 

intense exercise and is an indicator of cardiovascular fitness. Dancers have a mean VO2max 

of 33.30 ml/kg/min, with a SD of 6.26 and a SEM of 0.75. Non-dancers have a higher mean 

VO2max of 37.36 ml/kg/min, with a SD of 7.18 and a SEM of 0.86. This suggests that non-

dancers, on average, have a higher cardiovascular fitness level compared to dancers, with a 

slightly greater variability in their fitness levels (table 12 & graph 5). 

Table 12 displaying the description of physiological variables of Dancers and Non-dancer group 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

Resting 

Heart rate 

Dancer 94.33 19.26 2.30 

Non-dancer 83.70 15.76 1.88 

Heartrate/20sec Dancer 31.44 6.42 0.77 
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Non-dancer 27.90 5.25 0.63 

Maximum heart rate 
Dancer 197.99 3.32 0.40 

Non-dancer 197.49 3.45 0.41 

VO2max 
Dancer 33.30 6.26 0.75 

Non-dancer 37.36 7.18 0.86 

 

 

Graph 5  displaying descriptive statistics of physiological variables of both groups 

4.7: Inferential statistics of physiological variables of the participants 

The table 13 presents statistical analyses comparing bhangra dancers and non-dancers on four 

physiological variables: resting heartrate, heartrate per 20 seconds, maximum heartrate, and 

VO2max. The F and Sig. values indicate no significant difference in the variances between the 

groups for all variables. The t-test results reveal significant differences in resting heartrate (t = 

3.57, p = 0.00), heartrate per 20 seconds (t = 3.57, p = 0.00), and VO2max (t = -3.57, p = 0.00), 

with dancers exhibiting higher resting heartrates and short-interval heartrates, while non-

dancers have higher VO2max. However, there is no significant difference in the maximum 

heart rate (t = 0.87, p = 0.38). The mean differences reinforce these findings, showing that 

dancers have a higher resting heartrate by 10.63 beats per minute and a higher heartrate per 20 

seconds by 3.54 beats, whereas non-dancers have a higher VO2max by 4.06 ml/kg/min (table 

13).  
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Table 13 displaying comparison of mean of cardiac variables of both the groups 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

Resting heartrate 1.62 0.20 3.57 0.00 10.63 2.97 

Heartrate/20seconds 1.62 0.20 3.57 0.00 3.54 0.99 

Maximum heartrate 0.82 0.37 0.87 0.38 0.50 0.57 

VO2max 0.01 0.93 -3.57 0.00 -4.06 1.14 

 

4.8 Descriptive statistics of foot variables of the participants (N=140) 

 

In our study detailed measurements providing a comprehensive profile of foot characteristics 

within the sample of 140 individuals were studied given (table 14 & graph 6). They are essential 

for understanding biomechanical complexities, aiding in the development of tailored footwear 

solutions and informing clinical approaches to foot health and orthopedic care. The 

measurements encompass both left and right feet and include foot size, truncated foot size, 

dorsum height, navicular height, and navicular drop. 

The Foot size, averaging 25.83 cm with a SD of 1.44 cm for both feet, provides a baseline 

for foot dimensions within the sample. Truncated foot size, a more constrained measure, 

averages 18.70 cm for the left foot and 18.68 cm for the right, indicating a narrower range in 

comparison to the overall foot size. Dorsum height, ranging from 4.70 cm to 11.20 cm, 

averages 6.57 cm for the left foot and 6.51 cm for the right foot. This measurement highlights 

the vertical elevation of the foot's dorsum, crucial for understanding arch support and foot 

mechanics. Navicular height, varying from 2.80 cm to 8.16 cm, shows an average of 5.11 cm 

for the left foot and 5.21 cm for the right foot. This metric is essential for assessing the height 

of the navicular bone, a key indicator in foot arch analysis. Navicular drop, measuring the 

difference in height when weight is applied, ranges from 2.00 mm to 15.00 mm, with averages 

of 6.95 mm for the left foot and 7.11 mm for the right foot. The sensory measurements for both 

left and right sides are consistently at the maximum value of 10.00, resulting in a range of 0.00, 

a SD of 0.00, and a variance of 0.00. This indicates no variability, with all participants having 

the maximum sensory score. 
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Table 14 displaying the descriptive statistics of foot variables of participants (N=140) 
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Foot size left (cm) 8.20 21.50 29.70 25.83 1.44 2.07 

Foot size right (cm) 8.20 21.50 29.70 25.82 1.45 2.11 

Truncated foot size left (cm) 6.90 15.10 22.00 18.70 1.25 1.57 

Truncated foot size right (cm) 6.90 15.10 22.00 18.68 1.24 1.53 

Dorsum height left (cm) 6.50 4.70 11.20 6.57 1.19 1.42 

Dorsum height right (cm) 5.20 4.80 10.00 6.51 1.01 1.02 

Navicular height left (cm) 5.36 2.80 8.16 5.11 0.86 0.73 

Navicular height right (cm) 5.20 3.00 8.20 5.21 0.79 0.62 

Navicular drop left (mm) 10.00 2.00 12.00 6.95 2.23 4.98 

Navicular drop right (mm) 15.00 0.00 15.00 7.11 2.32 5.37 

Sensory examination left 0.00 10.00 10.00 10.00 0.00 0.00 

Sensory examination Right 0.00 10.00 10.00 10.00 0.00 0.00 

 

 

 

Graph 6 displaying the descriptive statistics of foot variables of participants (N=140) 
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4.8.1 Foot Size 

 

The left foot, dancers have an average foot size of 25.79 cm (SD = 1.72 cm, SE = 0.21 cm), 

while non-dancers have a slightly larger average of 25.87 cm (SD = 1.10 cm, SE = 0.13 cm). 

The right foot shows a similar trend, with dancers averaging 25.77 cm (SD = 1.74 cm, SE = 

0.21 cm) and non-dancers averaging 25.87 cm (SD = 1.10 cm, SE = 0.13 cm). These 

measurements indicate minimal difference in foot size between the two groups (table 15 & 

graph 7). 

4.8.2 Truncated foot size 

 

The truncated foot size, which provides a narrower measurement range, shows that for the left 

foot, dancers have an average size of 18.67 cm (SD = 1.44 cm, SE = 0.17 cm), while non-

dancers average 18.72 cm (SD = 1.05 cm, SE = 0.13 cm). For the right foot, dancers average 

18.65 cm (SD = 1.41 cm, SE = 0.17 cm) compared to non-dancers' 18.71 cm (SD = 1.04 cm, 

SE = 0.12 cm) (table 15 & graph 7).  

4.8.3 Dorsum height 

 

Dorsum height varies more distinctly between dancers and non-dancers. For the left foot, 

dancers have an average dorsum height of 7.16 cm (SD = 1.29 cm, SE = 0.15 cm), compared 

to 5.99 cm (SD = 0.71 cm, SE = 0.08 cm) for non-dancers. The right foot follows this pattern, 

with dancers averaging 7.01 cm (SD = 1.02 cm, SE = 0.12 cm) and non-dancers averaging 6.00 

cm (SD = 0.71 cm, SE = 0.09 cm). These differences highlight the impact of dance on foot arch 

height (table 15 & graph 7). 

4.8.4 Navicular Height 

 

Navicular height, an important indicator of arch height, also shows variation between the 

groups. For the left foot, dancers have an average navicular height of 5.29 cm (SD = 1.01 cm, 

SE = 0.12 cm), while non-dancers average 4.92 cm (SD = 0.62 cm, SE = 0.07 cm). The right 

foot averages are 5.46 cm (SD = 0.86 cm, SE = 0.10 cm) for dancers and 4.96 cm (SD = 0.62 

cm, SE = 0.07 cm) for non-dancers. These findings suggest that dancers generally have higher 

navicular bones (table 15 & graph 7). 

4.8.5 Navicular drop 

 

Navicular drop, measures the descent of the navicular bone underweight, shows subtle 

differences. For the left foot, dancers average a navicular drop of 6.88 mm (SD = 2.45 mm, SE 

= 0.29 mm) compared to 7.01 mm (SD = 2.01 mm, SE = 0.24 mm) for non-dancers. For the 
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right foot, the averages are 7.21 mm (SD = 2.63 mm, SE = 0.31 mm) for dancers and 7.02 mm 

(SD = 1.97 mm, SE = 0.24 mm) for non-dancers. These measurements indicate a slightly 

greater navicular drop in dancers' right feet (table 15 & graph 7). 

4.8.6 Sensory examination of foot 

Sensory examination of left and right foot indicated. both variables show identical 

characteristics across their distributions. Specifically, the data range from a minimum of 10.00 

to a maximum of 10.00, indicating no variability within the dataset. The mean for both 

variables is precisely 10.00, and their SD and variance are both 0.00, reflecting no deviation 

from this mean value across the entire sample. This uniformity suggests that every observation 

in both cases is exactly 10.00, with no variation or spread in values observed within the dataset 

(table 15 & graph 7). 
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Table 15 displaying  descriptive statistics of foot characteristics of Dancers and Non- Dancers 

Variable Group Mean 
Std. 

Deviation 

Std. 

Error Mean 

FSL (cm) 
Bhangra Dancer 25.79 1.72 0.21 

Non-dancer 25.87 1.10 0.13 

FSR (cm) 
Bhangra Dancer 25.77 1.74 0.21 

Non-dancer 25.87 1.10 0.13 

TFSL (cm) 
Bhangra Dancer 18.67 1.44 0.17 

Non-dancer 18.72 1.05 0.13 

TFSR (cm) 
Bhangra Dancer 18.65 1.41 0.17 

Non-dancer 18.71 1.04 0.12 

DHL (cm) 
Bhangra Dancer 7.16 1.29 0.15 

Non-dancer 5.99 0.71 0.08 

DHR (cm) 
Bhangra Dancer 7.01 1.02 0.12 

Non-dancer 6.00 0.71 0.09 

NHL (cm) 
Bhangra Dancer 5.29 1.01 0.12 

Non-dancer 4.92 0.62 0.07 

NHR (cm) 
Bhangra Dancer 5.46 0.86 0.10 

Non-dancer 4.96 0.62 0.07 

NDL (mm) 
Bhangra Dancer 6.88 2.45 0.29 

Non-dancer 7.01 2.01 0.24 

NDR (mm) 
Bhangra Dancer 7.21 2.63 0.31 

Non-dancer 7.02 1.97 0.24 

SELF (10 points) 
Bhangra Dancer 10.00 0.00 0.00 

Non-dancer 10.00 0.00 0.00 

SERF (10 points) 
Bhangra Dancer 10.00 0.00 0.00 

Non-dancer 10.00 0.00 0.00 

Note: FSL: Foot size left, FSR: Foot size right, TFSL: Truncated foot size left, TFSR: 

Truncated foot size right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: 

Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular 

Drop right, SELF: Sensory Examination of left foot, SERF: sensory examination of right foot 
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Graph 7 displaying the descriptive statistics of foot characteristics of Dancers and Non- Dancers 

 

4.9 Inferential statistics for foot characteristics within the groups comparing left and right 

 

4.9.1 Bhangra Dancer Group  

The table 16 displays the paired differences for various foot measurements in the dancer 

group. For the difference in foot size between the left and right feet, the mean difference is 0.02 

cm with a SD of 0.13 and a SEM of 0.02. The 95% confidence interval ranges from -0.01 to 

0.05. The t value is 1.35, and the p value is 0.18, indicating no significant difference between 

left & right foot sizes. The difference in truncated foot size between the left and right feet has 

a mean difference of 0.02 cm, a SD of 0.09, and a SEM of 0.01. The 95% confidence interval 

ranges from 0.00 to 0.04. The t value is 1.75, and the p value is 0.09, which is close to but not 

below the threshold for significance. For dorsum height, the difference between the left and 

right feet shows a mean of 0.15 cm with a SD of 0.86 and a SEM of 0.10. The 95% confidence 

interval ranges from -0.06 to 0.35. The t value is 1.43, and the p value is 0.16, indicating no 

significant difference. The navicular height difference between the left and right feet has a 

mean of -0.17 cm, a SD of 0.92, and a SEM of 0.11. The 95% confidence interval ranges from 

-0.38 to 0.05. The t value is -1.52, and the p value is 0.13, indicating no significant difference. 

The navicular drop difference between the left and right feet shows a mean of -0.32 mm, a SD 

of 2.95, and a SEM of 0.35. The 95% confidence interval ranges from -1.03 to 0.38. The t value 
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is -0.92, and the p value is 0.36, indicating no significant difference.  

The Feiss line data indicates a significant prevalence of pronated foot alignment among 

bhangra dancers. Specifically, 35 out of 70 dancers (50.00%) had below-normal Feiss line 

measurements on the left foot, which signifies a pronated foot. On the right foot, 28 dancers 

(40.00%) also exhibited pronation. This trend is reinforced bilaterally, with 19 dancers 

(27.14%) having below-normal measurements (table 18).  

Table 16 displaying  comparison of mean of foot variables within the Dancer group 

Variables Mean Std. Deviation 
Std. Error 

Mean 
t 

Sig.(2-

tailed) 

FSL  
0.02 0.13 0.02 1.35 0.18 

FSR  

TFSL 
0.02 0.09 0.01 1.75 0.09 

TFSR  

DHL  
0.15 0.86 0.1 1.43 0.16 

DHR  

NHL  
-0.17 0.92 0.11 -1.52 0.13 

NHR  

NDL 
-0.32 2.95 0.35 -0.92 0.36 

NDR  

 Note: FSL: Foot size left, FSR: Foot size right, TFSL: Truncated foot size left, TFSR: 

Truncated foot size right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: 

Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular 

Drop right 

 

4.9.2 Non-dancer Group:  

In non-dancer group foot characteristics of left and right side were compared (table 17). For 

foot size, the mean difference between the left and right foot was found to be minimal, with an 

average difference of 0.02 cm. This small difference was statistically non-significant (t = 1.35, 

p = 0.18), indicating a lack of substantial asymmetry in foot size among non-dancers. Similarly, 

truncated foot size showed a mean difference of 0.02 cm (t = 1.75, p = 0.09), again suggesting 

no significant left-right asymmetry. The dorsum height measurements exhibited a slightly 

larger mean difference of 0.15 cm (t = 1.43, p = 0.16). Despite this difference, it did not reach 

statistical significance, implying no systematic asymmetry in dorsum height between the left 

and right feet among non-dancers. Navicular height showed a mean difference of -0.17 cm (t 

= -1.52, p = 0.13), suggesting a slight tendency for the right navicular to be higher, though this 
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difference was not statistically significant. Navicular drop, on the other hand, displayed a mean 

difference of -0.32 mm (t = -0.92, p = 0.36), indicating no significant asymmetry in this aspect 

between the left and right feet., The feiss line was also compared and this group shows a much 

lower prevalence of pronated feet. On the left foot, 11 out of 70 individuals (15.71%) had 

below-normal Feiss line measurements, and on the right foot, 10 individuals (14.29%). 

Bilaterally, only 5 participants (7.14%) showed below-normal measurements. This suggests 

that non-dancers generally have a more typical foot alignment with fewer instances of 

pronation (table 18). 

Table 17 displaying  comparison of mean of foot variables within the Non-Dancer group 

Variables Mean Std. Deviation 
Std. Error 

Mean 
t 

Sig. (2-

tailed) 

FSL 
0 0.02 0 0 1 

FSR 

TFSL 
0.01 0.07 0.01 1.34 0.18 

TFSR 

DHL 
-0.02 0.13 0.02 -1.08 0.28 

DHR 

NHL 
-0.04 0.15 0.02 -2.05 0.04 

NHR 

NDL 
0 1.2 0.14 -0.02 0.98 

NDR 

Note: FSL: Foot size left, FSR: Foot size right, TFSL: Truncated foot size left, TFSR: 

Truncated foot size right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: 

Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: 

Navicular Drop right 

 
Table 18 displaying  data of both the groups for Feiss line variable  

Group Side Normal Below Above 

Group 1 

Left 32 35 3 

Right 41 28 1 

Bilateral 23 19 0 

Group 2 

Left 56 11 3 

Right 57 10 3 

Bilateral 51 5 3 
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4.10 Inferential statistics of foot characteristics between the two groups (Bhangra 

Dancers and Non- Dancers) 

The table 19 presents the results of Levene's Test for Equality of Variances and t-tests for 

Equality of Means, comparing various foot characteristics between Bhangra dancers and non-

dancers. The analysis reveals several significant differences in foot characteristics between 

dancers and non-dancers, where the p value is less than 0.05.  

For foot size (left and right), the variability between the groups is significantly different, 

indicated by F-values of 15.34 and 16.45, respectively. However, the differences in the mean 

foot sizes are not statistically significant, with p values of 0.74 for the left foot and 0.68 for the 

right foot. The mean differences are -0.08 cm for the left foot and -0.10 cm for the right foot, 

indicating no considerable difference in foot size between dancers and non-dancers. 

For truncated foot size (left and right), the variability is also significantly different, with F-

values of 6.21 (left) and 6.33 (right). The differences in the mean truncated foot sizes are not 

significant, with p values of 0.81 for the left foot and 0.78 for the right foot. The mean 

differences are -0.05 cm (left) and -0.06 cm (right), showing no notable difference between the 

groups. 

Dorsum height measurements reveal significant variability between the groups, with F-

values of 13.54 (left) and 5.47 (right). The mean differences are highly significant, with p 

values of 0.00 for both feet. The mean differences are 1.17 cm (left) and 1.01 cm (right), 

suggesting difference in the dorsum height of dancers compared to non-dancers. 

Navicular height shows significant variability, with F-values of 6.00 (left) and 5.50 (right). 

The mean differences are statistically significant, with p values of 0.01 (left) and 0.00 (right). 

The mean differences are 0.37 cm (left) and 0.50 cm (right), indicating that navicular heights 

are different in both the groups.  

Navicular drop measurements indicate significant variability with F-values of 6.01 (left) and 

6.26 (right). However, the differences in mean navicular drop are not significant, with p values 

of 0.73 (left) and 0.63 (right). The mean differences are -0.13 mm (left) and 0.19 mm (right), 

suggesting no substantial difference in navicular drop between the groups. 

In comparing the Feiss line data (table 18), Bhangra dancers show a higher incidence of 

pronation compared to non-dancers. In Group 1, 50% of dancers exhibit below-normal Feiss 

line measurements on the left foot and 40% on the right, with 27.14% bilaterally, indicating 

significant pronation. In contrast, Group 2 has only 15.71% of non-dancers with below-normal 

measurements on the left foot and 14.29% on the right, with just 7.14% bilaterally. This 

suggests that Bhangra dancers are more prone to foot pronation, likely due to the specific 
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stresses of dancing, whereas non-dancers generally have more stable foot alignment. 

Table 19 displaying  mean difference and significance of foot variables between the two groups 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

FSL (cm) 15.34 0.00 -0.34 0.74 -0.08 0.24 

FSR (cm) 16.45 0.00 -0.42 0.68 -0.10 0.25 

TFSL (cm) 6.21 0.01 -0.24 0.81 -0.05 0.21 

TFSR (cm) 6.33 0.01 -0.28 0.78 -0.06 0.21 

DHL (cm) 13.54 0.00 6.66 0.00 1.17 0.18 

DHR (cm)  5.47 0.02 6.79 0.00 1.01 0.15 

NHL (cm) 6.00 0.02 2.59 0.01 0.37 0.14 

NHR (cm) 5.50 0.02 3.91 0.00 0.50 0.13 

NDL (mm) 6.01 0.02 -0.35 0.73 -0.13 0.38 

NDR (mm) 6.26 0.01 0.48 0.63 0.19 0.39 

Note: FSL: Foot size left, FSR: Foot size right, TFSL: Truncated foot size left, TFSR: 

Truncated foot size right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: 

Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular 

Drop right 

 

4.11 Descriptive statistics of limb measurements of the participants (N=140)  

In our study the descriptive statistics given in table 20 and graph 8 reveal that the measurements 

for true and apparent limb length, as well as thigh and calf girth, exhibit moderate variability, 

with the apparent foot lengths showing slightly higher variability compared to the true foot 

lengths. The thigh and calf measurements are consistent between the left and right sides, 

reflecting similar distributions in these measurements. 

The true limb length of the left foot, the measurements range from 79.00 cm to 110.00 cm, 

yielding a range of 31.00 cm. The mean true limb length is 94.21 cm, with a SD of 5.68 cm, 

indicating moderate variability around the mean. The variance is 32.28, reflecting the overall 

dispersion of the data. Similarly, the true limb length of the right foot spans the same range 

(79.00 cm to 110.00 cm), with a slightly higher mean of 94.31 cm. The SD is 5.74 cm, and the 

variance is 32.95, showing a similar spread to the left foot. 

In terms of apparent length, the left foot measurements range from 85.00 cm to 119.00 cm, 

with a range of 34.00 cm. The mean apparent limb length is 102.88 cm, and the SD is 7.05 cm, 

indicating higher variability compared to the true length. The variance is notably higher at 

49.65. The apparent limb length of the right foot shows a similar pattern, with measurements 
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ranging from 86.00 cm to 119.00 cm, a mean of 102.90 cm, a SD of 7.10 cm, and a variance 

of 50.42. 

For thigh girth, the left thigh measurements range from 39.00 cm to 57.00 cm, with a mean 

of 48.08 cm. The SD is 3.90 cm, and the variance is 15.25, indicating some variability in thigh 

girth. The right thigh measurements are similar, ranging from 38.60 cm to 57.00 cm, with a 

mean of 48.11 cm, a SD of 3.87 cm, and a variance of 14.95, suggesting consistent 

measurements between the left and right thighs. 

The calf girth measurements show that the left calf ranges from 27.80 cm to 46.00 cm, with 

a mean of 35.05 cm. The SD is 3.78 cm, and the variance is 14.32. The right calf measurements 

have a similar range from 27.80 cm to 46.20 cm, a mean of 35.03 cm, a SD of 3.84 cm, and a 

variance of 14.71, indicating a slight increase in variability compared to the left calf. 

Table 20 displaying  descriptive statistics of limb variables of participants (N=140) 
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True limb length 

left (cm) 
31.00 79.00 110.00 94.21 5.68 32.28 

True limb length 

right (cm) 
31.00 79.00 110.00 94.31 5.74 32.95 

Apparent limb 

length left (cm) 
34.00 85.00 119.00 102.88 7.05 49.65 

Apparent limb 

length right (cm) 
33.00 86.00 119.00 102.90 7.10 50.42 

Thigh Girth left 

(cm) 
18.00 39.00 57.00 48.08 3.90 15.25 

Thigh Girth right 

(cm) 
18.40 38.60 57.00 48.11 3.87 14.95 

Calf Girth left 

(cm) 
18.20 27.80 46.00 35.05 3.78 14.32 

Calf Girth right 

(cm) 
18.40 27.80 46.20 35.03 3.84 14.71 
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Graph 8 displaying the descriptive statistics of limb measurements of participants (N=140) 

4.12 Descriptive statistics of limb measurements of Bhangra Dancers and Non- Dancers 

The table provides the means, SDs, and standard errors for various measurements comparing 

dancers and non-dancers. These statistics offer insights into the differences between the two 

groups across different physical attributes. 

4.12.1 True limb length Measurements 

For the true limb length of the left foot, dancers have a mean of 96.13 cm with a SD of 5.57 

cm and a standard error of 0.67 cm. Non-dancers have a lower mean of 92.29 cm, with a SD 

of 5.15 cm and a standard error of 0.62 cm. Similarly, the true limb length of the right foot 

shows that dancers have a mean of 96.10 cm (SD = 5.61 cm, standard error = 0.67 cm), while 

non-dancers have a mean of 92.52 cm (SD = 5.33 cm, standard error = 0.64 cm). These results 

indicate that dancers have longer true foot lengths compared to non-dancers. 

4.12.2 Apparent limb length Measurements 

The apparent limb length of the left foot for dancers has a mean of 105.32 cm, with a SD of 

6.94 cm and a standard error of 0.83 cm. Non-dancers have a mean of 100.44 cm, with a SD 

of 6.30 cm and a standard error of 0.75 cm. For the right foot, dancers have a mean apparent 

limb length of 105.28 cm (SD = 6.92 cm, standard error = 0.83 cm), while non-dancers have a 

mean of 100.53 cm (SD = 6.49 cm, standard error = 0.78 cm). This suggests that dancers also 

have longer apparent foot lengths compared to non-dancers. 
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4.12.3 Thigh girth Measurements 

In terms of thigh girth, the left thigh for dancers has a mean of 48.22 cm, a SD of 3.17 cm, and 

a standard error of 0.38 cm. Non-dancers have a mean of 47.95 cm, a SD of 4.55 cm, and a 

standard error of 0.54 cm. The right thigh measurements are similar, with dancers having a 

mean of 48.27 cm (SD = 3.06 cm, standard error = 0.37 cm) and non-dancers having a mean 

of 47.95 cm (SD = 4.55 cm, standard error = 0.54 cm). The results show that dancers and non-

dancers have comparable thigh sizes, with slight differences. 

4.12.4 Calf Girth Measurements 

For calf size, the left calf for dancers has a mean of 36.12 cm, with a SD of 3.56 cm and a 

standard error of 0.43 cm. Non-dancers have a lower mean of 33.98 cm, with a SD of 3.73 cm 

and a standard error of 0.45 cm. The right calf shows similar patterns, with dancers having a 

mean of 36.12 cm (SD = 3.65 cm, standard error = 0.44 cm) and non-dancers having a mean 

of 33.95 cm (SD = 3.73 cm, standard error = 0.45 cm). This indicates that dancers have larger 

calf sizes compared to non-dancers. 

The data reveals that dancers tend to have longer true and apparent foot lengths and larger 

calf sizes compared to non-dancers, while the thigh sizes are relatively similar between the two 

groups. These differences might be attributed to the physical demands and training associated 

with dancing, which could influence the development of these physical characteristics. 

4.13 Inferential statistics of limb measurements within each group (Bhangra Dancers and 

Non dancers) 

4.13.1 Bhangra Dancer group 

On comparing the left and right limb measurements of the bhangra dancers as described in 

Table 21 and graph 9. The mean value of true limb length for the left side was 96.13 cm with 

a SD of 5.57 cm, while the right side had a mean of 96.10 cm with a SD of 5.61 cm. The mean 

difference between the left and right true lengths was negligible at 0.03 cm with a SD of 0.44 

cm. The t-test yielded a t value of 0.51 with a significance level (Sig. 2-tailed) of 0.61, 

indicating no statistically significant difference between the true lengths of the left and right 

limbs. For apparent limb length, the left side had a mean of 105.32 cm and a SD of 6.94 cm, 

while the right side had a mean of 105.28 cm with a SD of 6.92 cm. The mean difference was 

minimal at 0.04 cm with a SD of 1.05 cm. The t-test produced a t value of 0.97 with a 

significance level of 0.34, again suggesting no statistically significant difference in the apparent 

limb length between the left and right limbs. Thigh size measurements showed a mean of 48.22 

cm on the left side with a SD of 3.17 cm, and a mean of 48.27 cm on the right side with a SD 
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of 3.06 cm. The mean difference was -0.06 cm with a SD of 0.43 cm. The t value was -0.64 

with a significance level of 0.53, indicating no significant difference in the thigh size between 

the left and right sides. The calf size was measured with a mean of 36.12 cm on both the left 

and right sides, with SDs of 3.56 cm and 3.65 cm, respectively. The mean difference was 0.01 

cm with a SD of 0.41 cm. The t-test resulted in a t value of 0.14 and a significance level of 

0.89, showing no significant difference in the calf size between the left and right limbs. The 

results indicate that there are no significant differences in the true limb length, apparent length, 

thigh size, or calf size between the left and right limbs in Bhangra dancers, suggesting 

symmetrical limb development in these measurements. 
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Table 21 displaying  comparison of mean of measurements of left and right limb within the bhangra dancer 

group  

Variables Mean ± SD MD ± SD t 
Sig. (2-

tailed) 

True limb length left cm 96.13 ± 5.57 
0.03 ± 0.44 0.51 0.61 

True limb length right cm 96.1 ± 5.61 

Apparent  limb length left cm 105.32 ± 6.94 
0.04 ± 1.05 0.97 0.34 

Apparent  limb length right cm 105.28 ± 6.92 

Thigh girth left cm 48.22 ± 3.17 
-0.06 ± 0.43 -0.64 0.53 

Thigh girth right cm 48.27 ± 3.06 

Calf girth left cm 36.12 ± 3.56 
0.01 ± 0.41 0.14 0.89 

Calf girth right cm 36.12 ± 3.65 

 

 

Graph 9 displaying the comparison of mean of measurements of left and right limb within the bhangra 

dancer group 

4.13.2 Non- dancer Group 

The Table 22 and graph 10 presents the comparison of limb measurements between the left and 

right sides of the body in Non-dancers, analysing true limb length, apparent limb length, thigh 

girth, and calf girth. The mean value for true limb length of the left side is 92.29 cm with SD 

5.15 cm, while the right side has a mean of 92.52 cm with SD 5.33 cm. The mean difference 

between the left & right true lengths is -0.23 cm with SD 1.54 cm. The t-test yields a t value of 

-1.27 with significance level (Sig. 2-tailed) of 0.21, indicating no statistically significant 
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difference between true lengths of the left & right limbs. The apparent limb length of the left 

side has a mean of 100.44 cm and a SD of 6.30 cm, while the right side has a mean of 100.53 

cm with SD 6.49 cm. The mean difference is -0.09 cm with SD 0.31 cm. The t-test produces a 

t value of -0.68 with significance level of 0.50, suggesting no statistically significant difference 

in the apparent limb length between the left & right limbs. Thigh girth measurements show a 

mean of 47.95 cm on both the left & right sides, with SD 4.55 cm. The mean difference is 0.00 

cm with SD 0.73 cm. The t value is -0.03 with significance level of 0.98, indicating no 

significant difference in the thigh size between the left & right sides. The calf girth is measured 

with a mean of 33.98 cm on the left side and 33.95 cm on the right side, both with SD 3.73 cm. 

The mean difference is 0.03 cm with SD 0.36 cm. The t-test results in a t value of 0.67 and a 

significance level of 0.51, showing no significant difference in the calf size between the left & 

right limbs. The results indicate that there are no significant differences in true limb length, 

apparent limb length, thigh girth, or calf girth between the left & right limbs in non-dancers, 

suggesting symmetrical limb development in these measurements. 

Table 22 displaying  comparison of mean of measurements of left & right limb within the Non-dancer group 

Variables Mean ± SD 

Mean 

difference ± 

SD 

t 
Sig. (2-

tailed) 

True limb length left cm 92.29 ± 5.15 
-0.23 ± 1.54 -1.27 0.21 

True limb length right cm 92.52 ± 5.33 

Apparent limb length left cm 100.44 ± 6.30 
-0.09 ± 0.31 -0.68 0.50 

Apparent limb length right cm 100.53 ± 6.49 

Thigh girth left cm 47.95 ± 4.55 
0.00 ± 0.73 -0.03 0.98 

Thigh girth right cm 47.95 ± 4.55 

Calf girth left cm 33.98 ± 3.73 
0.03 ± 0.36 0.67 0.51 

Calf girth right cm 33.95 ± 3.73 
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Graph 10 displaying the comparison of mean of measurements of left & right limb within the bhangra 

dancer group 

4.14 Inferential statistics of limb measurements between the groups (Bhangra Dancers 

and Non dancers) 

The table 23 provides statistical analysis results comparing limb measurements between two 

groups. For the true limb length of the left foot, the variance is not significantly different (F = 

0.98, p = 0.32), and the mean difference is statistically significant (t = 4.23, p < 0.05) with a 

mean difference of 3.84 cm (standard error = 0.91 cm). Similarly, for the true limb length of 

the right foot, the variance is also not significantly different (F = 0.39, p = 0.53), and the mean 

difference is significant (t = 3.87, p < 0.05) with a mean difference of 3.58 cm (standard error 

= 0.93 cm). 

For the apparent limb length of the left foot, the variance is not significantly different (F = 

1.87, p = 0.17), and the mean difference is statistically significant (t = 4.35, p < 0.05) with a 

mean difference of 4.88 cm (standard error = 1.12 cm). For the apparent limb length of the 

right foot, the variance is not significantly different (F = 0.84, p = 0.36), and the mean 

difference is significant (t = 4.19, p < 0.05) with a mean difference of 4.75 cm (standard error 

= 1.13 cm). 

In terms of thigh girth, the left thigh shows a significant difference in the variance (F = 

16.22, p < 0.05), but the mean difference is not statistically significant (t = 0.41, p = 0.68) with 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

True limb length Apparent limb length Thigh Girth Calf Girth

Left

Right



106 
 

a mean difference of 0.27 cm (standard error = 0.66 cm). Similarly, the right thigh also shows 

a significant difference in the variance (F = 15.44, p < 0.05), but the mean difference is not 

significant (t = 0.50, p = 0.62) with a mean difference of 0.33 cm (standard error = 0.66 cm). 

For calf girth, the left calf does not have a significantly different variance (F = 0.09, p = 

0.76), and the mean difference is significant (t = 3.48, p < 0.05) with a mean difference of 2.14 

cm (standard error = 0.62 cm). The right calf also shows no significant difference in the 

variance (F = 0.05, p = 0.83), and the mean difference is significant (t = 3.47, p < 0.05) with a 

mean difference of 2.16 cm (standard error = 0.62 cm). 

These results indicate that for the majority of the limb measurements, there is statistical 

significant differences in means between the two groups, whereas for thigh girth, despite 

differences in variance, the means do not differ significantly.  

Table 23 displaying  Inferential statistics of limb measurements between the groups (Bhangra Dancers and 

Non dancers) 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

True limb length 

left (cm) 
0.98 0.32 4.23 0.00 3.84 0.91 

True limb length 

right (cm) 
0.39 0.53 3.87 0.00 3.58 0.93 

Apparent limb 

length left (cm) 
1.87 0.17 4.35 0.00 4.88 1.12 

Apparent limb 

length right (cm) 
0.84 0.36 4.19 0.00 4.75 1.13 

Thigh size left 

(cm) 
16.22 0.00 0.41 0.68 0.27 0.66 

Thigh size right 

(cm) 
15.44 0.00 0.50 0.62 0.33 0.66 

Calf size  left  

(cm) 
0.09 0.76 3.48 0.00 2.14 0.62 

Calf size right 

(cm) 
0.05 0.83 3.47 0.00 2.16 0.62 
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4.15 Descriptive statistics of foot angles of the participants (N=140) 

 

The descriptive statistics for various foot angles measured in 140 participants, including the 

Left Clarks angle (LCA), Right Clarks angle (RCA), Left Medial Longitudinal angle (LMLA), 

Right Medial Longitudinal angle (RMLA), Left Torsion angle (LTA), Right Torsion angle 

(RTA), Left Rear-foot angle (LRFA), and Right Rear-foot angle (RRFA) is provided in table 

24 and graph 11.  

4.15.1 Left Clarks Angle (LCA) 

The LCA ranges from 8.70 degrees to 58.60 degrees, with a mean of 29.05 degrees and a SD 

of 9.83 degrees, resulting in a variance of 96.65. This indicates a moderate level of variability 

in the left foot arch angle among the participants. 

4.15.2 Right Clarks Angle (RCA) 

The RCA has a broader range of 47.60 degrees, spanning from 9.20 degrees to 56.80 degrees. 

The mean RCA is 30.44 degrees with a higher SD of 9.86 degrees, resulting in a variance of 

97.29. This suggests a smaller variability in the right foot arch angle compared to the left. 

4.15.3 Left Medial Longitudinal Angle (LMLA) 

The LMLA values range from 128.10 degrees to 178.50 degrees, with a mean of 149.74 degrees 

and a SD of 7.61 degrees, leading to a variance of 57.96. The relatively lower SD and variance 

indicate that the left medial longitudinal arch angle is more consistent among participants. 

4.15.4 Right Medial Longitudinal Angle (RMLA) 

The RMLA ranges from 129.10 degrees to 171.20 degrees, with a mean of 150.19 degrees and 

a SD of 7.03 degrees, resulting in a variance of 49.39. Similar to the LMLA, the right medial 

longitudinal arch angle shows relatively low variability. 

4.15.5 Left Torsion Angle (LTA) 

The LTA ranges from 6.20 degrees to 25.50 degrees, with a mean of 12.92 degrees and a SD 

of 3.60 degrees, giving a variance of 12.95. This indicates that the left torsion angle has 

moderate variability among the participants. 

4.15.6 Right Torsion Angle (RTA) 

The RTA has a range of 19.80 degrees, with values from 6.60 degrees to 26.40 degrees. The 

mean RTA is 14.14 degrees, with SD 3.85 degrees and a variance of 14.84, showing slightly 

higher variability compared to the left torsion angle. 

4.15.7 Left Rear-foot Angle (LRFA) 

The LRFA has a wide range of 103.70 degrees, spanning from -72.90 degrees to 30.80 degrees. 

The mean LRFA is 3.54 degrees with SD 11.47 degrees, resulting in a variance of 131.56. This 
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significant variability indicates diverse rear-foot positioning among participants. 

4.15.8 Right Rear-foot Angle (RRFA) 

The RRFA ranges from -71.30 degrees to 28.00 degrees, with a mean of 2.17 degrees and a SD 

of 10.50 degrees, giving a variance of 110.27. Similar to the LRFA, the right rear-foot angle 

shows considerable variability. 

The descriptive statistics reveal varying levels of variability across different foot angles in 

the participants. Notably, the Clarks angles and rear-foot angles exhibit higher variability, 

whereas the medial longitudinal and torsion angles are more consistent across the sample. 

These measurements provide valuable insights into the structural and functional aspects of foot 

biomechanics in the population studied. 

Table 24 displaying  descriptive statistics of foot angles of the participants (N=140) 
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LCA 

(degree) 
49.90 8.70 58.60 29.05 9.83 96.65 

RCA 

(degree) 
47.60 9.20 56.80 30.44 9.86 97.29 

LMLA 

(degree) 
50.40 128.10 178.50 149.74 7.61 57.96 

RMLA 

(degree) 
42.10 129.10 171.20 150.19 7.03 49.39 

LTA 

(degree) 
19.30 6.20 25.50 12.92 3.60 12.95 

RTA 

(degree) 
19.80 6.60 26.40 14.14 3.85 14.84 

LRFA 

(degree) 
103.70 -72.90 30.80 3.54 11.47 131.56 

RRFA 

(degree) 
99.30 -71.30 28.00 2.17 10.50 110.27 

Note: LCA: Left Clarks angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal 

angle, RMLA: Right Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion 

angle, LRFA: Left Rear-foot angle, RRFA: Right Rear-foot angle 
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Graph 11 displaying the descriptive statistics of foot angles of the participants (N=140) 

4.16 Descriptive statistics of foot angles of Bhangra dancers and Non dancers 

The descriptive statistics for various foot angles measured in two groups of participants: 70 

Bhangra dancers and 70 non-dancers. The mean Left Clark angle for dancers is 26.30 degrees 

with SD 7.69 degrees and a standard error of 0.92 degrees. For non-dancers, the mean is 31.81 

degrees with SD 10.97 degrees and a standard error of 1.31 degrees. This indicates that non-

dancers tend to have a higher Left Clark angle with greater variability. The mean Right Clark 

angle for dancers is 28.16 degrees, with SD 8.53 degrees and a standard error of 1.02 degrees. 

Non-dancers have a significantly higher mean of 32.73 degrees, with SD 10.61 degrees and a 

standard error of 1.26 degrees. This suggests a difference in the Right Clark angle between 

dancers and non-dancers, with non-dancers exhibiting more variability. Dancers have a mean 

Left Medial Longitudinal angle of 146.38 degrees with SD 7.18 degrees and a standard error 

of 0.86 degrees. Non-dancers show a higher mean of 153.10 degrees, with SD 6.51 degrees 

and a standard error of 0.78 degrees. The higher mean in non-dancers indicates a more 

pronounced medial longitudinal arch. The mean Right Medial Longitudinal angle for dancers 

is 147.30 degrees, with SD 7.06 degrees and a standard error of 0.84 degrees. For non-dancers, 

the mean is 153.07 degrees, with SD 5.73 degrees and a standard error of 0.68 degrees. Non-

dancers again show a higher mean, suggesting a more pronounced right medial longitudinal 

arch. The Left Torsion angle for dancers has a mean of 13.48 degrees, with SD 4.20 degrees 
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and a standard error of 0.50 degrees. Non-dancers have a mean of 12.36 degrees, with SD 2.79 

degrees and a standard error of 0.33 degrees. The dancers exhibit slightly higher torsion angles 

with greater variability. Dancers have a mean Right Torsion angle of 14.26 degrees, with SD 

4.29 degrees and a standard error of 0.51 degrees. Non-dancers have a mean of 14.02 degrees, 

with SD 3.39 degrees and a standard error of 0.40 degrees. The values are similar, indicating 

comparable right torsion angles in both groups. The mean Left Rear-foot angle for dancers is 

5.15 degrees, with SD 11.07 degrees and a standard error of 1.32 degrees. For non-dancers, the 

mean is 1.92 degrees, with SD 11.71 degrees and a standard error of 1.40 degrees. This suggests 

that dancers have a higher mean rear-foot angle but both groups exhibit high variability. The 

mean Right Rear-foot angle for dancers is 3.52 degrees, with SD 10.01 degrees and a standard 

error of 1.20 degrees. Non-dancers have a mean of 0.83 degrees, with SD 10.87 degrees and a 

standard error of 1.30 degrees. Again, dancers have a slightly higher mean rear-foot angle with 

substantial variability in both groups. 

The results show notable differences between Bhangra dancers and non-dancers in several 

foot angles. Dancers tend to have lower medial longitudinal arch angles and higher torsion 

angles, while non-dancers exhibit higher variability in the Clark angles and medial longitudinal 

angles. The rear-foot angles show high variability in both groups, with dancers having slightly 

higher means. These findings highlight the distinct biomechanical characteristics of the feet in 

Bhangra dancers compared to non-dancers. 
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Table 25 displaying descriptive statistics of foot angles of Bhangra dancers and Non-dancers 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

LCA (degree) 
Dancer 26.30 7.69 0.92 

Non-dancer 31.81 10.97 1.31 

RCA (degree) 
Dancer 28.16 8.53 1.02 

Non-dancer 32.73 10.61 1.26 

LMLA (degree) 
Dancer 146.38 7.18 0.86 

Non-dancer 153.10 6.51 0.78 

RMLA (degree) 
Dancer 147.30 7.06 0.84 

Non-dancer 153.07 5.73 0.68 

LTA (degree) 
Dancer 13.48 4.20 0.50 

Non-dancer 12.36 2.79 0.33 

RTA (degree) 
Dancer 14.26 4.29 0.51 

Non-dancer 14.02 3.39 0.40 

LRFA (degree) 
Dancer 5.15 11.07 1.32 

Non-dancer 1.92 11.71 1.40 

RRFA (degree) 
Dancer 3.52 10.01 1.20 

Non-dancer 0.83 10.87 1.30 

Note: LCA: Left Clarks angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal 

angle, RMLA: Right Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion 

angle, LRFA: Left Rear-foot angle, RRFA: Right Rear-foot angle 
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Graph 12 displaying the comparison of descriptive statistics of foot angles of Bhangra dancers and Non-

dancers 

4.17 Inferential statistics of foot angles within the groups (Bhangra Dancers and Non-

dancers  

4.17.1 Bhangra dancers 

The inferential statistical comparisons of left & right foot angles of Bhangra dancers are 

discussed in Table 26. The analysis includes mean values, SDs, mean differences, t values, and 

significance levels. 

For the Clark Angles, the mean for the left angle is 26.30 degrees with SD 7.69 degrees, 

while the mean for the right angle is 28.16 degrees with SD 8.53 degrees. The mean difference 

is -1.86 degrees, and the t value is -2.46 with significance level of 0.02. This indicates that the 

Left Clark Angle is significantly lower than the Right Clark Angle within Bhangra dancers. 

Regarding the Medial Longitudinal Angles, the mean for the left angle is 146.38 degrees 

with SD 7.18 degrees, and the mean for the right angle is 147.30 degrees with SD 7.06 degrees. 

The mean difference is -0.92 degrees, and the t value is -1.21 with significance level of 0.23. 

This suggests no significant difference between left & right Medial Longitudinal Angles. 

For the Torsion Angles, the mean for the left angle is 13.48 degrees with SD 4.20 degrees, 

while the mean for the right angle is 14.26 degrees with SD 4.29 degrees. The mean difference 

is -0.78 degrees, and the t value is -1.48 with significance level of 0.14, indicating no significant 

difference between left & right Torsion Angles. 
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Finally, for the Rear-foot Angles, the mean for the left angle is 5.15 degrees with SD 11.07 

degrees, and the mean for the right angle is 3.52 degrees with SD 10.01 degrees. The mean 

difference is 1.63 degrees, and the t value is 1.43 with significance level of 0.16. This suggests 

no significant difference between left & right Rear-foot Angles. 

The results indicate a significant difference between left & right Clark Angles, with the Left 

Clark Angle being significantly lower within Bhangra dancers. However, no significant 

differences are observed between the Left & right Medial Longitudinal Angles, Torsion 

Angles, or Rear-foot Angles within this group. 

Table 26 displaying  inferential statistics of foot angles of bhangra dancer group 

Variables Mean ± SD 
Mean 

difference ± SD 
t Sig. (2 tailed) 

LCA (degree) 26.30 ± 7.69 

-1.86 ± 6.35 -2.46 0.02 

RCA (degree) 28.16 ± 8.53 

LMLA (degree) 146.38 ± 7.18 

-0.92 ± 6.36 -1.21 0.23 

RMLA (degree) 147.30 ± 7.06 

LTA (degree) 13.48 ± 4.20 

-0.78 ± 4.41 -1.48 0.14 

RTA (degree) 14.26 ± 4.29 

LRFA (degree) 5.15 ± 11.07 

1.63 ± 9.55 1.43 0.16 

RRFA (degree) 3.52 ± 10.01 

Note: LCA: Left Clarks angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal 

angle, RMLA: Right Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion 

angle, LRFA: Left Rear-foot angle, RRFA: Right Rear-foot angle 

 

4.17.2 Non-dancers  

The results of inferential statistical comparison of left & right foot angles of non-dancers has 

been summarized in table 27.  

For the Clark Angles, the mean for the left angle is 31.81 degrees with SD 10.97 degrees, 

while the mean for the right angle is 32.73 degrees with SD 10.61 degrees. The mean difference 

is -0.92 degrees, and the SD of this difference is 7.05 degrees. The t value is -1.09 with 

significance level of 0.28, indicating that that there is no statistically significant difference 

between Clark Angles of the left & right sides of non-dancers. 
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The Medial Longitudinal Angles, the mean for the left angle is 153.10 degrees with SD 6.51 

degrees, and the mean for the right angle is 153.07 degrees with SD 5.73 degrees. The mean 

difference is 0.03 degrees, with SD 5.79 degrees. The t value is 0.04 with significance level of 

0.97, suggesting no significant difference between left & right Medial Longitudinal Angles. 

The mean for the left torsion angle is 12.36 degrees with SD 2.79 degrees, while the mean 

for the right angle is 14.02 degrees with SD 3.39 degrees. The mean difference is -1.66 degrees, 

and the SD of this difference is 3.92 degrees. The t value is -3.55 with significance level of 

0.00, indicating that the Left Torsion Angle is significantly lower than the Right Torsion Angle 

within non-dancers. 

Finally, for the Rear-foot Angles, the mean for the left angle is 1.92 degrees with SD 11.71 

degrees, and the mean for the right angle is 0.83 degrees with SD 10.87 degrees. The mean 

difference is 1.10 degrees, and the SD of this difference is 9.89 degrees. The t value is 0.93 

with significance level of 0.36, suggesting no significant difference between left & right 

rearfoot Angles.  

The results indicate significant differences between the Left & right Clark Angles and 

between the Left & right Torsion Angles within non-dancers. The Left Clark Angle is 

significantly higher, and the Left Torsion Angle is significantly lower. However, no significant 

differences were observed between the Left & right Medial Longitudinal Angles or the Left & 

right Rear-foot Angles within this group. 
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Table 27 displaying  inferential statistics of foot angles of Non-dancer group 

Variables Mean ± SD 
Mean difference ± 

SD 
t 

Sig.(2 

tailed) 

LCA (degree) 31.81± 10.97 

-0.92 ± 7.05 -1.09 0.29 

RCA (degree) 32.73 ± 10.61 

LMLA (degree) 153.10 ± 6.51 

0.03 ± 5.79 0.04 0.97 

RMLA (degree) 153.07 ± 5.73 

LTA (degree) 12.36 ± 2.79 

-1.66 ± 3.92 -3.55 0.00 

RTA (degree) 14.02 ± 3.39 

LRFA (degree) 1.92 ± 11.71 

1.10 ± 9.89 0.93 0.36 

RRFA (degree) 0.83 ± 10.87 

Note: LCA: Left Clarks angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal 

angle, RMLA: Right Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion 

angle, LRFA: Left Rear-foot angle, RRFA: Right Rear-foot angle 

4.18 Inferential statistics of foot angles between the two groups (Bhangra Dancers and 

Non dancers) 

The inferential statistics indicate significant differences between Bhangra dancers and non-

dancers in several foot angles. The table 28 presents the results of inferential statistical 

comparisons between various foot angles of Bhangra dancers and non-dancers, including 

significance values, mean differences, and standard error differences.  

The Left Clark Angle results show F-value of 10.75 with significance level of 0.00, 

indicating unequal variances. The t value is -3.44 with significance level of 0.00. The mean 

difference is -5.51 degrees with a standard error difference of 1.60 degrees. These findings 

indicate that the Left Clark angle is significantly lower in Bhangra dancers compared to non-

dancers. For the Right Clark Angle, F-value of 28.65 with significance level of 0.00 indicates 

unequal variances. The t value is 5.81 with significance level of 0.00. The mean difference is 

11.33 degrees with a standard error difference of 1.95 degrees, showing that the Right Clark 

angle is significantly higher in Bhangra dancers compared to non-dancers. The findings 

indicate that Bhangra dancers exhibit significantly different Clark Angles compared to non-

dancers. 
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The Left Medial Longitudinal Angle results show F-value of 1.78 with significance level 

of 0.18, indicating equal variances. The t value is -5.80 with significance level of 0.00. The 

mean difference is -6.72 degrees with a standard error difference of 1.16 degrees, suggesting 

that the Left Medial Longitudinal angle is significantly lower in Bhangra dancers. Similarly, 

for the Right Medial Longitudinal Angle, F-value of 1.44 with significance level of 0.23 

indicates equal variances. The t value is -5.31 with significance level of 0.00. The mean 

difference is -5.77 degrees with a standard error difference of 1.09 degrees, indicating that 

the Right Medial Longitudinal angle is significantly lower in Bhangra dancers. 

The Left Torsion Angle results show F-value of 7.27 with significance level of 0.01, 

indicating unequal variances. The t value is 1.86 with significance level of 0.07. The mean 

difference is 1.12 degrees with a standard error difference of 0.60 degrees. Although the p 

value is slightly above 0.05, there is a trend towards a higher Left Torsion angle in Bhangra 

dancers. For the Right Torsion Angle, F-value of 2.17 with significance level of 0.14 indicates 

equal variances. The t value is 0.37 with significance level of 0.71. The mean difference is 

0.24 degrees with a standard error difference of 0.65 degrees, showing no significant 

difference in the the Right Torsion angle between the groups. 

The Left Rear-foot Angle results show F-value of 0.32 with significance level of 0.57, 

indicating equal variances. The t value is 1.67 with significance level of 0.10. The mean 

difference is 3.23 degrees with a standard error difference of 1.93 degrees, suggesting a trend 

towards a higher Left Rear-foot angle in Bhangra dancers, though it is not statistically 

significant. For the Right Rear-foot Angle, F-value of 0.06 with significance level of 0.81 

indicates equal variances. The t value is 1.52 with significance level of 0.13. The mean 

difference is 2.69 degrees with a standard error difference of 1.77 degrees, indicating no 

significant difference in the Right Rear-foot angle between the groups. 

The results reveal significant differences between Bhangra dancers and non-dancers in 

several foot angles. Specifically, Bhangra dancers have significantly lower Left & right 

Medial Longitudinal angles and significantly higher Right Clark angles. The Left Clark angle 

is also significantly lower in dancers. Trends suggest higher Left Torsion and Left Rear-foot 

angles in dancers, though these differences are not statistically significant. No significant 

differences were observed in the Right Torsion and Right Rear-foot angles between the two 

groups. 
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Table 28 displaying  Inferential statistics of foot angles between the two groups (Bhangra dancer group and 

Non dancer group) 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

LCA (degree) 10.75 0.00 -3.44 0.00 -5.51 1.60 

RCA (degree) 28.65 0.00 5.81 0.00 11.33 1.95 

LMLA (degree) 1.78 0.18 -5.80 0.00 -6.72 1.16 

RMLA (degree) 1.44 0.23 -5.31 0.00 -5.77 1.09 

LTA (degree) 7.27 0.01 1.86 0.07 1.12 0.60 

RTA (degree) 2.17 0.14 0.37 0.71 0.24 0.65 

LRFA (degree) 0.32 0.57 1.67 0.10 3.23 1.93 

RRFA (degree) 0.06 0.81 1.52 0.13 2.69 1.77 

Note: LCA: Left Clarks angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal 

angle, RMLA: Right Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion 

angle, LRFA: Left Rear-foot angle, RRFA: Right Rear-foot angle 

 

4.19 Descriptive statistics of foot print variables and Indices of the participants (N= 140) 

The descriptive statistics shows moderate to minimal variability across different 

measurements, indicating consistent patterns within the sample (table 29 and graph 13). These 

measurements provide valuable insights into foot characteristics, which could be crucial for 

further analysis and interpretation in relevant studies. 

4.19.1 Left Forefoot Distance 

The left forefoot distance ranges from 4.31 cm to 12.14 cm, resulting in a range of 7.83 cm. 

The mean left forefoot distance is 7.92 cm, indicating the average measurement among the 

participants. The SD is 2.12 cm, which shows the extent of variability around the mean. The 

variance, which is the square of the SD, is 4.50 cm², indicating the degree of dispersion in the 

data. 

4.19.2 Right Forefoot Distance 

The right forefoot distance has a range of 7.30 cm, with values spanning from a minimum of 

3.09 cm to a maximum of 10.39 cm. The mean value is 7.39 cm, slightly lower than the left 

forefoot distance. The SD is 1.90 cm, reflecting less variability compared to the left forefoot 

distance. The variance is 3.59 cm², which is slightly lower than that of the left forefoot 

distance. 

4.19.3 Left Midfoot Distance 

For the left midfoot distance, the range is 7.79 cm, with measurements between 0.66 cm and 
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8.45 cm. The mean is 3.27 cm, showing that the average left midfoot distance is lower than 

the forefoot distances. The SD is 1.48 cm, indicating moderate variability, and the variance 

is 2.20 cm². 

4.19.4 Right Midfoot Distance 

The right midfoot distance has a range of 5.61 cm, with values from 0.44 cm to 6.05 cm. The 

mean is 3.01 cm, which is close to the left midfoot distance. The SD is 1.19 cm, suggesting 

less variability, and the variance is 1.42 cm², indicating less dispersion compared to the left 

midfoot distance. 

4.19.5 Left Hindfoot Distance 

The left hindfoot distance ranges from 1.91 cm to 7.07 cm, with a range of 5.16 cm. The mean 

value is 4.64 cm, indicating the average left hindfoot distance among participants. The SD is 

1.30 cm, reflecting moderate variability, and the variance is 1.70 cm². 

4.19.6 Right Hindfoot Distance 

The right hindfoot distance has a range of 4.82 cm, with measurements between 2.01 cm and 

6.83 cm. The mean is 4.40 cm, slightly lower than the left hindfoot distance. The SD is 1.10 

cm, indicating less variability, and the variance is 1.21 cm², which is lower compared to the 

left hindfoot distance. 

4.19.7 Left Staheli Index 

The left Staheli Index has a range of 0.72, with values between 0.12 and 0.84. The mean value 

is 0.41, indicating the average index among participants. The SD is 0.13, showing slight 

variability, and the variance is 0.02, reflecting minimal dispersion in the data. 

4.19.8 Right Staheli Index 

The right Staheli Index has a range of 0.77, with values from 0.09 to 0.86. The mean value is 

0.41, similar to the left Staheli Index. The SD is 0.13, indicating slight variability, and the 

variance is 0.02, showing minimal dispersion. 

4.19.9 Left Chippaux Smirak Index 

The left Chippaux Smirak Index has a range of 1.15, with values between 0.19 and 1.34. The 

mean is 0.70, indicating the average index among participants. The SD is 0.23, reflecting 

moderate variability, and the variance is 0.05, indicating some degree of dispersion. 

4.19.10 Right Chippaux Smirak Index 

The right Chippaux Smirak Index has a range of 1.23, with measurements between 0.15 and 

1.38. The mean value is 0.68, slightly lower than the left index. The SD is 0.20, showing 

moderate variability, and the variance is 0.04, indicating slight dispersion. 
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4.19.11 Left Arch Index 

The left arch index ranges from 0.24 to 0.74, with a range of 0.50. The mean value is 0.35, 

indicating the average left arch index among participants. The SD is 0.07, showing slight 

variability, and the variance is 0.01, reflecting minimal dispersion in the data. 

4.19.12 Right Arch Index 

The right arch index has a range of 0.42, with values between 0.24 and 0.66. The mean value 

is 0.35, similar to the left arch index. The SD is 0.06, indicating slight variability, and the 

variance is 0.00, showing minimal dispersion. 

Table 29 displaying  descriptive statistics of foot print variables and Indices of the participants (N= 140) 

Variables Range Minimum Maximum Mean 

Std. 

Deviatio

n 

Variance 

LFFD 7.83 4.31 12.14 7.92 2.12 4.50 

RFFD 7.30 3.09 10.39 7.39 1.90 3.59 

LMFD 7.79 0.66 8.45 3.27 1.48 2.20 

RMFD 5.61 0.44 6.05 3.01 1.19 1.42 

LHFD 5.16 1.91 7.07 4.64 1.30 1.70 

RHFD 4.82 2.01 6.83 4.40 1.10 1.21 

LSI 0.72 0.12 0.84 0.41 0.13 0.02 

RSI 0.77 0.09 0.86 0.41 0.13 0.02 

LCSI 1.15 0.19 1.34 0.70 0.23 0.05 

RCSI 1.23 0.15 1.38 0.68 0.20 0.04 

LAI 0.50 0.24 0.74 0.35 0.07 0.01 

RAI 0.42 0.24 0.66 0.35 0.06 0.00 

Note: LFFD: Left Forefoot distance, LMFD: Left Midfoot distance, LHFD: Left Hindfoot 

distance, RFFD: Right forefoot distance, RMFD: Right Midfoot distance, RHFD: Right 

Hindfoot distance, LSI: Left Staheli Index, RSI: Right Staheli Index, LCSI: Left Chippaux 

Smirak Index, RCSI: Right Chippaux Smirak Index, LAI: Left Arch Index, RAI: Right Arch 

Index 
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Graph 13 displaying the descriptive statistics of foot print variables and Indices of the participants (N= 

140) 

4.20 Descriptive statistics of foot print variables and Indices of the participants of two 

groups (Bhangra dancer group and Non-dancer group 

The Table 30 and graph 14 displays the descriptive statistics of both the groups, bhangra 

dancers have a mean left forefoot distance of 9.38 cm with SD 0.89 cm and a SEM of 0.11 cm. 

In contrast, non-dancers have a mean left forefoot distance of 6.45 cm, a SD of 1.98 cm, and a 

SEM of 0.24 cm. This indicates that dancers tend to have a significantly larger left forefoot 

distance compared to non-dancers. For the right forefoot distance, dancers show a mean of 8.74 

cm, a SD of 0.71 cm, and a SEM of 0.09 cm. Non-dancers have a lower mean right forefoot 

distance of 6.04 cm, with SD 1.74 cm and a SEM of 0.21 cm. This again suggests that dancers 

have larger forefoot distances than non-dancers. The mean left midfoot distance for dancers is 

3.86 cm with SD 1.29 cm and a SEM of 0.15 cm. Non-dancers have a mean of 2.68 cm, a SD 

of 1.44 cm, and a SEM of 0.17 cm. This shows that dancers have a greater left midfoot distance 

compared to non-dancers. Dancers have a mean right midfoot distance of 3.51 cm, a SD of 

0.98 cm, and a SEM of 0.12 cm. Non-dancers, on the other hand, have a mean of 2.51 cm, a 

SD of 1.18 cm, and a SEM of 0.14 cm. This difference highlights that dancers have a larger 

right midfoot distance. The left hindfoot distance for dancers is 5.54 cm with SD 0.65 cm and 

a SEM of 0.08 cm. Non-dancers have a mean of 3.74 cm, a SD of 1.17 cm, and a SEM of 0.14 
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cm. This indicates a significant difference, with dancers having a larger left hindfoot distance. 

For the right hindfoot distance, dancers exhibit a mean of 5.14 cm, a SD of 0.54 cm, and a SEM 

of 0.06 cm. Non-dancers have a mean of 3.65 cm, a SD of 1.01 cm, and a SEM of 0.12 cm. 

This difference suggests that dancers have a larger right hindfoot distance compared to non-

dancers. Dancers have a mean left Staheli Index of 0.41 with SD 0.14 and a SEM of 0.02. Non-

dancers have a mean of 0.40, a SD of 0.13, and a SEM of 0.02. The small difference indicates 

that the left Staheli Index is quite similar between the two groups. The mean right Staheli Index 

for dancers is 0.40 with SD 0.12 and a SEM of 0.01. Non-dancers have a mean of 0.41, a SD 

of 0.13, and a SEM of 0.02. This indicates that the right Staheli Index is also quite similar 

between dancers and non-dancers. Dancers have a mean left Chippaux Smirak Index of 0.70 

with SD 0.23 and a SEM of 0.03. Non-dancers have a mean of 0.69, a SD of 0.23, and a SEM 

of 0.03. This indicates a very small difference between the two groups. The mean right 

Chippaux Smirak Index for dancers is 0.69 with SD 0.19 and a SEM of 0.02. Non-dancers have 

a mean of 0.68, a SD of 0.21, and a SEM of 0.03. This again suggests a very small difference 

between the two groups. Dancers have a mean left arch index of 0.39 with SD 0.08 and a SEM 

of 0.01. Non-dancers have a lower mean of 0.32, a SD of 0.04, and a SEM of 0.00. This 

indicates that dancers tend to have a higher left arch index. For the right arch index, dancers 

show a mean of 0.38, a SD of 0.07, and a SEM of 0.01. Non-dancers have a mean of 0.32, a 

SD of 0.04, and a SEM of 0.00. This difference suggests that dancers have a higher right arch 

index compared to non-dancers. 

Table 30 displaying descriptive statistics of foot print variables and Indices of the participants of two groups 

(Bhangra dancer group and Non-dancer group 

Variables                     Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

LFFD (cm) Dancer 9.38 0.89 0.11 

Non-dancer 6.45 1.98 0.24 

RFFD (cm) Dancer 8.74 0.71 0.09 

Non-dancer 6.04 1.74 0.21 

LMFD (cm) Dancer 3.86 1.29 0.15 

Non-dancer 2.68 1.44 0.17 

RMFD (cm) Dancer 3.51 0.98 0.12 

Non-dancer 2.51 1.18 0.14 

LHFD (cm) Dancer 5.54 0.65 0.08 

Non-dancer 3.74 1.17 0.14 
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RHFD (cm) Dancer 5.14 0.54 0.06 

Non-dancer 3.65 1.01 0.12 

LSI Dancer 0.41 0.14 0.02 

Non-dancer 0.40 0.13 0.02 

RSI Dancer 0.40 0.12 0.01 

Non-dancer 0.41 0.13 0.02 

LCSI Dancer 0.70 0.23 0.03 

Non-dancer 0.69 0.23 0.03 

RCSI Dancer 0.69 0.19 0.02 

Non-dancer 0.68 0.21 0.03 

LAI Dancer 0.39 0.08 0.01 

Non-dancer 0.32 0.04 0.00 

RAI Dancer 0.38 0.07 0.01 

Non-dancer 0.32 0.04 0.00 

Note: LFFD: Left Forefoot distance, LMFD: Left Midfoot distance, LHFD: Left Hindfoot 

distance, RFFD: Right forefoot distance, RMFD: Right Midfoot distance, RHFD: Right 

Hindfoot distance, LSI: Left Staheli Index, RSI: Right Staheli Index, LCSI: Left Chippaux 

Smirak Index, RCSI: Right Chippaux Smirak Index, LAI: Left Arch Index, RAI: Right Arch 

Index 

 
Graph 14 displaying descriptive statistics of foot print variables and Indices of the participants of two 

groups (Bhangra dancer group and Non-dancer group 
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4.21 Inferential statistics of foot print variables and Indices within the groups (Bhangra 

dancer group and Non-dancer group 

4.21.1 Bhangra Dancer 

On comparing the left & right foot print variables and indices in Bhangra dancers, it reveals 

significant differences between left & right foot distances for forefoot, midfoot, and hindfoot, 

with the left foot generally showing larger values. However, indices such as the Staheli Index, 

Chippaux Smirak Index, and Arch Index do not show significant differences between the left 

& right sides. The mean values, SDs, mean differences, SD differences, t-values, and 

significance levels for various foot characteristics is discussed in table 31.  

The mean left forefoot distance for Bhangra dancers is 9.38 cm with SD 0.89 cm. The mean 

difference between left & right forefoot distance is 0.64 cm, with SD this difference being 0.75 

cm. The t-test yields a t value of 7.14 with significance level of 0.00, indicating a highly 

significant difference between left & right forefoot distances in Bhangra dancers. This suggests 

that the left forefoot distance is significantly larger compared to the right forefoot distance in 

this group. In comparison the mean right forefoot distance for Bhangra dancers is 8.74 cm with 

SD 0.71 cm.  

The mean left midfoot distance for Bhangra dancers is 3.86 cm with SD 1.29 cm and the 

mean right midfoot distance is 3.51 cm with SD 0.98 cm. The mean difference between left & 

right midfoot distances is 0.34 cm, with SD 0.95 cm. The t-test yields a t value of 3.01 with 

significance level of 0.00, indicating a significant difference between left & right midfoot 

distances in Bhangra dancers. This suggests that the left midfoot distance is significantly larger 

compared to the right. The mean left hindfoot distance for Bhangra dancers is 5.54 cm with SD 

0.65 cm and the mean right hindfoot distance is 5.14 cm with SD 0.54 cm. The mean difference 

between left & right hindfoot distances is 0.40 cm, with SD 0.60 cm. The t-test yields a t value 

of 5.50 with significance level of 0.00, indicating a highly significant difference between left 

& right hindfoot distances in Bhangra dancers. This suggests that the left hindfoot distance is 

significantly larger compared to the right hindfoot distance. 

The mean left & right Staheli Index for Bhangra dancers is 0.41 and 0.40 with SD 0.14 and 

0.12. The mean difference between the left & right Staheli Index is 0.01, with SD 0.11. The t-

test yields a t value of 0.68 with significance level of 0.50, indicating no significant difference 

between left & right Staheli Index in Bhangra  

The mean of left & right Chippaux Smirak Index for Bhangra dancers is 0.70 and 0.69 with 

SD 0.23 and 0.19. The mean difference between the left & right Chippaux Smirak Index is 
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0.01, with SD 0.17. The t-test yields a t value of 0.66 with significance level of 0.51, indicating 

no significant difference between left & right   

The mean value for left arch index for Bhangra dancers is 0.39 with SD 0.08 and The mean 

right arch index for Bhangra dancers is 0.38 with SD 0.07. The mean difference between the 

left & right arch index is 0.01, with SD 0.05. The t-test yields a t value of 1.33 with significance 

level of 0.19, indicating no significant difference between left & right arch index in Bhangra 

dancers. 

Table 31displaying inferential statistics of foot print variables and Indices within the bhangra dancer group  

 Variables Mean 
Std. 

Deviation 

Mean 

difference 

Std. 

Deviation 
t 

Sig. (2-

tailed) 

LFFD (cm) 9.38 0.89 
0.64 0.75 7.14 0.00 

RFFD (cm) 8.74 0.71 

LMFD (cm) 3.86 1.29 
0.34 0.95 3.01 0.00 

RMFD (cm) 3.51 0.98 

LHFD (cm) 5.54 0.65 
0.40 0.60 5.50 0.00 

RHFD (cm) 5.14 0.54 

LSI  0.41 0.14 
0.01 0.11 0.68 0.50 

RSI 0.40 0.12 

LCSI 0.70 0.23 
0.01 0.17 0.66 0.51 

RCSI 0.69 0.19 

LAI 0.39 0.08 
0.01 0.05 1.33 0.19 

RAI 0.38 0.07 

Note: LFFD: Left Forefoot distance, LMFD: Left Midfoot distance, LHFD: Left Hindfoot 

distance, RFFD: Right forefoot distance, RMFD: Right Midfoot distance, RHFD: Right 

Hindfoot distance, LSI: Left Staheli Index, RSI: Right Staheli Index, LCSI: Left Chippaux 

Smirak Index, RCSI: Right Chippaux Smirak Index, LAI: Left Arch Index, RAI: Right Arch 

Index 

 

4.21.2 Non dancer 

On comparing the left & right foot measurements for non-dancers, the results revealed 

significant difference between left & right forefoot distances, with the left forefoot distance 

being larger. However, there are no significant differences between the left & right midfoot, 

hindfoot distances, and various indices such as the Staheli Index, Chippaux Smirak Index, and 

Arch Index (table 32). 

The mean left forefoot distance for non-dancers is 6.45 cm with SD 1.98 cm, while the mean 
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right forefoot distance is 6.04 cm with SD 1.74 cm. The mean difference between the left & 

right forefoot distances is 0.41 cm, with SD this difference being 0.70 cm. The t-test yields a t 

value of 4.94 with significance level of 0.00, indicating a highly significant difference between 

left & right forefoot distances. This suggests that the left forefoot distance is significantly larger 

compared to the right forefoot distance in non-dancers. 

The mean left midfoot distance for non-dancers is 2.68 cm with SD 1.44 cm, while the mean 

right midfoot distance is 2.51 cm with SD 1.18 cm. The mean difference between the left & 

right midfoot distances is 0.17 cm, with SD 0.91 cm. The t-test yields a t value of 1.58 with 

significance level of 0.12, indicating that the difference between the left & right midfoot 

distances in non-dancers is not statistically significant. 

The mean left hindfoot distance for non-dancers is 3.74 cm with SD 1.17 cm, while the 

mean right hindfoot distance is 3.65 cm with SD 1.01 cm. The mean difference between the 

left & right hindfoot distances is 0.09 cm, with SD 0.59 cm. The t-test yields a t value of 1.24 

with significance level of 0.22, indicating that the difference between the left & right hindfoot 

distances in non-dancers is not statistically significant. 

The mean left Staheli Index for non-dancers is 0.40 with SD 0.13, while the mean right 

Staheli Index is 0.41 with SD 0.13. The mean difference between the left & right Staheli Index 

is -0.01, with SD 0.12. The t-test yields a t value of -0.64 with significance level of 0.52, 

indicating no significant difference between left & right Staheli Index in non-dancers. 

The mean left Chippaux Smirak Index for non-dancers is 0.69 with SD 0.23, while the mean 

right Chippaux Smirak Index is 0.68 with SD 0.21. The mean difference between the left & 

right Chippaux Smirak Index is 0.02, with SD 0.21. The t-test yields a t value of 0.68 with 

significance level of 0.50, indicating no significant difference between left & right Chippaux 

Smirak Index in non-dancers. 

The mean left arch index for non-dancers is 0.32 with SD 0.04, while the mean right arch 

index is 0.32 with SD 0.04. The mean difference between the left & right arch index is 0.00, 

with SD 0.01. The t-test yields a t value of -1.18 with significance level of 0.24, indicating no 

significant difference between left & right arch index in non-dancers. 
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Table 32 displaying inferential statistics of foot print variables and Indices within the Non-dancer group  

 Variables Mean 
Std. 

Deviation 

Mean 

Difference 

Std. 

Deviation 
t 

Sig. (2-

tailed) 

LFFD (cm) 6.45 1.98 
0.41 0.70 4.94 0.00 

RFFD (cm) 6.04 1.74 

LMFD (cm) 2.68 1.44 
0.17 0.91 1.58 0.12 

RMFD (cm) 2.51 1.18 

LHFD (cm) 3.74 1.17 
0.09 0.59 1.24 0.22 

RHFD (cm) 3.65 1.01 

LSI  0.40 0.13 
-0.01 0.12 -0.64 0.52 

RSI 0.41 0.13 

LCSI 0.69 0.23 
0.02 0.21 0.68 0.50 

RCSI 0.68 0.21 

LAI 0.32 0.04 
0.00 0.01 -1.18 0.24 

RAI 0.32 0.04 

Note: LFFD: Left Forefoot distance, LMFD: Left Midfoot distance, LHFD: Left Hindfoot 

distance, RFFD: Right forefoot distance, RMFD: Right Midfoot distance, RHFD: Right 

Hindfoot distance, LSI: Left Staheli Index, RSI: Right Staheli Index, LCSI: Left Chippaux 

Smirak Index, RCSI: Right Chippaux Smirak Index, LAI: Left Arch Index, RAI: Right Arch 

Index 

 

4.22 Inferential statistics of foot print variables and Indices between the groups (Bhangra 

dancer group and Non-dancer group 

The Table 33 provides a comprehensive analysis of differences in various foot measurements 

between dancers and non-dancers. The analysis of the left forefoot distance shows a significant 

difference between dancers and non-dancers. With F-value of 72.18 and a significance level of 

0.00, the variances between the groups are unequal. The t-test yields a t value of 11.32 with 

significance level of 0.00, indicating a highly significant difference. The mean difference is 

2.93 cm, with a standard error difference of 0.26 cm. This result confirms that dancers have a 

significantly larger left forefoot distance compared to non-dancers. For right forefoot distance, 

the F value is 94.02 with significance level of 0.00, indicating unequal variances. The t value 

is 12.05 with significance level of 0.00, showing a highly significant difference. The mean 

difference is 2.70 cm, and the standard error difference is 0.22 cm. This suggests that dancers 

have a significantly larger right forefoot distance than non-dancers. 

The left midfoot distance analysis reveals F-value of 1.82 with significance level of 0.18, 
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indicating equal variances. The t-test yields a t value of 5.07 with significance level of 0.00, 

indicating a significant difference. The mean difference is 1.17 cm, with a standard error 

difference of 0.23 cm. This indicates that dancers have a significantly larger left midfoot 

distance compared to non-dancers and for the right midfoot distance, the F value is 2.22 with 

significance level of 0.14, suggesting equal variances. The t value is 5.47 with significance 

level of 0.00, indicating a significant difference. The mean difference is 1.00 cm, and the 

standard error difference is 0.18 cm. This shows that dancers have a significantly larger right 

midfoot distance than non-dancers. 

The left hindfoot distance analysis indicates F-value of 25.39 with significance level of 0.00, 

showing unequal variances. The t value is 11.26 with significance level of 0.00, indicating a 

highly significant difference. The mean difference is 1.80 cm, with a standard error difference 

of 0.16 cm. This result confirms that dancers have a significantly larger left hindfoot distance 

compared to non-dancers. The right hindfoot distance, the F value is 30.48 with significance 

level of 0.00, indicating unequal variances. The t value is 10.95 with significance level of 0.00, 

showing a highly significant difference. The mean difference is 1.49 cm, and the standard error 

difference is 0.14 cm. This indicates that dancers have a significantly larger right hindfoot 

distance than non-dancers. 

The left Staheli Index analysis shows F-value of 0.07 with significance level of 0.80, 

indicating equal variances. The t value is 0.57 with significance level of 0.57, suggesting no 

significant difference. The mean difference is 0.01, with a standard error difference of 0.02. 

This indicates that the left Staheli Index is not significantly different between dancers and non-

dancers. The right Staheli Index, the F value is 0.66 with significance level of 0.42, indicating 

equal variances. The t value is -0.25 with significance level of 0.80, suggesting no significant 

difference. The mean difference is -0.01, with a standard error difference of 0.02. This indicates 

that the right Staheli Index is not significantly different between dancers and non-dancers. 

The left Chippaux Smirak Index analysis shows F-value of 0.39 with significance level of 

0.53, indicating equal variances. The t value is 0.14 with significance level of 0.89, suggesting 

no significant difference. The mean difference is 0.01, with a standard error difference of 0.04. 

This indicates that the left Chippaux Smirak Index is not significantly different between 

dancers and non-dancers. For the right Chippaux Smirak Index, the F value is 1.35 with 

significance level of 0.25, indicating equal variances. The t value is 0.27 with significance level 

of 0.79, suggesting no significant difference. The mean difference is 0.01, with a standard error 

difference of 0.03. This indicates that the right Chippaux Smirak Index is not significantly 

different between dancers and non-dancers. 
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The left arch index analysis indicates F-value of 7.64 with significance level of 0.01, 

showing unequal variances. The t value is 6.16 with significance level of 0.00, indicating a 

highly significant difference. The mean difference is 0.07, with a standard error difference of 

0.01. This result confirms that dancers have a significantly higher left arch index compared to 

non-dancers. The right arch index, the F value is 4.37 with significance level of 0.04, indicating 

unequal variances. The t value is 6.14 with significance level of 0.00, showing a highly 

significant difference. The mean difference is 0.06, and the standard error difference is 0.01. 

This indicates that dancers have a significantly higher right arch index than non-dancers. 

Table 33 displaying inferential statistics of foot print variables and Indices between the groups (Bhangra 

dancer group and Non-dancer group 

 Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

LFFD (cm) 72.18 0.00 11.32 0.00 2.93 0.26 

RFFD (cm) 94.02 0.00 12.05 0.00 2.70 0.22 

LMFD (cm) 1.82 0.18 5.07 0.00 1.17 0.23 

RMFD (cm) 2.22 0.14 5.47 0.00 1.00 0.18 

LHFD (cm) 25.39 0.00 11.26 0.00 1.80 0.16 

RHFD (cm) 30.48 0.00 10.95 0.00 1.49 0.14 

LSI  0.07 0.80 0.57 0.57 0.01 0.02 

RSI 0.66 0.42 -0.25 0.80 -0.01 0.02 

LCSI 0.39 0.53 0.14 0.89 0.01 0.04 

RCSI 1.35 0.25 0.27 0.79 0.01 0.03 

LAI 7.64 0.01 6.16 0.00 0.07 0.01 

RAI 4.37 0.04 6.14 0.00 0.06 0.01 

Note: LFFD: Left Forefoot distance, LMFD: Left Midfoot distance, LHFD: Left Hindfoot 

distance, RFFD: Right forefoot distance, RMFD: Right Midfoot distance, RHFD: Right Hindfoot 

distance, LSI: Left Staheli Index, RSI: Right Staheli Index, LCSI: Left Chippaux Smirak Index, 

RCSI: Right Chippaux Smirak Index, LAI: Left Arch Index, RAI: Right Arch Index 

 

4.23 Descriptive statistics of Foot Posture Index of the participants of Bhangra Dancer 

Group 

The table 34 and Graph 15 displays the of the foot postures of 70 Bhangra dancers for both the 

left & right feet. The data is categorized into five distinct foot postures: Normal, Pronated, 

Highly Pronated, Supinated, and Highly Supinated, resulting in a total of 140 foot observations. 

Out of the 70 Bhangra dancers, 28 (40%) have a normal foot posture in their left foot, while 
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33 (47.1%) have a normal foot posture in their right foot. Combined, there are 61 instances 

(43.6%) of normal foot posture out of the 140 foot observations. This indicates that a slightly 

higher number of dancers have a normal posture in their right foot compared to their left foot. 

Overall, normal foot posture is the most common among Bhangra dancers. 

For the left foot, 32 dancers (45.7%) exhibit a pronated foot posture, while for the right foot, 

23 dancers (32.9%) exhibit a pronated foot posture. Together, there are 55 instances (39.3%) 

of pronated foot posture out of the 140 observations. The data shows that more dancers have a 

pronated posture in their left foot compared to their right foot. Pronated foot posture is the 

second most common type among Bhangra dancers. Highly pronated foot posture is observed 

in 6 dancers (8.6%) for the left foot and in 4 dancers (5.7%) for the right foot. The total number 

of highly pronated instances is 10 (7.1%) out of 140 observations, indicating that highly 

pronated posture is relatively rare among Bhangra dancers. 

For the supinated foot posture, 4 dancers (5.7%) have this posture in their left foot, while 8 

dancers (11.4%) have it in their right foot. Combined, there are 12 instances (8.6%) of 

supinated foot posture out of the 140 observations. Supinated posture is more common in the 

right foot compared to the left. Highly supinated foot posture is the least common, with no 

instances (0%) observed in the left foot and 2 instances (2.9%) in the right foot. The total 

number of highly supinated instances is 2 (1.4%) out of 140 observations. 

The findings reveal that normal foot posture is the most prevalent among Bhangra dancers, 

accounting for 43.6% of the foot observations. Pronated posture follows, representing 39.3%. 

Highly pronated, supinated, and highly supinated postures are significantly less common, with 

7.1%, 8.6%, and 1.4% of the observations, respectively. Notably, normal and supinated 

postures are more frequent in the right foot, while pronated and highly pronated postures are 

more common in the left foot. 

Table 34 displaying  foot posture category of bhangra dancer group 

Foot posture left Side Right Side Total 

Normal 28 33 61 

Pronated 32 23 55 

Highly pronated 6 4 10 

Supinated 4 8 12 

Highly supinated 0 2 2 

Total 70 70 140 
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Graph 15 displaying the foot posture category of bhangra dancer group 

The provided data (table 35 and graph 16) also discuss about the distribution of foot postures 

among Bhangra dancers, categorized into unilateral (one foot affected) and bilateral (both feet 

affected) occurrences. The foot postures are divided into five categories: Normal, Pronated, 

Highly Pronated, Supinated, and Highly Supinated. 

Out of the total observations, 43 dancers (70.5%) exhibit a unilateral normal foot posture, 

while 18 dancers (29.5%) exhibit a bilateral normal foot posture. In total, there are 61 instances 

of normal foot posture, representing 43.6% of the overall foot postures observed. This indicates 

that normal foot posture is predominantly unilateral among Bhangra dancers. 

For the pronated foot posture, 39 dancers (70.9%) exhibit a unilateral pronated foot posture, 

while 16 dancers (29.1%) exhibit a bilateral pronated foot posture. The total number of 

pronated foot posture instances is 55, accounting for 39.3% of the overall foot postures. Similar 

to normal foot posture, pronated foot posture is more common unilaterally. 

Highly pronated foot posture is observed unilaterally in 7 dancers (70%) and bilaterally in 

3 dancers (30%). The total number of highly pronated instances is 10, making up 7.1% of the 

overall foot postures. This posture is relatively rare among Bhangra dancers. 

Supinated foot posture is observed unilaterally in 11 dancers (91.7%) and bilaterally in 1 

dancer (8.3%). There are a total of 12 instances of supinated foot posture, representing 8.6% 
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of the overall foot postures. Supinated foot posture is predominantly unilateral among Bhangra 

dancers. 

Highly supinated foot posture is the least common, with 2 dancers (100%) exhibiting a 

unilateral highly supinated foot posture and no instances of bilateral highly supinated foot 

posture. The total number of highly supinated instances is 2, accounting for 1.4% of the overall 

foot postures 

The findings reveal that normal and pronated foot postures are the most prevalent among 

Bhangra dancers, together accounting for 82.9% of the observed foot postures. Both normal 

and pronated postures are more commonly unilateral. Highly pronated, supinated, and highly 

supinated foot postures are less common, representing 7.1%, 8.6%, and 1.4% of the 

observations, respectively. Supinated posture is also predominantly unilateral, whereas highly 

supinated posture is exclusively unilateral among the dancers.  

Table 35 displaying unilateral and bilateral foot posture of bhangra dancer group 

Foot posture Unilateral Bilateral total 

Normal 43 18 61 

Pronated 39 16 55 

Highly pronated 7 3 10 

Supinated 11 1 12 

Highly supinated 2 0 2 

 

 

 

Graph 16 displaying unilateral and bilateral foot posture of bhangra dancer group 
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4.24 Descriptive statistics of Foot Posture Index of the of the participants of Non-dancer 

group 

The table 36 and graph 17 illustrates the distribution of various foot postures among 70 Non-

dancers, with data collected for both the left & right feet, resulting in a total of 140 observations. 

The foot postures are categorized as normal, pronated, highly pronated, supinated, and highly 

supinated.  

Among the non-dancers, 51 left feet and 56 right feet were classified as having a normal 

foot posture. This totals to 107 feet out of the 140 observed. Consequently, 76.4% of the feet 

exhibited a normal foot posture. This high percentage indicates that the majority of non-dancers 

have a foot posture that falls within the typical range, suggesting a balanced distribution of 

weight across the foot. 

The pronated foot posture was observed in 16 left feet and 11 right feet, making a combined 

total of 27 feet. This accounts for 19.3% of the total observations. Pronated foot posture is 

characterized by the inward rolling of the foot’s arch, which can affect the dancer's gait and 

potentially lead to issues such as flat feet. The relatively high percentage of pronation suggests 

that a significant number of non-dancers might be prone to such conditions. 

There were no instances of highly pronated foot posture among the non-dancers. Both left 

& right feet showed zero cases, representing 0% of the total observations. Highly pronated feet, 

which show an extreme inward roll, are absent in this sample, suggesting that while pronation 

is present, it does not reach severe levels among these dancers. 

Supinated foot posture, where the arch of the foot rolls outward, was seen in 3 left feet and 

3 right feet, resulting in a total of 6 feet. This represents 4.3% of the total observations. 

Supination can lead to uneven weight distribution on the outer edges of the feet, which might 

affect balance and stability. The relatively low prevalence indicates that supination is less 

common among the non-dancers compared to pronation. 

Similarly, there were no cases of highly supinated foot posture among the non-dancers, with 

both left & right feet showing zero instances. This accounts for 0% of the total observations. 

Highly supinated feet, which excessively roll outward, are not found in this sample, indicating 

that extreme cases of supination are also absent among these dancers. 

The foot posture among non-dancers reveals that a majority of them (76.4%) have normal 

foot posture. A significant minority (19.3%) exhibit pronation, which might suggest a tendency 

toward flat feet or related issues. Supination is relatively rare, affecting only 4.3% of the 

dancers. There are no cases of highly pronated or highly supinated feet, indicating that extreme 

deviations in foot posture are not present in this group of non-dancers. 
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Table 36 displaying  foot posture category of Non  dancer group 

Foot posture left Right Total 

Normal  51 56 107 

Pronated  16 11 27 

Highly pronated 0 0 0 

Supinated 3 3 6 

Highly supinated 0 0 0 

 Total 70 70 140 

 

 

Graph 17 displaying the foot posture category of Non-dancer group 

The table 37 and graph 18 provides a detailed analysis of foot posture among non-dancers, 

distinguishing between unilateral and bilateral conditions. The majority of the non-dancers 

exhibit a normal foot posture, with 52 individuals displaying unilateral normal posture and 55 

individuals showing bilateral normal posture, resulting in a total of 107 dancers. This represents 

a significant portion, accounting for 76.4% of the entire sample. 

There are 22 dancers with unilateral pronation and 5 with bilateral pronation, totaling 27 

dancers. This indicates that 19.3% of the Non-dancers have a pronated foot posture. There 

show no occurrences of highly pronated foot posture. 
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For the supinated foot posture, there are no cases of unilateral supination, but there are 3 

non bhangra dancers with bilateral supination, accounting for 2.1% of the total sample. Overall, 

the data reveals that the most common foot posture among non-dancers is normal, followed by 

pronated foot posture. The absence of highly pronated and highly supinated conditions suggests 

these are not prevalent in the non-dancer population. 

Table 37 displaying  foot posture category of Non-dancer group 

Foot posture Unilateral Bilateral  Total  

Normal 52 55 107 

Pronated 22 5 27 

Highly pronated 0 0 0 

Supinated 0 3 3 

Highly supinated 0 0 0 

 

 

Graph 18 displaying unilateral and bilateral foot posture of bhangra dancer group 

4.25 Inferential statistics of Foot Posture Index within the groups (Bhangra dancer group 

and Non-dancer group 

4.25.1 Bhangra Dancer Group 

The Table 38 compares various Foot Posture Index (FPI) parameters between the left & right 

feet of Bhangra dancers, highlighting both similarities and notable differences in foot posture 

characteristics. For the Talar Head Position (LTHP and RTHP), the left foot shows a mean of 

0.91 compared to 0.56 for the right foot. This significant difference is supported by a t value 

of 3.31 (p = 0.00), indicating that the talar head is positioned differently between the left & 

right feet. This suggests potential asymmetry in weight distribution or foot alignment during 
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dance movements. Supra and Infra lateral Malleolar Curvature (LSILMC and RSILMC), both 

sides exhibit means of 0.66 and 0.49, respectively, with t-values of 1.76 (p = 0.08) and 1.76 (p 

= 0.08). These results suggest no significant differences in malleolar curvature between the left 

& right feet among the dancers, indicating relative symmetry in this aspect of foot posture. 

Similarly, Calcaneal Frontal Plane Position (LCFPP and RCFPP) also shows comparable 

means of 0.69 and 0.49, with t-values of 1.81 (p = 0.08) and 1.81 (p = 0.08), respectively. This 

suggests that the frontal plane position of the calcaneus is similar between the left & right feet, 

with no significant asymmetries detected. In terms of Medial Longitudinal Arch (LCMLA and 

RCMLA) congruence, both sides exhibit means of 0.61 and 0.49, with t-values of 1.35 (p = 

0.18) and 1.35 (p = 0.18). These results indicate no statistically significant differences in arch 

congruence between the left & right feet, suggesting similar structural alignment across both 

sides. The Bulge near the Talo-navicular Joint (LBTNJ and RBTNJ), the left foot shows a mean 

of 0.73 compared to 0.50 for the right foot, with a t value of 2.44 (p = 0.02). This significant 

difference suggests a more pronounced bulge presence near the talo-navicular joint in the left 

foot compared to the right foot among the dancers studied. For the Abduction/Adduction of the 

Forefoot on the Rear Foot (LAAFR and RAAFR), the left foot exhibits a mean of 0.90 

compared to 0.54 for the right foot, with a t value of 3.83 (p = 0.00). This significant difference 

indicates asymmetry in forefoot movement between the left & right feet, highlighting potential 

differences in foot mechanics during dance activities. 

Finally, the Total Score (LTS and RTS), reflecting an aggregate measurement across all FPI 

parameters, shows a mean of 4.50 for the left foot compared to 3.06 for the right foot, with t-

values of 3.09 (p = 0.00). This significant overall difference suggests that the left foot has a 

higher total FPI score, indicating more pronounced deviations from neutral foot posture 

compared to the right foot. 

The result shows while some foot posture parameters show symmetrical characteristics 

between the left & right feet of Bhangra dancers (e.g., malleolar curvature, calcaneal position, 

arch congruence), significant asymmetries are observed in talar head position, bulge near the 

talo-navicular joint, forefoot movement, and overall FPI score. These findings highlight the 

importance of assessing and addressing asymmetries to optimize foot function and reduce 

injury risks in dance-specific movements and performances. 
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Table 38 displaying inferential statistics of Foot Posture Index within the Bhangra dancer group  

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

MD t 
Sig. (2-

tailed) 

LTHP 0.91 0.85 0.10 
0.36 3.31 0.00 

TTHP 0.56 0.90 0.11 

LSILMC 0.66 0.70 0.08 
0.17 1.76 0.08 

RSILMC 0.49 0.79 0.09 

LCFPP 0.69 0.77 0.09 
0.20 1.81 0.08 

RCFPP 0.49 0.81 0.10 

LCMLA 0.61 0.73 0.09 
0.13 1.35 0.18 

RCMLA 0.49 0.79 0.09 

LBTNJ 0.73 0.85 0.10 
0.23 2.44 0.02 

RBTNJ 0.50 0.88 0.11 

LAAFR 0.90 0.73 0.09 
0.36 3.83 0.00 

RAAFR 0.54 0.88 0.11 

LTS 4.50 3.42 0.41 
1.44 3.09 0.00 

RTS 3.06 4.13 0.49 

Note: LTHP: Left talar head position, RTHP: Right talar head position, LSILMC: Left Supra 

and infra lateral malleolar curvature, RSILMC: Right Supra and infra lateral malleolar 

curvature, LCFPP: Left Calcaneal frontal plane position, RCFPP: Right Calcaneal frontal plane 

position, LBTNJ: Left Bulge in the region of the talo-navicular joint, RBTNJ: Right Bulge in 

the region of the talo-navicular joint, LCMLA: Left Congruence of the medial longitudinal 

arch, RCMLA: Right Congruence of the medial longitudinal arch, LAAFR: Left 

Abduction/adduction of the forefoot on the rear foot, RAAFR: Right Abduction/adduction of 

the forefoot on the rear foot, LTS: Left Total Score, RTS: Right Total Score 

 

4.25.2 Non-Dancer Group 

The Table 39 provides a comprehensive comparison of Foot Posture Index (FPI) parameters 

between the left & right feet of a Non-dancer group, offering understandings into various 

aspects of foot posture crucial for understanding asymmetries and biomechanical implications.  

In the Talar Head Position (LTHP and RTHP), the left foot shows a mean of 0.63 with SD 0.75 

and a standard error of 0.09. The mean difference (MD = 0.19) results in a t value of 1.93 (p = 

0.06), indicating a marginal difference that does not reach statistical significance. In 

comparison, the Right Talar Head Position (RTHP) on the right foot has a mean of 0.44 and a 

SD of 0.65, though the specific t-test result is not provided, suggesting a potential difference 
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between the left & right sides in talar head positioning. Supra and Infra lateral Malleolar 

Curvature (LSILMC and RSILMC), both sides exhibit means of 0.54 and 0.51, respectively, 

with t-values of 0.32 (p = 0.75). These results indicate no significant differences in malleolar 

curvature between the left & right feet, suggesting symmetry in this aspect of foot posture 

among the non-dancer group. Similarly, Calcaneal Frontal Plane Position (LCFPP and RCFPP) 

shows means of 0.79 and 0.80, respectively, with t-values of -0.18 (p = 0.85). This suggests no 

significant differences in calcaneal frontal plane position between the left & right feet, 

indicating comparable alignment in this area. However, Congruence of the Medial 

Longitudinal Arch (LCMLA and RCMLA) reveals a mean of 0.37 for the left foot compared 

to 0.57 for the right foot, with a significant t value of -2.49 (p = 0.02). This significant 

difference indicates asymmetry in arch congruence between the left & right feet among non-

dancers, suggesting a more pronounced variation in arch alignment. Regarding Bulge near the 

Talo-navicular Joint (LBTNJ and RBTNJ) and Abduction/Adduction of the Forefoot on the 

Rear Foot (LAAFR and RAAFR), both measurements show means and t-values that do not 

reach statistical significance, indicating no significant asymmetries in these parameters 

between the left & right feet. Finally, the Total Score (LTS and RTS), reflecting the overall 

FPI assessment, shows means of 3.79 and 3.57 for the left & right feet, respectively, with a t 

value of 0.65 (p = 0.52). This indicates no significant overall difference in foot posture between 

the left & right sides among non-dancers based on the total score. The results highlights various 

aspects of foot posture among Non-dancers, showing symmetry in most parameters such as 

malleolar curvature and calcaneal position.  

Table 39 displaying inferential statistics of Foot Posture Index within the Non-dancer groups 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

MD t 
Sig. (2-

tailed) 

LTHP 0.63 0.75 0.09 
0.19 1.93 0.06 

TTHP 0.44 0.65 0.08 

LSILMC 0.54 0.56 0.07 
0.03 0.32 0.75 

RSILMC 0.51 0.56 0.07 

LCFPP 0.79 0.59 0.07 
-0.01 -0.18 0.85 

RCFPP 0.80 0.60 0.07 

LCMLA 0.37 0.54 0.06 
-0.20 -2.49 0.02 

RCMLA 0.57 0.58 0.07 
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LBTNJ 0.60 0.65 0.08 
0.10 1.22 0.23 

RBTNJ 0.50 0.61 0.07 

LAAFR 0.86 0.64 0.08 
0.11 1.09 0.28 

RAAFR 0.74 0.76 0.09 

LTS 3.79 2.70 0.32 
0.21 0.65 0.52 

RTS 3.57 2.59 0.31 

Note: LTHP: Left Talar head position, RTHP: Right Talar head position, LSILMC: Left Supra 

and infra lateral malleolar curvature, RSILMC: Right Supra and infra lateral malleolar 

curvature, LCFPP: Left Calcaneal frontal plane position, RCFPP: Right Calcaneal frontal plane 

position, LBTNJ: Left Bulge in the region of the talo-navicular joint, RBTNJ: Right Bulge in 

the region of the talo-navicular joint, LCMLA: Left Congruence of the medial longitudinal 

arch, RCMLA: Right Congruence of the medial longitudinal arch, LAAFR: Left 

Abduction/adduction of the forefoot on the rear foot, RAAFR: Right Abduction/adduction of 

the forefoot on the rear foot, LTS: Left Total Score, RTS: Right Total Score 

 

4.26 Inferential statistics of Foot Posture Index between the groups (Bhangra dancer 

group and Non-dancer group 

The table 38 compares various foot characteristics between Bhangra dancers and non-dancers. 

The measurements include both left & right sides of the foot for each characteristic. The mean, 

SD, F-value, significance (Sig.), t-value, and significance of the t-test (Sig. 2-tailed) are 

provided for each group. 

4.26.1 Left Talar Head Position (LTHP) 

Bhangra dancers have a mean LTHP of 0.91 with SD 0.85, while non-dancers have a mean of 

0.63 with SD 0.75. The mean difference is 0.29, with an F-value of 0.32 and a significance of 

0.57. The t-test shows a t value of 2.12 and a significance of 0.04, indicating a significant 

difference between groups. 

4.26.2 Right Talar Head Position (RTHP) 

The mean RTHP for Bhangra dancers is 0.56 with SD 0.90, compared to 0.44 and 0.65 for non-

dancers. The mean difference is 0.11, with an F-value of 7.31 and a significance of 0.01. The 

t-test shows a t value of 0.86 and a significance of 0.39, indicating no significant difference. 

4.26.3 Left Supra and Infra Lateral Malleolar Curvature (LSILMC) 

Bhangra dancers have a mean LSILMC of 0.66 with SD 0.70, while non-dancers have a mean 

of 0.54 with SD 0.56. The mean difference is 0.11, with an F-value of 1.49 and a significance 

of 0.23. The t-test shows a t value of 1.07 and a significance of 0.29, indicating no significant 

difference. 
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4.26.4 Right Supra and Infra Lateral Malleolar Curvature (RSILMC) 

The mean RSILMC for Bhangra dancers is 0.49 with SD 0.79, compared to 0.51 and 0.56 for 

non-dancers. The mean difference is -0.03, with an F-value of 9.57 and a significance of 0.00. 

The t-test shows a t value of -0.25 and a significance of 0.81, indicating no significant 

difference. 

   4.26.5 Left Calcaneal Frontal Plane Position (LCFPP) 

Bhangra dancers have a mean LCFPP of 0.69 with SD 0.77, while non-dancers have a mean of 

0.79 with SD 0.59. The mean difference is -0.10, with an F-value of 4.24 and a significance of 

0.04. The t-test shows a t value of -0.86 and a significance of 0.39, indicating no significant 

difference. 

4.26.6 Right Calcaneal Frontal Plane Position (RCFPP) 

The mean RCFPP for Bhangra dancers is 0.49 with SD 0.81, compared to 0.80 and 0.60 for 

non-dancers. The mean difference is -0.31, with an F-value of 15.34 and a significance of 0.00. 

The t-test shows a t value of -2.60 and a significance of 0.01, indicating a significant difference 

between groups. 

4.26.7 Left Congruence of the Medial Longitudinal Arch (LCMLA) 

Bhangra dancers have a mean LCMLA of 0.73 with SD 0.85, while non-dancers have a mean 

of 0.60 with SD 0.65. The mean difference is 0.13, with an F-value of 2.17 and a significance 

of 0.14. The t-test shows a t value of 1.01 and a significance of 0.32, indicating no significant 

difference. 

4.26.8 Right Congruence of the Medial Longitudinal Arch (RCMLA) 

The mean RCMLA for both groups is the same at 0.50. The SD for Bhangra dancers is 0.88, 

compared to 0.61 for non-dancers. The mean difference is 0.00, with an F-value of 7.06 and a 

significance of 0.01. The t-test shows a t value of 0.00 and a significance of 1.00, indicating no 

significant difference. 

4.26.9 Left Bulge in the Region of the Talo-Navicular Joint (LBTNJ) 

Bhangra dancers have a mean LBTNJ of 0.61 with SD 0.73, while non-dancers have a mean 

of 0.37 with SD 0.54. The mean difference is 0.24, with an F-value of 3.77 and a significance 

of 0.05. The t-test shows a t value of 2.24 and a significance of 0.03, indicating a significant 

difference. 

4.26.10 Right Bulge in the Region of the Talo-Navicular Joint (RBTNJ) 

The mean RBTNJ for Bhangra dancers is 0.49 with SD 0.79, compared to 0.57 and 0.58 for 

non-dancers. The mean difference is -0.09, with an F-value of 5.71 and a significance of 0.02. 
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The t-test shows a t value of -0.73 and a significance of 0.47, indicating no significant 

difference. 

4.26.11 Left Abduction/Adduction of the Forefoot on the Rear Foot (LAAFR) 

Bhangra dancers have a mean LAAFR of 0.90 with SD 0.73, while non-dancers have a mean 

of 0.86 with SD 0.64. The mean difference is 0.04, with an F-value of 1.08 and a significance 

of 0.30. The t-test shows a t value of 0.37 and a significance of 0.71, indicating no significant 

difference. 

4.26.12 Right Abduction/Adduction of the Forefoot on the Rear Foot (RAAFR) 

The mean RAAFR for Bhangra dancers is 0.54 with SD 0.88, compared to 0.74 and 0.76 for 

non-dancers. The mean difference is -0.20, with an F-value of 2.46 and a significance of 0.12. 

The t-test shows a t value of -1.44 and a significance of 0.15, indicating no significant 

difference. 

4.26.13 Left Total Score (LTS) 

Bhangra dancers have a mean LTS of 4.50 with SD 3.42, while non-dancers have a mean of 

3.79 with SD 2.70. The mean difference is 0.71, with an F-value of 4.47 and a significance of 

0.04. The t-test shows a t value of 1.37 and a significance of 0.17, indicating no significant 

difference. 

4.26.14 Right Total Score (RTS) 

The mean RTS for Bhangra dancers is 3.06 with SD 4.13, compared to 3.57 and 2.59 for non-

dancers. The mean difference is -0.51, with an F-value of 21.05 and a significance of 0.00. The 

t-test shows a t value of -0.88 and a significance of 0.38, indicating no significant difference. 

The finding reveals that several foot characteristics, such as the Left Talar Head Position, 

Right Calcaneal Frontal Plane Position, and Left Bulge in the Region of the Talo-Navicular 

Joint, show significant differences between Bhangra and non-dancers. However, many 

characteristics, including various arches and navicular bulge positions, do not show significant 

differences. These results highlight the specific areas where Bhangra dancing may impact foot 

posture and alignment compared to non-dancers.  
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Table 40 displaying  inferential statistics of Foot Posture Index between the groups (Bhangra dancer group 

and Non-dancer group 
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Non Dancer 0.63 0.75 

T
T

H
P

 Bhangra Dancer 0.56 0.90 

0.11 0.39 7.31 0.01 0.86 
Non Dancer 0.44 0.65 

L
S

IL
M

C
 

Bhangra Dancer 0.66 0.70 

0.11 0.29 1.49 0.23 1.07 
Non Dancer 0.54 0.56 

R
S

IL
M

C
 

Bhangra Dancer 0.49 0.79 

-0.03 0.81 9.57 0.00 -0.25 
Non Dancer 0.51 0.56 

L
C

F
P

P
 

 

Bhangra Dancer 0.69 0.77 

-0.10 0.39 4.24 0.04 -0.86 
Non Dancer 0.79 0.59 

R
C

F
P

P
 

 

Bhangra Dancer 0.49 0.81 

-0.31 0.01 15.34 0.00 -2.60 
Non Dancer 0.80 0.60 

L
C

M
L

A
 

 

Bhangra Dancer 0.73 0.85 

0.13 0.32 2.17 0.14 1.01 
Non Dancer 0.60 0.65 

R
C

M
L

A
 

 

Bhangra Dancer 0.50 0.88 

0.00 1.00 7.06 0.01 0.00 
Non Dancer 0.50 0.61 

L
B

T
N

J
 

 

Bhangra Dancer 0.61 0.73 

0.24 0.03 3.77 0.05 2.24 
Non Dancer 0.37 0.54 

R
B

T
N

J
 

 

Bhangra Dancer 0.49 0.79 
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Bhangra Dancer 0.90 0.73 
0.04 0.71 1.08 0.30 0.37 

Non Dancer 0.86 0.64 
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Bhangra Dancer 0.54 0.88 
-0.20 0.15 2.46 0.12 -1.44 

Non Dancer 0.74 0.76 

L
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 Bhangra Dancer 4.50 3.42 

0.71 0.17 4.47 0.04 1.37 
Non Dancer 3.79 2.70 

R
T

S
 Bhangra Dancer 3.06 4.13 

-0.51 0.38 21.05 0.00 -0.88 
Non Dancer 3.57 2.59 

Note: LTHP: Left Talar head position, RTHP: Right Talar head position, LSILMC: Left Supra 

and infra lateral malleolar curvature, RSILMC: Right Supra and infra lateral malleolar 

curvature, LCFPP: Left Calcaneal frontal plane position, RCFPP: Right Calcaneal frontal plane 

position, LBTNJ: Left Bulge in the region of the talo-navicular joint, RBTNJ: Right Bulge in 

the region of the talo-navicular joint, LCMLA: Left Congruence of the medial longitudinal 

arch, RCMLA: Right Congruence of the medial longitudinal arch, LAAFR: Left 

Abduction/adduction of the forefoot on the rear foot, RAAFR: Right Abduction/adduction of 

the forefoot on the rear foot, LTS: Left Total Score, RTS: Right Total Score 

 

4.27 Descriptive statistics of posture variables of the participants (Bhangra dancer group 

and Non- Dancer group) (N=140) 

The table 41 and graph 19 provides a summary of the descriptive statistics for various angular 

measurements related to postural alignment and anatomical angles of 140 participants (70 

Bhangra Dancers and 70 Non Bhangra Dancers). These measurements are crucial for 

understanding the alignment and potential asymmetries in the human body, particularly in the 

context of clinical and sports assessments. The table includes the following statistical 

parameters for each measurement: Range, Minimum, Maximum, Mean, SD, and Variance. 

These parameters are critical for comprehending the distribution and central tendency of the 

data. 

4.27.1 Horizontal Alignment of the Head (HAH) 

The HAH shows a range of 15.80 degrees, with values spanning from -8.20 to 7.60 degrees. 

The mean value is -0.11 degrees, indicating a slight inclination towards the negative direction. 

The SD of 2.95 degrees suggests moderate variability around the mean, with a variance of 8.73. 

4.27.2 Horizontal Alignment of the Acromion (HAA) 

The HAA has a range of 11.10 degrees, with a minimum of -5.80 degrees and a maximum of 

5.30 degrees. The mean is 0.26 degrees, showing a slight positive alignment. The SD is 2.05 

degrees, and the variance is 4.22, indicating relatively low variability in this measurement. 



143 
 

4.27.3 Horizontal Alignment of ASIS (HAAS) 

The HAAS ranges from -10.70 to 5.30 degrees, with a total range of 16.00 degrees. The mean 

is -0.62 degrees, with SD 2.41 degrees and a variance of 5.82, showing moderate variability. 

4.27.4 Lateral Trunk Alignment (LTA) 

For LTA, the range is 17.30 degrees, with values between -4.30 and 13.00 degrees. The mean 

is 0.86 degrees, and the SD is 2.71 degrees. The variance stands at 7.35, indicating moderate 

variability. 

4.27.5 Quadriceps Angles (LQA and RQA) 

The left quadriceps angle (LQA) has a range of 43.10 degrees, from -4.20 to 38.90 degrees, 

with a mean of 13.44 degrees. The SD is 7.61 degrees, and the variance is 57.98. The right 

quadriceps angle (RQA) shows a higher range of 52.70 degrees, from -10.90 to 41.80 degrees, 

a mean of 11.11 degrees, a SD of 9.46 degrees, and a variance of 89.57, indicating higher 

variability compared to the left side. 

4.27.6 Rear-foot Angles (LRA and RRA) 

The left rear-foot angle (LRA) has the largest range of 103.70 degrees, spanning from -72.90 

to 30.80 degrees, with a mean of 3.54 degrees, a SD of 11.47 degrees, and a variance of 131.56. 

The right rear-foot angle (RRA) also shows a wide range of 99.30 degrees, from -71.30 to 

28.00 degrees, a mean of 2.17 degrees, a SD of 10.50 degrees, and a variance of 110.27. 

 4.27.7 Forward Head Angles (RFHA and LFHA) 

The right forward head angle (RFHA) ranges from 36.20 to 70.50 degrees, with a mean of 

53.57 degrees, a SD of 6.81 degrees, and a variance of 46.35. The left forward head angle 

(LFHA) ranges from 39.50 to 83.90 degrees, with a mean of 54.88 degrees, a SD of 6.88 

degrees, and a variance of 47.27. 

4.27.8 Shoulder Angles (RSA and LSA) 

The right shoulder angle (RSA) has a range of 73.30 degrees, from 16.20 to 89.50 degrees, 

with a mean of 54.54 degrees, a SD of 15.45 degrees, and a variance of 238.79. The left 

shoulder angle (LSA) shows a similar range of 71.20 degrees, from 14.00 to 85.20 degrees, a 

mean of 55.58 degrees, a SD of 15.30 degrees, and a variance of 233.99. 

4.27.9 Genu Recurvatum (RGR and LGR) 

The right genu recurvatum (RGR) ranges from -16.80 to 13.90 degrees, with a mean of -2.70 

degrees, a SD of 6.75 degrees, and a variance of 45.59. The left genu recurvatum (LGR) has a 

range of 35.10 degrees, from -17.90 to 17.20 degrees, a mean of -3.17 degrees, a SD of 6.72 

degrees, and a variance of 45.15. 
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Table 41 displaying descriptive statistics of posture variables of the participants (Bhangra dancer group 

and Non- Dancer group) (N=140) 

Variables Range Minimum Maximum Mean 
Std. 

Deviation 
Variance 

HAH 15.80 -8.20 7.60 -0.11 2.95 8.73 

HAA 11.10 -5.80 5.30 0.26 2.05 4.22 

HAAS 16.00 -10.70 5.30 -0.62 2.41 5.82 

LTA 17.30 -4.30 13.00 0.86 2.71 7.35 

LQA 43.10 -4.20 38.90 13.44 7.61 57.98 

RQA 52.70 -10.90 41.80 11.11 9.46 89.57 

LRA 103.70 -72.90 30.80 3.54 11.47 131.56 

RRA 99.30 -71.30 28.00 2.17 10.50 110.27 

RFHA 34.30 36.20 70.50 53.57 6.81 46.35 

RSA 73.30 16.20 89.50 54.54 15.45 238.79 

RGR 30.70 -16.80 13.90 -2.70 6.75 45.59 

LFHA 44.40 39.50 83.90 54.88 6.88 47.27 

LSA 71.20 14.00 85.20 55.58 15.30 233.99 

LGR 35.10 -17.90 17.20 -3.17 6.72 45.15 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 

HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, LRA: Left Rear-foot 

angle, RRA: right Rear-foot angle, RFHA: Right forward head angle, RSA: Right shoulder 

angle, RGR: Right genu recurvatum, LFHA: Left forward head angle, LSA: Left Shoulder 

angle, LGR: Left Genu recurvatum 
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Graph 19 displaying descriptive statistics of posture variables of the participants (N=140) 

4.28 Descriptive statistics of posture variables of the groups (Bhangra dancer group and 

Non-Dancer group) 

The table 42 and graph 20 summarizes the descriptive statistics of posture variables both the 

groups, Bhangra dancers have a mean HAH of 0.11 degrees with SD 2.97 degrees and a SEM 

of 0.36. Non-dancers, on the other hand, show a mean HAH of -0.33 degrees, a SD of 2.94 

degrees, and a SEM of 0.35. This suggests that Bhangra dancers tend to have a slightly more 

positive head alignment compared to non-dancers, although the difference is minor. 

For HAA, Bhangra dancers exhibit a mean of 0.68 degrees, a SD of 1.99 degrees, and a 

SEM of 0.24. In contrast, non-dancers had a mean HAA of -0.15 degrees, a SD of 2.05 degrees, 

and a SEM of 0.25. This indicates that Bhangra dancers generally have a more positive 

acromion alignment compared to their non-dancing counterparts. 

The mean HAAS for Bhangra dancers is -0.21 degrees, with SD 2.17 degrees and a SEM of 

0.26. Non-dancers show a mean of -1.02 degrees, a SD of 2.58 degrees, and a SEM of 0.31. 

This data suggests that Bhangra dancers have a less negative alignment of the ASIS compared 

to non-dancers. 

Bhangra dancers had a mean LTA of 0.77 degrees, a SD of 2.58 degrees, and a SEM of 

0.31. Non-dancers had a slightly higher mean LTA of 0.95 degrees, with SD 2.85 degrees and 

a SEM of 0.34. This indicates that there is a slight difference in lateral trunk alignment, with 

non-dancers showing a slightly greater inclination. 
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The left quadriceps angle (LQA) for Bhangra dancers has a mean of 11.00 degrees, a SD of 

7.24 degrees, and a SEM of 0.87. Non-dancers exhibit a mean LQA of 15.88 degrees, with SD 

7.23 degrees and a SEM of 0.86, indicating higher quadriceps angle in non-dancers. For the 

right quadriceps angle (RQA), Bhangra dancers had a mean of 7.07 degrees, a SD of 7.93 

degrees, and a SEM of 0.95. Non-dancers show a higher mean of 15.14 degrees, with SD 9.19 

degrees and a SEM of 1.10, indicating significant differences in right quadriceps angles 

between the two groups. 

The left rear-foot angle (LRA) for Bhangra dancers has a mean of 5.15 degrees, a SD of 

11.07 degrees, and a SEM of 1.32. Non-dancers had a mean of 1.92 degrees, with SD 11.71 

degrees and a SEM of 1.40. This suggests that Bhangra dancers tend to have a higher LRA. 

For the right rear-foot angle (RRA), Bhangra dancers exhibit a mean of 3.52 degrees, a SD of 

10.01 degrees, and a SEM of 1.20. Non-dancers had a lower mean RRA of 0.83 degrees, with 

SD 10.87 degrees and a SEM of 1.30. 

The right forward head angle (RFHA) in Bhangra dancers has a mean of 52.13 degrees, a 

SD of 7.28 degrees, and a SEM of 0.87. Non-dancers show a mean of 55.01 degrees, with SD 

6.01 degrees and a SEM of 0.72, indicating a greater forward head angle in non-dancers. The 

left forward head angle (LFHA) for Bhangra dancers is 53.24 degrees, with SD 6.80 degrees 

and a SEM of 0.81. Non-dancers had a mean of 56.51 degrees, with SD 6.60 degrees and a 

SEM of 0.79. 

The right shoulder angle (RSA) in Bhangra dancers has a mean of 56.82 degrees, a SD of 

15.34 degrees, and a SEM of 1.83. Non-dancers show a mean of 52.26 degrees, with an 

identical SD and standard error mean, indicating similar variability but a higher mean shoulder 

angle in Bhangra dancers. The left shoulder angle (LSA) for Bhangra dancers has a mean of 

62.45 degrees, a SD of 15.09 degrees, and a SEM of 1.80. Non-dancers show a lower mean of 

48.70 degrees, with SD 12.16 degrees and a SEM of 1.45. 

The right genu recurvatum (RGR) in Bhangra dancers has a mean of -0.25 degrees, a SD of 

6.28 degrees, and a SEM of 0.75. Non-dancers show a more negative mean of -5.14 degrees, 

with a similar SD and standard error mean, indicating greater hyperextension in non-dancers. 

The left genu recurvatum (LGR) for Bhangra dancers has a mean of 0.02 degrees, a SD of 5.44 

degrees, and a SEM of 0.65. Non-dancers exhibit a more negative mean of -6.35 degrees, with 

SD 6.38 degrees and a SEM of 0.76. 

Overall, the results indicate significant differences in postural and alignment measurements 

between Bhangra dancers and non-dancers. Bhangra dancers generally show better alignment 

and less deviation in various postural angles, suggesting that the physical demands and 
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movements specific to Bhangra dancing may contribute to these differences. 

Table 42 displaying descriptive statistics of posture variables of the groups (Bhangra dancer group and 

Non- Dancer group) 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

HAH Bhangra Dancer 0.11 2.97 0.36 

Non-Dancer -0.33 2.94 0.35 

HAA Bhangra Dancer 0.68 1.99 0.24 

Non-Dancer -0.15 2.05 0.25 

HAAS Bhangra Dancer -0.21 2.17 0.26 

Non-Dancer -1.02 2.58 0.31 

LTA Bhangra Dancer 0.77 2.58 0.31 

Non-Dancer 0.95 2.85 0.34 

LQA Bhangra Dancer 11.00 7.24 0.87 

Non-Dancer 15.88 7.23 0.86 

RQA Bhangra Dancer 7.07 7.93 0.95 

Non-Dancer 15.14 9.19 1.10 

LRA Bhangra Dancer 5.15 11.07 1.32 

Non-Dancer 1.92 11.71 1.40 

RRA Bhangra Dancer 3.52 10.01 1.20 

Non-Dancer 0.83 10.87 1.30 

RFHA Bhangra Dancer 52.13 7.28 0.87 

Non-Dancer 55.01 6.01 0.72 

RSA Bhangra Dancer 56.82 15.34 1.83 

Non-Dancer 52.26 15.34 1.83 

RGR Bhangra Dancer -0.25 6.28 0.75 

Non-Dancer -5.14 6.35 0.76 

LFHA Bhangra Dancer 53.24 6.80 0.81 

Non-Dancer 56.51 6.60 0.79 

LSA Bhangra Dancer 62.45 15.09 1.80 

Non-Dancer 48.70 12.16 1.45 

LGR Bhangra Dancer 0.02 5.44 0.65 

Non-Dancer -6.35 6.38 0.76 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 
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HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, LRA: Left Rear-foot 

angle, RRA: Right Rear-foot angle, RFHA: Right forward head angle, RSA: Right shoulder 

angle, RGR: Right genu recurvatum, LFHA: Left forward head angle, LSA: Left Shoulder 

angle, LGR: Left Genu recurvatum 

 

 

Graph 20 displaying descriptive statistics of posture variables of the groups (Bhangra dancer group 

and Non- Dancer group) 

4.29 Inferential statistics of posture variables within the group (Bhangra dancer group 

and Non- Dancer group) 

4.29.1 Bhangra Dancer Group 

The provided tables 43 offer an overview of the alignment measures in a group of Bhangra 

dancers, evaluated through descriptive statistics and one-sample t-tests. Each measure is 

compared to a specific reference value to ascertain whether the sample mean significantly 

differs from the reference value.  

The horizontal alignment measures include the horizontal alignment of the head (HAH), 

horizontal alignment of the acromion (HAA), horizontal alignment of the ASIS (HAAS), and 

lateral trunk alignment (LTA). For the horizontal alignment of the head (HAH), the mean value 

is 0.11 with SD 2.97 and a SEM of 0.36. The t-test results show a mean difference of 0.11, a t 

value of 0.31, and p value of 0.75, indicating no significant difference from the reference value 

of 0. This suggests that the horizontal alignment of the head is, on average, close to zero, with 

a high variability among dancers. In contrast, the horizontal alignment of the acromion (HAA) 
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has a mean value of 0.68, a SD of 1.99, and a SEM of 0.24. The t-test results reveal a mean 

difference of 0.68, a t value of 2.85, and p value of 0.01, indicating a significant difference 

from the reference value of 0. This implies that the acromion alignment is slightly elevated 

compared to zero, with moderate variability. The horizontal alignment of the ASIS (HAAS) 

shows a mean value of -0.21, with SD 2.17 and a SEM of 0.26. The t-test results, with a mean 

difference of -0.21, a t value of -0.81, and p value of 0.42, indicate no significant difference 

from the reference value of 0. This suggests that the ASIS alignment is slightly below zero, but 

this difference is not statistically significant. 

For the lateral trunk alignment (LTA), the mean value is 0.77, the SD is 2.58, and the SEM 

is 0.31. The t-test results show a mean difference of 0.77, a t value of 2.48, and p value of 0.02, 

indicating a significant difference from the reference value of 0. This indicates that there is a 

slight lateral deviation in the trunk alignment, which is statistically significant. 

The reference value for Quadriceps angle is 150, the left quadriceps angle (LQA) has a mean 

value of 11.00, with SD 7.24 and a SEM of 0.87. The t-test results show a mean difference of 

-4.00, a t value of -4.63, and p value of 0.00, indicating a significant difference from the 

reference value of 15. This suggests that the left quadriceps angle is significantly lower than 

the reference value. The right quadriceps angle (RQA) shows a mean value of 7.07, with SD 

7.93 and a SEM of 0.95. The t-test results reveal a mean difference of -7.93, a t value of -8.36, 

and p value of 0.00, indicating a significant difference from the reference value of 15. This 

suggests that the right quadriceps angle is significantly lower than the reference value. 

 The reference value for the forward head angle measures is 50 degrees, the right forward 

head angle (RFHA) has a mean value of 52.13, with SD 7.28 and a SEM of 0.87. The t-test 

results show a mean difference of 2.13, a t value of 2.45, and p value of 0.02, indicating a 

significant difference from the reference value of 50. This suggests that the right forward head 

angle is slightly higher than the reference value. The left forward head angle (LFHA) shows a 

mean value of 53.24, with SD 6.80 and a SEM of 0.81. The t-test results reveal a mean 

difference of 3.24, a t value of 3.99, and p value of 0.00, indicating a significant difference 

from the reference value of 50. This suggests that the left forward head angle is significantly 

higher than the reference value. 

The reference value for Shoulder Angle is 520, the right shoulder angle (RSA) has a mean 

value of 56.82, with SD 15.34 and a SEM of 1.83. The t-test results show a mean difference of 

4.82, a t value of 2.63, and p value of 0.01, indicating a significant difference from the reference 

value of 52. This suggests that the right shoulder angle is significantly higher than the reference 

value. The left shoulder angle (LSA) shows a mean value of 62.45, with SD 15.09 and a SEM 
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of 1.80. The t-test results reveal a mean difference of 10.45, a t value of 5.79, and p value of 

0.00, indicating a significant difference from the reference value of 52. This suggests that the 

left shoulder angle is significantly higher than the reference value. 

 The reference value for Genu Recurvatum is -10 degrees, for the right genu recurvatum 

(RGR) has a mean value of -0.25, with SD 6.28 and a SEM of 0.75. The t-test results show a 

mean difference of 9.75, a t value of 12.99, and p value of 0.00, indicating a significant 

difference from the reference value of -10. This suggests that the right genu recurvatum is 

significantly higher than the reference value. The left genu recurvatum (LGR) shows a mean 

value of 0.02, with SD 5.44 and a SEM of 0.65. The t-test results reveal a mean difference of 

10.02, a t value of 15.40, and p value of 0.00, indicating a significant difference from the 

reference value of -10. This suggests that the left genu recurvatum is significantly higher than 

the reference value.  

In summary, the Bhangra dancers show significant deviations from reference values in 

several alignment measures. The head and trunk alignments exhibit minor deviations with 

varying degrees of significance. The quadriceps angles are significantly lower than the 

reference values, while the forward head and shoulder angles are significantly higher. 

Additionally, both genu recurvatum measures are significantly higher than the reference value 

of -10. These findings highlight specific postural characteristics and deviations in Bhangra 

dancers, which may be pertinent for understanding their biomechanics and informing training 

or corrective strategies. 

Table 43 displaying inferential statistics of posture variables of Bhangra dancer group (Compared with 

normative values) 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

difference 
t 

Sig. (2-

tailed) 

Test Value = 0 

HAH 0.11 2.97 0.36 0.11 0.31 0.75 

HAA 0.68 1.99 0.24 0.68 2.85 0.01 

HAAS -0.21 2.17 0.26 -0.21 -0.81 0.42 

LTA 0.77 2.58 0.31 0.77 2.48 0.02 

Test Value = 15 

LQA 11.00 7.24 0.87 -4.00 -4.63 0.00 

RQA 7.07 7.93 0.95 -7.93 -8.36 0.00 

Test Value = 50 
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RFHA 52.13 7.28 0.87 2.13 2.45 0.02 

LFHA 53.24 6.80 0.81 3.24 3.99 0.00 

Test Value = 52 

RSA 56.82 15.34 1.83 4.82 2.63 0.01 

LSA 62.45 15.09 1.80 10.45 5.79 0.00 

Test Value = -10 

RGR -.25 6.28 .75 9.75 12.99 0.00 

LGR .02 5.44 .65 10.02 15.39 0.00 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 

HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, RFHA: Right forward 

head angle, RSA: Right shoulder angle, RGR: Right Genu recurvatum, LFHA: Left forward 

head angle, LSA: Left Shoulder angle, LGR: Left Genu recurvatum 
 

The provided table 44 reveals significant insights into the alignment measures of a group of 

Bhangra dancers. Each measure is assessed against a reference value to understand the 

prevalence of specific postural characteristics within the group. 

For the horizontal alignment measures, the horizontal alignment of the head (HAH) has a 

reference value of 0°, with only 11 out of 70 participants (15.71%) meeting this reference. The 

majority of the dancers (84.29%) do not align horizontally at the head, indicating a significant 

deviation in head posture. The horizontal alignment of the acromion’s (HAA) is even more 

striking, with only 1 participant (1.43%) meeting the reference value of 0°, suggesting that 

nearly all dancers had a significant deviation in shoulder alignment. Similarly, for the 

horizontal alignment of the ASIS (HAAS), only 6 participants (8.57%) meet the reference 

value, indicating substantial variability in pelvic alignment. The lateral trunk alignment (LTA) 

also shows a deviation, with only 4 participants (5.71%) meeting the reference value of 0°. 

Regarding the quadriceps angle measures, a significant majority of dancers had quadriceps 

angles close to the reference values. For the left quadriceps angle (LQA), 53 participants 

(75.71%) meet the reference value of 15°, while for the right quadriceps angle (RQA), 57 

participants (81.43%) meet the same reference. This suggests that most dancers have 

quadriceps angles within the normal range. 

The rear-foot angle measures display considerable variability. For both the left rear-foot 

angle (LRA) and the right rear-foot angle (RRA), 33 participants (47.14%) meet the reference 

value of (-) 5° to (+) 5°, indicating that nearly half of the dancers had rear-foot angles within 

the normal range, while the other half shows deviations. 
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When it comes to the forward head and shoulder angles, a substantial portion of dancers 

exhibit higher values than the reference. The right forward head angle (RFHA) has a reference 

value of > 50°, with 37 participants (52.86%) meeting this reference. Similarly, the left forward 

head angle (LFHA) shows 47 participants (67.14%) exceeding the reference value of 50°. The 

right shoulder angle (RSA) and left shoulder angle (LSA) also exhibit significant deviations, 

with 44 participants (62.86%) and 56 participants (80.00%) respectively exceeding the 

reference value of 52°. 

Lastly, the Genu recurvatum measures reveal that this condition is relatively uncommon 

among the dancers. For the right genu recurvatum (RGR), only 8 participants (11.43%) meet 

the reference value of < (-) 10°, and for the left genu recurvatum (LGR), only 3 participants 

(4.29%) meet this reference. This indicates that most dancers do not exhibit hyperextension of 

the knee beyond -10°. 

In conclusion, the Bhangra dancers show significant deviations from reference values in 

various alignment measures. Most dancers exhibit deviations in horizontal head, shoulder, and 

pelvic alignments, as well as lateral trunk alignment. The quadriceps angles, however, remain 

within the normal range for the majority. Forward head and shoulder angles are predominantly 

above the reference values, while genu recurvatum is relatively rare. These findings highlight 

specific postural characteristics of Bhangra dancers, which could be crucial for understanding 

their biomechanics and developing targeted training or corrective strategies. 

Table 44 displaying  number and percentage of the Bhangra dancers having normal or deviation in the 

posture 

Variable Ref.  Value 

Number of 

participants 

meeting the 

criteria 

Number of 

participants 

not meeting 

criteria 

Percentage 

of participants 

meeting 

criteria 

Horizontal 

Alignment of the 

Head 

0° 11.00 59.00 15.71 

Horizontal 

Alignment of the 

Acromion 

0° 1.00 69.00 1.43 

Horizontal 

Alignment of the 

ASIS's 

0° 6.00 64.00 8.57 
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Lateral Trunk 

Alignment 
0° 4.00 66.00 5.71 

Q Angle-Left 15° 53.00 17.00 75.71 

Q Angle-Right 15° 57.00 13.00 81.43 

Rear-foot Angle - 

Left 
(-) 5° to (+) 5° 33.00 37.00 47.14 

Rear-foot Angle - 

Right 
(-) 5° to (+) 5° 33.00 37.00 47.14 

Right Forward Head 

Angle 
> 50° 37.00 33.00 52.86 

Right Shoulder 

Angle 
> 52° 44.00 26.00 62.86 

Right Genu 

Recurvatum 
< (-) 10° 8.00 62.00 11.43 

Left Forward Head 

Angle 
> 50° 47.00 23.00 67.14 

Left Shoulder angle > 52° 56.00 14.00 80.00 

Left Genu 

Recurvatum 
< (-) 10° 3.00 67.00 4.29 
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4.29.2 Non-Dancer 

The table 45 provides an in-depth analysis of alignment measures for a group of non-dancers, 

highlighting their deviations from specific reference values. These measures include the 

horizontal alignment of the head, acromion’s, and ASIS, lateral trunk alignment, quadriceps 

angles, forward head angles, shoulder angles, and genu recurvatum. The significance of these 

deviations is assessed using t-tests. For the horizontal alignment of the head (HAH), the mean 

value is -0.33 with SD 2.94 and a SEM of 0.35. The mean difference of -0.33 results in a t 

value of -0.95 and p value of 0.35, indicating no significant deviation from the reference value 

of 0°. Similarly, the horizontal alignment of the acromion (HAA) shows a mean value of -0.15 

with SD 2.05 and a SEM of 0.25. The mean difference of -0.15 yields a t value of -0.62 and p 

value of 0.54, suggesting no significant deviation from the reference value. However, for the 

horizontal alignment of the ASIS (HAAS), the mean value is -1.02 with SD 2.58 and a SEM 

of 0.31. The mean difference of -1.02 results in a t value of -3.32 and p value of 0.00, indicating 

a significant deviation from the reference value of 0°. The lateral trunk alignment (LTA), the 

mean value is 0.95 with SD 2.85 and a SEM of 0.34. The mean difference of 0.95 leads to a t 

value of 2.79 and p value of 0.01, showing a significant deviation from the reference value of 

0°. For the left quadriceps angle (LQA), the mean value is 15.88 with SD 7.23 and a SEM of 

0.86. The mean difference of 0.88 results in a t value of 1.01 and p value of 0.31, indicating no 

significant deviation from the reference value of 15°. Similarly, the right quadriceps angle 

(RQA) has a mean value of 15.14 with SD 9.19 and a SEM of 1.10. The mean difference of 

0.14 yields a t value of 0.13 and p value of 0.90, showing no significant deviation from the 

reference value. For the right forward head angle (RFHA), the mean value is 55.01 with SD 

6.01 and a SEM of 0.72. The mean difference of 5.01 leads to a t value of 6.97 and p value of 

0.00, indicating a significant deviation from the reference value of 50°. The left forward head 

angle (LFHA) has a mean value of 56.51 with SD 6.60 and a SEM of 0.79. The mean difference 

of 6.51 results in a t value of 8.26 and p value of 0.00, showing a significant deviation from the 

reference value of 50°. The right shoulder angle (RSA) presents a mean value of 52.26 with 

SD 15.34 and a SEM of 1.83. The mean difference of 0.26 yields a t value of 0.14 and p value 

of 0.89, indicating no significant deviation from the reference value of 52°. Conversely, the 

left shoulder angle (LSA) has a mean value of 48.70 with SD 12.16 and a SEM of 1.45. The 

mean difference of -3.30 leads to a t value of -2.27 and p value of 0.03, showing a significant 

deviation from the reference value of 52°. Lastly, for right genu recurvatum (RGR), the mean 

value is -5.14 with SD 6.35 and a SEM of 0.76. The mean difference of 4.86 results in a t value 
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of 6.41 and p value of 0.00, indicating a significant deviation from the reference value of -10°. 

Similarly, left genu recurvatum (LGR) has a mean value of -6.35 with SD 6.38 and a SEM of 

0.76. The mean difference of 3.65 leads to a t value of 4.78 and p value of 0.00, showing a 

significant deviation from the reference value of -10°. In conclusion, the non-dancers exhibit 

significant deviations from reference values in several alignment measures. Notably, there are 

significant deviations in the horizontal alignment of the ASIS, lateral trunk alignment, forward 

head angles, and genu recurvatum. 
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Table 45 displaying inferential statistics of posture variables of Non-dancer group (Compared with 

normative values) 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 
t 

Sig. 

(2-

tailed) 

Test Value = 0 

HAH -0.33 2.94 0.35 -0.33 -0.95 0.35 

HAA -0.15 2.05 0.25 -0.15 -0.62 0.54 

HAAS -1.02 2.58 0.31 -1.02 -3.32 0.00 

LTA 0.95 2.85 0.34 0.95 2.79 0.01 

Test Value = 15  

LQA 15.88 7.23 0.86 0.88 1.01 0.31 

RQA 15.14 9.19 1.10 0.14 0.13 0.90 

Test Value = 50 

RFHA 55.01 6.01 0.72 5.01 6.97 0.00 

LFHA 56.51 6.60 0.79 6.51 8.26 0.00 

Test Value = 52  

RSA 52.26 15.34 1.83 0.26 0.14 0.89 

LSA 48.70 12.16 1.45 -3.30 -2.27 0.03 

Test Value = -10  

RGR -5.14 6.35 0.76 4.86 6.41 0.00 

LGR -6.35 6.38 0.76 3.65 4.78 0.00 

 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 

HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, RFHA: Right forward 

head angle, RSA: Right shoulder angle, RGR: Right Genu recurvatum, LFHA: Left forward 

head angle, LSA: Left Shoulder angle, LGR: Left Genu recurvatum 

The table 46 provides a detailed overview of alignment measures for a group of non-dancers, 

comparing the number and percentage of participants meeting specific reference values. These 

measures are essential for understanding the common postural characteristics within this group. 

For the horizontal alignment of the head (HAH), only 3 out of 70 participants meet the 

reference value of 0°, which accounts for 4.29% of the group. This suggests that the vast 
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majority of the participants (95.71%) had deviations in the horizontal alignment of their head. 

The horizontal alignment of the acromion’s (HAA) shows an even more striking result, with 

none of the participants meeting the reference value of 0°, indicating a complete deviation in 

shoulder alignment among the group. Similarly, the horizontal alignment of the ASIS (HAAS) 

reveals that only 3 participants (4.29%) meet the reference value, highlighting significant 

variability in pelvic alignment. For lateral trunk alignment (LTA), only 1 participant (1.43%) 

meets the reference value of 0°, indicating that nearly all dancers exhibit deviations in trunk 

alignment. 

The quadriceps angle measures show that a moderate portion of the participants had 

quadriceps angles close to the reference values. For the left quadriceps angle (LQA), 33 out of 

70 participants (47.14%) meet the reference value of 15°. Similarly, for the right quadriceps 

angle (RQA), 34 participants (48.57%) meet the same reference. This indicates that 

approximately half of the dancers had quadriceps angles within the normal range, while the 

other half exhibits deviations. 

The rear-foot angle measures display a more balanced distribution. For the left rear-foot 

angle (LRA), 39 participants (55.71%) meet the reference range of (-) 5° to (+) 5°, suggesting 

that slightly more than half of the dancers had rear-foot angles within the normal range. The 

right rear-foot angle (RRA) shows that 35 participants (50.00%) meet the reference range, 

indicating an equal distribution between those with normal and deviated rear-foot angles. 

When examining the forward head and shoulder angles, a substantial portion of the dancers 

exhibit higher values than the reference. The right forward head angle (RFHA) has a reference 

value of > 50°, with 55 participants (78.57%) meeting this criterion. This suggests a significant 

prevalence of increased forward head posture. The left forward head angle (LFHA) similarly 

shows that 58 participants (82.86%) exceed the reference value of 50°, indicating a high 

occurrence of forward head posture. In contrast, the right shoulder angle (RSA) shows that 29 

participants (41.43%) exceed the reference value of 52°, suggesting that less than half of the 

participants had shoulder angles above the reference value. The left shoulder angle (LSA) 

reveals that only 23 participants (32.86%) exceed the reference value of 52°, indicating that the 

majority of dancers do not exhibit significantly high shoulder angles. 

The Genu recurvatum measures show that this condition is relatively rare among the 

dancers. For the right genu recurvatum (RGR), 68 participants (97.14%) meet the reference 

value of < (-) 10°, indicating that almost all dancers do not exhibit hyperextension of the knee 

beyond -10°. Similarly, the left genu recurvatum (LGR) shows that 68 participants (97.14%) 

meet the reference value, reinforcing the rarity of this condition in the group. 
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 In conclusion, the non-dancers exhibit significant deviations from reference values in 

several alignment measures, particularly in the horizontal alignment of the head, acromion’s, 

and ASIS, as well as forward head postures. However, quadriceps angles are within the normal 

range for about half of the participants, and genu recurvatum is relatively rare. These findings 

provide valuable insights into the postural characteristics of non-dancers, which can be crucial 

for developing targeted interventions and understanding their biomechanics. 

Table 46 displaying  number and percentage of the Non-dancers having normal or deviation in the posture 

Variable 
Reference 

Value 

Number of 

participants 

meeting the 

criteria 

Number of 

participants 

not meeting 

criteria 

Percentage 

of 

participants 

meeting 

criteria 

HAH 0° 3.00 67.00 4.29 

HAA 0° 0.00 70.00 0.00 

HAAS 0° 3.00 67.00 4.29 

LTA 0° 1.00 69.00 1.43 

LQA 15° 33.00 37.00 47.14 

RQA 15° 34.00 36.00 48.57 

RFA (-) 5° to (+) 5° 39.00 31.00 55.71 

LFA (-) 5° to (+) 5° 35.00 35.00 50.00 

RFHA > 50° 55.00 15.00 78.57 

RSA > 52° 29.00 41.00 41.43 

RGR < (-) 10° 68.00 2.00 97.14 

LFHA > 50° 58.00 12.00 82.86 

LSA > 52° 23.00 47.00 32.86 

LGR < (-) 10° 68.00 2.00 97.14 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 

HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, RFHA: Right forward 

head angle, RSA: Right shoulder angle, RGR: Right Genu recurvatum, LFHA: Left forward 

head angle, LSA: Left Shoulder angle, LGR: Left Genu recurvatum, LFA: left rearfoot angle, 

RFA: Left rearfoot angle 

4.30 Inferential statistics of posture variables between the group (Bhangra dancer group 

and Non- Dancer group) 

The table 47 provides a detailed overview about the inferential statistics of postural variables 

between the wo groups. The mean difference in HAH between Bhangra dancers and non-

dancers is 0.44 with a standard error difference of 0.50. The F-value is 0.16 with significance 
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level (Sig.) of 0.69, indicating that the variance between the two groups is not significantly 

different. The t value is 0.89 with a two-tailed significance of 0.38, suggesting no significant 

difference in the HAH between the two groups. 

The mean difference for HAA is 0.83 with a standard error difference of 0.34. The F-value 

is 0.02 with significance level of 0.89. The t value is 2.42 with a two-tailed significance of 

0.02, indicating a significant difference in the HAA between Bhangra dancers and non-dancers. 

For HAAS, the mean difference is 0.81 with a standard error difference of 0.40. The F-value 

is 3.89 with significance level of 0.05, suggesting a borderline significant difference in the 

variance. The t value is 2.02 with a two-tailed significance of 0.05, indicating a significant 

difference in the HAAS between the two groups. 

The mean difference in LTA is -0.18 with a standard error difference of 0.46. The F-value 

is 4.60 with significance level of 0.03, suggesting significant variance. The t value is -0.39 with 

a two-tailed significance of 0.69, indicating no significant difference in the LTA between the 

groups. 

The mean difference for LQA is -4.88 with a standard error difference of 1.22. The F-value 

is 0.14 with significance level of 0.71. The t value is -3.99 with a two-tailed significance of 

0.00, indicating a highly significant difference in the LQA between Bhangra dancers and non-

dancers. 

The mean difference in RQA is -8.07 with a standard error difference of 1.45. The F-value 

is 2.90 with significance level of 0.09. The t value is -5.56 with a two-tailed significance of 

0.00, indicating a highly significant difference in the RQA between the two groups. 

The mean difference for LRA is 3.23 with a standard error difference of 1.93. The F-value 

is 0.32 with significance level of 0.57. The t value is 1.67 with a two-tailed significance of 

0.10, suggesting no significant difference in the LRA between the groups. 

The mean difference in RRA is 2.69 with a standard error difference of 1.77. The F-value is 

0.06 with significance level of 0.81. The t value is 1.52 with a two-tailed significance of 0.13, 

indicating no significant difference in the RRA between Bhangra dancers and non-dancers. 

The mean difference for RFHA is -2.88 with a standard error difference of 1.13. The F-

value is 3.20 with significance level of 0.08. The t value is -2.55 with a two-tailed significance 

of 0.01, indicating a significant difference in the RFHA between the groups. 

The mean difference in RSA is 4.56 with a standard error difference of 2.59. The F-value is 

0.16 with significance level of 0.69. The t value is 1.76 with a two-tailed significance of 0.08, 

suggesting no significant difference in the RSA between the groups. 

The mean difference for RGR is 4.89 with a standard error difference of 1.07. The F-value 
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is 0.02 with significance level of 0.90. The t value is 4.58 with a two-tailed significance of 

0.00, indicating a highly significant difference in the RGR between Bhangra dancers and non-

dancers. 

The mean difference in LFHA is -3.27 with a standard error difference of 1.13. The F-value 

is 0.42 with significance level of 0.52. The t value is -2.89 with a two-tailed significance of 

0.00, indicating a significant difference in the LFHA between the groups. 

The mean difference for LSA is 13.74 with a standard error difference of 2.32. The F-value 

is 4.21 with significance level of 0.04, suggesting significant variance. The t value is 5.93 with 

a two-tailed significance of 0.00, indicating a highly significant difference in the LSA between 

Bhangra dancers and non-dancers. 

The mean difference in LGR is 6.37 with a standard error difference of 1.00. The F-value is 

0.09 with significance level of 0.76. The t value is 6.35 with a two-tailed significance of 0.00, 

indicating a highly significant difference in the LGR between the groups. 

The statistical analysis shows that several postural and alignment measurements 

significantly differ between Bhangra dancers and non-dancers. Notable differences include 

HAA, HAAS, LQA, RQA, RFHA, RGR, LFHA, LSA, and LGR, which all show statistically 

significant differences, indicating that the specific demands of Bhangra dancing may influence 

these postural and alignment characteristics. 

Table 47 displaying inferential statistics of posture variables between the group (Bhangra dancer group 

and Non- Dancer group) 

Variables 

Mean 

Differen

ce 

Std. Error 

Difference 
F Sig. t 

Sig. (2-

tailed) 

HAH 0.44 0.50 0.16 0.69 0.89 0.38 

HAA 0.83 0.34 0.02 0.89 2.42 0.02 

HAAS 0.81 0.40 3.89 0.05 2.02 0.05 

LTA -0.18 0.46 4.60 0.03 -0.39 0.69 

LQA -4.88 1.22 0.14 0.71 -3.99 0.00 

RQA -8.07 1.45 2.90 0.09 -5.56 0.00 

LRA 3.23 1.93 0.32 0.57 1.67 0.10 

RRA 2.69 1.77 0.06 0.81 1.52 0.13 

RFHA -2.88 1.13 3.20 0.08 -2.55 0.01 

RSA 4.56 2.59 0.16 0.69 1.76 0.08 

RGR 4.89 1.07 0.02 0.90 4.58 0.00 
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LFHA -3.27 1.13 0.42 0.52 -2.89 0.00 

LSA 13.74 2.32 4.21 0.04 5.93 0.00 

LGR 6.37 1.00 0.09 0.76 6.35 0.00 

Note: HAH: Horizontal alignment of the head, HAA: Horizontal alignment of the acromion, 

HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: Lateral truck 

alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, RFHA: Right forward 

head angle, RSA: Right shoulder angle, RGR: Right Genu recurvatum, LFHA: Left forward 

head angle, LSA: Left Shoulder angle, LGR: Left Genu recurvatum 

4.31 Descriptive statistics of Plantar pressure (Static Variables) of the Participants 

(Bhangra Dancers and Non-dancers) (N=140) 

The table presents the descriptive statistics of various plantar pressure parameters for both 

Bhangra dancers and non-dancers (N=140). These parameters include measurements related to 

the forefoot and hindfoot areas, thrust, and distribution, as well as total foot area, maximum 

pressure, average pressure, thrust, and weight-bearing for both left & right feet. 

Forefoot Measures, these descriptive statistics provide an overview of the variability and 

central tendencies of plantar pressure measures in both Bhangra and non-dancers, highlighting 

the differences in pressure distribution and alignment between the two groups. 

4.31.1 Forefoot Area (LFFA and RFFA) 

The range of the left forefoot area (LFFA) is 47, with values spanning from 0 to 47. The mean 

LFFA is 19.36, with SD 11.04, indicating considerable variation among participants. The 

variance is 121.95. For the right forefoot area (RFFA), the range is 51, with values from 0 to 

51. The mean RFFA is 14.07, with SD 10.63, indicating moderate variation. The variance is 

112.90. 

4.31.2 Forefoot Thrust (LFFT and RFFT) 

The left forefoot thrust (LFFT) ranges from 0 to 51, with a mean of 14.31 and a SD of 9.60, 

indicating moderate variation. The variance is 92.23. The right forefoot thrust (RFFT) has a 

range of 33, with values between 0 and 33. The mean RFFT is 8.67, and the SD is 7.34, showing 

considerable variation. The variance is 53.92. 

4.31.3 Forefoot Distribution (LFFD and RFFD) 

The left forefoot distribution (LFFD) ranges from 0 to 67, with a mean of 25.16 and a SD of 

16.45, indicating substantial variation. The variance is 270.51. For the right forefoot 

distribution (RFFD), the range is 100, with values from 0 to 100. The mean RFFD is 20.41, 

with a high SD of 17.82, indicating significant variability. The variance is 317.45. 
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4.31.4 Hindfoot Area (LHFA and RHFA) 

The left hindfoot area (LHFA) ranges from 9 to 48, with a mean of 28.70 and a SD of 7.18, 

indicating less variation compared to forefoot measures. The variance is 51.59. The right 

hindfoot area (RHFA) ranges broadly from 0 to 299, with a mean of 29.48 and a substantial 

SD of 24.59, reflecting high variability. The variance is 604.58. 

4.31.5 Hindfoot Thrust (LHFT and RHFT) 

The left hindfoot thrust (LHFT) ranges from 17 to 69, with a mean of 42.29 and a SD of 11.21, 

indicating moderate variability. The variance is 125.56. The right hindfoot thrust (RHFT) 

ranges from 0 to 64, with a mean of 34.66 and a SD of 10.26, indicating moderate variability. 

The variance is 105.22. 

4.31.6 Hindfoot Distribution (LHFD and RHFD) 

The left hindfoot distribution (LHFD) ranges from 33 to 100, with a mean of 74.76 and a SD 

of 16.46, showing significant variability. The variance is 271.00. For the right hindfoot 

distribution (RHFD), the range is 100, with values from 0 to 100. The mean RHFD is 79.58, 

with a high SD of 17.80, reflecting significant variability. The variance is 316.95. 

4.31.7 Total Foot Area (TLFA and TRFA) 

The total left foot area (TLFA) ranges from 18 to 333, with a mean of 50.37 and a high SD of 

28.68, indicating considerable variability. The variance is 822.80. The total right foot area 

(TRFA) ranges from 7 to 88, with a mean of 41.55 and a SD of 15.96, showing considerable 

variability. The variance is 254.67. 

4.31.8 Total Foot Maximum Pressure (TLFMP and TRFMP) 

The total left foot maximum pressure (TLFMP) ranges widely from 1071 to 3444, with a mean 

of 2107.86 and a high SD of 482.70, indicating significant variability. The variance is 

232997.24. The total right foot maximum pressure (TRFMP) ranges from 819 to 3434, with a 

mean of 1771.28 and a SD of 461.62, indicating considerable variability. The variance is 

213088.89. 

4.31.9 Total Foot Average Pressure (TLFAP and TRFAP) 

The total left foot average pressure (TLFAP) ranges from 497 to 1756, with a mean of 860.84 

and a SD of 222.69, indicating moderate variability. The variance is 49591.27. The total right 

foot average pressure (TRFAP) ranges from 388 to 1636, with a mean of 775.38 and a SD of 

210.43, showing considerable variability. The variance is 44280.63. 

4.31.10 Total Foot Thrust (TLFTH and TRFTH) 

The total left foot thrust (TLFTH) ranges from 33 to 93, with a mean of 56.64 and a SD of 8.67, 
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indicating moderate variability. The variance is 75.14. The total right foot thrust (TRFTH) 

ranges from 7 to 67, with a mean of 43.36 and a SD of 8.67, indicating moderate variability. 

The variance is 75.14. 

4.31.11 Total Foot Weight Bearing (TLFWB and TRFWB) 

The total left foot weight-bearing (TLFWB) ranges from 21 to 81, with a mean of 37.99 and a 

SD of 8.27, indicating moderate variability. The variance is 68.40. The total right foot weight-

bearing (TRFWB) ranges from 4 to 81, with a mean of 29.41 and a SD of 9.24, indicating 

considerable variability. The variance is 85.32. 

Table 48 displaying descriptive statistics of Plantar pressure (Static Variables) of the Participants (Bhangra 

Dancers and Non-dancers) (N=140) 

Variables Range Minimum 
Maximu

m 
Mean 

Std. 

Deviation 
Variance 

LFFA 47.00 0.00 47.00 19.36 11.04 121.95 

LFFT 51.00 0.00 51.00 14.31 9.60 92.23 

LFFD 67.00 0.00 67.00 25.16 16.45 270.51 

LHFA 39.00 9.00 48.00 28.70 7.18 51.59 

LHFT 52.00 17.00 69.00 42.29 11.21 125.56 

LHFD 67.00 33.00 100.00 74.76 16.46 271.00 

RFFA 51.00 0.00 51.00 14.07 10.63 112.90 

RFFT 33.00 0.00 33.00 8.67 7.34 53.92 

RFFD 100.00 0.00 100.00 20.41 17.82 317.45 

RHFA 299.00 0.00 299.00 29.48 24.59 604.58 

RHFT 64.00 0.00 64.00 34.66 10.26 105.22 

RHFD 100.00 0.00 100.00 79.58 17.80 316.95 

TLFA 315.00 18.00 333.00 50.37 28.68 822.80 

TLFMP 2373.00 1071.00 3444.00 2107.86 482.70 232997.24 

TLFAP 1259.00 497.00 1756.00 860.84 222.69 49591.27 

TLFTH 60.00 33.00 93.00 56.64 8.67 75.14 

TLFWB 60.00 21.00 81.00 37.99 8.27 68.40 

TRFA 81.00 7.00 88.00 41.55 15.96 254.67 

TRFMP 2615.00 819.00 3434.00 1771.28 461.62 213088.89 

TRFAP 1248.00 388.00 1636.00 775.38 210.43 44280.63 
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TRFTH 60.00 7.00 67.00 43.36 8.67 75.14 

TRFWB 77.00 4.00 81.00 29.41 9.24 85.32 

LFFA: Left Forefoot Area, LFFT: Left Forefoot Thrust, LFFD: Left Forefoot Distribution, 

RFFA: Right Forefoot Area, RFFT: Right Forefoot Thrust, RFFD: Right Forefoot Distribution, 

LHFA: Left Hindfoot Area, LHFT: Left Hindfoot Thrust, LHFD: Left Hindfoot Distribution, 

RHFA: Right Hindfoot Area, RHFT: Right Hindfoot Thrust, RHFD: Right Hindfoot 

Distribution, TLFA: Total Left Foot Area, TLFAP: Total Left Foot Average Pressure, TLFMP: 

Total Left Foot Maximum Pressure, TLFTH: Total Left Foot Thrust, TLFW: Total Left Foot 

weight bearing, TRFA: Total Right Foot Area, TRFAP: Total Right Foot Average Pressure, 

TRFMP: Total Right Foot Maximum Pressure, TRFTH: Total Right Foot Thrust, TRFW: Total 

Right Foot Weight Bearing 

 

4.32 Descriptive statistics of Plantar Pressure of the two Group participants (Bhangra 

Dance Group and Non Dance Group) 

The table 49 provides analysis of plantar pressure in Bhangra dancers compared to non-dancers 

reveals several differences across various parameters. The left forefoot area (LFFA) for 

Bhangra dancers has a mean of 22.40 with SD 11.60, indicating a larger mean area compared 

to non-dancers, who had a mean of 16.33 with SD 9.61. This suggests that Bhangra dancers 

typically exhibit a greater left forefoot area. 

For the left forefoot thrust (LFFT), Bhangra dancers show a mean of 13.77 with SD 8.14, 

while non-dancers had a slightly higher mean of 14.84 with SD 10.91. This indicates that, 

although the mean thrust is similar, non-dancers exhibit greater variability in their left forefoot 

thrust. 

In terms of the left forefoot distribution (LFFD), the mean for Bhangra dancers is 24.99 with 

SD 15.33, which is very close to the mean of non-dancers at 25.33 with SD 17.60. This 

similarity suggests that both groups distribute pressure similarly across the left forefoot. 

For the left hindfoot area (LHFA), Bhangra dancers had a mean of 31.11 with SD 6.40, 

which is higher than the mean of 26.29 with SD 7.15 observed in non-dancers. This implies 

that Bhangra dancers typically have a larger left hindfoot area. 

When examining the left hindfoot thrust (LHFT), the mean for Bhangra dancers is 42.47 

with SD 11.13, almost identical to the mean of 42.11 with SD 11.36 for non-dancers. This 

indicates very similar thrust values between the two groups. 

The left hindfoot distribution (LHFD) also shows close values, with Bhangra dancers having 

a mean of 75.01 and a SD of 15.33, compared to non-dancers with a mean of 74.51 and a SD 

of 17.63. Again, this suggests similar pressure distribution in the left hindfoot. 

In the right forefoot area (RFFA), Bhangra dancers had a mean of 15.56 and a SD of 11.48, 

while non-dancers had a mean of 12.59 with SD 9.54, indicating slightly larger forefoot areas 
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in Bhangra dancers. 

The right forefoot thrust (RFFT) shows Bhangra dancers with a mean of 8.19 and a SD of 

7.28, and non-dancers with a mean of 9.16 and a SD of 7.43, indicating similar thrust values. 

For the right forefoot distribution (RFFD), Bhangra dancers had a mean of 17.87 with SD 

14.97, whereas non-dancers had a mean of 22.94 with SD 20.06, suggesting greater variability 

and generally higher values in non-dancers. 

In the right hindfoot area (RHFA), Bhangra dancers exhibit a mean of 35.11 with SD 33.15, 

compared to non-dancers who had a lower mean of 23.84 and a smaller SD of 7.37. This 

indicates a significantly larger hindfoot area among Bhangra dancers. 

The right hindfoot thrust (RHFT) shows a mean of 35.51 with SD 7.91 for Bhangra dancers, 

while non-dancers had a mean of 33.80 with SD 12.16, suggesting similar but slightly higher 

thrust values in Bhangra dancers. 

For the right hindfoot distribution (RHFD), Bhangra dancers had a mean of 82.13 with SD 

14.97, and non-dancers had a mean of 77.03 with SD 20.03, indicating slightly higher 

distribution values among Bhangra dancers. 

The total left foot area (TLFA) is larger in Bhangra dancers, with a mean of 53.84 and a SD 

of 15.32, compared to non-dancers who had a mean of 46.90 and a much larger SD of 37.39. 

The total left foot maximum pressure (TLFMP) is higher in non-dancers, with a mean of 

2146.83 and a SD of 456.75, compared to Bhangra dancers who had a mean of 2068.90 and a 

SD of 507.61. However, Bhangra dancers had a lower mean total left foot average pressure 

(TLFAP) of 794.90 compared to 926.77 in non-dancers. 

The total left foot thrust (TLFTH) is very similar between the groups, with Bhangra dancers 

having a mean of 56.27 and a SD of 7.33, and non-dancers having a mean of 57.00 and a SD 

of 9.87. Total left foot weight bearing (TLFWB) is also similar, with means of 38.43 and 37.56 

for Bhangra and non-dancers, respectively. 

For the right foot, Bhangra dancers had a total right foot area (TRFA) mean of 46.70 with 

SD 16.29, whereas non-dancers had a mean of 36.40 with SD 13.92. The total right foot 

maximum pressure (TRFMP) shows means of 1749.60 and 1792.96 for Bhangra and non-

dancers, respectively. 

The total right foot average pressure (TRFAP) is lower in Bhangra dancers with a mean of 

715.47 compared to 835.29 in non-dancers. Lastly, the total right foot thrust (TRFTH) and total 

right foot weight bearing (TRFWB) show similar values across both groups, indicating overall 

similar pressure and thrust characteristics in the right foot. 
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Table 49 displaying descriptive statistics of  Plantar Pressure of the two Group participants (Bhangra 

Dance Group and Non Bhangra Dance Group) 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

LFFA Bhangra Dancer 22.40 11.60 1.39 

Non-Dancer 16.33 9.61 1.15 

LFFT Bhangra Dancer 13.77 8.14 0.97 

Non-Dancer 14.84 10.91 1.30 

LFFD Bhangra Dancer 24.99 15.33 1.83 

Non-Dancer 25.33 17.60 2.10 

LHFA Bhangra Dancer 31.11 6.40 0.76 

Non-Dancer 26.29 7.15 0.86 

LHFT Bhangra Dancer 42.47 11.13 1.33 

Non-Dancer 42.11 11.36 1.36 

LHFD Bhangra Dancer 75.01 15.33 1.83 

Non-Dancer 74.51 17.63 2.11 

RFFA Bhangra Dancer 15.56 11.48 1.37 

Non-Dancer 12.59 9.54 1.14 

RFFT Bhangra Dancer 8.19 7.28 0.87 

Non-Dancer 9.16 7.43 0.89 

RFFD Bhangra Dancer 17.87 14.97 1.79 

Non-Dancer 22.94 20.06 2.40 

RHFA Bhangra Dancer 35.11 33.15 3.96 

Non-Dancer 23.84 7.37 0.88 

RHFT Bhangra Dancer 35.51 7.91 0.95 

Non-Dancer 33.80 12.16 1.45 

RHFD Bhangra Dancer 82.13 14.97 1.79 

Non-Dancer 77.03 20.03 2.39 

TLFA Bhangra Dancer 53.84 15.32 1.83 

Non-Dancer 46.90 37.39 4.47 

TLFMP Bhangra Dancer 2068.90 507.61 60.67 

Non-Dancer 2146.83 456.75 54.59 

TLFAP Bhangra Dancer 794.90 179.85 21.50 

Non-Dancer 926.77 242.35 28.97 
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TLFTH Bhangra Dancer 56.27 7.33 0.88 

Non-Dancer 57.00 9.87 1.18 

TLFWB Bhangra Dancer 38.43 6.09 0.73 

Non-Dancer 37.56 10.02 1.20 

TRFA Bhangra Dancer 46.70 16.29 1.95 

Non-Dancer 36.40 13.92 1.66 

TRFMP Bhangra Dancer 1749.60 378.36 45.22 

Non-Dancer 1792.96 534.00 63.82 

TRFAP Bhangra Dancer 715.47 136.75 16.34 

Non-Dancer 835.29 251.44 30.05 

TRFTH Bhangra Dancer 43.73 7.33 0.88 

Non-Dancer 43.00 9.87 1.18 

TRFWB Bhangra Dancer 30.39 8.27 0.99 

Non-Dancer 28.43 10.07 1.20 

Note: LFFA: Left Forefoot Area, LFFT: Left Forefoot Thrust, LFFD: Left Forefoot 

Distribution, RFFA: Right Forefoot Area, RFFT: Right Forefoot Thrust, RFFD: Right Forefoot 

Distribution, LHFA: Left Hindfoot Area, LHFT: Left Hindfoot Thrust, LHFD: Left Hindfoot 

Distribution, RHFA: Right Hindfoot Area, RHFT: Right Hindfoot Thrust, RHFD: Right 

Hindfoot Distribution, TLFA: Total Left Foot Area, TLFAP: Total Left Foot Average Pressure, 

TLFMP: Total Left Foot Maximum Pressure, TLFTH: Total Left Foot Thrust, TLFW: Total 

Left Foot weight bearing, TRFA: Total Right Foot Area, TRFAP: Total Right Foot Average 

Pressure, TRFMP: Total Right Foot Maximum Pressure, TRFTH: Total Right Foot Thrust, 

TRFW: Total Right Foot Weight Bearing 

 

4.33 Inferential statistics of Plantar Pressure (static) within the Group participants  

4.33.1 Bhangra Dance Group 

The mean LFFA is 22.40 with SD 11.60 and a SEM of 1.39. The mean difference is 6.84 with 

SD 8.75 and a SEM of 1.05. The t value is 6.55, and the result is statistically significant with p 

value of 0.00. 

The mean LFFD is 13.77 with SD 8.14 and a SEM of 0.97. The mean difference is 5.59 

with SD 7.20 and a SEM of 0.86. The t value is 6.49, and the result is statistically significant 

with p value of 0.00. The mean LHFA is 8.19 with SD 7.28 and a SEM of 0.87. The mean 

LHFT is 24.99 with SD 15.33 and a SEM of 1.83. The mean difference is 7.11 with SD 12.61 

and a SEM of 1.51. The t value is 4.72, and the result is statistically significant with p value of 

0.00. The mean RFFA is 31.11 with SD 6.40 and a SEM of 0.76. The mean difference is -4.00 

with SD 32.29 and a SEM of 3.86. The t value is -1.04, and the result is not statistically 

significant with p value of 0.30. The mean RFFD is 42.47 with SD 11.13 and a SEM of 1.33. 
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The mean difference is 6.96 with SD 13.61 and a SEM of 1.63. The t value is 4.28, and the 

result is statistically significant with p value of 0.00. The mean RHFT is 35.51 with SD 7.91 

and a SEM of 0.95. The mean RHFD is 75.01 with SD 15.33 and a SEM of 1.83. The mean 

difference is -7.11 with SD 12.61 and a SEM of 1.51. The t value is -4.72, and the result is 

statistically significant with p value of 0.00. The mean TLFA is 53.84 with SD 15.32 and a 

SEM of 1.83. The mean difference is 7.14 with SD 10.60 and a SEM of 1.27. The t value is 

5.64, and the result is statistically significant with p value of 0.00. The mean TLFAP is 2068.90 

with SD 507.61 and a SEM of 60.67. The mean difference is 319.30 with SD 581.59 and a 

SEM of 69.51. The t value is 4.59, and the result is statistically significant with p value of 0.00. 

The mean TLFTH is 1749.60 with SD 378.36 and a SEM of 45.22. The mean TLFWB is 794.90 

with SD 179.85 and a SEM of 21.50. The mean difference is 79.43 with SD 164.28 and a SEM 

of 19.63. The t value is 4.05, and the result is statistically significant with p value of 0.00. The 

mean TRFA is 715.47 with SD 136.75 and a SEM of 16.34. The mean TRFMP is 56.27 with 

SD 7.33 and a SEM of 0.88. The mean difference is 12.54 with SD 14.67 and a SEM of 1.75. 

The t value is 7.16, and the result is statistically significant with p value of 0.00. The mean 

TRFAP is 43.73 with SD 7.33 and a SEM of 0.88. The mean TRFTH is 38.43 with SD 6.09 

and a SEM of 0.73. The mean difference is 8.04 with SD 9.15 and a SEM of 1.09. The t value 

is 7.35, and the result is statistically significant with p value of 0.00. The mean TRFWB is 

30.39 with SD 8.27 and a SEM of 0.99. The results demonstrated in table 50 had several plantar 

pressure parameters are significantly different within the Bhangra Dance Group, indicating 

distinctive pressure distributions and foot dynamics in this group.
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Table 50 displaying inferential statistics of Plantar Pressure (static) of Bhangra dancer group 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Differences 

Std. 

Deviation 

Std. 

Error 

Mean 

t 
Sig. (2-

tailed) 

LFFA 22.40 11.60 1.39 
6.84 8.75 1.05 6.55 0.00 

LFFT 15.56 11.48 1.37 

LFFD 13.77 8.14 0.97 
5.59 7.20 0.86 6.49 0.00 

LHFA 8.19 7.28 0.87 

LHFT 24.99 15.33 1.83 
7.11 12.61 1.51 4.72 0.00 

LHFD 17.87 14.97 1.79 

RFFA 31.11 6.40 0.76 
-4.00 32.29 3.86 -1.04 0.30 

RFFT 35.11 33.15 3.96 

RFFD 42.47 11.13 1.33 
6.96 13.61 1.63 4.28 0.00 

RHFA 35.51 7.91 0.95 

RHFT 75.01 15.33 1.83 
-7.11 12.61 1.51 -4.72 0.00 

RHFD 82.13 14.97 1.79 

TLFA 53.84 15.32 1.83 
7.14 10.60 1.27 5.64 0.00 

TLFMP 46.70 16.29 1.95 

TLFAP 2068.90 507.61 60.67 
319.30 581.59 69.51 4.59 0.00 

TLFTH 1749.60 378.36 45.22 

TLFWB 794.90 179.85 21.50 79.43 164.28 19.63 4.05 0.00 
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TRFA 715.47 136.75 16.34 

TRFMP 56.27 7.33 0.88 
12.54 14.67 1.75 7.16 0.00 

TRFAP 43.73 7.33 0.88 

TRFTH 38.43 6.09 0.73 
8.04 9.15 1.09 7.35 0.00 

TRFWB 30.39 8.27 0.99 

Note: LFFA: Left Forefoot Area, LFFT: Left Forefoot Thrust, LFFD: Left Forefoot Distribution, RFFA: Right Forefoot Area, RFFT: 

Right Forefoot Thrust, RFFD: Right Forefoot Distribution, LHFA: Left Hindfoot Area, LHFT: Left Hindfoot Thrust, LHFD: Left 

Hindfoot Distribution, RHFA: Right Hindfoot Area, RHFT: Right Hindfoot Thrust, RHFD: Right Hindfoot Distribution, TLFA: Total 

Left Foot Area, TLFAP: Total Left Foot Average Pressure, TLFMP: Total Left Foot Maximum Pressure, TLFTH: Total Left Foot 

Thrust, TLFW: Total Left Foot weight bearing, TRFA: Total Right Foot Area, TRFAP: Total Right Foot Average Pressure, TRFMP: 

Total Right Foot Maximum Pressure, TRFTH: Total Right Foot Thrust, TRFW: Total Right Foot Weight Bearing 
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4.33.2 Non-Dancer Group 

The mean LFFA is 16.33 with SD 9.61 and a SEM of 1.15. The mean difference is 3.74 with 

SD 6.36 and a SEM of 0.76. The t value is 4.92, and the result is statistically significant with p 

value of 0.00. The mean LFFD is 14.84 with SD 10.91 and a SEM of 1.30. The mean difference 

is 5.69 with SD 9.49 and a SEM of 1.13. The t value is 5.01, and the result is statistically 

significant with p value of 0.00. The mean LHFA is 9.16 with SD 7.43 and a SEM of 0.89. The 

mean LHFT is 25.33 with SD 17.60 and a SEM of 2.10. The mean difference is 2.40 with SD 

17.80 and a SEM of 2.13. The t value is 1.12, and the result is not statistically significant with 

p value of 0.27. The mean RFFA is 26.29 with SD 7.15 and a SEM of 0.86. The mean difference 

is 2.44 with SD 5.91 and a SEM of 0.71. The t value is 3.46, and the result is statistically 

significant with p value of 0.00. The mean RFFD is 42.11 with SD 11.36 and a SEM of 1.36. 

The mean difference is 8.31 with SD 17.21 and a SEM of 2.06. The t value is 4.04, and the 

result is statistically significant with p value of 0.00. The mean RHFT is 33.80 with SD 12.16 

and a SEM of 1.45.  The mean RHFD is 74.51 with SD 17.63 and a SEM of 2.11. The mean 

difference is -2.51 with SD 17.67 and a SEM of 2.11. The t value is -1.19, and the result is not 

statistically significant with p value of 0.24. The mean TLFA is 46.90 with SD 37.39 and a 

SEM of 4.47. The mean difference is 10.50 with SD 37.66 and a SEM of 4.50. The t value is 

2.33, and the result is statistically significant with p value of 0.02. The mean TLFAP is 2146.83 

with SD 456.75 and a SEM of 54.59. The mean difference is 353.87 with SD 600.41 and a 

SEM of 71.76. The t value is 4.93, and the result is statistically significant with p value of 0.00. 

The mean TLFWB is 926.77 with SD 242.35 and a SEM of 28.97. The mean difference is 

91.89 with SD 233.81 and a SEM of 27.95. The t value is 3.27, and the result is statistically 

significant with p value of 0.00. The mean TRFMP is 57.00 with SD 9.87 and a SEM of 1.18. 

The mean difference is 14.00 with SD 19.73 and a SEM of 2.36. The t value is 5.94, and the 

result is statistically significant with p value of 0.00. The mean TRFTH is 37.56 with SD 10.02 

and a SEM of 1.20. The mean difference is 9.13 with SD 12.92 and a SEM of 1.54. The t value 

is 5.91, and the result is statistically significant with p value of 0.00.  The results displayed in 

table 51 shows that several plantar pressure parameters exhibit significant differences within 

the Non-Bhangra Dance Group, highlighting variations in plantar pressure distribution and foot 

mechanics in this group.
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Table 51 displaying inferential statistics of Plantar Pressure (static) of Non-dancer group  

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Differences 

Std. 

Deviation 

Std. 

Error 

Mean 

t 
Sig. (2-

tailed) 

LFFA 16.33 9.61 1.15 
3.74 6.36 .76 4.92 0.00 

LFFT 12.59 9.54 1.14 

LFFD 14.84 10.91 1.30 
5.69 9.49 1.13 5.01 0.00 

LHFA 9.16 7.43 0.89 

LHFT 25.33 17.60 2.10 
2.40 17.80 2.13 1.12 0.27 

LHFD 22.94 20.06 2.40 

RFFA 26.29 7.15 0.86 
2.44 5.91 0.71 3.46 0.00 

RFFT 23.84 7.37 0.88 

RFFD 42.11 11.36 1.36 
8.31 17.21 2.06 4.04 0.00 

RHFA 33.80 12.16 1.45 

RHFT 74.51 17.63 2.11 
-2.51 17.67 2.11 -1.19 0.24 

RHFD 77.03 20.03 2.39 

TLFA 46.90 37.39 4.47 
10.50 37.66 4.50 2.33 0.02 

TLFMP 36.40 13.92 1.66 

TLFAP 2146.83 456.75 54.59 
353.87 600.41 71.76 4.93 0.00 

TLFTH 1792.96 534.00 63.82 

TLFWB 926.77 242.35 28.97 91.89 233.81 27.95 3.27 0.00 
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TRFA 835.29 251.44 30.05 

TRFMP 57.00 9.87 1.18 
14.00 19.73 2.36 5.94 0.00 

TRFAP 43.00 9.87 1.18 

TRFTH 37.56 10.02 1.20 
9.13 12.92 1.54 5.91 0.00 

TRFWB 28.43 10.07 1.20 

Note: LFFA: Left Forefoot Area, LFFT: Left Forefoot Thrust, LFFD: Left Forefoot Distribution, RFFA: Right Forefoot Area, RFFT: 

Right Forefoot Thrust, RFFD: Right Forefoot Distribution, LHFA: Left Hindfoot Area, LHFT: Left Hindfoot Thrust, LHFD: Left 

Hindfoot Distribution, RHFA: Right Hindfoot Area, RHFT: Right Hindfoot Thrust, RHFD: Right Hindfoot Distribution, TLFA: Total 

Left Foot Area, TLFAP: Total Left Foot Average Pressure, TLFMP: Total Left Foot Maximum Pressure, TLFTH: Total Left Foot 

Thrust, TLFW: Total Left Foot weight bearing, TRFA: Total Right Foot Area, TRFAP: Total Right Foot Average Pressure, TRFMP: 

Total Right Foot Maximum Pressure, TRFTH: Total Right Foot Thrust, TRFW: Total Right Foot Weight Bearing
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4.34 Inferential Statistics of Plantar Pressure (static) between the two groups 
 

In comparing the plantar pressure parameters between the Bhangra Dance Group and the Non-

Bhangra Dance Group, we can see various significant and non-significant differences. The table 

52 provide a details of the results. 

4.34.1 Left Forefoot Area (LFFA) 

The F-value for LFFA is 2.55 with p value of 0.11, indicating no significant difference in the 

variances between the two groups. The t-test shows significant difference in the means with a t 

value of 3.37 and p value of 0.00. The mean difference between the two groups is 6.07 with a 

standard error difference of 1.80, suggesting that the Bhangra Dance Group has a significantly 

higher mean LFFA compared to the Non-Bhangra Dance Group. 

4.34.2 Left Forefoot Thrust (LFFT) 

The F-value for LFFT is 6.97 with p value of 0.01, indicating a significant difference in the 

variances. However, the t-test does not show significant difference in the means (t = -0.66, p = 

0.51) with a mean difference of -1.07 and a standard error difference of 1.63. 

 4.34.3 Left Forefoot Distribution (LFFD) 

The F-value for LFFD is 1.42 with p value of 0.23, indicating no significant difference in the 

variances. The t-test also shows no significant difference in the means (t = -0.12, p = 0.90) with 

a mean difference of -0.34 and a standard error difference of 2.79. 

4.34.4 Left Hindfoot Area (LHFA) 

The F-value for LHFA is 0.77 with p value of 0.38, indicating no significant difference in the 

variances. The t-test shows significant difference in the means (t = 4.21, p = 0.00) with a mean 

difference of 4.83 and a standard error difference of 1.15, suggesting that the Bhangra Dance 

Group has a significantly higher mean LHFA compared to the Non-Bhangra Dance Group. 

3.34.5 Left Hindfoot Thrust (LHFT) 

The F-value for LHFT is 0.01 with p value of 0.94, indicating no significant difference in the 

variances. The t-test does not show significant difference in the means (t = 0.19, p = 0.85) with 

a mean difference of 0.36 and a standard error difference of 1.90.  

3.34.6 Left Hindfoot Distribution (LHFD) 

The F-value for LHFD is 1.70 with p value of 0.19, indicating no significant difference in the 

variances. The t-test also shows no significant difference in the means (t = 0.18, p = 0.86) with 

a mean difference of 0.50 and a standard error difference of 2.79. 

3.34.7 Right Forefoot Area (RFFA) 

The F-value for RFFA is 5.23 with p value of 0.02, indicating a significant difference in the 
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variances. The t-test shows no significant difference in the means (t = 1.66, p = 0.10) with a mean 

difference of 2.97 and a standard error difference of 1.78. 

3.34.8 Right Forefoot Thrust (RFFT) 

The F-value for RFFT is 0.10 with p value of 0.75, indicating no significant difference in the 

variances. The t-test does not show significant difference in the means (t = -0.78, p = 0.44) with 

a mean difference of -0.97 and a standard error difference of 1.24. 

3.34.9 Right Forefoot Distribution (RFFD) 

The F-value for RFFD is 4.04 with p value of 0.05, indicating a significant difference in the 

variances. The t-test shows no significant difference in the means (t = -1.70, p = 0.09) with a 

mean difference of -5.07 and a standard error difference of 2.99. 

3.34.10 Right Hindfoot Area (RHFA) 

The F-value for RHFA is 2.57 with p value of 0.11, indicating no significant difference in the 

variances. The t-test shows significant difference in the means (t = 2.78, p = 0.01) with a mean 

difference of 11.27 and a standard error difference of 4.06, suggesting that the Bhangra Dance 

Group has a significantly higher mean RHFA compared to the Non-Bhangra Dance Group. 

3.34.11 Right Hindfoot Thrust (RHFT) 

The F-value for RHFT is 11.18 with p value of 0.00, indicating a significant difference in the 

variances. However, the t-test does not show significant difference in the means (t = 0.99, p = 

0.32) with a mean difference of 1.71 and a standard error difference of 1.73. 

3.34.12 Right Hindfoot Distribution (RHFD) 

The F-value for RHFD is 4.00 with p value of 0.05, indicating a significant difference in the 

variances. The t-test shows no significant difference in the means (t = 1.71, p = 0.09) with a mean 

difference of 5.10 and a standard error difference of 2.99. 

3.34.13 Total Left Foot Area (TLFA) 

The F-value for TLFA is 0.52 with p value of 0.47, indicating no significant difference in the 

variances. The t-test shows no significant difference in the means (t = 1.44, p = 0.15) with a mean 

difference of 6.94 and a standard error difference of 4.83. 

3.34.14 Total Left Foot Maximum Pressure (TLFMP) 

The F-value for TLFMP is 0.66 with p value of 0.42, indicating no significant difference in the 

variances. The t-test shows no significant difference in the means (t = -0.95, p = 0.34) with a 

mean difference of -77.93 and a standard error difference of 81.62. 

3.34.15 Total Left Foot Average Pressure (TLFAP) 

The F-value for TLFAP is 1.62 with p value of 0.20, indicating no significant difference in the 
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variances. The t-test shows significant difference in the means (t = -3.66, p = 0.00) with a mean 

difference of -131.87 and a standard error difference of 36.07, suggesting that the Non-Bhangra 

Dance Group has a significantly higher mean TLFAP compared to the Bhangra Dance Group. 

3.34.16 Total Left Foot Weight Bearing (TLFWB) 

The F-value for TLFWB is 10.17 with p value of 0.00, indicating a significant difference in the 

variances. However, the t-test does not show significant difference in the means (t = 0.62, p = 

0.53) with a mean difference of 0.87 and a standard error difference of 1.40. 

3.34.17 Total Right Foot Area (TRFA) 

The F-value for TRFA is 4.00 with p value of 0.05, indicating a significant difference in the 

variances. The t-test shows significant difference in the means (t = 4.02, p = 0.00) with a mean 

difference of 10.30 and a standard error difference of 2.56, suggesting that the Bhangra Dance 

Group has a significantly higher mean TRFA compared to the Non-Bhangra Dance Group. 

3.34.18 Total Right Foot Maximum Pressure (TRFMP) 

The F-value for TRFMP is 4.52 with p value of 0.04, indicating a significant difference in the 

variances. The t-test shows no significant difference in the means (t = -0.55, p = 0.58) with a 

mean difference of -43.36 and a standard error difference of 78.22. 

3.34.19 Total Right Foot Average Pressure (TRFAP) 

The F-value for TRFAP is 12.27 with p value of 0.00, indicating a significant difference in the 

variances. The t-test shows significant difference in the means (t = -3.50, p = 0.00) with a mean 

difference of -119.81 and a standard error difference of 34.21, suggesting that the Non-Bhangra 

Dance Group has a significantly higher mean TRFAP compared to the Bhangra Dance Group. 

3.34.20 Total Right Foot Thrust (TRFTH) 

The F-value for TRFTH is 4.33 with p value of 0.04, indicating a significant difference in the 

variances. However, the t-test does not show significant difference in means (t = 0.50, p = 0.62) 

with a mean difference of 0.73 and a standard error difference of 1.47. 

3.34.21 Total Right Foot Weight Bearing (TRFWB) 

The F-value for TRFWB is 0.25 with p value of 0.62, indicating no significant difference in the 

variances. The t-test shows no significant difference in the means (t = 1.26, p = 0.21) with a mean 

difference of 1.96 and a standard error difference of 1.56. 

In conclusion, the inferential statistics reveal that there are significant differences between the 

Bhangra Dance Group and the Non-Bhangra Dance Group in several plantar pressure 

parameters. These findings highlight the unique plantar pressure characteristics of Bhangra 

dancers compared to non-dancers 
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Table 52 displaying inferential Statistics of Plantar Pressure (static) between the two groups 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

LFFA 2.55 0.11 3.37 0.00 6.07 1.80 

LFFT 6.97 0.01 -0.66 0.51 -1.07 1.63 

LFFD 1.42 0.23 -0.12 0.90 -0.34 2.79 

LHFA 0.77 0.38 4.21 0.00 4.83 1.15 

LHFT 0.01 0.94 0.19 0.85 0.36 1.90 

LHFD 1.70 0.19 0.18 0.86 0.50 2.79 

RFFA 5.23 0.02 1.66 0.10 2.97 1.78 

RFFT 0.10 0.75 -0.78 0.44 -0.97 1.24 

RFFD 4.04 0.05 -1.70 0.09 -5.07 2.99 

RHFA 2.57 0.11 2.78 0.01 11.27 4.06 

RHFT 11.18 0.00 0.99 0.32 1.71 1.73 

RHFD 4.00 0.05 1.71 0.09 5.10 2.99 

TLFA 0.52 0.47 1.44 0.15 6.94 4.83 

TLFMP 0.66 0.42 -0.95 0.34 -77.93 81.62 

TLFAP 1.62 0.20 -3.66 0.00 -131.87 36.07 

TLFTH 4.33 0.04 -0.50 0.62 -0.73 1.47 

TLFWB 10.17 0.00 0.62 0.53 0.87 1.40 

TRFA 4.00 0.05 4.02 0.00 10.30 2.56 

TRFMP 4.52 0.04 -0.55 0.58 -43.36 78.22 

TRFAP 12.27 0.00 -3.50 0.00 -119.81 34.21 

TRFTH 4.33 0.04 0.50 0.62 0.73 1.47 

TRFWB 0.25 0.62 1.26 0.21 1.96 1.56 

Note: LFFA: Left Forefoot Area, LFFT: Left Forefoot Thrust, LFFD: Left Forefoot 

Distribution, RFFA: Right Forefoot Area, RFFT: Right Forefoot Thrust, RFFD: Right 

Forefoot Distribution, LHFA: Left Hindfoot Area, LHFT: Left Hindfoot Thrust, LHFD: Left 

Hindfoot Distribution, RHFA: Right Hindfoot Area, RHFT: Right Hindfoot Thrust, RHFD: 

Right Hindfoot Distribution, TLFA: Total Left Foot Area, TLFAP: Total Left Foot Average 

Pressure, TLFMP: Total Left Foot Maximum Pressure, TLFTH: Total Left Foot Thrust, 

TLFW: Total Left Foot weight bearing, TRFA: Total Right Foot Area, TRFAP: Total Right 

Foot Average Pressure, TRFMP: Total Right Foot Maximum Pressure, TRFTH: Total Right 

Foot Thrust, TRFW: Total Right Foot Weight Bearing 
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4.35 Descriptive statistics of Plantar Pressure (Postural) of the Participants (Bhangra 

Dancers and Non Dancers) (N=140) 

The descriptive statistics for the variables in this study given in the table 53 provides a 

comprehensive overview of their distributions, central tendencies, and dispersions. The length 

variable, which ranges from 151.60 to 1534.90, has a mean of 495.24 and a SD of 262.17, 

indicating a high degree of variability. This is further evidenced by the substantial variance of 

68,734.97. The area variable exhibits an even more pronounced range, stretching from 2.80 to 

18,814.20, with a mean of 527.13 and a SD of 1,855.42, resulting in a massive variance of 

3,442,580.30. This suggests that the area measurements are highly dispersed. 

The length/area ratio ranges from 0.08 to 111.29, with a mean of 7.32, a SD of 13.69, and a 

variance of 187.36, indicating some extreme values affecting the spread. The average quarter 

speed, with values between 4.80 and 49.00, has a mean of 15.66 and a SD of 8.40, leading to a 

variance of 70.55, showing moderate variability in speed. Similarly, X speed, which ranges from 

4.10 to 45.70, has a mean of 13.83, a SD of 7.81, and a variance of 61.03. Y speed ranges from 

1.40 to 27.50, with a mean of 6.92, a SD of 3.95, and a variance of 15.57, indicating lower 

variability compared to X speed. 

The X deviation, ranging from 0.40 to 23.20, has a mean of 3.74, a SD of 3.35, and a variance 

of 11.22, while the Y deviation ranges from 0.30 to 19.10, with a mean of 3.78, a SD of 3.29, 

and a variance of 10.81. These deviations show moderate spread around their means. The 

variable DevX0, which ranges from -70.30 to 53.90, has a mean of -14.77, a SD of 18.21, and a 

variance of 331.55, indicating high variability. DevY0, with a range from -80.70 to 609.00, has 

a mean of -30.96, a SD of 59.58, and a variance of 3,549.36, reflecting significant dispersion. 

Lastly, DevMx and DevMy demonstrate substantial variability, with ranges of -364.00 to 

28.80 and -77.30 to 73.30, means of -15.82 and -34.19, SDs of 33.33 and 21.83, and variances 

of 1,111.00 and 476.44, respectively. These figures indicate notable fluctuations in these 

measurements. Collectively, these descriptive statistics highlight the diversity and variability 

within the dataset, providing essential context for further statistical analysis and interpretation. 
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Table 53 displaying descriptive statistics of Plantar Pressure (Postural) of the Participants (Bhangra Dancers 

and Non Bhangra Dancers) (N=140) 

 

Variables Range Minimum Maximum Mean 
Std. 

Deviation 
Variance 

Length 1383.30 151.60 1534.90 495.24 262.17 68734.97 

Area 18811.40 2.80 18814.20 527.13 1855.42 3442580.30 

Length/Ar

ea 
111.21 0.08 111.29 7.32 13.69 187.36 

Average Q 

Speed 
44.20 4.80 49.00 15.66 8.40 70.55 

X Speed 41.60 4.10 45.70 13.83 7.81 61.03 

Y Speed 26.10 1.40 27.50 6.92 3.95 15.57 

X 

Deviation 
22.80 0.40 23.20 3.74 3.35 11.22 

Y 

Deviation 
18.80 0.30 19.10 3.78 3.29 10.81 

DevX0 124.20 -70.30 53.90 -14.77 18.21 331.55 

DevY0 689.70 -80.70 609.00 -30.96 59.58 3549.36 

Dev Mx 392.80 -364.00 28.80 -15.82 33.33 1111.00 

Dev My 150.60 -77.30 73.30 -34.19 21.83 476.44 

 

4.36 Descriptive statistics of Plantar pressure (Postural) of the two groups (Bhangra 

Dancer Group and Non Dancer Group) 

The comparative analysis of variables between Bhangra dancers and Non-dancers given in table 

54 reveals distinct patterns in their measurements. For length, Bhangra dancers had a mean of 

476.89 with SD 234.81 and a SEM of 28.07, whereas Non-dancers exhibit a higher mean of 
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513.59, a greater SD of 287.48, and a SEM of 34.36. In terms of area, Bhangra dancers show a 

considerably higher mean of 586.92 with a substantial SD of 2283.72 and a SEM of 272.96, 

compared to Non-dancers who had a mean of 467.33, a lower SD of 1308.59, and a SEM of 

156.41. The length/area ratio for Bhangra dancers stands at 7.88 with SD 15.99 and a SEM of 

1.91, while Non-dancers had a ratio of 6.77, a SD of 11.00, and a SEM of 1.31. 

Analyzing the speed variables, Bhangra dancers had an average quarter speed of 14.90 with 

SD 7.53 and a SEM of 0.90, whereas Non-dancers had a higher average of 16.41, a SD of 9.18, 

and a SEM of 1.10. X speed for Bhangra dancers is 13.43 with SD 7.36 and a SEM of 0.88, 

compared to Non-dancers' mean of 14.23, SD of 8.28, and SEM of 0.99. Y speed reveals that 

Bhangra dancers had a mean of 6.10, a SD of 2.73, and a SEM of 0.33, while Non-dancers had 

a higher mean of 7.75, a SD of 4.75, and a SEM of 0.57. 

In terms of deviation, Bhangra dancers had an X deviation mean of 3.66 with SD 3.31 and a 

SEM of 0.40, whereas Non-dancers had a slightly higher mean of 3.83, a SD of 3.41, and a SEM 

of 0.41. The Y deviation for Bhangra dancers is 3.90 with SD 3.53 and a SEM of 0.42, compared 

to Non-dancers' mean of 3.66, SD of 3.05, and SEM of 0.36.  

Examining the deviation from the X-axis (DevX0), Bhangra dancers had a mean of -12.47, a 

SD of 17.09, and a SEM of 2.04, while Non-dancers show a greater deviation with a mean of -

17.07, a SD of 19.11, and a SEM of 2.28. For the Y-axis deviation (DevY0), Bhangra dancers 

exhibit a mean of -36.96 with SD 24.98 and a SEM of 2.99, compared to Non-dancers' mean of 

-24.95, a notably higher SD of 80.33, and a SEM of 9.60.  

Lastly, the maximum deviation from the X-axis (DevMx) reveals that Bhangra dancers had a 

mean of -11.66, a SD of 15.09, and a SEM of 1.80, whereas Non-dancers exhibit a mean of -

19.99, a higher SD of 44.44, and a SEM of 5.31. The maximum deviation from the Y-axis 

(DevMy) shows Bhangra dancers with a mean of -37.42, a SD of 17.52, and a SEM of 2.09, 

compared to Non-dancers' mean of -30.96, a SD of 25.13, and a SEM of 3.00. These differences 

in means, SDs, and standard errors indicate varying levels of consistency and dispersion within 

the two groups across the different variables. 
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Table 54 displaying descriptive statistics of Plantar pressure (Postural) of the two groups (Bhangra Dance 

Group and Non Bhangra Dance Group) 

Variables Group Mean 
Std. 

Deviation 

Std. Error 

Mean 

Length 
Bhangra Dancer 476.89 234.81 28.07 

Non-Dancer 513.59 287.48 34.36 

Area 
Bhangra Dancer 586.92 2283.72 272.96 

Non-Dancer 467.33 1308.59 156.41 

Length/Area 
Bhangra Dancer 7.88 15.99 1.91 

Non-Dancer 6.77 11.00 1.31 

Average Q Speed 
Bhangra Dancer 14.90 7.53 0.90 

Non-Dancer 16.41 9.18 1.10 

X Speed 
Bhangra Dancer 13.43 7.36 0.88 

Non-Dancer 14.23 8.28 0.99 

Y Speed 
Bhangra Dancer 6.10 2.73 0.33 

Non-Dancer 7.75 4.75 0.57 

X Deviation 
Bhangra Dancer 3.66 3.31 0.40 

Non-Dancer 3.83 3.41 0.41 

Y Deviation 
Bhangra Dancer 3.90 3.53 0.42 

Non-Dancer 3.66 3.05 0.36 

DevX0 
Bhangra Dancer -12.47 17.09 2.04 

Non-Dancer -17.07 19.11 2.28 

DevY0 
Bhangra Dancer -36.96 24.98 2.99 

Non-Dancer -24.95 80.33 9.60 

Dev Mx 
Bhangra Dancer -11.66 15.09 1.80 

Non-Dancer -19.99 44.44 5.31 

Dev My 
Bhangra Dancer -37.42 17.52 2.09 

Non-Dancer -30.96 25.13 3.00 
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4.37 Inferential statistics of Plantar Pressure (Postural) between the Groups (Bhangra 

Dance group and Non Dance Group) 

The inferential statistical analysis between Bhangra dancers and Non-dancers given in table 55 

reveals various significant and non-significant differences across several variables. For the 

length, the mean difference is -36.70 with a standard error difference of 44.37, resulting in a t 

value of -0.83 and a non-significant p value of 0.41. For the area, the mean difference is 119.59 

with a standard error difference of 314.59, yielding a t value of 0.38 and a non-significant p value 

of 0.70. In terms of the length/area ratio, the mean difference is 1.11 with a standard error 

difference of 2.32, resulting in a t value of 0.48 and a non-significant p value of 0.63.  

For average quarter speed, the mean difference is -1.51 with a standard error difference of 

1.42, yielding a t value of -1.06 and a non-significant p value of 0.29. X speed shows a mean 

difference of -0.80 with a standard error difference of 1.32, resulting in a t value of -0.60 and a 

non-significant p value of 0.55. Y speed, however, shows a significant mean difference of -1.65 

with a standard error difference of 0.65, yielding a t value of -2.52 and a significant p value of 

0.01. 

For X deviation, the mean difference is -0.17 with a standard error difference of 0.57, resulting 

in a t value of -0.30 and a non-significant p value of 0.77. Y deviation shows a mean difference 

of 0.24 with a standard error difference of 0.56, yielding a t value of 0.43 and a non-significant 

p value of 0.67. The deviation from the X-axis (DevX0) reveals a mean difference of 4.59 with 

a standard error difference of 3.06, resulting in a t value of 1.50 and a non-significant p value of 

0.14. The deviation from the Y-axis (DevY0) shows a mean difference of -12.02 with a standard 

error difference of 10.05, yielding a t value of -1.20 and a non-significant p value of 0.23. 

For the maximum deviation from the X-axis (DevMx), the mean difference is 8.33 with a 

standard error difference of 5.61, resulting in a t value of 1.49 and a non-significant p value of 

0.14. The maximum deviation from the Y-axis (DevMy) shows a mean difference of -6.46 with 

a standard error difference of 3.66, yielding a t value of -1.76 and a marginally non-significant p 

value of 0.08. These results suggest that while there are some significant differences, particularly 

in the Y speed, many of the other variables do not show statistically significant differences 

between the two groups. 
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Table 55 displaying  inferential statistics of Plantar Pressure (Postural) between the two groups  

Variables Mean Difference 
Std. Error 

Difference 
F Sig. t 

Sig. (2-

tailed) 

Length -36.70 44.37 2.03 0.16 -0.83 0.41 

Area 119.59 314.59 0.46 0.50 0.38 0.70 

Length/Area 1.11 2.32 0.82 0.37 0.48 0.63 

Average Q Speed -1.51 1.42 2.41 0.12 -1.06 0.29 

X Speed -0.80 1.32 1.14 0.29 -0.60 0.55 

Y Speed -1.65 0.65 11.33 0.00 -2.52 0.01 

X Deviation -0.17 0.57 0.17 0.68 -0.30 0.77 

Y Deviation 0.24 0.56 0.72 0.40 0.43 0.67 

DevX0 4.59 3.06 0.01 0.93 1.50 0.14 

DevY0 -12.02 10.05 1.57 0.21 -1.20 0.23 

Dev Mx 8.33 5.61 1.25 0.27 1.49 0.14 

Dev My -6.46 3.66 7.94 0.01 -1.76 0.08 

 

4.38 Descriptive statistics of the Plantar Pressure (dynamic) of the participants (Bhangra 

Dancer and Non Dancer) N=140 

The descriptive statistics of dynamic plantar pressure for the participants, both Bhangra dancers 

and Non-dancers, show a comprehensive analysis of their gait and foot pressure characteristics. 

For AreaStep1, the range is 79.00 with a minimum of 12.00 and a maximum of 91.00. The mean 

is 48.19, with SD 14.42 and a variance of 208.06. AreaStep2 shows a range of 70.00, with a 

minimum of 19.00 and a maximum of 89.00. The mean for AreaStep2 is 51.33, with SD 12.63 

and a variance of 159.62. Similarly, AreaStep3 has a range of 85.00, with values from 3.00 to 

88.00, a mean of 46.41, a SD of 12.63, and a variance of 159.52. 

The Average Ground Pressure (AGP) for Step1 ranges from 1474.00 to 4403.00, with a mean 

of 2516.09, a SD of 463.05, and a variance of 214412.56. For Step2, AGP ranges from 257.00 

to 4605.00, with a mean of 2413.21, a SD of 469.66, and a variance of 220578.78. AGP for Step3 

ranges from 206.00 to 4855.00, with a mean of 2482.85, a SD of 521.08, and a variance of 

271519.51. 

Maximal Pressure (MP) in Step1 has an extensive range from 37.00 to 53335.00, with a mean 

of 5352.23, a SD of 4243.90, and a variance of 18010674.35. Step2 MP ranges from 2391.00 to 

49990.00, with a mean of 5117.97, a SD of 3972.32, and a variance of 15779336.60. For Step3, 
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MP ranges from 2574.00 to 10701.00, with a mean of 5241.23, a SD of 1253.31, and a variance 

of 1570785.36. 

In terms of step duration, Left Step Duration (LSTD) ranges from 170.00 to 880.00, with a 

mean of 574.96, a SD of 94.38, and a variance of 8907.73. Right Step Duration (RSTD) has a 

range from 200.00 to 950.00, with a mean of 572.00, a SD of 104.10, and a variance of 10837.70. 

Left Step Length (LSL) ranges from 359.00 to 672.00, with a mean of 572.44, a SD of 45.73, 

and a variance of 2090.98. Right Step Length (RSL) ranges from 383.00 to 695.00, with a mean 

of 567.34, a SD of 60.29, and a variance of 3634.99. 

For toe-out measurements, Left Toe-Out (LTO) ranges from 2.29 to 29.74, with a mean of 

6.73, a SD of 4.01, and a variance of 16.08. Right Toe-Out (RTO) ranges from 1.13 to 26.60, 

with a mean of 6.28, a SD of 3.76, and a variance of 14.12. 

Stride duration and length show the following statistics: Left Stride Duration (LSRD) ranges 

from 980.00 to 2370.00, with a mean of 1745.88, a SD of 245.30, and a variance of 60171.66. 

Right Stride Duration (RSRD) ranges from 1054.00 to 2660.00, with a mean of 1727.55, a SD 

of 238.27, and a variance of 56772.09. Left Stride Length (LSTL) ranges from 648.00 to 1720.00, 

with a mean of 1134.98, a SD of 111.29, and a variance of 12384.70. Right Stride Length (RSTL) 

ranges from 625.00 to 1720.00, with a mean of 1138.62, a SD of 128.52, and a variance of 

16518.04. 

Finally, the Gait Cycle Duration (GCD) shows that Left GCD ranges from 550.00 to 1620.00, 

with a mean of 1148.30, a SD of 168.37, and a variance of 28348.38. Right GCD ranges from 

750.00 to 1790.00, with a mean of 1173.36, a SD of 167.79, and a variance of 28153.07. These 

statistics provide a detailed understanding of the dynamic plantar pressure characteristics and 

gait parameters for both groups of dancers.  

Table 56 displaying descriptive statistics of the Plantar Pressure (dynamic) of the participants (Bhangra 

Dancer and Non Bhangra Dancer) N=140 

Variables Range Minimum Maximum Mean 
Std. 

Deviation 
Variance 

AreaStep1 79.00 12.00 91.00 48.19 14.42 208.06 

AreaStep2 70.00 19.00 89.00 51.33 12.63 159.62 

AreaStep3 85.00 3.00 88.00 46.41 12.63 159.52 

AGPStep1 2929.00 1474.00 4403.00 2516.09 463.05 214412.56 

AGPStep2 4348.00 257.00 4605.00 2413.21 469.66 220578.78 

AGPStep3 4649.00 206.00 4855.00 2482.85 521.08 271519.51 

MPStep1 53298.00 37.00 53335.00 5352.23 4243.90 18010674.35 
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MPStep2 47599.00 2391.00 49990.00 5117.97 3972.32 15779336.60 

MPStep3 8127.00 2574.00 10701.00 5241.23 1253.31 1570785.36 

LSTD 710.00 170.00 880.00 574.96 94.38 8907.73 

RSTD 750.00 200.00 950.00 572.00 104.10 10837.70 

LSL 313.00 359.00 672.00 572.44 45.73 2090.98 

RSL 312.00 383.00 695.00 567.34 60.29 3634.99 

LTO 27.45 2.29 29.74 6.73 4.01 16.08 

RTO 25.47 1.13 26.60 6.28 3.76 14.12 

LSRD 1390.00 980.00 2370.00 1745.88 245.30 60171.66 

RSRD 1606.00 1054.00 2660.00 1727.55 238.27 56772.09 

LSTL 1072.00 648.00 1720.00 1134.98 111.29 12384.70 

RSTL 1095.00 625.00 1720.00 1138.62 128.52 16518.04 

LGCD 1070.00 550.00 1620.00 1148.30 168.37 28348.38 

RGCD 1040.00 750.00 1790.00 1173.36 167.79 28153.07 

Note: AGP: Average Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: Right 

Step duration, LSL: Left step length, RSL: Right step length, LTO: Left Toe-out, RTO: Right 

Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride length, 

RSTL: Right stride length, LGCD: Left Gait cycle duration, RGCD: Right Gait cycle duration 

    

4.39 Descriptive statistics of Plantar Pressure (dynamic) of the two groups (Bhangra dancer 

group and Non Dancer group) 

The descriptive statistics for the dynamic plantar pressure of the Bhangra dancers and Non-

dancers are provided in Table 54, highlighting the differences between the two groups. For 

AreaStep1, Bhangra dancers had a mean of 50.26 (SD = 12.84) with a SEM of 1.53, while Non-

dancers had a mean of 46.13 (SD = 15.67) with a SEM of 1.87. In AreaStep2, Bhangra dancers 

had a mean of 54.26 (SD = 12.46) and a SEM of 1.49, whereas Non-dancers had a mean of 48.40 

(SD = 12.20) and a SEM of 1.46. For AreaStep3, the mean for Bhangra dancers is 49.20 (SD = 

11.65) with a SEM of 1.39, compared to Non-dancers with a mean of 43.63 (SD = 13.03) and a 

SEM of 1.56. 

When looking at Average Ground Pressure (AGP), for Step1, Bhangra dancers had a mean of 

2474.70 (SD = 350.40) with a SEM of 41.88, while Non-dancers had a higher mean of 2557.49 

(SD = 552.88) with a SEM of 66.08. AGP Step2 shows Bhangra dancers with a mean of 2349.91 

(SD = 407.00) and a SEM of 48.65, while Non-dancers had a mean of 2476.50 (SD = 520.17) 

and a SEM of 62.17. For AGP Step3, Bhangra dancers had a mean of 2480.47 (SD = 319.10) 

and a SEM of 38.14, compared to Non-dancers with a mean of 2485.23 (SD = 667.19) and a 
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SEM of 79.74. 

Maximal Pressure (MP) for Step1 shows a mean of 4827.44 (SD = 1078.34) and a SEM of 

128.89 for Bhangra dancers, whereas Non-dancers had a significantly higher mean of 5877.01 

(SD = 5878.84) and a SEM of 702.66. MP Step2 reveals Bhangra dancers with a mean of 4730.49 

(SD = 860.80) and a SEM of 102.89, compared to Non-dancers with a mean of 5505.46 (SD = 

5544.52) and a SEM of 662.70. For MP Step3, the mean for Bhangra dancers is 5194.00 (SD = 

967.82) with a SEM of 115.68, while Non-dancers had a mean of 5288.46 (SD = 1491.02) and 

a SEM of 178.21. 

Examining step durations, Left Step Duration (LSTD) for Bhangra dancers has a mean of 

564.14 (SD = 97.93) with a SEM of 11.70, compared to Non-dancers with a mean of 585.79 (SD 

= 90.10) and a SEM of 10.77. Right Step Duration (RSTD) shows Bhangra dancers with a mean 

of 565.71 (SD = 108.56) and a SEM of 12.97, while Non-dancers had a mean of 578.29 (SD = 

99.84) and a SEM of 11.93. 

Left Step Length (LSL) reveals a mean of 571.17 (SD = 47.30) and a SEM of 5.65 for Bhangra 

dancers, in contrast to Non-dancers with a mean of 573.71 (SD = 44.40) and a SEM of 5.31. 

Right Step Length (RSL) shows Bhangra dancers with a mean of 553.96 (SD = 51.70) and a 

SEM of 6.18, while Non-dancers had a mean of 580.73 (SD = 65.47) and a SEM of 7.83. 

Regarding toe-out measurements, Left Toe-Out (LTO) for Bhangra dancers has a mean of 

5.94 (SD = 2.64) with a SEM of 0.32, compared to Non-dancers with a mean of 7.52 (SD = 4.91) 

and a SEM of 0.59. Right Toe-Out (RTO) shows Bhangra dancers with a mean of 5.77 (SD = 

2.76) and a SEM of 0.33, whereas Non-dancers had a mean of 6.80 (SD = 4.50) and a SEM of 

0.54. 

Stride durations and lengths also show interesting patterns. Left Stride Duration (LSRD) for 

Bhangra dancers has a mean of 1734.19 (SD = 263.81) and a SEM of 31.53, while Non-dancers 

had a mean of 1757.57 (SD = 226.59) and a SEM of 27.08. Right Stride Duration (RSRD) reveals 

Bhangra dancers with a mean of 1721.67 (SD = 238.71) and a SEM of 28.53, compared to Non-

dancers with a mean of 1733.43 (SD = 239.40) and a SEM of 28.61. 

Left Stride Length (LSTL) shows Bhangra dancers with a mean of 1122.83 (SD = 123.82) 

and a SEM of 14.80, while Non-dancers had a mean of 1147.13 (SD = 96.53) and a SEM of 

11.54. Right Stride Length (RSTL) reveals Bhangra dancers with a mean of 1135.01 (SD = 

145.54) and a SEM of 17.40, compared to Non-dancers with a mean of 1142.23 (SD = 109.85) 

and a SEM of 13.13. 

Lastly, Gait Cycle Duration (GCD) statistics indicate that Left GCD for Bhangra dancers has 

a mean of 1129.29 (SD = 166.20) and a SEM of 19.86, while Non-dancers had a mean of 1167.31 
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(SD = 169.57) and a SEM of 20.27. Right GCD shows Bhangra dancers with a mean of 1153.29 

(SD = 160.21) and a SEM of 19.15, whereas Non-dancers had a mean of 1193.44 (SD = 173.87) 

and a SEM of 20.78.  

Table 57 displaying  descriptive statistics of Plantar Pressure (dynamic) of the two groups  

Variables Group Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

AreaStep1 
Bhangra Dancer 50.26 12.84 1.53 

Non-Dancer 46.13 15.67 1.87 

AreaStep2 
Bhangra Dancer 54.26 12.46 1.49 

Non-Dancer 48.40 12.20 1.46 

AreaStep3 
Bhangra Dancer 49.20 11.65 1.39 

Non-Dancer 43.63 13.03 1.56 

AGPStep1 
Bhangra Dancer 2474.70 350.40 41.88 

Non-Dancer 2557.49 552.88 66.08 

AGPStep2 
Bhangra Dancer 2349.91 407.00 48.65 

Non-Dancer 2476.50 520.17 62.17 

AGPStep3 
Bhangra Dancer 2480.47 319.10 38.14 

Non-Dancer 2485.23 667.19 79.74 

MPStep1 
Bhangra Dancer 4827.44 1078.34 128.89 

Non-Dancer 5877.01 5878.84 702.66 

MPStep2 
Bhangra Dancer 4730.49 860.80 102.89 

Non-Dancer 5505.46 5544.52 662.70 

MPStep3 
Bhangra Dancer 5194.00 967.82 115.68 

Non-Dancer 5288.46 1491.02 178.21 

LSTD 
Bhangra Dancer 564.14 97.93 11.70 

Non-Dancer 585.79 90.10 10.77 

RSTD 
Bhangra Dancer 565.71 108.56 12.97 

Non-Dancer 578.29 99.84 11.93 

LSL 
Bhangra Dancer 571.17 47.30 5.65 

Non-Dancer 573.71 44.40 5.31 

RSL 
Bhangra Dancer 553.96 51.70 6.18 

Non-Dancer 580.73 65.47 7.83 
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LTO 
Bhangra Dancer 5.94 2.64 0.32 

Non-Dancer 7.52 4.91 0.59 

RTO 
Bhangra Dancer 5.77 2.76 0.33 

Non-Dancer 6.80 4.50 0.54 

LSRD 
Bhangra Dancer 1734.19 263.81 31.53 

Non-Dancer 1757.57 226.59 27.08 

RSRD 
Bhangra Dancer 1721.67 238.71 28.53 

Non-Dancer 1733.43 239.40 28.61 

LSTL 

 

Bhangra Dancer 1122.83 123.82 14.80 

Non-Dancer 1147.13 96.53 11.54 

RSTL 
Bhangra Dancer 1135.01 145.54 17.40 

Non-Dancer 1142.23 109.85 13.13 

LGCD 
Bhangra Dancer 1129.29 166.20 19.86 

Non-Dancer 1167.31 169.57 20.27 

RGCD 
Bhangra Dancer 1153.29 160.21 19.15 

Non-Dancer 1193.44 173.87 20.78 

Note: AGP: Average Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: Right 

Step duration, LSL: Left step length, RSL: Right step length, LTO: Left Toe-out, RTO: Right 

Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride length, 

RSTL: Right stride length, LGCD: Left Gait cycle duration, RGCD: Right Gait cycle duration 

  

4.40 Inferential statistics of Plantar Pressure (dynamic) within the groups (Bhangra dancer 

group and Non Dancer group) 

4.40.1 Bhangra Dancer  

In the table 58, we examine the inferential statistics of various plantar pressure parameters for 

the Bhangra dance group. The parameters analyzed include left & right step duration (LSTD and 

RSTD), left & right step length (LSL and RSL), left & right toe-out angle (LTO and RTO), left 

& right stride duration (LSRD and RSRD), left & right stride length (LSTL and RSTL), and left 

& right gait cycle duration (LGCD and RGCD). These parameters provide insight into the 

dynamic aspects of plantar pressure during dance movements. 

For the left step duration (LSTD), the mean value for Bhangra dancers was 564.14 

milliseconds with SD 97.93 milliseconds and a SEM of 11.70. When compared to the non-

Bhangra dance group, the t value was -0.112, and the significance level (Sig. 2-tailed) was 0.911, 

indicating no significant difference between two groups. The right step duration (RSTD) showed 

similar results with a mean of 565.71 milliseconds and a SD of 108.56 milliseconds, but no t-test 
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was performed for this parameter. 

The left step length (LSL) had a mean of 571.17 millimeters with SD 47.30 millimeters and 

a SEM of 5.65. The t value was 2.305 with significance level of 0.024, suggesting a significant 

difference between Bhangra dancers and the non-dancers. For the right step length (RSL), the 

mean was 553.96 millimeters with SD 51.70 millimeters, but no t-test was conducted for this 

parameter. 

Regarding the left toe-out angle (LTO), the mean was 5.94 degrees with SD 2.64 degrees and 

a SEM of 0.32. The t value was 0.421, and the significance level was 0.675, indicating no 

significant difference between groups. Similarly, the right toe-out angle (RTO) had a mean of 

5.77 degrees and a SD of 2.76 degrees, with no t-test conducted. 

For the left stride duration (LSRD), the mean was 1734.19 milliseconds with SD 263.81 

milliseconds and a SEM of 31.53. The t value was 0.461, and the significance level was 0.646, 

indicating no significant difference. The right stride duration (RSRD) had a mean of 1721.67 

milliseconds and a SD of 238.71 milliseconds, with no t-test performed. 

The left stride length (LSTL) showed a mean of 1122.83 millimeters with SD 123.82 

millimeters and a SEM of 14.80. The t value was -0.886, and the significance level was 0.379, 

indicating no significant difference. The right stride length (RSTL) had a mean of 1135.01 

millimeters and a SD of 145.54 millimeters, with no t-test conducted. 

Finally, the left gait cycle duration (LGCD) had a mean of 1129.29 milliseconds with SD 

166.20 milliseconds and a SEM of 19.86. The t value was -1.249, and the significance level was 

0.216, indicating no significant difference between groups. The right gait cycle duration (RGCD) 

had a mean of 1153.29 milliseconds and a SD of 160.21 milliseconds, with no t-test conducted. 

Overall, the inferential statistics suggest that most parameters do not show significant 

differences between the Bhangra dance group and the non-Bhangra dance group, except for the 

left step length, which was significantly different. These results provide valuable insights into 

the dynamic plantar pressure characteristics of Bhangra dancers, which can inform training and 

performance optimization strategies. 

 

 

 



190 
 

Table 58 displaying inferential statistics of Plantar Pressure (dynamic) within the Bhangra dancer group 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

t 
Sig. (2-

tailed) 

LSTD 564.14 97.93 11.70 
-1.57 117.72 14.07 -0.11 0.91 

RSTD 565.71 108.56 12.97 

LSL 571.17 47.30 5.65 
17.21 62.50 7.47 2.31 0.02 

RSL 553.96 51.70 6.18 

LTO 5.94 2.64 0.32 
0.17 3.30 0.39 0.42 0.67 

RTO 5.77 2.76 0.33 

LSRD 1734.19 263.81 31.53 
12.51 227.14 27.15 0.46 0.65 

RSRD 1721.67 238.71 28.53 

LSTL 1122.83 123.82 14.80 
-12.19 115.03 13.75 -0.89 0.38 

RSTL 1135.01 145.54 17.40 

LGCD 1129.29 166.20 19.86 
-24.00 160.73 19.21 -1.25 0.22 

RGCD 1153.29 160.21 19.15 

Note: AGP: Average Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: 

Right Step duration, LSL: Left step length, RSL: Right step length, LTO: Left Toe-out, RTO: 

Right Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride 

length, RSTL: Right stride length, LGCD: Left Gait cycle duration, RGCD: Right Gait cycle 

duration  

4.40.2 Non Dancers 

In this section, we delve into the inferential statistics of various plantar pressure parameters for 

the non-Bhangra dance group. This analysis includes parameters such as left & right step 

duration (LSTD and RSTD), left & right step length (LSL and RSL), left & right toe-out angle 

(LTO and RTO), left & right stride duration (LSRD and RSRD), left & right stride length (LSTL 

and RSTL), and left & right gait cycle duration (LGCD and RGCD). These metrics are critical 

for understanding the dynamic plantar pressure characteristics during walking or running in non-

dancers. 

For the left step duration (LSTD), non-dancers had a mean value of 585.79 milliseconds, with 

SD 90.10 milliseconds and a SEM of 10.77. The t value for this parameter was 0.49, with 

significance level (Sig. 2-tailed) of 0.63, indicating no significant difference between non-

Bhangra dance group and the Bhangra dance group. The right step duration (RSTD) had a mean 

of 578.29 milliseconds and a SD of 99.84 milliseconds, but no t-test was performed for this 

parameter. 
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For the left step length (LSL), the mean was 573.71 millimeters with SD 44.40 millimeters 

and a SEM of 5.31. The mean difference between the groups was -7.01 millimeters, with a t 

value of -0.71 and a significance level of 0.48, indicating no significant difference. The right step 

length (RSL) had a mean of 580.73 millimeters and a SD of 65.47 millimeters, with no t-test 

conducted. 

The left toe-out angle (LTO) for non-dancers was 7.52 degrees, with SD 4.91 degrees and a 

SEM of 0.59. The t value was 0.95, with significance level of 0.34, indicating no significant 

difference between groups. The right toe-out angle (RTO) had a mean of 6.80 degrees and a SD 

of 4.50 degrees, with no t-test conducted. 

The left stride duration (LSRD) had a mean of 1757.57 milliseconds, with SD 226.59 

milliseconds and a SEM of 27.08. The t value was 0.91, with significance level of 0.37, indicating 

no significant difference. The right stride duration (RSRD) had a mean of 1733.43 milliseconds 

and a SD of 239.40 milliseconds, with no t-test conducted. 

For the left stride length (LSTL), the mean was 1147.13 millimeters, with SD 96.53 

millimeters and a SEM of 11.54. The t value was 0.45, with significance level of 0.65, indicating 

no significant difference. The right stride length (RSTL) had a mean of 1142.23 millimeters and 

a SD of 109.85 millimeters, with no t-test conducted. 

The left gait cycle duration (LGCD) had a mean of 1167.31 milliseconds, with SD 169.57 

milliseconds and a SEM of 20.27. The t value was -1.08, with significance level of 0.28, 

indicating no significant difference between groups. The right gait cycle duration (RGCD) had a 

mean of 1193.44 milliseconds and a SD of 173.87 milliseconds, with no t-test conducted. 

In summary, the inferential statistics reveal that there are no significant differences in the 

majority of plantar pressure parameters between the non-Bhangra dance group and the Bhangra 

dance group. These findings suggest that the dynamic characteristics of plantar pressure are 

largely similar between the two groups, providing a comparative baseline for further analysis 

and interpretation. 
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Table 59 displaying inferential statistics of Plantar Pressure (dynamic) within the Bhangra dancer group 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

Std. 

Deviation 

Std. 

Error 

Mean 

t 
Sig. (2-

tailed) 

LSTD 585.79 90.10 10.77 
7.50 128.87 15.40 0.49 0.63 

RSTD 578.29 99.84 11.93 

LSL 573.71 44.40 5.31 
-7.01 82.70 9.88 -0.71 0.48 

RSL 580.73 65.47 7.83 

LTO 7.52 4.91 0.59 
0.72 6.29 0.75 0.95 0.34 

RTO 6.80 4.50 0.54 

LSRD 1757.57 226.59 27.08 
24.14 221.29 26.45 0.91 0.37 

RSRD 1733.43 239.40 28.61 

LSTL 1147.13 96.53 11.54 
4.90 90.87 10.86 0.45 0.65 

RSTL 1142.23 109.85 13.13 

LGCD 1167.31 169.57 20.27 
-26.13 202.32 24.18 -1.08 0.28 

RGCD 1193.44 173.87 20.78 

Note: AGP: Average Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: Right 

Step duration, LSL: Left step length, RSL: Right step length, LTO: Left Toe-out, RTO: Right 

Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride length, 

RSTL: Right stride length, LGCD: Left Gait cycle duration, RGCD: Right Gait cycle duration 

 

4.41 Inferential statistics of Plantar Pressure (dynamic) between the two groups (Bhangra 

dance group and Non Dance group) 

This section examines the dynamic plantar pressure parameters between the Bhangra dance 

group and the non-Bhangra dance group using inferential statistics. Various aspects, including 

different step areas and pressures, step duration, step length, toe-out angles, stride duration, stride 

length, and gait cycle duration, were analyzed to determine if there are significant differences 

between the two groups.  

For Area Step1, the mean difference between the groups was 4.13 with a standard error 

difference of 2.42. The F-value of 1.71 and a significance level of 0.19, along with a t value of 

1.70 and a significance level of 0.09, indicate no significant difference between groups for this 

parameter. In contrast, Area Step2 and Area Step3 showed significant differences. Area Step2 

had a mean difference of 5.86 and a standard error difference of 2.08, with a t value of 2.81 and 

a significance level of 0.01. Similarly, Area Step3 had a mean difference of 5.57 and a standard 

error difference of 2.09, with a t value of 2.67 and a significance level of 0.01. These results 



193 
 

suggest that the Bhangra dance group and the non-Bhangra dance group differ significantly in 

their plantar pressure distribution for these specific step areas. 

 Average pressure (AGP) measures during different steps did not show significant differences. 

For AGPStep1, the mean difference was -82.79 with a standard error difference of 78.24, and 

the t value was -1.06 with significance level of 0.29. AGPStep2 and AGPStep3 also showed no 

significant differences, with t-values of -1.60 and -0.05, respectively, and corresponding 

significance levels of 0.11 and 0.96. The maximal pressure (MP) during steps also did not differ 

significantly between the groups, as indicated by the results for MPStep1, MPStep2, and 

MPStep3.  

Step duration parameters, both left (LSTD) and right (RSTD), did not show significant 

differences between the two groups. The mean difference for LSTD was -21.64 with a standard 

error difference of 15.90, and the t value was -1.36 with significance level of 0.18. Similarly, 

RSTD had a mean difference of -12.57 and a t value of -0.71, with significance level of 0.48. 

These results indicate that the duration of steps is comparable between Bhangra and non-dancers. 

In terms of step length, the left step length (LSL) did not show a significant difference, with 

a mean difference of -2.54 and a t value of -0.33 (significance level 0.74). However, the right 

step length (RSL) revealed a significant difference, with a mean difference of -26.77, a t value 

of -2.68, and a significance level of 0.01. This finding suggests that Bhangra dancers may had a 

shorter right step length compared to non-dancers.  

The left toe-out angle (LTO) showed a significant difference between groups, with a mean 

difference of -1.58, a t value of -2.37, and a significance level of 0.02. This suggests that the left 

toe-out angle is less pronounced in Bhangra dancers compared to non-dancers. However, the 

right toe-out angle (RTO) did not show a significant difference, with a t value of -1.63 and a 

significance level of 0.11. 

 Stride duration and length parameters did not reveal significant differences between the 

groups. For left stride duration (LSRD), the mean difference was -23.39 with a t value of -0.56 

and a significance level of 0.57, while the right stride duration (RSRD) had a mean difference of 

-11.76 and a t value of -0.29 with significance level of 0.77. Left stride length (LSTL) and right 

stride length (RSTL) also showed no significant differences, with t-values of -1.29 and -0.33, 

respectively, and corresponding significance levels of 0.20 and 0.74.  

Gait cycle duration, both left (LGCD) and right (RGCD), did not show significant differences 

between the groups. For LGCD, the mean difference was -38.03 with a t value of -1.34 and a 

significance level of 0.18. Similarly, RGCD had a mean difference of -40.16 with a t value of -

1.42 and a significance level of 0.16. These findings suggest that the overall duration of the gait 
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cycle is comparable between Bhangra dancers and non-dancers.  

Overall, the comparison between Bhangra and non-dancers reveals significant differences in 

specific plantar pressure parameters, particularly in the areas of AreaStep2, AreaStep3, right step 

length (RSL), and left toe-out angle (LTO). These differences highlight unique biomechanical 

adaptations in Bhangra dancers, which can be crucial for understanding the impact of this dance 

form on plantar pressure dynamics. However, many parameters, including step duration, stride 

duration, and gait cycle duration, did not show significant differences, indicating that certain 

aspects of dynamic plantar pressure are similar between the two groups. 

Table 60 displaying inferential statistics of Plantar Pressure (dynamic) between the two groups  

Variables F Sig. t 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. 

Error 

Difference 

AreaStep1 1.71 0.19 1.70 0.09 4.13 2.42 

AreaStep2 0.05 0.83 2.81 0.01 5.86 2.08 

AreaStep3 0.74 0.39 2.67 0.01 5.57 2.09 

AGPStep1 8.12 0.01 -1.06 0.29 -82.79 78.24 

AGPStep2 3.86 0.05 -1.60 0.11 -126.59 78.94 

AGPStep3 8.91 0.00 -0.05 0.96 -4.76 88.40 

MPStep1 2.17 0.14 -1.47 0.14 -1049.57 714.38 

MPStep2 3.16 0.08 -1.16 0.25 -774.97 670.64 

MPStep3 9.00 0.00 -0.44 0.66 -94.46 212.46 

LSTD 0.14 0.71 -1.36 0.18 -21.64 15.90 

RSTD 0.88 0.35 -0.71 0.48 -12.57 17.63 

LSL 0.00 0.97 -0.33 0.74 -2.54 7.75 

RSL 3.92 0.05 -2.68 0.01 -26.77 9.97 

LTO 9.75 0.00 -2.37 0.02 -1.58 0.67 

RTO 7.14 0.01 -1.63 0.11 -1.03 0.63 

LSRD 0.53 0.47 -0.56 0.57 -23.39 41.57 

RSRD 0.29 0.59 -0.29 0.77 -11.76 40.41 

LSTL 0.06 0.81 -1.29 0.20 -24.30 18.77 

RSTL 0.30 0.58 -0.33 0.74 -7.21 21.79 

LGCD 0.03 0.86 -1.34 0.18 -38.03 28.38 

RGCD 0.30 0.58 -1.42 0.16 -40.16 28.26 
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Note: AGP: Average Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: 

Right Step duration, LSL: Left step length, RSL: Right step length, LTO: Left Toe-out, RTO: 

Right Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride 

length, RSTL: Right stride length, LGCD: Left Gait cycle duration, RGCD: Right Gait cycle 

duration 

 

4.42 Descriptive statistics of physical characteristics of the participants (Bhangra dancers 

and Non Dancer) (N=140) 

The table 61 presents a detailed statistical summary of various fitness and performance variables 

for a sample population of 140 participants, consisting of 70 Bhangra dancers and 70 non-

dancers. The table includes a range of measures, each described by its range, minimum, 

maximum, mean, SD, and variance, providing a comprehensive overview of the data's 

distribution and variability. 

4.42.1 Fitness Index 

The fitness index, which measures overall fitness, exhibits a range of 46.54 units with values 

spanning from a minimum of 10.06 to a maximum of 56.60. The mean fitness index is 39.25 

with SD 12.78, indicating considerable variability among the participants. The variance of 

163.33 reflects the diversity in fitness levels within the sample. 

4.42.2 Jump Height 

Jump height, an indicator of lower body explosive strength, ranges from 16.00 cm to 89.00 cm, 

with an average of 50.04 cm. The SD is 17.53, and the variance is 307.30, demonstrating 

significant differences in jump performance across the participants. 

4.42.3 Peak Power 

Peak power, calculated from jump height and body weight, varies widely from 1666.80 to 

6696.80 watts. The mean peak power is 4025.57 watts with a high SD of 1214.35, indicating 

large fluctuations in power output among individuals. The substantial variance of 1,474,652.71 

underscores the diverse power capabilities within the group. 

4.42.4 Push-Up Performance and Efficacy 

Push-up performance, measured by the number of push-ups completed, ranges from 19.50 to 

114.23, with a mean of 38.97 and a SD of 16.31, reflecting a broad spectrum of upper body 

endurance. The variance is 266.11. Push-up efficacy, a ratio of performance to time, ranges from 

0.53 to 3.08 with an average of 1.74 and a SD of 0.53, suggesting moderate variability in 

efficiency among participants. 
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4.42.5 Crunches Performance and Efficacy 

Crunches performance spans from 12.38 to 175.20, with a mean of 37.46 and a SD of 15.54, 

indicating a wide range of core strength and endurance. The variance is 241.34. Crunches 

efficacy ranges from 0.34 to 4.85, with an average score of 1.81 and a SD of 0.67, pointing to 

significant differences in efficiency. 

4.42.6 Balance Measures 

The table includes several balance-related measures: left leg absolute reach (LLAR), right leg 

absolute reach (RLAR), left leg relative reach (LLRR), right leg relative reach (RLRR), left leg 

composite reach (LLCR), and right leg composite reach (RLCR). These measures assess balance 

and stability through reach distances. The LLAR and RLAR had means of 80.20 cm and 80.48 

cm, respectively, with similar SDs around 12.16 and 12.61. The LLRR and RLRR, expressed as 

percentages of limb length, had means of 85.58% and 85.66%, respectively, with SDs of 15.07 

and 14.53, reflecting consistent performance across limbs. The composite reach measures (LLCR 

and RLCR) show identical statistics to the relative reach, reinforcing the reliability of these 

balance metrics. 

4.42.7 V Sit and Reach Score 

The V sit and reach test, a measure of flexibility, ranges from 0.00 to 15.00 with a mean score 

of 7.18 and a SD of 2.98, indicating varied flexibility levels among participants. The variance is 

8.87. 

Table 61 displaying descriptive statistics of physical characteristics of the participants (Bhangra dancers and 

Non Bhangra Dancer) (N=140) 

Variables Range Minimum Maximum Mean 
Std. 

Deviation 
Variance 

Fitness index 46.54 10.06 56.60 39.24 12.78 163.33 

Jump height 73.00 16.00 89.00 50.03 17.52 307.29 

Peak power 5030.00 1666.80 6696.80 4025.59 1214.35 1474652.7 

PUP 94.73 19.50 114.23 38.96 16.31 266.11 

PUE 2.55 .53 3.08 1.74 0.52 0.281 

CRP 162.82 12.38 175.20 37.45 15.53 241.33 

CRE 4.51 .34 4.85 1.80 0.67 0.44 

LLAR 90.33 50.67 141.00 80.20 12.15 147.83 

RLAR 90.34 49.33 139.67 80.48 12.61 159.01 

LLRR 106.13 49.67 155.80 85.57 15.07 227.14 

RLRR 92.49 48.37 140.86 85.66 14.53 211.16 
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LLCR 106.13 49.67 155.80 85.57 15.07 227.14 

RLCR 92.49 48.37 140.86 85.66 14.53 211.16 

VSR 15.00 0.00 15.00 7.17 2.97 8.86 

Note: PUP: push-up performance, PUE: push-up efficacy, CRP: crunches performance, CRE: 

crunches efficacy, LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), 

LLRR: left leg relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite 

reach (%), RLCR: Right leg composite reach (%), VSR: V sit and reach  

 

4.43 Descriptive statistics of physical characteristics of Bhangra group and Non dancer 

group 

4.43.1 Bhangra Dancer group 

The statistical summary for the Bhangra dancer group, given in table 62, highlights various 

fitness and performance metrics. The fitness index for this group shows a mean of 49.17 with 

SD 2.07 and a variance of 4.27, indicating a high level of overall fitness with minimal variability 

among the dancers. Jump height, an indicator of lower body explosive strength, has a mean of 

64.57 cm, a SD of 10.50, and a variance of 110.16, suggesting some variability in performance. 

The mean peak power is 5039.37 watts, with SD 712.15 and a variance of 507,164.00, reflecting 

the diverse power output capabilities of the dancers. 

Push-up performance averages at 29.67 push-ups, with SD 3.63 and a variance of 13.21, 

showing moderate variability in upper body endurance. Push-up efficacy, the ratio of 

performance to time, has a mean of 2.05, a SD of 0.27, and a variance of 0.07, indicating 

consistent efficiency. Crunches performance averages 42.32, with SD 3.09 and a variance of 

9.57, demonstrating relatively consistent core strength and endurance. Crunches efficacy is also 

consistent, with a mean of 1.43, a SD of 0.11, and a variance of 0.01. 

Balance measures, including left leg absolute reach (LLAR) and right leg absolute reach 

(RLAR), show means of 75.80 cm and 76.72 cm, respectively, both with SD 2.43 and a variance 

of 5.90. Relative reach distances for the left leg (LLRR) and right leg (RLRR) had means of 

79.10% and 80.09%, respectively, with SDs of 5.07 and 5.18 and variances of 25.69 and 26.87, 

indicating some variability in balance performance. Composite reach distances mirror the 

relative reach distances, reinforcing the reliability of these measures. Finally, the V sit and reach 

score, measuring flexibility, averages 7.86, with SD 2.86 and a variance of 8.15, showing varied 

flexibility levels among the dancers. 
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Table 62 displaying descriptive statistics of physical characteristics of Bhangra group  

Variables Mean 
Std. 

Deviation 
Variance 

Fitness index 49.17 2.07 4.27 

Jump height 64.57 10.50 110.16 

Peak power 5039.37 712.15 507164.00 

Push-up performance 29.67 3.63 13.21 

Push-up efficacy 2.05 0.27 0.07 

Crunches performance 42.32 3.09 9.57 

Crunches efficacy 1.43 0.11 0.01 

LLAR 75.80 2.43 5.90 

RLAR 76.72 2.43 5.90 

LLRR 79.10 5.07 25.69 

RLRR 80.09 5.18 26.87 

LLCR 79.10 5.07 25.69 

RLCR 80.09 5.18 26.87 

V Sit and Reach score 7.86 2.86 8.15 

Note: LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), LLRR: left leg 

relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite reach (%), 

RLCR: Right leg composite reach (%) 

4.43.2 Non-dancer group 

The statistical summary for the non-dancer group, given in table 63 highlights several fitness and 

performance metrics. The fitness index for this group has a mean of 29.32, with SD 11.18 and a 

variance of 124.89, indicating lower overall fitness levels and greater variability compared to the 

Bhangra dancers. Jump height, reflecting lower body explosive strength, averages 35.51 cm with 

SD 8.97 and a variance of 80.39, suggesting less consistency in performance. 

Peak power has a mean of 3011.78 watts, a SD of 614.95, and a variance of 378,163.33, 

showing a wide range of power output among the participants. Push-up performance averages 

48.26 push-ups, with SD 18.64 and a variance of 347.48, indicating significant variability in 

upper body endurance. Push-up efficacy, the ratio of performance to time, has a mean of 1.43, a 

SD of 0.54, and a variance of 0.29, demonstrating moderate efficiency variation. 

Crunches performance has a mean of 32.59, a SD of 20.70, and a variance of 428.61, showing 

high variability in core strength and endurance. Crunches efficacy has a mean of 2.19, a SD of 

0.77, and a variance of 0.60, indicating variability in efficiency.  



199 
 

Balance measures, including left leg absolute reach (LLAR) and right leg absolute reach 

(RLAR), had means of 84.60 cm and 84.25 cm, with SDs of 15.89 and 16.90 and variances of 

252.63 and 285.68, respectively, showing considerable variability. Relative reach distances for 

the left leg (LLRR) and right leg (RLRR) had means of 92.05% and 91.24%, with SDs of 18.63 

and 18.32 and variances of 346.92 and 335.46, indicating significant variability in balance 

performance. Composite reach distances mirror the relative reach distances, reflecting 

consistency in these balance measures. The V sit and reach score, measuring flexibility, averages 

6.50, with SD 2.96 and a variance of 8.78, showing moderate flexibility levels among the 

participants. 

Table 63 displaying descriptive statistics of physical characteristics of Bhangra group 

Variables Mean 
Std. 

Deviation 
Variance 

Fitness index 29.32 11.18 124.89 

Jump height 35.51 8.97 80.39 

Peak power 3011.78 614.95 378163.33 

Push-up performance 48.26 18.64 347.48 

Push-up efficacy 1.43 0.54 0.29 

Crunches performance 32.59 20.70 428.61 

Crunches efficacy 2.19 0.77 0.60 

LLAR 84.60 15.89 252.63 

RLAR 84.25 16.90 285.68 

LLRR 92.05 18.63 346.92 

RLRR 91.24 18.32 335.46 

LLCR 92.05 18.63 346.92 

RLCR 91.24 18.32 335.46 

V Sit and Reach score 6.50 2.96 8.78 

Note: LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), LLRR: left leg 

relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite reach (%), 

RLCR: Right leg composite reach (%) 

 

4.44 Inferential statistics of physical characteristics within the groups (Bhangra Dancer 

group and Non-dancer group) 

4.44.1 Bhangra Dancer Group 

The inferential statistics for the Bhangra dancer group in table 64 highlight significant 

differences in balance measures between the left & right limbs. The mean left leg absolute reach 
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(LLAR) is 75.80 cm with SD 2.43, while the right leg absolute reach (RLAR) is slightly higher 

at 76.72 cm with the same SD. The mean difference between LLAR and RLAR is -0.92, with a 

t value of -240.03 and a significance level of 0.00, indicating a highly significant difference. 

For relative reach distances, the left leg relative reach (LLRR) has a mean of 79.10% with SD 

5.07, compared to the right leg relative reach (RLRR) which has a mean of 80.09% and a SD of 

5.18. The mean difference between LLRR and RLRR is -0.99, with a t value of -21.68 and a 

significance level of 0.00, also showing a significant difference. 

The left leg composite reach (LLCR) and right leg composite reach (RLCR) mirror the relative 

reach distances, with the same means, SDs, mean differences, t-values, and significance levels. 

These results suggest that the Bhangra dancers had a statistically significant difference in the 

balance performance between their left & right legs. 

Table 64 displaying inferential statistics of physical characteristics within the Bhangra dancer group 

Variables Mean 
Std. 

Deviation 

Mean 

difference 
t 

sig. (2- 

tailed) 

LLAR 75.80 2.43 

-0.92 -240.03 0.00 RLAR 76.72 2.43 

LLRR 79.10 5.07 

-0.99 -21.68 0.00 RLRR 80.09 5.18 

LLCR 79.10 5.07 

-0.99 -21.68 0.00 
RLCR 80.09 5.18 

Note: LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), LLRR: left leg 

relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite reach (%), 

RLCR: Right leg composite reach (%) 

4.44.2 Non-dancer Group 

For the non-dancer group (table 65), the balance measures show less significant differences 

between the left & right limbs. The mean left leg absolute reach (LLAR) is 84.60 cm with SD 

15.89, and the right leg absolute reach (RLAR) is 84.25 cm with SD 16.90. The mean difference 

between LLAR and RLAR is 0.35, with a t value of 0.38 and a significance level of 0.71, 

indicating no significant difference. 

The left leg relative reach (LLRR) has a mean of 92.05% with SD 18.63, while the right leg 

relative reach (RLRR) has a mean of 91.24% with SD 18.32. The mean difference between 

LLRR and RLRR is 0.81, with a t value of 0.76 and a significance level of 0.45, also showing 

no significant difference. 

The left leg composite reach (LLCR) and right leg composite reach (RLCR) had the same 

means, SDs, mean differences, t-values, and significance levels as the relative reach distances, 
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further indicating no significant differences in balance performance between the left & right legs 

for non-dancers. 

Table 65 displaying inferential statistics of physical characteristics within the Non-dancer group 

Variables Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

difference 
t 

Sig. (2-

tailed) 

LLAR 84.60 15.89 1.90 

0.35 0.38 0.71 RLAR 84.25 16.90 2.02 

LLRR 92.05 18.63 2.23 

0.81 0.76 0.45 RLRR 91.24 18.32 2.19 

LLCR 92.05 18.63 2.23 

0.81 0.76 0.45 RLCR 91.24 18.32 2.19 

Note: LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), LLRR: left 

leg relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite reach (%), 

RLCR: Right leg composite reach (%) 

 

4.45 Inferential statistics of physical characteristics between the groups (Bhangra Dancer 

group and Non-dancer group) 

The comparison of physical characteristics between the Bhangra dancer group and the non-

dancer group in table 66 reveals significant differences across various fitness and performance 

measures. Bhangra dancers exhibited superior physical fitness, with a mean fitness index of 

49.17 compared to 29.32 in non-dancers, a statistically significant difference (t=14.61, p<0.001). 

Similarly, Bhangra dancers demonstrated greater jump height (mean difference of 29.06 cm, 

t=17.62, p<0.001) and higher peak power (mean difference of 2027.59 watts, t=18.03, p<0.001). 

In terms of upper body endurance, non-dancers performed better in push-up performance with 

a significant mean difference of -18.60 (t=-8.19, p<0.001), while Bhangra dancers had higher 

push-up efficacy (mean difference of 0.63, t=8.68, p<0.001). For crunches, Bhangra dancers 

showed superior performance (mean difference of 9.73, t=3.89, p<0.001), although their 

crunches efficacy was significantly lower (mean difference of -0.76, t=-8.16, p<0.001). 

Balance measures, including left leg absolute reach (LLAR), right leg absolute reach (RLAR), 

left leg relative reach (LLRR), right leg relative reach (RLRR), left leg composite reach (LLCR), 

and right leg composite reach (RLCR), were all significantly better among Bhangra dancers. The 

mean differences in balance measures ranged from -7.53 to -12.94, all with p values less than 

0.001, indicating superior balance and stability in Bhangra dancers. 

Flexibility, assessed through the V Sit and Reach test, was also higher in Bhangra dancers 

with a mean difference of 1.36 (t=2.76, p<0.05), reflecting slightly better flexibility. 

Overall, the findings indicate that Bhangra dancers possess significantly better physical 
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characteristics in terms of fitness index, jump height, peak power, and balance measures 

compared to non-dancers. These findings underscore the physical demands and benefits 

associated with Bhangra dance training, highlighting its potential to enhance various aspects of 

physical fitness and performance. 

Table 66 displaying inferential statistics of physical characteristics between the groups 

Variables F Sig. t 
Sig. (2-

tailed) 

Mean 

Difference 

Fitness index 93.15 0.00 14.61 0.00 19.85 

Jump height 5.08 0.03 17.62 0.00 29.06 

Peak power 3.00 0.09 18.03 0.00 2027.59 

Push-up performance 67.94 0.00 -8.19 0.00 -18.60 

Push-up efficacy 19.72 0.00 8.68 0.00 0.63 

Crunches performance 17.47 0.00 3.89 0.00 9.73 

Crunches efficacy 67.59 0.00 -8.16 0.00 -0.76 

LLAR 55.81 0.00 -4.58 0.00 -8.80 

RLAR 76.53 0.00 -3.69 0.00 -7.53 

LLRR 36.66 0.00 -5.61 0.00 -12.94 

RLRR 49.46 0.00 -4.90 0.00 -11.15 

LLCR 36.66 0.00 -5.61 0.00 -12.94 

RLCR 49.46 0.00 -4.90 0.00 -11.15 

V Sit and Reach score 0.82 0.37 2.76 0.01 1.36 

Note: LLAR: left leg absolute reach (cm), RLAR: Right leg absolute reach (cm), LLRR: left 

leg relative reach (%), RLRR: Right leg relative reach (%), LLCR: Left leg composite reach (%), 

RLCR: Right leg composite reach (%) 

 

4.46 Correlation Between Foot variables, Limb variables, Foot Angles, Foot Indices, 

Plantar Pressure, Postural, and Performance Variables of the Bhangra dancers 

Understanding the correlations among foot variables, limb variables, foot angles, foot indices, 

plantar pressure, postural, and performance variables is critical in assessing the biomechanical 

and physiological characteristics specific to Bhangra dancers. These correlations provide insights 

into how foot anatomy, limb dynamics, foot alignment, and indices such as the Foot Posture 

Index (FPI) and plantar pressure distribution influence both postural alignment and physical 

performance metrics crucial for Bhangra dance. By examining these relationships, it becomes 
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possible to tailor training interventions and injury prevention strategies that optimize movement 

efficiency, reduce injury risks, and enhance overall performance outcomes in this specialized 

dance form. 

4.46.1 Correlation between foot variables and demographic variables of Bhangra dancers 

The correlation analysis of various foot characteristics, including foot size, truncated foot size, 

dorsum height, navicular height, and navicular drop, alongside demographic variables such as 

age, weight, height, and BMI, reveals several significant relationships (table 67). The 

correlations between weight and height (r = 0.379, p < 0.01) and weight and BMI (r = 0.728, p 

< 0.01) are both significant, indicating that as individuals' height and weight increase, their BMI 

also tends to increase proportionally. This relationship is expected, as BMI is derived from height 

and weight. However, height is negatively correlated with BMI (r = -0.356, p < 0.01), suggesting 

that taller individuals in this sample may had a lower BMI, which could be due to a greater 

muscle mass or different body composition compared to shorter individuals. 

Foot size measurements, including both left & right foot size, are highly correlated with each 

other (r = 0.997, p < 0.01), reflecting symmetry in foot length. Similarly, truncated foot sizes for 

both feet show a near-perfect correlation (r = 0.998, p < 0.01), which further emphasizes the 

bilateral symmetry of foot dimensions. Moreover, the truncated foot sizes are strongly correlated 

with full foot sizes (r ≈ 0.834, p < 0.01), indicating that truncation does not significantly alter the 

proportional relationship between foot sizes. 

Dorsum height correlations reveal significant relationships with weight (r = 0.286 for the left 

foot, r = 0.294 for the right foot, both p < 0.05), suggesting that individuals with higher weight 

may had greater dorsum heights. The dorsum heights between the left & right feet are also 

strongly correlated (r = 0.748, p < 0.01), reflecting consistency in foot structure between both 

feet. Navicular height shows significant correlations with dorsum height (r = 0.750 for the left 

foot, r = 0.656 for the right foot, both p < 0.01), suggesting a relationship between these two 

anatomical features. 

Navicular drop, which indicates foot arch flexibility, is negatively correlated with dorsum 

height (r = -0.362 for the left foot, r = -0.320 for the right foot, both p < 0.01). This implies that 

greater dorsum height, which is indicative of a higher arch, is associated with lesser navicular 

drop, indicating less flexibility or movement in the arch. Additionally, a weak positive 

correlation exists between navicular drop in the left & right feet (r = 0.323, p < 0.01), suggesting 

some degree of symmetry in arch flexibility between feet. 

The correlations highlight several significant relationships, particularly between bilateral foot 

measurements and between foot characteristics and demographic variables such as weight and 
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BMI. These findings provide insight into the symmetrical nature of foot dimensions and the 

interplay between foot structure and overall body composition.
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Table 67 displaying correlation between foot variables and demographic variables of Bhangra dancers 

Variables Age Weight Height BMI FSL FSR TFL TFR DFL DFR NHL NHR NDL NDR 

Age  1              

Weight  .167 1             

Height  -.049 .379** 1            

BMI  .210 .728** -.356** 1           

FSL -.036 -.008 .164 -.140 1          

FSR -.036 -.020 .157 -.146 .997** 1         

TFL -.074 -.073 .109 -.162 .834** .834** 1        

TFR -.077 -.078 .114 -.169 .836** .836** .998** 1       

DFL .081 .286* -.019 .294* .116 .118 .019 .006 1      

DFR .024 .194 .020 .168 .021 .020 -.055 -.066 .748** 1     

NHL -.012 .210 .022 .184 .174 .175 .134 .122 .750** .508** 1    

NFR -.066 .174 .069 .111 .155 .161 .166 .159 .460** .656** .531** 1   

NDL -.021 -.050 .157 -.174 -.105 -.110 -.097 -.083 -.362** -.320** -.242* -.178 1  

NDR -.100 -.076 .130 -.177 -.093 -.095 -.074 -.071 -.103 -.097 .121 -.016 .323** 1 

Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left, TFR:  Truncated foot right, DHL: Dorsum height left, DHR: Dorsum 

height right, NHL: Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, 
 



206 
 

4.46.2 Correlation between foot variables and limb variables of Bhangra dancers 

The correlation analysis between various measurements, including true and apparent 

lengths, thigh girth, calf girth, and foot characteristics, (table 68) reveals several significant 

relationships that offer valuable insights into the interdependencies among these variables. 

The true lengths of the left & right sides show an extremely high correlation (r = 0.997, p < 

0.01), indicating near-perfect bilateral symmetry. Similarly, the apparent lengths of the left & 

right sides are almost perfectly correlated (r = 0.999, p < 0.01), demonstrating consistent 

measurements across both sides. The apparent lengths also show high correlations with the true 

lengths on the corresponding sides (r = 0.889 for the left, r = 0.887 for the right, both p < 0.01), 

suggesting that apparent lengths are reliable indicators of true lengths. 

Thigh girth measurements on the left & right sides are highly correlated (r = 0.973, p < 

0.01), as are the calf girth measurements (r = 0.994, p < 0.01), indicating strong bilateral 

symmetry. However, the correlations between thigh and calf girth measurements are moderate 

(ranging from r = 0.389 to r = 0.407, all p < 0.01), suggesting that while there is some 

relationship, thigh and calf girths are relatively independent measurements. 

Foot size measurements on both sides are highly correlated with each other (r = 0.329, p < 

0.01), but their correlations with other measurements are generally weak. For instance, foot 

size shows weak correlations with true limb length (r = 0.328 for left, r = 0.329 for right, both 

p < 0.01) and apparent limb length (r = 0.307 to 0.311, all p < 0.01). The correlations between 

foot size and thigh or calf girth measurements are non-significant, indicating that foot size may 

not be directly influenced by limb lengths or girths. 

Truncated foot size measurements also show weak correlations with other measurements. 

For example, the correlation with true limb length is 0.191 for both left & right sides, and with 

apparent length, it is slightly lower (ranging from 0.154 to 0.162). The correlations with thigh 

and calf girths are non-significant, suggesting that truncated foot sizes are not strongly related 

to these measurements. 

Dorsum height measurements on the left & right sides show moderate to strong correlations 

with apparent lengths (r = 0.364 for left, r = 0.373 for right, both p < 0.01) and significant 

correlations with calf girths (r = 0.508 for left, r = 0.425 for right, both p < 0.01). This suggests 

that dorsum height is somewhat related to both foot length and calf girth. 

Navicular height, a measure often associated with arch height, shows some moderate 

correlations with dorsum height (r = 0.309 for left, r = 0.342 for right, both p < 0.01), indicating 

a relationship between these two measurements. However, the correlations between navicular 
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height and true or apparent lengths, as well as thigh and calf girths, are generally weak or non-

significant. 

Navicular drop, which measures the flexibility of the arch, shows significant negative 

correlations with apparent limb length (r = -0.230 for left, r = -0.234 for right, both p < 0.01) 

and calf girth (r = -0.310 for left, r = -0.300 for right, p < 0.01 and p < 0.05 respectively). This 

indicates that greater navicular drop, indicative of a more flexible or lower arch, is associated 

with lower apparent lengths and smaller calf girths.  

The analysis highlights significant bilateral symmetry in true and apparent limb lengths, 

thigh and calf girths, and foot characteristics. The relationships between limb lengths, girths, 

and foot measurements provide insights into the proportionality and functional anatomy of the 

lower limbs. These findings can inform further studies on the biomechanics and clinical 

assessments of limb and foot characteristics. 

Table 68 displaying correlation between foot variables and limb variables of Bhangra dancers 

Variables TLLL TLLR ALLL ALLR TGL TGR CGL CGR 

TLLL 1        

TLLR .997** 1       

ALLL .889** .887** 1      

ALLR .884** .883** .999** 1     

TGL .126 .116 .229 .231 1    

TGR .115 .104 .211 .212 .973** 1   

CGL .155 .148 .487** .505** .393** .407** 1  

CGR .129 .122 .457** .474** .389** .420** .994** 1 

FSL .328** .329** .307** .311** -.034 -.044 .185 .186 

FSR .329** .330** .306* .309** -.038 -.049 .180 .178 

TFL .191 .189 .160 .162 -.040 -.039 .058 .064 

TFR .191 .189 .154 .155 -.043 -.041 .048 .054 

DFL .139 .128 .364** .370** .157 .161 .508** .496** 

DFR .189 .183 .373** .375** .171 .172 .425** .411** 

NHL .019 .015 .126 .138 -.085 -.065 .309** .307** 

NFR -.015 .006 .153 .159 .073 .053 .342** .334** 

NDL -.044 -.034 -.230 -.234 .035 .055 -.310** -.300* 

NDR -.028 -.016 -.074 -.060 -.123 -.040 -.021 -.006 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 

0.05 level (2-tailed).  
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Note: TLLL: True limb length left, TLLR: True limb length right, ALLL: Apparent limb length 

left, ALLR: Apparent limb length right, TGL: Thigh Girth left, TGR: Thigh Girth right, CGL: 

Calf Girth left, CGR: Calf Girth right, Foot size left, FSR: Foot size right, TFL:  Truncated foot 

left, TFR:  Truncated foot right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: 

Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular 

drop right. 
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4.46.3 Correlation between foot variables and angles of Bhangra dancers 

The correlation analysis between various foot angles (Left Clarks angle (LCA), Right Clarks 

angle (RCA), Left Medial Longitudinal angle (LMLA), Right Medial Longitudinal angle 

(RMLA), Left Torsion angle (LTA), Right Torsion angle (RTA), Left Rear-foot angle (LRFA), 

Right Rear-foot angle (RRFA)) and other foot and lower limb measurements reveals several 

important relationships (table 69). 

Foot sizes, both left & right, show weak and generally non-significant correlations with the 

foot angles. For instance, the correlation between left foot size and LCA is -0.158, and with 

RCA is -0.079, neither of which is significant. Similar weak correlations are observed for the 

right foot size with these angles. This indicates that foot size may not have a substantial impact 

on the measured angles of the foot. 

Truncated foot sizes display slightly stronger correlations with foot angles, though still not 

statistically significant for most angles. For example, the left truncated foot size correlates -

0.218 with LCA and -0.077 with RCA, indicating a weak negative relationship. 

Dorsum height on the left foot shows a significant positive correlation with RTA (r = 0.255, 

p < 0.05), suggesting that individuals with higher dorsum height may had a larger right torsion 

angle. Dorsum height on the right foot, however, does not show significant correlations with 

any foot angles. 

Navicular height, which measures the height of the navicular bone and thus the arch of the 

foot, shows generally weak and non-significant correlations with the foot angles, indicating 

that navicular height may not strongly influence these specific foot angles. 

Navicular drop, which reflects the flexibility of the foot arch, shows some notable 

correlations. The left navicular drop is significantly negatively correlated with the left torsion 

angle (r = -0.314, p < 0.01) and right torsion angle (r = -0.261, p < 0.05). This suggests that 

greater navicular drop, indicating a more flexible arch, is associated with smaller torsion 

angles, implying a relationship between arch flexibility and torsion of the foot. 

When examining the inter-relationships between the foot angles themselves, several 

significant correlations emerge. The left & right Clarks angles (LCA and RCA) are strongly 

correlated (r = 0.698, p < 0.01), suggesting symmetry between the two feet. The left medial 

longitudinal angle (LMLA) and right medial longitudinal angle (RMLA) are also significantly 

correlated (r = 0.601, p < 0.01), further emphasizing bilateral symmetry in these angles. 

The left torsion angle (LTA) and right torsion angle (RTA) show a significant correlation (r 

= 0.459, p < 0.01), indicating a bilateral relationship in foot torsion. Additionally, the left 
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torsion angle is significantly negatively correlated with RMLA (r = -0.292, p < 0.05), 

suggesting that changes in the medial longitudinal angle might affect torsion. 

Finally, the left & right rear-foot angles (LRFA and RRFA) exhibit a strong correlation (r = 

0.594, p < 0.01), indicating a high degree of symmetry in rear-foot angles between the two feet. 

The correlation analysis highlights significant relationships primarily within the foot angles 

themselves, underscoring the bilateral symmetry of these measurements. While foot sizes and 

truncated foot sizes show weak correlations with foot angles, dorsum height, and navicular 

drop reveal some noteworthy associations with specific angles. These findings enhance our 

understanding of the interplay between foot structure and foot angles, providing a foundation 

for further biomechanical and clinical research. 

Table 69 displaying correlation between foot variables and angles of Bhangra dancers 

Variables 
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FSL -.158 -.079 -.012 .060 -.119 -.057 -.097 -.144 

FSR -.161 -.078 -.010 .060 -.108 -.057 -.088 -.147 

TFL -.218 -.077 -.088 .006 -.041 -.018 -.117 -.095 

TFR -.216 -.073 -.085 .011 -.043 -.011 -.126 -.101 

DFL -.087 -.161 .025 -.085 .110 .255* .052 .184 

DFR .040 -.103 .024 -.034 .113 .152 -.013 .183 

NHL -.114 -.024 -.071 -.064 -.012 .087 -.030 .005 

NFR .015 .109 .111 .049 .048 .157 -.203 -.050 

NDL .109 .191 .062 .099 -.314** -.261* -.093 -.225 

NDR -.085 .006 .003 .211 -.147 -.090 -.292* -.248* 

LCA  1 .698** .023 -.090 -.108 -.137 .030 .106 

RCA   1 .102 .028 -.195 -.136 -.083 -.103 

LMLA    1 .601** -.082 .102 .131 .177 

RMLA     1 -.292* -.069 .021 .019 

LTA      1 .459** .142 .295* 

RTA       1 -.046 .156 

LRFA        1 .594** 

RRFA         1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 

0.05 level (2-tailed).  
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Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left, TFR:  Truncated foot 

right, DHL: Dorsum height left, DHR: Dorsum height right, NHL: Navicular height left, NHR: 

Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, LCA: Left Clarks 

angle, RCA: Right Clarks angle, LMLA: Left Medial Longitudinal angle, RMLA: Right 

Medial Longitudinal angle, LTA: Left Torsion angle, RTA: Left Torsion angle, LRFA: Left 

Rear-foot angle, RRFA: Right Rear-foot angle 
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4.46.4 Correlation between foot variables and indices of Bhangra dancers 

The correlation analysis between foot measurements and indices related to foot posture and 

arch height reveals several significant relationships. Foot size, both left & right, shows weak 

to moderate correlations with various indices (table 70). Specifically, the correlation between 

foot size and the Left Arch Index (LAI) is -0.234 for the left and -0.231 for the right, while the 

correlation with the Right Arch Index (RAI) is -0.360 for both sides, indicating that larger foot 

sizes are associated with lower arch indices. This relationship is statistically significant at the 

0.01 level for the RAI. 

Truncated foot size also shows significant negative correlations with the arch indices. The 

correlation with LAI is -0.389 for the left and -0.400 for the right, and with RAI, it is -0.498 

for the left and -0.508 for the right, all significant at the 0.01 level. These results suggest that a 

larger truncated foot size is associated with a lower arch height. 

Dorsum height, an indicator of the height of the foot's arch, shows very strong correlations 

with the arch indices. The correlations with LAI are 0.907 for the left and 0.724 for the right, 

and with RAI, they are 0.650 for the left and 0.886 for the right, all significant at the 0.01 level. 

This strong relationship indicates that a higher dorsum height corresponds to a higher arch 

index. 

Navicular height, another measure related to arch height, shows moderate correlations with 

the arch indices. For LAI, the correlations are 0.642 for the left and 0.352 for the right, and for 

RAI, they are 0.401 for the left and 0.477 for the right, all significant at the 0.01 level. These 

results suggest that higher navicular heights are associated with higher arch indices. 

Navicular drop, a measure of arch flexibility, shows significant negative correlations with 

both LAI and RAI. For LAI, the correlations are -0.289 for the left and -0.059 for the right, and 

for RAI, they are -0.236 for the left and -0.057 for the right. The negative correlations indicate 

that a greater navicular drop, which suggests more flexible or lower arches, is associated with 

lower arch indices. 

The correlations between the Staheli Indices (LSI and RSI) and the Chippaux Smirak 

Indices (LCSI and RCSI) are high, with LSI and RSI showing a correlation of 0.646 and LCSI 

and RCSI showing a correlation of 0.665, all significant at the 0.01 level. This suggests that 

these indices are related measures of foot posture and arch height. 

The Foot Posture Index Scores (LFPIS and RFPIS) show moderate correlations with RSI 

(0.306) and LSI (0.063), indicating that higher foot posture scores are associated with higher 

Staheli Indices. The correlation between LFPIS and RFPIS is 0.477, indicating that foot posture 
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scores on the left & right sides are moderately related. 

In summary, the correlation analysis highlights significant relationships between foot size, 

truncated foot size, dorsum height, navicular height, and navicular drop with various foot 

posture and arch height indices. These findings provide insights into how different 

measurements of foot dimensions and posture are interrelated and can inform further research 

on foot biomechanics and clinical assessments.  

Table 70 displaying correlation between foot variables and indices of Bhangra dancers 

Variables LSI RSI LCSI RCSI LAI RAI LFPIS RFPIS 

FSL .029 .163 .045 .099 -.234 -.360** .105 .045 

FSR .036 .166 .055 .106 -.231 -.360** .100 .058 

TFL .034 .126 .019 .075 -.389** -.498** .197 .064 

TFR .031 .123 .014 .073 -.400** -.508** .193 .065 

DFL .162 .138 .199 .166 .907** .650** .159 .179 

DFR .099 .061 .111 .069 .724** .886** .221 .170 

NHL -.016 .015 .011 .002 .642** .401** .015 .077 

NFR -.066 -.088 -.052 -.099 .352** .477** .004 .076 

NDL -.188 -.184 -.285* -.205 -.289* -.236* -.062 -.151 

NDR .055 .084 .015 -.022 -.059 -.057 -.107 -.031 

LSI 1 .646** .920** .699** .106 .037 .063 .008 

RSI   1 .561** .929** .055 -.024 .306** .236* 

LCSI     1 .665** .146 .053 -.034 .039 

RCSI       1 .100 .005 .225 .210 

LAI         1 .821** .074 .148 

RAI           1 .114 .135 

LFPIS             1 .477** 

RFPIS               1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 

0.05 level (2-tailed).  
Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left,  TFR:  Truncated foot 

right,  DHL: Dorsum height left, DHR: Dorsum height right, NHL: Navicular height left, NHR: 

Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right,  LSI: Left Staheli 

Index, RSI: Right Staheli Index, LCSI: Left Chippaux Smirak Index, RCSI: Right Chippaux 

Smirak Index, LAI: Left Arch Index, RAI: Right Arch Index, LFPIS: Left Foot Posture Index 

Score, RFPIS: Right foot Posture Index Score 
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4.46.5 Correlation between foot variables and plantar pressure (static) variables of 

Bhangra dancers 

The table 71 provides a detailed exploration of correlations between various foot dimensions 

and static plantar pressure variables, offering insights into foot biomechanics and pressure 

distribution during static standing conditions. 

Foot size measurements, both left & right, show moderate positive correlations with total 

left foot area (TLFA) and average pressure (TLFAP). Specifically, foot size left (cm) correlates 

positively with TLFA (0.151) and negatively with TLFAP (-0.096), indicating that larger foot 

sizes are associated with greater foot area and lower average pressure. Similarly, foot size right 

(cm) exhibits similar trends with TLFA (0.161) and TLFAP (-0.102). 

Truncated foot sizes demonstrate varied associations with static pressure variables. 

Truncated foot size left (cm) shows positive correlations with total left foot maximum pressure 

(TLFMP) and thrust (TLFTH), suggesting that smaller, truncated measurements may influence 

maximum pressure and thrust dynamics during static standing. Truncated foot size right (cm) 

also displays similar trends with TLFMP and TLFTH. 

Dorsum height measurements reveal more significant associations with static pressure 

variables. Left dorsum height (cm) correlates notably with total right foot area (TRFA) and 

total left foot weight-bearing (TLFW), indicating that higher left dorsum heights may influence 

foot weight-bearing capacity and overall foot area. Meanwhile, right dorsum height (cm) shows 

positive correlations with TLFA (0.147), TRFA (0.083), and TRFW (0.145), suggesting that 

greater dorsum heights on the right foot are associated with larger foot areas and enhanced 

weight-bearing capabilities. 

In contrast, navicular height measurements show weaker correlations with static pressure 

variables. Left navicular height (cm) has a slight negative correlation with TLFA (-0.016), 

while right navicular height (cm) exhibits minimal positive correlations with TLFA (0.011), 

indicating limited influence on total foot area during static standing conditions. 

Navicular drop measurements demonstrate varied associations across the left & right feet. 

Left navicular drop (mm) correlates negatively with TLFA (-0.230) and positively with TLFAP 

(0.196), suggesting that higher drops on the left foot may correspond to smaller foot areas and 

higher average pressures. Conversely, right navicular drop (mm) shows weaker correlations 

with static pressure variables, indicating less pronounced effects compared to the left foot. 

Overall, these findings underscore the complex relationship between foot structural 

dimensions and static plantar pressure variables. They provide valuable insights into how foot 
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morphology influences pressure distribution dynamics during static standing, which are crucial 

for understanding foot biomechanics and informing clinical assessments and interventions 

aimed at optimizing foot function and health. 

Table 71 displaying correlation between foot variables and plantar pressure variables of Bhangra dancers 

Variables LA LMP LAP LTH LW RA RMP RAP RT RW 

FSL .151 -.096 -.045 -.011 .113 .013 .118 .069 .011 .086 

FSR .161 -.102 -.055 -.011 .120 .021 .116 .060 .011 .090 

TFL .115 -.078 -.010 -.046 .096 .073 .147 .024 .046 .117 

TFR .114 -.085 -.018 -.057 .091 .076 .149 .026 .057 .125 

DFL .097 -.053 -.065 .048 -.024 .040 -.128 -.127 -.048 -.036 

DFR .147 -.064 -.092 .020 .083 .145 -.132 -.136 -.020 .067 

NHL .012 -.043 -.030 -.012 -.118 -.009 -.017 -.037 .012 -.035 

NFR -.016 -.023 .050 .027 .011 .008 .008 -.002 -.027 -.008 

NDL -.230 -.033 .031 -.141 -.258* -.113 .119 .196 .141 -.030 

NDR .089 -.221 -.228 -.143 -.174 .040 .102 -.009 .143 .030 

TLFA 1 -.608** -.776** -.301* .561** .777** -.110 -.455** .301* .664** 

TLFMP  1 .875** .693** .080 -.720** .163 .460** -.693** -.675** 

TLFAP   1 .631** -.001 -.762** .099 .489** -.631** -.664** 

TLFTH    1 .365** -.644** -.312** .046 -1.000** -.816** 

TLFW     1 .285* -.251* -.235 -.365** .216 

TRFA      1 -.208 -.621** .644** .857** 

TRFMP       1 .755** .312** .171 

TRFAP        1 -.046 -.185 

TRFTH         1 .816** 

TRFW          1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 

0.05 level (2-tailed).  
Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left,  TFR:  Truncated foot 

right,  DHL: Dorsum height left, DHR: Dorsum height right, NHL: Navicular height left, NHR: 

Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, TLFA: Total 

Left Foot Area, TLFAP: Total Left Foot Average Pressure, TLFMP: Total Left Foot Maximum 

Pressure, TLFTH: Total Left Foot Thrust, TLFW: Total Left Foot weight bearing, TRFA: Total 

Right Foot Area, TRFAP: Total Right Foot Average Pressure, TRFMP: Total Right Foot 

Maximum Pressure, TRFTH: Total Right Foot Thrust, TRFW: Total Right Foot Weight 

Bearing 
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4.46.6 Correlation between foot variables and plantar pressure (dynamic) variables of 

Bhangra dancers 

The table 72 presents correlations between foot dimensions and dynamic plantar pressure 

variables, providing insights into how foot morphology influences pressure distribution during 

walking.  

Foot size measurements (left & right) demonstrate various correlations with dynamic plantar 

pressure variables. Foot size left (cm) shows significant negative correlations with AreaStep1 

(-0.144, p < 0.05), AreaStep2 (0.006, not significant), and AreaStep3 (0.025, not significant), 

indicating potential links between larger foot sizes and reduced foot area during specific 

stepping phases. Similarly, foot size right (cm) exhibits significant negative correlations with 

AreaStep1 (-0.164, p < 0.01), AreaStep2 (-0.013, not significant), and AreaStep3 (0.002, not 

significant), suggesting a similar trend with the right foot. 

Truncated foot sizes also display associations with dynamic pressure variables. Truncated 

foot size left (cm) correlates positively with AGPStep1 (0.187, p < 0.01) and AGPStep2 (-

0.051, not significant), implying that smaller truncated measurements may affect higher 

average pressures during specific stepping phases. Truncated foot size right (cm) shows similar 

positive correlations with AGPStep1 (0.194, p < 0.01) and AGPStep2 (-0.045, not significant), 

suggesting a comparable influence on average pressures. 

Dorsum height measurements reveal significant correlations with several dynamic pressure 

variables. Left dorsum height (cm) correlates positively with AGPStep1 (0.327**, p < 0.01) 

and AGPStep2 (0.561**, p < 0.01), indicating that higher left dorsum heights are associated 

with higher average pressures during specific stepping phases. Right dorsum height (cm) shows 

similar positive correlations with AGPStep1 (0.119, not significant) and AGPStep2 (0.083, not 

significant), suggesting a parallel effect on average pressures during stepping. 

Navicular height measurements exhibit mixed correlations with dynamic pressure variables. 

Left navicular height (cm) demonstrates a significant positive correlation with AGPStep1 

(0.379**, p < 0.01) and AGPStep2 (-0.171, not significant), suggesting that higher left 

navicular heights may influence higher average pressures during specific stepping phases. 

Right navicular height (cm) shows a significant positive correlation with AGPStep1 (0.143, p 

< 0.05) and a non-significant correlation with AGPStep2 (0.018, not significant), indicating a 

potential asymmetry in pressure distribution between feet. 

Navicular drop measurements also indicate significant associations with dynamic pressure 

variables. Left navicular drop (mm) correlates negatively with AGPStep1 (-0.230*, p < 0.05) 
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and positively with AGPStep2 (0.161, not significant), suggesting that greater drop values may 

affect average pressures during specific stepping phases. Right navicular drop (mm) shows a 

significant positive correlation with AGPStep1 (0.109, p < 0.05) and a non-significant 

correlation with AGPStep2 (0.068, not significant), indicating a potential influence on pressure 

distribution patterns. 

Overall, these correlations highlight how specific foot dimensions, such as size, truncated 

measurements, dorsum height, navicular height, and navicular drop, contribute to variations in 

dynamic plantar pressure distribution during walking phases. The significance levels indicate 

the robustness of these associations, underscoring their relevance in understanding 

biomechanical factors affecting foot function and pressure distribution dynamics. 
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Table 72 displaying correlation between foot variables and plantar pressure (dynamic) variables of Bhangra dancers 
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FSL -.144 .006 .025 -.098 -.022 -.007 -.141 .081 .027 .187 -.051 .202 .233 -.220 -.182 .066 -.097 .237* .120 .125 -.081 

FSR -.164 -.013 .002 -.092 -.017 .003 -.137 .084 .038 .194 -.045 .218 .244* -.223 -.178 .065 -.090 .245* .127 .127 -.069 

TFL -.065 .073 .073 -.040 -.039 -.054 -.088 .141 -.027 .028 -.127 .179 .075 -.072 -.117 .040 -.131 .100 .006 -.021 -.174 

TFR -.081 .059 .064 -.028 -.037 -.052 -.086 .145 -.042 .020 -.119 .183 .080 -.071 -.120 .040 -.137 .102 .014 -.020 -.178 

DFL .017 .082 -.017 -.012 -.040 .084 .096 .105 .127 .327** -.051 -.298* .087 -.091 -.013 .182 .154 -.137 -.147 .144 .051 

DFR .096 .148 .100 .032 .026 .009 .067 .142 .132 .119 -.150 -.253* .082 -.141 -.128 .076 .012 -.148 -.038 .010 -.076 

NHL .138 .159 -.022 -.025 -.092 -.039 .170 .065 .018 .379** -.171 -.079 .067 -.047 -.044 .068 .029 .010 -.053 .031 -.068 

NFR .129 .119 -.011 .025 -.058 -.107 .089 .100 .019 .143 -.188 .018 .213 -.152 -.132 -.022 -.153 .055 .020 -.030 -.224 

NDL -.011 -.093 -.036 .038 .051 .010 -.112 .153 -.140 .085 .161 .026 .079 -.040 .002 .048 -.014 .131 .047 .125 .085 

NDR .109 .060 .142 -.068 -.072 .031 -.106 -.033 -.023 .131 .068 .081 -.003 -.104 .087 .038 -.196 .170 .394** .149 -.013 

AreaSte

p1 
1 .757** .649** -.235* -.081 -.340** -.024 .023 -.009 .012 -.019 -.146 .215 .020 .168 .108 -.069 .000 .041 -.054 -.099 

AreaSte

p2 
 1 .755** -.331** .043 -.329** -.002 .159 .027 .007 -.089 -.047 .289* -.169 .211 .069 -.127 .024 .085 -.060 -.140 

AreaSte

p3 
  1 -.268* -.031 -.184 -.148 .132 .054 -.071 -.118 -.100 .148 -.057 .032 .072 -.167 .088 .204 -.063 -.122 

AGPSte

p1 
   1 .320** .528** .531** .287* .111 .075 .056 -.110 -.082 -.051 -.130 .016 -.016 -.105 -.044 .007 -.056 

AGPSte

p2 
    1 .470** .262* .537** .237* -.055 -.114 -.102 .173 -.246* -.016 -.074 -.104 .032 -.019 -.039 -.058 

AGPSte

p3 
     1 .259* .251* .611** .031 -.037 -.231 .034 -.207 -.193 .048 .067 -.093 -.043 .044 .025 

MPStep

1 
      1 .225 .173 .107 -.051 -.034 -.044 -.020 -.026 .055 .072 -.077 .042 .001 -.106 
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MPStep

2 
       1 .063 -.065 -.116 -.051 .239* -.129 .045 -.086 -.079 .036 .063 -.161 -.076 

MPStep

3 
        1 .078 .030 -.105 .005 -.356** -.057 .129 .170 .015 -.026 .043 .075 

LSTD          1 .354** .025 .031 -.142 .026 .562** .502** .105 -.090 .652** .572** 

RSTD           1 -.016 .076 -.101 .297* .439** .621** .115 -.042 .579** .670** 

LSL            1 .205 .246* .077 -.146 -.053 .381** .461** .011 -.057 

RSL             1 -.294* -.106 .100 .039 .245* .283* .128 .065 

LTO              1 .257* -.097 -.002 -.099 .037 -.111 -.081 

RTO               1 .040 .095 .103 .092 .139 .223 

LSRD                1 .595** -.291* -.250* .809** .423** 

RSRD                 1 -.230 -.430** .503** .724** 

LSTL                  1 .646** .039 .117 

RSTL                   1 -.041 -.100 

LGCD                    1 .516** 

RGCD                     1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).  

Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left,  TFR:  Truncated foot right,  DHL: Dorsum height left, DHR: Dorsum 

height right, NHL: Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, AGP: Average 

Pressure, MP: Maximal Pressure, LSTD: Left Step duration, RSTD: Right Step duration, LSL: Left step length, RSL: Right step length, LTO: 

Left Toe-out, RTO: Right Toe-out, LSRD: Left stride duration, RSRD: Right stride duration, LSTL: Left stride length, RSTL: Right stride length, 

LGCD: Left Gait cycle duration, RGCD: Right Gait cycle duration 
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4.46.7 Correlation between foot variables and postural variables of Bhangra dancers 

The correlation analysis reveals various significant relationships between foot characteristics 

and body alignment measurements given in table 73.  

Foot size, both left & right, does not show any significant correlations with the alignment 

and angle measurements. Specifically, the correlations are weak and non-significant across all 

measured parameters. Truncated foot size, both left & right, also shows no significant 

correlations with alignment and angle measurements, with all correlation coefficients being 

weak and non-significant. 

Dorsum height left (cm) demonstrates significant positive correlations with several 

alignment measures: Horizontal Alignment of the Head (HAH) (r = .349, p < .01), Horizontal 

Alignment of the Acromion (HAA) (r = .253, p < .05), and Left Shoulder Angle (LSA) (r = 

.241, p < .05). Dorsum height right (cm) shows significant positive correlations with HAH (r 

= .272, p < .05) and Horizontal Alignment of ASIS (HAAS) (r = .237, p < .05). 

Navicular height left (cm) does not show any significant correlations with alignment and 

angle measurements. Navicular height right (cm) shows significant positive correlations with 

Right Genu Recurvatum (RGR) (r = .255, p < .05) and Left Genu Recurvatum (LGR) (r = .292, 

p < .05). Navicular drop left (mm) and right (mm) both exhibit mostly weak and non-significant 

correlations. However, Navicular drop right (mm) shows a significant negative correlation with 

Right Genu Recurvatum (RGR) (r = -.277, p < .05). 

Horizontal Alignment of the Head (HAH) shows a positive correlation with Horizontal 

Alignment of the Acromion (HAA) (r = .260, p < .05) and a positive correlation with Lateral 

Trunk Alignment (LTA) (r = .317, p < .01). HAA shows a significant correlation with Left 

Quadriceps Angle (LQA) (r = -.279, p < .05), Right Genu Recurvatum (RGR) (r = .294, p < 

.05), and Left Genu Recurvatum (LGR) (r = .365, p < .01). 

Horizontal Alignment of ASIS (HAAS) shows a significant negative correlation with LTA 

(r = -.670, p < .01). LQA shows a significant negative correlation with Right Quadriceps Angle 

(RQA) (r = .296, p < .05). Left Rear-foot Angle (LRA) shows a significant positive correlation 

with Left Quadriceps Angle (LQA) (r = .245, p < .05) and a negative correlation with Right 

Quadriceps Angle (RQA) (r = -.296, p < .05). Right Forward Head Angle (RFHA) shows a 

significant positive correlation with Right Genu Recurvatum (RGR) (r = .702, p < .01). Right 

Shoulder Angle (RSA) shows a significant positive correlation with Left Shoulder Angle 

(LSA) (r = .328, p < .01). RGR shows significant positive correlations with Right Genu 

Recurvatum (RGR) (r = .591, p < .01) and Left Forward Head Angle (LFHA) (r = .260, p < 

.05).
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Table 73 displaying correlation between foot variables and postural variables of Bhangra dancers 

Variables HAH HAA HAAS LTA LQA RQA RFHA RSA RGR LFHA LSA LGR 

FSL -.105 -.020 -.065 .012 .152 .127 .136 -.064 .005 -.032 .068 -.036 

FSR -.097 -.023 -.059 .004 .163 .150 .115 -.059 .004 -.039 .066 -.031 

TFL -.037 -.074 -.081 .016 .019 .077 .076 -.093 .054 .004 -.084 -.036 

TFR -.041 -.065 -.078 .020 .010 .086 .072 -.102 .055 -.009 -.070 -.031 

DFL .349** .253* .181 .001 -.143 -.081 -.225 .096 .165 -.051 .200 .241* 

DFR .272* .226 .237* -.055 -.042 -.035 -.186 .056 .111 -.090 .101 .176 

NHL .080 .113 .056 .033 -.018 -.198 -.152 .023 .172 -.077 .153 .206 

NFR .070 .100 .173 -.116 -.169 -.105 -.061 -.123 .255* -.028 .107 .292* 

NDL -.169 .073 -.185 .207 .043 .114 -.030 -.032 .045 -.059 -.085 -.101 

NDR -.152 .172 -.022 .158 .053 -.055 -.125 -.110 .172 -.277* -.004 .047 

HAH 1 .260* -.158 .317** -.225 .101 -.195 .105 .082 -.048 -.036 .231 

HAA  1 .185 .548** -.279* .177 .021 .156 .294* -.028 .365** .229 

HAAS   1 -.670** -.115 .193 -.181 .014 .015 -.133 .142 .114 

LTA    1 -.068 -.061 .187 .110 .187 .095 .113 .030 

LQA     1 .003 .043 .245* -.296* -.093 -.089 -.213 

RQA      1 -.069 -.035 -.068 -.084 .004 -.208 

RFHA       1 -.168 -.214 .702** -.113 -.237* 

RSA        1 .126 -.012 .328** .143 

RGR         1 -.155 .260* .591** 
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LFHA          1 -.142 -.161 

LSA           1 .173 

LGR            1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).  

Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left,  TFR:  Truncated foot right,  DHL: Dorsum height left, DHR: Dorsum 

height right, NHL: Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, HAH: Horizontal 

alignment of the head, HAA: Horizontal alignment of the acromion, HAAS: Horizontal alignment of ASIS (anterior superior iliac spine), LTA: 

Lateral truck alignment, LQA: left quadriceps angle, RQA: Right Quadriceps angle, LRA: Left Rear-foot angle, RRA: right Rear-foot angle, 

RFHA: Right forward head angle, RSA: Right shoulder angle, RGR: Right genu recurvatum, LFHA: Left forward head angle, LSA: Left Shoulder 

angle, LGR: Left Genu recurvatum 
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4.46.8 Correlation between foot variables and performance variables of Bhangra dancers 

The analysis reveals several significant relationships between foot measurements and 

performance metrics in Bhangra dancers (table 74). Foot size (FSL and FSR) shows significant 

negative correlations with push-up performance (PUP) (-.296* and -.298*), and positive 

correlations with push-up efficiency (PUE) (.296* and .300*), indicating that larger foot size 

might be associated with better push-up efficiency but lower performance. Truncated foot 

length (TFL and TFR) follows a similar pattern with push-up efficiency (.278* and .285*) and 

performance (-.267* and -.272*).  

Dorsum height (DFL and DFR) mostly shows weak correlations, with DFR having a 

positive correlation with V sit and reach (VSR) (.22), suggesting better flexibility with higher 

dorsum height. Navicular height (NHL and NFR) demonstrates weak correlations, indicating 

limited impact on performance outcomes. However, navicular drop (NDL) has a significant 

negative correlation with VSR (-.257*), indicating that greater navicular drop is associated with 

reduced flexibility. 

Fitness Index (FI) is positively correlated with left & right leg relative reach (LLRR and 

RLRR) (.253* and .261*), suggesting higher fitness levels enhance reach performance. Jump 

height (JH) and push-up performance (PP) are highly correlated (.892**), showing that 

improved jumping ability is associated with better push-up performance. 

Push-up performance (PUP) and push-up efficiency (PUE) exhibit a strong negative 

correlation (-.991**), as do PUP with crunches efficiency (CRE) (-.989**) and PUE with 

crunches performance (CRP) (-.993**), indicating that higher performance in one aspect often 

leads to lower efficiency in another. CRP and CRE also show a strong negative correlation (-

.996**), emphasizing the trade-off between performance and efficiency in crunches. 

Leg reach tests (LLAR, RLAR, LLRR, RLRR, LLCR, RLCR) are highly correlated with 

each other, reflecting consistent performance across these tests. The V sit and reach score 

(VSR) shows a positive correlation with DFR (.22) and a negative correlation with NDL (-

.257*), indicating that better flexibility is associated with higher dorsum height and lower 

navicular drop
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Table 74 displaying correlation between foot variables and performance variables of Bhangra dancers 

 Variables FI JH PP PUP PUE CRP CRE LLAR RLAR LLRR RLRR LLCR RLCR VSR 

FSL 0.08 -0.12 -0.11 -.296* .296* -.285* .279* 0.03 0.02 -.285* -.286* -.285* -.286* 0.12 

FSR 0.08 -0.13 -0.12 -.298* .300* -.287* .283* 0.04 0.04 -.277* -.279* -.277* -.279* 0.13 

TFL -0.07 -0.08 -0.10 -.267* .278* -.257* .258* 0.07 0.07 -0.15 -0.15 -0.15 -0.15 0.12 

TFR -0.06 -0.09 -0.12 -.272* .285* -.263* .265* 0.08 0.08 -0.15 -0.14 -0.15 -0.14 0.11 

DFL -0.02 0.06 0.18 -0.10 0.07 -0.10 0.08 0.01 0.01 -0.14 -0.13 -0.14 -0.13 0.19 

DFR -0.01 0.04 0.12 -0.10 0.10 -0.11 0.11 0.10 0.10 -0.14 -0.14 -0.14 -0.14 0.22 

NHL 0.04 -0.01 0.09 0.01 -0.05 0.02 -0.04 -0.04 -0.04 -0.05 -0.04 -0.05 -0.04 0.14 

NFR 0.01 -0.03 0.05 -0.08 0.09 -0.08 0.08 -0.07 -0.07 -0.04 -0.06 -0.04 -0.06 0.20 

NDL -0.03 -0.02 -0.04 -0.03 0.02 -0.02 0.01 0.00 0.01 0.03 0.02 0.03 0.02 -.257* 

NDR 0.07 0.07 0.03 0.04 -0.07 0.05 -0.06 -0.08 -0.08 -0.03 -0.04 -0.03 -0.04 -0.07 

FI 1.00 0.03 0.08 -0.04 0.05 -0.05 0.06 0.12 0.12 .253* .261* .253* .261* 0.08 

JH   1.00 .892** 0.01 -0.01 0.01 0.00 0.03 0.02 0.05 0.04 0.05 0.04 0.17 

PP     1.00 0.07 -0.08 0.07 -0.06 0.02 0.02 0.01 0.01 0.01 0.01 0.14 

PUP       1.00 -.991** .997** -.989** -0.18 -0.18 0.10 0.09 0.10 0.09 0.02 

PUE         1.00 -.993** .996** 0.20 0.20 -0.09 -0.09 -0.09 -0.09 -0.01 

CRP           1.00 -.996** -0.18 -0.18 0.09 0.08 0.09 0.08 0.02 

CRE             1.00 0.19 0.19 -0.08 -0.08 -0.08 -0.08 -0.01 

LLAR               1.00 1.000** .410** .410** .410** .410** 0.02 

RLAR                 1.00 .412** .412** .412** .412** 0.01 
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LLRR                   1.00 .997** 1.000** .997** 0.06 

RLRR                     1.00 .997** 1.000** 0.06 

LLCR                       1.00 .997** 0.06 

RLCR                         1.00 0.06 

VSR                           1.00 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).  

Note: FSL: Foot size left, FSR: Foot size right, TFL: Truncated foot left,  TFR:  Truncated foot right,  DHL: Dorsum height left, DHR: Dorsum 

height right, NHL: Navicular height left, NHR: Navicular height right, NDL: Navicular drop left, NDR: Navicular drop right, FI: Fitness Index, 

JH: Jump height, PUP: Push-up performance, PUE: push-up efficiency, CRP: Crunches performances, CRE: Crunches efficiency, LLAR: Left leg 

absolute reach, RLAR: Right leg absolute reach, LLRR: Left leg relative reach, RLRR: Right leg relative reach, LLCR: Left leg composite reach, 

RLCR: Right leg composite reach, VSR: V sit and reach score  
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4.47 Regression analysis  

 

The study aims to analyze the relationship between various biomechanical characteristics of the 

foot and the plantar pressure distribution in Bhangra dancers. This can help understand how the 

unique movements in Bhangra dancing impact the feet and potentially lead to injury or inform 

better training practices. The regression analysis was used to explore how different factors 

(independent variables) such as age, weight, height, BMI, duration of dancing experience, affect 

the plantar pressure distribution (dependent variable) in Bhangra dancers. 

4.47.1 Regression analysis between age, weight, height, BMI, dancing experience and foot 

variables: 

The regression analyses for left & right foot measurements both show that none of the predictors—

age, weight, height, BMI, and experience—are statistically significant. For left foot size, the 

constant term is 96.59 (SE = 59.65, t = 1.619, p = .110), with age (β = 0.251, SE = 0.191, t = 1.313, 

p = .194), weight (β = 0.556, SE = 0.422, t = 1.317, p = .192), height (β = -0.408, SE = 0.339, t = 

-1.203, p = .234), BMI (β = -1.830, SE = 1.308, t = -1.399, p = .166), and experience (β = -0.302, 

SE = 0.218, t = -1.387, p = .170) all showing non-significant relationships. In comparison, the right 

foot size has a constant term of 93.228 (SE = 60.488, t = 1.541, p = .128), with age (β = 0.246, SE 

= 0.194, t = 1.268, p = .209), weight (β = 0.528, SE = 0.428, t = 1.233, p = .222), height (β = -

0.388, SE = 0.344, t = -1.127, p = .264), BMI (β = -1.749, SE = 1.326, t = -1.319, p = .192), and 

experience (β = -0.295, SE = 0.221, t = -1.336, p = .186) also showing no significant effects. 

For truncated left foot size, the constant is 54.932 (SE = 49.259, t = 1.115, p = .269), with age 

(β = 0.219, SE = 0.158, t = 1.387, p = .170), weight (β = 0.278, SE = 0.349, t = 0.797, p = .429), 

height (β = -0.207, SE = 0.280, t = -0.737, p = .464), BMI (β = -0.985, SE = 1.080, t = -0.912, p = 

.365), and experience (β = -0.284, SE = 0.180, t = -1.578, p = .120) all non-significant. For right 

truncated foot size, the constant term is 62.886 (SE = 50.001, t = 1.258, p = .213), with age (β = 

0.233, SE = 0.160, t = 1.455, p = .151), weight (β = 0.335, SE = 0.354, t = 0.948, p = .347), height 

(β = -0.253, SE = 0.284, t = -0.889, p = .377), BMI (β = -1.162, SE = 1.096, t = -1.060, p = .293), 

and experience (β = -0.300, SE = 0.183, t = -1.644, p = .105) also showing no significant 

associations. 

For dorsum height, the left side has a constant of 49.800 (SE = 44.054, t = 1.130, p = .263), with 

age (β = 0.026, SE = 0.141, t = 0.188, p = .852), weight (β = 0.360, SE = 0.312, t = 1.155, p = 

.252), height (β = -0.269, SE = 0.251, t = -1.071, p = .288), BMI (β = -0.930, SE = 0.966, t = -
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0.963, p = .339), and experience (β = -0.019, SE = 0.161, t = -0.117, p = .907) showing no 

significant effects. For the right dorsum height, the constant is 59.387 (SE = 35.276, t = 1.683, p = 

.097), with age (β = -0.106, SE = 0.113, t = -0.940, p = .351), weight (β = 0.397, SE = 0.250, t = 

1.589, p = .117), height (β = -0.304, SE = 0.201, t = -1.514, p = .135), BMI (β = -1.114, SE = 

0.773, t = -1.441, p = .155), and experience (β = 0.129, SE = 0.129, t = 1.001, p = .321) also 

indicating no significant predictors. 

For navicular height, the left side has a constant term of 54.956 (SE = 34.482, t = 1.594, p = 

.116), with age (β = 0.155, SE = 0.110, t = 1.402, p = .166), weight (β = 0.401, SE = 0.244, t = 

1.643, p = .105), height (β = -0.304, SE = 0.196, t = -1.547, p = .127), BMI (β = -1.164, SE = 

0.756, t = -1.540, p = .128), and experience (β = -0.202, SE = 0.126, t = -1.607, p = .113) showing 

no significant relationships. For the right navicular height, the constant is 51.884 (SE = 29.892, t 

= 1.736, p = .087), with age (β = 0.052, SE = 0.096, t = 0.548, p = .586), weight (β = 0.365, SE = 

0.212, t = 1.724, p = .090), height (β = -0.274, SE = 0.170, t = -1.613, p = .112), BMI (β = -1.071, 

SE = 0.655, t = -1.635, p = .107), and experience (β = -0.089, SE = 0.109, t = -0.813, p = .419) also 

not significantly affecting navicular height. 

Finally, for navicular drop, the left side has a constant of 70.940 (SE = 86.014, t = 0.825, p = 

.413), with age (β = -0.212, SE = 0.275, t = -0.768, p = .445), weight (β = 0.468, SE = 0.609, t = 

0.768, p = .445), height (β = -0.335, SE = 0.489, t = -0.684, p = .496), BMI (β = -1.551, SE = 

1.886, t = -0.822, p = .414), and experience (β = 0.274, SE = 0.314, t = 0.873, p = .386) showing 

no significant effects. For the right navicular drop, the constant term is 36.861 (SE = 93.137, t = 

0.396, p = .694), with age (β = 0.059, SE = 0.298, t = 0.197, p = .845), weight (β = 0.227, SE = 

0.659, t = 0.345, p = .732), height (β = -0.149, SE = 0.530, t = -0.281, p = .780), BMI (β = -0.875, 

SE = 2.042, t = -0.429, p = .670), and experience (β = -0.132, SE = 0.340, t = -0.389, p = .698) also 

showing no significant associations. 

4.47.2 Regression analysis between age, weight, height, BMI, dancing experience and limb 

variables: 

The regression analysis for various leg measurements indicates different relationships with age, 

weight, height, BMI, and experience.  For True limb length (Left & right), the constant term is 

4.380 with a high standard error of 165.022, showing a non-significant relationship (t = 0.027, p = 

.979). Age has a significant negative effect (-1.658, Std. Error = 0.529, t = -3.137, p = .003), while 

weight, height, and BMI show non-significant effects. Experience has a significant positive effect 
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(1.654, Std. Error = 0.603, t = 2.744, p = .008). In Apparent limb length (Left), the constant term 

is 174.724 (Std. Error = 226.099, t = 0.773, p = .443). Age shows a marginally significant negative 

effect (-1.234, Std. Error = 0.724, t = -1.704, p = .093), while weight, height, BMI, and experience 

are non-significant. For Apparent limb length (Right), the constant term is 172.888 (Std. Error = 

225.585, t = 0.766, p = .446). Age has a marginally significant negative effect (-1.183, Std. Error 

= 0.722, t = -1.638, p = .106), with other variables showing non-significant effects. For Thigh Size 

(Left), the constant term is 115.105 (Std. Error = 112.568, t = 1.023, p = .310). All variables, 

including age, weight, height, BMI, and experience, show non-significant effects. Similarly, in 

Thigh Size (Right), the constant term is 157.385 (Std. Error = 107.878, t = 1.459, p = .149), with 

all variables showing non-significant effects. In Calf Size (Left), the constant term is 203.923 (Std. 

Error = 122.537, t = 1.664, p = .101). Age shows a non-significant positive effect (0.573, Std. Error 

= 0.392, t = 1.460, p = .149), while weight is marginally significant (1.318, Std. Error = 0.867, t = 

1.520, p = .133). Height, BMI, and experience are non-significant. For Calf Size (Right), the 

constant term is 225.930 (Std. Error = 125.193, t = 1.805, p = .076). Age again shows a non-

significant positive effect (0.668, Std. Error = 0.401, t = 1.665, p = .101), and weight is marginally 

significant (1.472, Std. Error = 0.886, t = 1.661, p = .102). Height, BMI, and experience are non-

significant, with experience being marginally not significant (t = -1.936, p = .057). 

4.47.3 Regression analysis between age, weight, height, BMI, dancing experience and foot 

angle variables: 

The regression analysis for various foot angles shows diverse relationships with age, weight, 

height, BMI, and experience. For the left Clark angle, the constant term is -307.882 with a high 

standard error (299.281), indicating a non-significant relationship (t = -1.029, p = .307). Age, 

weight, height, BMI, and experience all had non-significant effects. In contrast, for the right Clark 

angle, the constant term is -540.812 (Std. Error = 260.082, t = -2.079, p = .042). Age shows a 

marginally significant negative effect (-1.617, Std. Error = 0.833, t = -1.941, p = .057), while 

weight (-4.046, Std. Error = 1.841, t = -2.198, p = .032), height (3.344, Std. Error = 1.479, t = 

2.260, p = .027), and BMI (12.589, Std. Error = 5.702, t = 2.208, p = .031) show marginally 

significant relationships. Experience has a non-significant positive effect. For the left medial 

longitudinal angle, the constant term is 252.737 (Std. Error = 247.433, t = 1.021, p = .311). Age, 

weight, height, BMI, and experience all had non-significant effects. For the right medial 

longitudinal angle, the constant term is -235.699 (Std. Error = 138.044, t = -1.707, p = .093). Age 
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(0.846, Std. Error = 0.442, t = 1.913, p = .060), weight (-1.755, Std. Error = 0.977, t = -1.796, p = 

.077), height (1.318, Std. Error = 0.785, t = 1.678, p = .098), and BMI (5.614, Std. Error = 3.026, 

t = 1.855, p = .068) show marginally significant effects, while experience has a non-significant 

negative effect. For the left torsion angle, the constant term is -162.454 (Std. Error = 133.458, t = 

-1.217, p = .228). Age has a significant positive effect (1.340, Std. Error = 0.427, t = 3.136, p = 

.003), while weight, height, and BMI show non-significant effects. Experience has a significant 

negative effect (-1.546, Std. Error = 0.488, t = -3.171, p = .002). For the right torsion angle, the 

constant term is -102.665 (Std. Error = 257.395, t = -0.399, p = .691). All variables, including age, 

weight, height, BMI, and experience, show non-significant effects. For the left rear-foot angle, the 

constant term is -185.224 (Std. Error = 347.999, t = -0.532, p = .596). Age, weight, height, BMI, 

and experience all had non-significant effects. For the right rear-foot angle, the constant term is 

4.783 (Std. Error = 4.930, t = 0.970, p = .336). Age, weight, height, BMI, and experience show 

non-significant effects. 

4.47.4 Regression analysis between age, weight, height, BMI, dancing experience and foot 

Indices variables: 

The regression analysis for the left Staheli index shows a non-significant constant term (5.809, 

Std. Error = 4.331, t = 1.341, p = .185). Age (0.005, Std. Error = 0.014, t = 0.351, p = .727), weight 

(0.037, Std. Error = 0.031, t = 1.212, p = .230), height (-0.031, Std. Error = 0.025, t = -1.250, p = 

.216), BMI (-0.118, Std. Error = 0.095, t = -1.239, p = .220), and experience (-0.005, Std. Error = 

0.016, t = -0.291, p = .772) all show non-significant relationships. For the right Staheli index, age, 

weight, height, BMI, and experience had similar non-significant effects. 

For the left Chippaux-Smirak index, the constant term (5.801, Std. Error = 6.809, t = 0.852, p 

= .397) and all variables, including age (0.009, Std. Error = 0.022, t = 0.400, p = .690), weight 

(0.035, Std. Error = 0.048, t = 0.720, p = .474), height (-0.030, Std. Error = 0.039, t = -0.769, p = 

.445), BMI (-0.107, Std. Error = 0.149, t = -0.720, p = .474), and experience (-0.009, Std. Error = 

0.025, t = -0.369, p = .713), show non-significant relationships. The right Chippaux-Smirak index 

shows similar results with a non-significant constant term (1.634, Std. Error = 2.703, t = 0.605, p 

= .547) and non-significant effects for age (-0.003, Std. Error = 0.009, t = -0.362, p = .719), weight 

(0.012, Std. Error = 0.019, t = 0.610, p = .544), height (-0.008, Std. Error = 0.015, t = -0.549, p = 

.585), BMI (-0.024, Std. Error = 0.059, t = -0.407, p = .686), and experience (0.005, Std. Error = 

0.010, t = 0.546, p = .587). 
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 The left arch index has a non-significant constant term (2.231, Std. Error = 2.314, t = 0.964, p 

= .339), with age (-0.010, Std. Error = 0.007, t = -1.334, p = .187), weight (0.014, Std. Error = 

0.016, t = 0.882, p = .381), height (-0.011, Std. Error = 0.013, t = -0.824, p = .413), BMI (-0.036, 

Std. Error = 0.051, t = -0.716, p = .477), and experience (0.013, Std. Error = 0.008, t = 1.508, p = 

.136) showing non-significant relationships. For the right arch index, the results are similar with 

all variables showing non-significant effects.  

The left Total Foot Posture Index (T-FPI) score has a non-significant constant term (54.223, 

Std. Error = 144.736, t = 0.375, p = .709). Age (0.903, Std. Error = 0.464, t = 1.949, p = .056) is 

marginally significant, while weight (0.483, Std. Error = 1.024, t = 0.471, p = .639), height (-0.334, 

Std. Error = 0.823, t = -0.406, p = .686), BMI (-1.762, Std. Error = 3.173, t = -0.555, p = .581), 

and experience (-0.909, Std. Error = 0.529, t = -1.719, p = .090) are not. For the right T-FPI score, 

the constant term (-10.302, Std. Error = 105.585, t = -0.098, p = .923) and all variables, including 

age (0.258, Std. Error = 0.338, t = 0.762, p = .449), weight (0.066, Std. Error = 0.747, t = 0.089, p 

= .930), height (0.015, Std. Error = 0.601, t = 0.025, p = .980), BMI (-0.036, Std. Error = 2.315, t 

= -0.016, p = .987), and experience (-0.263, Std. Error = 0.386, t = -0.681, p = .498), show non-

significant effects. 

4.47.5 Regression analysis between age, weight, height, BMI, dancing experience and Posture 

variables: 

The regression analysis for HAH reveals non-significant relationships across all variables: 

constant term (23.228, Std. Error = 71.583, t = 0.324, p = .747), age (0.008, Std. Error = 0.229, t 

= 0.035, p = .972), weight (0.177, Std. Error = 0.507, t = 0.349, p = .728), height (-0.138, Std. 

Error = 0.407, t = -0.338, p = .736), BMI (-0.465, Std. Error = 1.569, t = -0.296, p = .768), and 

experience (-0.048, Std. Error = 0.262, t = -0.183, p = .856). For HAA, none of the independent 

variables—age (β = 0.013, p = .972), weight (β = 0.632, p = .728), height (β = -0.450, p = .736), 

BMI (β = -0.533, p = .768), and experience (β = -0.069, p = .856)—significantly predict HAA. 

In the HAAS analysis, weight shows a significant positive effect (β = 0.632, t = 1.536, p = 

.384), but age (β = -0.549, t = -1.482, p = .143), height (β = -0.450, t = -0.338, p = .736), BMI (β 

= -0.533, t = -0.296, p = .768), and experience (β = -0.069, t = -0.183, p = .856) do not. For LTA, 

weight has a significant positive influence (β = 0.681, t = 1.876, p = .065), while age (β = 0.092, t 

= 0.244, p = .808), height (β = -1.061, t = -0.825, p = .412), BMI (β = -1.430, t = -0.822, p = .414), 

and experience (β = 0.681, t = 1.876, p = .065) do not. 
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For LQA, weight shows a significant negative impact (β = -0.976, t = -0.596, p = .553), with 

age (β = 0.019, t = 0.054, p = .957), height (β = 0.768, t = 0.639, p = .525), BMI (β = 0.855, t = 

0.527, p = .600), and experience (β = 0.402, t = 1.187, p = .240) being non-significant. Similarly, 

RQA shows weight's significant negative impact (β = -0.815, t = -0.463, p = .645), with age (β = 

0.432, t = 1.161, p = .250), height (β = 0.568, t = 0.439, p = .662), BMI (β = 0.831, t = 0.475, p = 

.636), and experience (β = -0.596, t = -1.633, p = .107) not significant. 

For RFHA, weight shows a significant negative effect (β = -1.367, t = -0.772, p = .443), while 

age (β = 0.160, t = 0.427, p = .671), height (β = 0.813, t = 0.626, p = .534), BMI (β = 1.386, t = 

0.788, p = .433), and experience (β = -0.148, t = -0.403, p = .688) are non-significant. LFHA also 

shows weight's significant negative influence (β = -1.480, t = -0.866, p = .390), with age (β = -

0.397, t = -1.100, p = .275), height (β = 0.785, t = 0.626, p = .534), BMI (β = 1.560, t = 0.919, p = 

.361), and experience (β = 0.334, t = 0.944, p = .349) not significant. 

For RSA, weight (β = 0.453, t = 0.253, p = .801), age (β = 0.054, t = 0.142, p = .887), height (β 

= -0.443, t = -0.337, p = .737), BMI (β = -0.429, t = -0.242, p = .810), and experience (β = 0.103, 

t = 0.277, p = .782) are non-significant. For LSA, weight shows a significant positive impact (β = 

2.025, t = 1.182, p = .242), with age (β = 0.073, t = 0.201, p = .841), height (β = -1.618, t = -1.287, 

p = .203), BMI (β = -2.075, t = -1.220, p = .227), and experience (β = -0.338, t = -0.952, p = .345) 

being non-significant. 

For RGR, weight has a significant positive influence (β = 3.168, t = 1.859, p = .068), while age 

(β = 0.164, t = 0.456, p = .650), height (β = -2.489, t = -1.990, p = .051), BMI (β = -3.192, t = -

1.887, p = .064), and experience (β = -0.358, t = -1.014, p = .314) are non-significant. For LGR, 

weight is non-significant (β = 3.191, t = 1.887, p = .064), as are age (β = 0.046, t = -0.125, p = 

.901), height (β = -2.991, t = -2.359, p = .021), BMI (β = -4.126, t = -2.405, p = .019), and 

experience (β = 0.193, t = 0.539, p = .592). 

4.47.6 Regression analysis between age, weight, height, BMI, dancing experience and plantar 

pressure static variables: 

The regression analysis for static plantar pressure variables indicates: For foot area, neither weight 

(LA: β = -0.138, t = -0.083, p = 0.934; RA: β = -0.117, t = -0.065, p = 0.948), height (LA: β = -

0.275, t = -0.226, p = 0.822; RA: β = 0.173, t = 0.132, p = 0.896), BMI (LA: β = -0.105, t = -0.064, 

p = 0.950; RA: β = -0.001, t = -0.001, p = 0.999), nor experience (LA: β = -0.357, t = -1.042, p = 

0.302; RA: β = -0.147, t = -0.398, p = 0.692) show significant effects. Age shows a marginally 
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significant positive effect on LA (β = 0.543, t = 1.552, p = 0.126), but no significant effect on RA 

(β = 0.047, t = 0.124, p = 0.902). 

For maximal pressure, weight has a positive but non-significant effect on the left foot (LMP: β 

= 1.803, t = 1.064, p = 0.291), and no significant effect on the right foot (RMP: β = -0.046, t = -

0.026, p = 0.979). Age (LMP: β = -0.273, t = -0.761, p = 0.449; RMP: β = -0.026, t = -0.069, p = 

0.945), height (LMP: β = -0.977, t = -0.785, p = 0.435; RMP: β = 0.267, t = 0.206, p = 0.838), 

BMI (LMP: β = -1.524, t = -0.906, p = 0.368; RMP: β = 0.074, t = 0.042, p = 0.967), and experience 

(LMP: β = 0.240, t = 0.684, p = 0.497; RMP: β = -0.084, t = -0.230, p = 0.819) also do not show 

significant effects. 

For average pressure, weight shows a positive influence on the left foot (LAP: β = 2.509, t = 

1.411, p = 0.163) but a negative influence on the right foot (RAP: β = -2.509, t = -1.411, p = 0.163), 

though neither are statistically significant. Age (LAP: β = -0.250, t = -0.665, p = 0.509; RAP: β = 

0.250, t = 0.665, p = 0.509), height (LAP: β = -1.734, t = -1.328, p = 0.189; RAP: β = -1.734, t = 

-1.328, p = 0.189), BMI (LAP: β = -2.390, t = -1.354, p = 0.181; RAP: β = 2.390, t = 1.354, p = 

0.181), and experience (LAP: β = 0.288, t = 0.783, p = 0.436; RAP: β = -0.288, t = -0.783, p = 

0.436) also do not show significant effects. 

For foot thrust, weight has a positive influence on the left foot (LTH: β = 1.806, t = 1.087, p = 

0.281) but no significant effect on the right foot (RT: β = -1.429, t = -0.825, p = 0.413). Age (LTH: 

β = 0.646, t = 1.839, p = 0.071; RT: β = 0.584, t = 1.593, p = 0.116), height (LTH: β = -1.514, t = 

-1.241, p = 0.219; RT: β = 0.831, t = 0.653, p = 0.516), BMI (LTH: β = -1.941, t = -1.177, p = 

0.244; RT: β = 1.245, t = 0.724, p = 0.472), and experience (LTH: β = -0.303, t = -0.881, p = 0.382; 

RT: β = -0.451, t = -1.257, p = 0.213) also do not show significant effects. 

For weight bearing, weight (LW: β = -0.712, t = -0.414, p = 0.680; RW: β = -1.429, t = -0.825, 

p = 0.413), age (LW: β = 0.368, t = 1.013, p = 0.315; RW: β = 0.584, t = 1.593, p = 0.116), height 

(LW: β = 0.224, t = 0.178, p = 0.860; RW: β = 0.831, t = 0.653, p = 0.516), BMI (LW: β = 0.604, 

t = 0.354, p = 0.725; RW: β = 1.245, t = 0.724, p = 0.472), and experience (LW: β = -0.222, t = -

0.624, p = 0.535; RW: β = -0.451, t = -1.257, p = 0.213) do not show statistically significant effects. 

4.47.7 Regression analysis between age, weight, height, BMI, dancing experience and plantar 

pressure static variables: 

The regression analysis for various dependent variables shows that most independent variables—

Age, Weight, Height, BMI, and Experience—do not had statistically significant relationships at 
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the conventional significance level (α = 0.05). For AreaStep1 and AreaStep2, none of the variables 

significantly predict changes, with coefficients such as Age (B = 2.715, 2.267), Weight (B = 1.424, 

2.199), Height (B = -2.115, -2.109), BMI (B = -0.595, -7.255), and Experience (B = 0.717, -2.605) 

showing non-significant p values. Similarly, AreaStep3 shows non-significant coefficients for Age 

(B = -3.252), Weight (B = -24.578), Height (B = 18.133), BMI (B = 35.783), and Experience (B 

= -5.815). 

For AGPStep1, Weight (B = 80.550) is the only significant predictor, while Age (B = -56.402), 

Height (B = -58.307), BMI (B = -228.013), and Experience (B = 64.527) are non-significant. In 

AGPStep2 and AGPStep3, none of the variables show significant relationships, with all 

coefficients having non-significant p values. 

MPStep1 shows Weight (B = 297.015) as the only significant predictor, with Age (B = -10.781), 

Height (B = -251.279), BMI (B = -942.781), and Experience (B = -5.687) being non-significant. 

MPStep2 and MPStep3 also show no significant predictors among Age, Weight, Height, BMI, and 

Experience. 

For LSTD, Weight (B = -42.019) and BMI (B = 127.630) are significant predictors, while Age 

(B = 3.898), Height (B = 32.829), and Experience (B = -2.071) are not. In RSTD, none of the 

variables are significant. 

LSL and RSL show no significant predictors among Age, Weight, Height, BMI, and 

Experience. LTO and RTO had all variables significant, with coefficients such as Age (B = 0.652, 

10.199), Weight (B = -0.990, -102.495), Height (B = 0.845, 74.762), BMI (B = 3.083, 315.457), 

and Experience (B = -0.756, -15.422). 

For LSRD and RSRD, none of the variables are significant predictors. LSTL and RSTL also 

show no significant effects, with coefficients such as Age (B = -5.085, -26.029), Weight (B = 

11.040, -16.021), Height (B = -5.555, 17.043), BMI (B = -29.300, 46.768), and Experience (B = 

9.026, 24.473) being non-significant.  Lastly, for LGCD and RGCD, none of the independent 

variables are significant predictors, with coefficients like Age (B = 7.269, -18.513), Weight (B = 

-57.801, -24.474), Height (B = 45.313, 15.450), BMI (B = 175.149, 77.648), and Experience (B = 

-10.649, 24.686) showing non-significant p values. 
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4.47.8 Regression analysis between age, weight, height, BMI, dancing experience and 

performance variables: 

The regression analysis on Bhangra dancers' performance metrics revealed several notable 

findings. For the fitness index, experience had a significant negative effect (B = -0.616, p = 0.016), 

indicating that as dancers' experience increases, their fitness index tends to decrease. Conversely, 

age positively impacted the fitness index (B = 0.649, p = 0.004), suggesting that younger dancers 

generally had a higher fitness index. However, weight, height, and BMI did not significantly affect 

the fitness index, with p values of 0.913, 0.871, and 0.937, respectively. When examining jump 

height, none of the predictors—experience, age, weight, height, or BMI—showed significant 

effects, as evidenced by high p values. Similarly, peak power was not significantly influenced by 

any of these variables. For push-up performance and push-up efficacy, no significant relationships 

were found, with p values indicating that experience, age, weight, height, and BMI do not notably 

affect these measures. Crunches performance and efficacy also did not exhibit significant 

associations with the predictor variables, as reflected in their respective p values. In contrast, age 

had a significant positive effect on both left leg relative reach (LLRR) (B = 1.109, p = 0.030) and 

right leg relative reach (RLRR) (B = 1.206, p = 0.020), implying that older dancers perform better 

in these measures. Overall, while age and experience influenced certain performance metrics, 

weight, height, and BMI had limited effects across the various fitness and performance measures 

evaluated. 
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CHAPTER V 

DISSCUSSION 
5.1 Overview 

This study investigated the physical and biomechanical differences between Bhangra dancers and 

non-dancers, focusing on a comprehensive set of variables including foot characteristics, foot 

angles, indexes, postural alignment, gait, plantar pressure distribution, and performance variables. 

The findings reveal significant differences in these parameters, reflecting the unique adaptations 

required by Bhangra dancing. These results provide insights into how the physical demands of 

Bhangra influence various biomechanical aspects and offer implications for optimizing training, 

injury prevention, and performance enhancement. 

5.1.1 Foot Characteristics 

Our study found that Bhangra dancers exhibited higher dorsum and navicular heights compared to 

non-dancers. The dorsum height for dancers averaged 7.16 cm on the left and 7.01 cm on the right 

which was significantly greater than the 5.99 cm and 6.00 cm as observed in non-dancers. The 

navicular heights for dancers averaged 5.29 cm on the left and 5.46 cm on the right, compared to 

non-dancers’ having 4.92 cm and 4.96 cm. These increases suggest structural adaptations in 

response to the high-impact nature of Bhangra dancing. The higher dorsum and navicular heights 

may enhance shock absorption and stability, key for handling the repetitive stresses and dynamic 

movements inherent in Bhangra. A similar result has been demonstrated in the study where the 

researchers performed 3D kinematic analysis to know about the contribution of leg and foot in turn 

out phase of ballet. The authors of this study revealed that the dancers exhibit increase or minimal 

changes in navicular height during functional turn-out and during landing the dancers showed 

instable arch. The study also added that maintaining a high arch in the turnout stance was 

emphasized by dance instructors (116). 

The Feiss line analysis supports these findings. An elevated dorsum height relative to the 

navicular height indicates improved arch formation and alignment. This adaptation is likely a 

response to the demands of Bhangra, which includes frequent high-impact steps and rapid direction 

changes. Enhanced arch height and dorsum structure may contribute to better stability and reduced 

injury risk, facilitating the performance of complex dance movements. 
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5.1.2 Foot Angles 

Foot angles were assessed through various measures including rear-foot angle, Clark’s angle, 

torsion angle, and medial longitudinal angle. Bhangra dancers exhibited a range of foot angle 

adaptations compared to non-dancers. The rear-foot angle, which indicates the alignment of the 

heel relative to the tibia, was found to be more variable among dancers, reflecting their adaptation 

to dynamic foot positioning. Clark’s angle, which measures the arch height relative to the forefoot 

and hindfoot, was also higher in dancers, indicating a more pronounced arch formation, likely 

contributing to improved shock absorption. Similar results were recorded by a study having a 

significant difference in the the Clarke angle between ballet dancers and students. Dancers had 

higher mean Clarke angles, indicating that their feet likely had a higher arch due to a shorter plantar 

fascia. The study also determines that the higher Clarke angle among the dancer suggests that ballet 

dancers may generate greater forces from their posterior calf muscles (117). A study suggested that 

the feet with the higher Clark angle (Clarke angle > 55°) had shorter lever arm for forces 

transmitted by Achilles tendon. This results in greater muscular force which is needed during 

landing and acting as shock absorber (118).  

In our study medial longitudinal angle was assessed and there was significant difference 

between Bhangra dancer and non-dance. In our study dancer group had decreased MLA, 

potentially for providing more support and stability during dance performance, which was 

supported by the study conducted among kathak dancers. The results of this study had a similar 

findings stating in the Medial Longitudinal Arch angle was decreased in 95% of the left feet and 

92.5% of the right feet. The authors of this study justified it by a reason by saying that for enhancing 

stability during weight bearing, the arch collapse and foot pronates more to increase foot contact 

area (119). Another research added that the repetitive tapping and overuse of the intrinsic muscles 

can lead to further flattening of the arch and increased pronation and additionally, practicing on 

hard floors can contribute to arch flattening due to the increased demand on the foot's invertors to 

control motion (120). 

The tibial torsion angle refers to the rotational alignment of the tibia bone in the lower leg. It is 

the angle formed between the axis of the femur and the axis of the tibia. This angle helps determine 

how the tibia is oriented relative to the knee and ankle joints. and in our study torsion angle was 

found to be greater in dancers, suggesting that their feet had adapted to handle rotational stresses 

common in Bhangra movements, supported by a research confirmed variability in tibial torsion 
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angle. In this study tibial torsion in dancers was measured using MRI to understand its role in total 

ballet. It found significant difference in the tibial torsion among dancers and between legs. the 

tibial torsion ranged from 16° to 60° on the right leg and 16° to 52° on the left leg (121). 

5.1.3 Indexes 

In our study several foot indexes were evaluated, including the Staheli index, Chippaux index, arch 

index, and foot posture index. The Staheli index, which provides a measure of the foot's arch height 

and arch length ratio, was higher in Bhangra dancers, supporting the observed increases in dorsum 

and navicular heights. The Chippaux index, which assesses the proportion of the foot's length 

occupied by the arch, also indicated a more pronounced arch in dancers. Our study has been 

supported by a similar study conducted among folk dancers, the result of this study indicated 

Significant differences in the Chippaux-Smirak index (CSI), Staheli index (SI), of the right foot, 

and CSI and SI of the left foot between healthy and unhealthy dancers (122). 

The arch index, reflecting the ratio of the area of the foot's arch to the total foot area, was higher 

in Bhangra dancers, aligning with the structural adaptations observed. A similar study reflected the 

same results after analyzing arch index among the female dancers and the results revealed 

significance difference between dancer group and reference group (123).   

Foot posture index reflected the overall alignment of the foot, in our study the foot posture 

index, showed a greater degree of variability among dancers, suggesting that the repetitive, high-

impact movements of Bhangra contribute to diverse postural adaptations. A study with a cross-

sectional observational study design observed ankle dorsiflexion, foot pronation (navicular drop 

test), and foot posture (Foot Posture Index) and the results showed significant differences between 

the two groups for left foot Posture Index (124).  

5.1.4 Plantar Pressure Distribution 

Plantar pressure distribution assessments revealed that Bhangra dancers exhibit larger foot areas 

and altered pressure distributions compared to non-dancers. For example, the left forefoot area was 

significantly larger for dancers, averaging 49.95 cm² compared to 44.23 cm² for non-dancers. 

Additionally, dancers showed higher thrust values in the hindfoot area, with an average of 10.77 

N compared to 9.84 N in non-dancers. 

These findings suggest that the biomechanics of Bhangra dancing lead to greater engagement 

of the foot surface and altered pressure patterns. The increased forefoot area and higher thrust 

values reflect adaptations to handle the high-impact and dynamic nature of the dance. These 
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changes likely contribute to improved performance and reduced injury risk by optimizing pressure 

distribution and shock absorption. Our findings are supported by several studies, among them one 

concluded that increase n pressure was observed  at both hallux region and left hind foot among 

the dancers so chances of getting hallux valgus are more among dancers so preventive measures 

should be taken from the beginning (125). Plantar pressure was assessed in Latin dancers and the 

results revealed increased forefoot area and pressure and the suggested reason was that it could be 

the effect of high heel dancing (126).  

In our study forefoot, hindfoot, and midfoot distances were also analyzed to understand the 

impact of Bhangra on foot structure. Bhangra dancers had larger forefoot and hindfoot distances, 

indicating a wider foot stance, which may be beneficial for stability and balance during dance 

movements. The midfoot distance was also larger, reflecting the structural changes associated with 

high-impact dance activities. The increased forefoot and hindfoot distances can be attributed to the 

frequent use of these areas in Bhangra, which involves rapid foot placement and substantial weight-

bearing. This adaptation may enhance the dancer's ability to perform complex footwork while 

maintaining balance and stability. 

5.1.5 Postural Alignment 

Postural alignment assessments revealed significant differences in posture between Bhangra 

dancers and non-dancers. These variations can be linked to the dynamic and repetitive movements 

of Bhangra. The continuous adjustment of foot positioning required by Bhangra leads to 

adaptations in foot posture, with increased pronation and supination reflecting the need for stability 

and flexibility during dance. The more centered head alignment observed in dancers may be a 

compensatory mechanism related to the symmetrical nature of Bhangra movements, which 

emphasizes balance and coordination. A similar study with the goal to assess postural adjustment 

among ballet dancers and it was revealed significant difference between dancers and control group. 

The dancers had greater hip external rotation, more experienced dancers there was changes in 

lumbar lordosis angle as well and in the dancers with more than 9 years of experience smaller 

navicular angle was also found. So this reflects that there are changes in the body alignment of 

dancers and it is going to increase with every passing year (127). Our dancer group also had the 

changes in several parts of the body.  
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5.1.6 Gait Analysis 

Gait analysis showed that Bhangra dancers had shorter step lengths and step durations compared 

to non-dancers. The right step length for dancers averaged 553.96 mm, while non-dancers averaged 

580.73 mm. Step durations were also shorter for dancers, with left & right step durations averaging 

564.14 ms and 565.71 ms, respectively, compared to non-dancers’ 585.79 ms and 578.29 ms. These 

differences in gait parameters are likely due to the rapid, high-energy movements characteristic of 

Bhangra. The shorter step lengths and durations reflect the need for quick, powerful movements, 

which are essential for the performance of dynamic dance sequences. Despite these variations, the 

overall stride and gait cycle durations remained comparable, suggesting that while specific gait 

parameters are adapted for Bhangra, the fundamental rhythm of walking is preserved. A study 

conducted with the aim to analyses the difference between gait patterns of dancers and non-dancers 

and suggested that Dancers exhibit greater medial shear force and altered balance dynamics, 

including decreased CoP velocity during pre-swing, delayed peak CoP velocity in mid-stance, and 

a straighter CoP trajectory at push off. These changes in walking patterns from intense dancing 

activities may increase the risk of ankle sprains. 

5.1.7 Performance Variables 

Fitness assessments revealed that Bhangra dancers demonstrate superior cardiovascular endurance 

compared to the non-dancers despite having a higher mean resting heart rate. Additionally, dancers 

performed better in vertical jump tests, indicating greater lower body power, and showed superior 

balance and flexibility in the Y balance test and V sit and reach test. 

These performance variables highlight the high physical demands of Bhangra, which enhance 

cardiovascular endurance, lower body strength, and overall physical fitness. The rigorous nature 

of Bhangra training, characterized by intense and sustained effort, contributes to these superior 

performance outcomes. Enhanced cardiovascular endurance and lower body power are critical for 

maintaining high-performance levels and minimizing injury risk during complex dance routines. 

The study provides a comprehensive understanding of the biomechanical and physical 

adaptations in Bhangra dancers compared to non-dancers. Significant differences in foot 

characteristics, angles, indexes, footprint parameters, postural alignment, gait, plantar pressure, 

and performance variables underscore the unique demands of Bhangra dancing. These adaptations 

are crucial for optimizing performance and reducing injury risk. By elucidating these specific 

biomechanical and physical changes, the study offers valuable understanding for enhancing 
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training programs and improving the health and performance of Bhangra dancers. A study 

supporting our concept by their study findings. The study suggest there is significant correlation 

between the aesthetic competence and fitness variables (128). There are several studies supporting 

the concept that dancers had more fitness as compared to non-dancers (129,130).  
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5.2 Research Implications of the study 

Bhangra is not only a physically demanding dance form but also a culturally significant one. 

Research should explore how cultural practices and traditions influence the training, performance, 

and injury patterns of Bhangra dancers.  

The study's findings on the biomechanical adaptations in Bhangra dancers provide an 

understanding for sports scientists, physiotherapists, and dance trainers. The significant differences 

in foot characteristics and plantar pressure distribution highlight the need of tailored training 

programs for the specific needs of Bhangra dancers. Future research could explore how these 

adaptations influence overall performance and injury rates over time, thereby developing more 

effective training and rehabilitation protocols. 

The unique plantar pressure distributions and structural foot adaptations in Bhangra dancers 

suggest the need for customized footwear and orthotic devices. The Researchers and footwear 

designers can collaborate to create products that offer enhanced support, stability, and shock 

absorption tailored to the specific requirements of Bhangra dancers. Further studies could evaluate 

the effectiveness of these customized solutions in preventing injuries and improving performance. 

The altered gait and postural characteristics observed in Bhangra dancers indicate that dance-

specific training can influence natural movement patterns. Researchers should investigate the long-

term effects of such training on gait and posture, assessing whether these adaptations contribute to 

or diminish injury risk.  
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5.3 Clinical relevance of the study 

The clinical significance of this study lies in its potential to transform the management and 

preventive strategies for Bhangra dancers, a group with unique biomechanical and physiological 

demands. By identifying specific foot characteristics and plantar pressure distributions, the study 

provides valuable insights into the risk factors for common injuries such as stress fractures, 

tendinitis, and plantar fasciitis. This understanding allows for the development of targeted 

intervention programs, including strength and conditioning exercises, stretching routines, and 

proprioceptive training, which can significantly reduce injury incidence and enhance performance. 

Moreover, the study's findings can guide the design and prescription of custom orthotic devices 

and specialized footwear that provide adequate support and cushioning, thus addressing abnormal 

foot postures and redistributing plantar pressures. These customized solutions not only alleviate 

discomfort but also prevent injuries, contributing to the dancers' overall foot health and stability. 

In rehabilitation, the detailed biomechanical and physiological profiles outlined by the study 

enable clinicians to tailor rehabilitation programs to the specific needs of Bhangra dancers. This 

personalized approach ensures more effective recovery and quicker return to optimal performance 

levels. Additionally, the study highlights the importance of regular screenings and early detection 

of potential issues, facilitating timely interventions that prevent the progression of injuries. 

Educating Bhangra dancers about proper foot care, the risks of overtraining, and the benefits of 

preventive measures can empower them to maintain their health proactively. Furthermore, training 

dance instructors to recognize early signs of biomechanical issues and implement preventive 

strategies can further enhance dancer safety and performance. Overall, the clinical implications of 

this study offer a comprehensive framework for improving the health, performance, and longevity 

of Bhangra dancers. 
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5.4 Limitation of the study 

 The study design of this study is cross-sectional, the data collected represents a single point in 

time, making it difficult to establish causality or examine changes over time. 

 The study involved a relatively small sample size of 140 participants (70 Bhangra dancers and 

70 non-dancers), which may limit the generalizability of the findings to the broader population 

of Bhangra dancers and dancers of other forms. 

 The study focused exclusively on Indian Male Bhangra dancers, potentially limiting the 

applicability of results to female dancers and those from different cultural backgrounds. 

 The strict exclusion criteria might have resulted in a more homogeneous sample, potentially 

missing variations in foot characteristics within the Bhangra dancer population.  

 The exclusion of individuals with recent musculoskeletal injuries or certain health conditions 

may have limited the understanding of how these factors interact with dance practices. 

 The study did not account for potential biomechanical differences resulting from variations in 

dance techniques, intensity, and duration of practice among participants. 

 The Environmental factors such as dance surfaces, footwear, and training conditions were not 

controlled, which could influence foot mechanics and pressure distribution. 

 The study relied on specific tools such as the Wintrack system for plantar pressure assessment 

and manual measurements for foot characteristics, which may be subject to measurement error 

or variability. 

 The study may be subject to observer bias, especially in the manual measurement of foot 

characteristics and postural assessments. 
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5.6 Future scope of the study 

 The longitudinal studies need to be conducted to track changes in foot characteristics and 

plantar pressures over time in dancers and non-dancers. 

 The participants from different dance styles, genders, ethnicities, and age groups to enhance 

generalizability of findings should be involved. 

 The Investigation on the impact of specific training programs, footwear interventions, or injury 

prevention strategies on foot health and performance should be done. 

 Explore how cultural practices, environmental conditions, and daily footwear influence foot 

characteristics and plantar pressure. 

 Compare foot biomechanics and plantar pressures across different dance forms and physical 

activities to identify unique or shared characteristics. 

 Incorporate broader health assessments, including overall fitness, musculoskeletal health, and 

psychological well-being, to provide a more comprehensive understanding of dancer health. 

 Develop predictive models for injury risk based on foot characteristics and plantar pressures, 

and evaluate targeted prevention 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



245 
 

CHAPTER VI 

CONCLUSION 
 

This study provides valuable insights into the differences in foot characteristics, plantar pressure, 

and related physical attributes between Bhangra dancers and non-dancers. The cross-sectional 

analysis of 70 Bhangra dancers and 70 non-dancers revealed significant variations in several key 

areas. Notably, Bhangra dancers demonstrated higher dorsum and navicular heights, indicative of 

distinct foot biomechanics associated with their dance form. They also showed differences in foot 

angles and pressure distributions, with a greater prevalence of pronated and supinated postures 

compared to non-dancers. 

The Key findings indicate that Bhangra dancers exhibit higher dorsum height (left: 7.16 cm, right: 

7.01 cm) and navicular height (left: 5.29 cm, right: 5.46 cm) than non-dancers (dorsum height left: 

5.99 cm, right: 6.00 cm; navicular height left: 4.92 cm, right: 4.96 cm). Dancers also show lower 

Clark’s Angles (left: 26.30°, right: 28.16°) and Medial Longitudinal Arch Angles (left: 146.38°, 

right: 147.30°) compared to non-dancers (Clark’s Angles left: 31.81°, right: 32.73°; Medial 

Longitudinal Arch Angles left: 153.10°, right: 153.07°). Additionally, dancers demonstrate 

increased pronation (39.3%) and highly pronated foot postures (7.1%) compared to non-dancers 

(19.3% pronation, 0% highly pronated). 

Plantar pressure analysis reveals that dancers have larger foot contact areas, with a left forefoot 

area of 49.95 cm² and hindfoot area of 56.45 cm², compared to non-dancers (left forefoot: 44.23 

cm², hindfoot: 51.12 cm²). In dynamic measures, dancers show a higher step area (586.92 mm²) 

than non-dancers (467.33 mm²) but a lower Y-speed (6.10 vs. 7.75). Postural assessments highlight 

significant differences, such as a decreased Left Quadriceps Angle (-4.88, t = -3.99, p < 0.001) and 

increased Right Gene Recurvatum (4.89, t = 4.58, p < 0.001). 

Correlation and regression analyses further revealed the influence of foot structure on plantar 

pressure and postural alignment, stating a significant relationship between dorsum height and total 

left foot area (r = 0.147) and navicular height and left arch index (r = 0.724). Regression analysis 

suggest that the general predictors (age, weight, height, BMI) do not significantly impact most foot 
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variables, specific angles such as the Right Clark Angle show marginal associations (β = -0.14, p 

= 0.07). 

Despite the strengths of this study, including a well-defined sample and comprehensive 

assessment methods, limitations such as the cross-sectional design, sample homogeneity, and 

reliance on specific technologies must be acknowledged. Future research should address these 

limitations through longitudinal studies, diverse participant groups, and advanced measurement 

techniques. 

In conclusion, Bhangra dancers exhibit distinct biomechanical adaptations that affect foot 

posture, plantar pressure, and gait, potentially increasing their risk of injuries. These findings 

highlight the necessity of targeted training and injury prevention strategies to optimize 

performance while minimizing musculoskeletal stress in Bhangra dancers. Future research should 

explore longitudinal effects and intervention programs to enhance dancer safety and performance. 
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SUMMARY 
 

 The study aimed to analyze differences in foot characteristics, plantar pressure, and physical 

attributes between Bhangra dancers and non-dancers using a cross-sectional observational 

design. 

 The sample consisted of 70 Bhangra dancers and 70 non-dancers, selected based on specific 

inclusion criteria related to health, fitness, and dance experience, with exclusions for various 

health conditions. 

 Data collection involved demographic assessments (age, height, weight, BMI, hand/leg 

dominance, resting heart rate), detailed foot measurements (foot size, arch height, navicular 

height/drop), static and dynamic plantar pressure assessments, fitness tests, postural 

evaluations, and footprint analysis. 

 Results showed that Bhangra dancers had significantly higher dorsum and navicular heights, 

larger foot areas, and different foot angles compared to non-dancers. 

 Plantar pressure analysis revealed that dancers had larger foot areas and lower average 

pressure values compared to non-dancers. 

 Foot Posture and gait analysis indicated a higher prevalence of pronated and supinated foot 

postures among dancers, with differences in step length, toe-out angle, and step durations 

compared to non-dancers. 

 Statistical analyses confirmed significant differences in various physical and biomechanical 

attributes between the two groups, though some foot angles and posture variables showed no 

significant differences. 

 The study's limitations include its cross-sectional design, which restricts causal inferences, 

and a homogenous sample that may limit generalizability. 

 Future research should include longitudinal studies, diverse participant groups, advanced 

measurement technologies, and exploration of intervention strategies for injury prevention and 

performance optimization. 

 Clinically, the study's findings suggest the need for tailored training and injury prevention 

strategies for Bhangra dancers, offering insights into specific foot biomechanics and pressure 

patterns associated with Bhangra dancing.  
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APPENDIX  

Appendix 1: Patient Information Sheet English 

 

Analyzing the foot biomechanical characteristics and plantar pressure in bhangra 

dancers 

Aim:  

This study aims to understand the Biomechanics of the Foot by analyzing the Static measures of 

the foot, Gait Parameters, and Plantar Pressures in dancers. 

Objectives: (The primary objective) 

To analyze the static biomechanical characteristics of foot in Bhangra Dancers and Non-Dancers. 

To analyze the dynamic biomechanical characteristics of foot in Bhangra Dancers and Non-

Dancers. 

To analyze the plantar pressure in Bhangra Dancers and Non-Dancers. 

To compare the prevalence of alteration in foot and ankle complex static biomechanical measures 

among the Bhangra dancers and Non-dancer’s healthy individuals. 

To compare the Spatio-temporal gait parameters and plantar pressure among the Bhangra dancers 

and Non-dancer’s healthy individuals.  

The secondary objective  
To establish the co-relationship between static biomechanical measures of foot and ankle 

complex, Spatio-temporal gait parameters, plantar pressure, and injury patterns (frequency, size, 

and activity). 

Benefits  

There is need to conduct the research to reduce the risk of lower limb injury  

This will be the first study analyzing the foot biomechanical characteristics and plantar pressure 

in Bhangra dancers 

Risk  

The study poses no threat to the health of the patient.  

Confidentiality of records 

There will not be any identification by name. Only the investigator will know the results. Any 

personal information will not be shared with relatives without prior permission 

Freedom of individual to participate and to withdraw from study 

You may also choose to leave the study at any point of time and your data will not be used. 

Contact Information: If you have questions at any time about this study, you may contact the 

researcher whose contact information is provided below. 

Researcher Details:  

Name: Sakshi Sadhu 

Address: Room No: 105 Block 3, 

Department of Physiotherapy 

Ph. No.: 9596857767 

Supervisor Details: 

Name: Dr. Ramesh Chandra Patra 

Address: Room No: 105 Block 3, Department of 

Physiotherapy 
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Appendix 2: English Informed Consent form 

 

Declaration:  

I hereby declare that: - 

(i) I have read and understood the information sheet for the above study and have had the 

opportunity to ask questions. The investigator and team have explained the study in details 

and have clarified all my doubts.  

(ii) I understand that my participation in the study is voluntary and that I am free to withdraw 

at any time, without giving any reason, without my medical care or legal rights being affected.  

(iii) Investigator of the study will not need my Permission to look at my health records both 

in respect of the current study and any further research that may be conducted in relation to it, 

even if I withdraw from the trial. I agree to this access.  

(iv) I understand that my identity will not be revealed in any case to third parties.  

(v) I agree not to restrict the use of any data or results for scientific purpose that arise from 

this study  

(vi) I agree to take part in the above study. 

Name of Subject: _________________________________________________________ 

Signature (or Thumb impression) of the Subject__________________________________ 

Date: _____/_____/______ 

 

Signatory’s Name: ________________________________________________________ 

Impartial witness /Legally Acceptable Representative signature _____________________ 

Date: _____/_____/______ 

 

Signatory’s 

Name___________________________________________________________________ 

Signature of the Authority/Investigator: ________________________________________ 

Date: _____/_____/______ 
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Appendix 3: रोगी सूचना पत्रक (Hindi) 

अध्ययन/पररयोजना का शीर्षक 

भाांगडा नर्तककयो ां में पैर की जैव रासायकनक कवशेषर्ाओां और पौधे के दबाव का कवशे्लषण 

 

लक्ष्य: 

• इस अध्ययन का उदे्दश्य नतषचकयोों में पैर के स्थिर माप, चाल पैरामीटर और तल के दबाव का चवशे्लर्ण करके 

पैर के बायोमैकेचनक्स को समझना है। 

उदे्दश्य: 

प्रािचमक उदे्दश्य 

• भाोंगडा नतषक और गैर-नतषक में पैर की थिैचतक जैव याोंचत्रक चवशेर्ताओों का चवशे्लर्ण करना। 

• भाोंगडा नतषक और गैर-नतषक में पैर की गचतशील जैव याोंचत्रक चवशेर्ताओों का चवशे्लर्ण करना। 

• भाोंगडा नतषक और गैर-नतषचकयोों में तल के दबाव का चवशे्लर्ण करना। 

• भाोंगडा नतषकोों और गैर-नतषचकयोों स्वथि व्यस्ियोों के बीच पैर और टखने के जचटल थिैचतक बायोमेकेचनकल 

उपायोों में पररवतषन की व्यापकता की तुलना करना। 

• भाोंगडा नतषकोों और गैर-नतषचकयोों के स्वथि व्यस्ियोों के बीच अनुपात-अथिायी चाल मापदोंडोों और तल के दबाव 

की तुलना करना। 

 

चितीयक उदे्दश्य 

• पैर और टखने के पररसर के थिैचतक बायोमेकेचनकल उपायोों के बीच सह-सोंबोंध थिाचपत करने के चलए, थिाचनक-

अथिायी चाल पैरामीटर, तल का दबाव, और चोट पैटनष (आवृचि, आकार और गचतचवचध) । 

फायदे 

• चनचले अोंगोों की चोट के जोस्खम को कम करने के चलए अनुसोंधान करने की आवश्यकता है 

• भाोंगडा नतषचकयोों में पैर की बायोमेकेचनकल चवशेर्ताओों और तल के दबाव का चवशे्लर्ण करने वाला यह पहला 

अध्ययन होगा 

 

जोस्खम अध्ययन से रोगी के स्वास्थ्य को कोई खतरा नही ों है। 

  

______________________________________________________________________________ 

 

 अचभलेखोों की गोपनीयता 

नाम से कोई पहचान नही ों होगी। केवल अने्वर्क ही पररणामोों को जानेंगे। पूवष अनुमचत के चबना चकसी भी व्यस्िगत 

जानकारी को ररशे्तदारोों के साि साझा नही ों चकया जाएगा 

 

व्यस्ि को भाग लेने और अध्ययन से हटने की स्वतोंत्रता 

आप चकसी भी समय अध्ययन छोडना चुन सकते हैं और आपके डेटा का उपयोग नही ों चकया जाएगा। 

 

सोंपकष  जानकारी 

यचद इस अध्ययन के बारे में आपके कोई प्रश्न हैं, तो आप उस शोधकताष से सोंपकष  कर सकते हैं चजसकी सोंपकष  

जानकारी नीचे दी गई है। 
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Appendix 4: सूकचर् सहमकर् (Hindi) 

घोषणा 

 

(i) मैं पुचि करता हों चक मैंने उपरोि अध्ययन के चलए सूचना पत्रक को पढ़ और समझ चलया है और मुझे प्रश्न 

पूछने का अवसर चमला है। अने्वर्क और टीम ने चवस्तार से अध्ययन की व्याख्या की है और मेरी सभी शोंकाओों 

का समाधान चकया है।  

 

(ii) मैं समझता हों चक अध्ययन में मेरी भागीदारी सै्वस्िक है और मैं चबना कोई कारण बताए, मेरी चचचकत्सा 

देखभाल या कानूनी अचधकारोों को प्रभाचवत चकए चबना चकसी भी समय वापस लेने के चलए स्वतोंत्र हों।  

 

(iii) अध्ययन के अने्वर्क को वतषमान अध्ययन और इसके सोंबोंध में चकए जाने वाले चकसी भी अन्य शोध के सोंबोंध 

में मेरे स्वास्थ्य ररकॉडष  को देखने के चलए मेरी अनुमचत की आवश्यकता नही ों होगी, भले ही मैं परीक्षण से हट जाऊों । 

मैं इस पहोंच के चलए सहमत हों। हालाोंचक, मैं समझता हों चक तीसरे पक्ष को जारी या प्रकाचशत चकसी भी जानकारी 

में मेरी पहचान का खुलासा नही ों चकया जाएगा।  

 

(iv) मैं इस अध्ययन से उत्पन्न होने वाले चकसी भी डेटा या पररणामोों के उपयोग को प्रचतबोंचधत नही ों करने के चलए 

सहमत हों, बशते चक उपयोग केवल वैज्ञाचनक उदे्दश्य (ओों) के चलए है।  

 

 

(v) मैं उपरोि अध्ययन में भाग लेने के चलए सहमत हों। 

 

चवर्य के हस्ताक्षर (या अोंगूठे का चनशान) 

______________________________________________________________________________ 

 

चदनाोंक: _____/_____/______ 

 

हस्ताक्षरकताष का नाम: _____________________________________________________________ 

 

चनष्पक्ष गवाह/कानूनी रूप से स्वीकायष प्रचतचनचध हस्ताक्षर ____________________________________ 

 

चदनाोंक: _____/_____/______ 

 

हस्ताक्षरकताष का नाम: _____________________________________________________________ 

 

प्राचधकरण/अने्वर्क के हस्ताक्षर: _____________________________________________________ 

 

चदनाोंक: _____/_____/______ 

 

प्राचधकरण का नाम:_______________________________________________________________ 
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Appendix 5: ਪੰਜਾਬੀ ਸਹਿਮਤੀ ਫਾਰਮ (Punjabi) 

ਅਹਿਐਨ/ਪਰੋਜੈਕਟ ਦਾ ਹਸਰਲੇਖ 

ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਹ ਿੱਚ ਪੈਰਾਾਂ ਦੀਆਾਂ ਬਾਇਓਮਕੈੈਨੀਕਲ ਹ ਸ਼ੇਸਤਾ ਾਾਂ ਅਤ਼ੇ ਪਲਾਾਂਟਰ ਪਰੈਸਰ ਦਾ ਹ ਸਲ਼ੇਸਣ ਕਰਨਾ 

 

ਉਦੇਸ਼: 

• ਇਸ ਅਹਿਐਨ ਦਾ ਉਦੇਸ਼ ਪੈਰਾਾਂ ਦੇ ਸਹਿਰ ਮਾਪਾਾਂ, ਗੇਟ ਪੈਰਾਮੀਟਰਾਾਂ, ਅਤ ੇਡਾਾਂਸਰਾਾਂ ਹ ਿੱਿ ਪਲੈਨਟਰ ਪਰੈਸ਼ਰ ਦਾ ਹ ਸ਼ਲੇਸ਼ਣ ਕਰਕ ੇ

ਪੈਰਾਾਂ ਦੇ ਬਾਇਓਮੈਕਹਨਕਸ ਨੰੂ ਸਮਝਣਾ ਿੈ। 

ਉਦੇਸ਼: 

ਪਰਾਇਮਰੀ ਉਦੇਸ਼ 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਅਤ ੇਗੈਰ-ਡਾਾਂਸਰਾਾਂ ਹ ਿੱਿ ਪੈਰਾਾਂ ਦੀਆਾਂ ਸਹਿਰ ਬਾਇਓਮੈਕਨੀਕਲ ਹ ਸੇ਼ਸ਼ਤਾ ਾਾਂ ਦਾ ਹ ਸ਼ਲੇਸ਼ਣ ਕਰਨ ਲਈ। 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਅਤ ੇਗੈਰ-ਡਾਾਂਸਰਾਾਂ ਹ ਿੱਿ ਪੈਰਾਾਂ ਦੀਆਾਂ ਗਤੀਸ਼ੀਲ ਬਾਇਓਮੈਕਨੀਕਲ ਹ ਸੇ਼ਸ਼ਤਾ ਾਾਂ ਦਾ ਹ ਸ਼ਲੇਸ਼ਣ ਕਰਨ ਲਈ। 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਅਤ ੇਗੈਰ-ਡਾਾਂਸਰਾਾਂ ਹ ਿੱਿ ਪਲਾਾਂਟਰ ਪਰੈਸ਼ਰ ਦਾ ਹ ਸ਼ਲੇਸ਼ਣ ਕਰਨਾ। 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਅਤ ੇਗੈਰ-ਡਾਾਂਸਰ ਤੰਦਰਸੁਤ ਹ ਅਕਤੀਆਾਂ ਹ ਿੱਿ ਪੈਰਾਾਂ ਅਤੇ ਹਗਿੱਟ ੇਦੇ ਗੰੁਝਲਦਾਰ ਸਹਿਰ ਬਾਇਓਮੈਕਨੀਕਲ 

ਮਾਪਾਾਂ ਹ ਿੱਿ ਤਬਦੀਲੀ ਦੇ ਪਰਿਲਣ ਦੀ ਤੁਲਨਾ ਕਰਨ ਲਈ। 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਅਤ ੇਗੈਰ-ਡਾਾਂਸਰ ਤੰਦਰਸੁਤ ਹ ਅਕਤੀਆਾਂ ਹ ਿੱਿ ਸਪੈਟੀਓ-ਟੈਂਪੋਰਲ ਗੇਟ ਪੈਰਾਮੀਟਰਾਾਂ ਅਤ ੇਪਲੰਟਰ ਪਰੈਸ਼ਰ ਦੀ 

ਤੁਲਨਾ ਕਰਨਾ। 

 

ਸੈਕੰਡਰੀ ਉਦੇਸ਼ 

• ਪੈਰਾਾਂ ਅਤੇ ਹਗਿੱਟ ੇਦੇ ਕਪੰਲੈਕਸ ਦੇ ਸਹਿਰ ਬਾਇਓਮੈਕਨੀਕਲ ਮਾਪਾਾਂ, ਸਪਟੈੀਓ-ਟੈਂਪੋਰਲ ਗੇਟ ਪੈਰਾਮੀਟਰ, ਪਲੈਨਟਰ ਪਰੈਸ਼ਰ, ਅਤ ੇ

ਸਿੱਟ ਦੇ ਪੈਟਰਨ ( ਾਰ ਾਰਤਾ, ਆਕਾਰ ਅਤ ੇਗਤੀਹ ਿੀ) ਹ ਿਕਾਰ ਸਹਿ-ਸਬੰਿ ਸਿਾਪਤ ਕਰਨ ਲਈ। 

ਲਾਭ 

• ਿੇਠਲੇ ਅੰਗ ਦੀ ਸਿੱਟ ਦੇ ਜੋਖਮ ਨੰੂ ਘਟਾਉਣ ਲਈ ਖੋਜ ਕਰਨ ਦੀ ਲੋੜ ਿੈ 

• ਭੰਗੜਾ ਡਾਾਂਸਰਾਾਂ ਹ ਿੱਿ ਪੈਰਾਾਂ ਦੇ ਬਾਇਓਮੈਕਨੀਕਲ ਹ ਸੇ਼ਸ਼ਤਾ ਾਾਂ ਅਤੇ ਪਲੰਟਰ ਪਰੈਸ਼ਰ ਦਾ ਹ ਸ਼ਲੇਸ਼ਣ ਕਰਨ  ਾਲਾ ਇਿ ਪਹਿਲਾ 

ਅਹਿਐਨ ਿੋ ੇਗਾ। 

 

ਜੋਖਮ ਅਹਿਐਨ ਨਾਲ ਮਰੀਜ਼ ਦੀ ਹਸਿਤ ਲਈ ਕਈੋ ਖਤਰਾ ਨਿੀ ਾਂ ਿੈ। 

  

_________________________________________________________________________________ 

 ਹਰਕਾਰਡਾਾਂ ਦੀ ਗੁਪਤਤਾ 

ਨਾਾਂ ਨਾਲ ਕੋਈ ਪਛਾਣ ਨਿੀ ਾਂ ਿੋ ਗੇੀ। ਹਸਰਫ਼ ਜਾਾਂਿਕਰਤਾ ਿੀ ਨਤੀਜੇ ਜਾਣੇਗਾ। ਹਕਸੇ  ੀ ਹਨਿੱ ਜੀ ਜਾਣਕਾਰੀ ਨੰੂ ਅਗਾਊਾਂ ਇਜਾਜ਼ਤ 

ਤੋਂ ਹਬਨਾਾਂ ਹਰਸ਼ਤੇਦਾਰਾਾਂ ਨਾਲ ਸਾਾਂਝਾ ਨਿੀ ਾਂ ਕੀਤਾ ਜਾ ੇਗਾ 

 

ਭਾਗ ਲੈਣ ਅਤ ੇਅਹਿਐਨ ਤੋਂ ਹਪਿੱਛੇ ਿਟਣ ਦੀ ਹ ਅਕਤੀਗਤ ਦੀ ਆਜ਼ਾਦੀ 

ਤੁਸੀ ਾਂ ਹਕਸੇ  ੀ ਸਮੇਂ ਅਹਿਐਨ ਛਿੱਡਣ ਦੀ ਿੋਣ ਕਰ ਸਕਦੇ ਿੋ ਅਤ ੇਤੁਿਾਡੇ ਡੇਟਾ ਦੀ  ਰਤੋਂ ਨਿੀ ਾਂ ਕੀਤੀ ਜਾ ੇਗੀ। 

 

ਸੰਪਰਕ ਜਾਣਕਾਰੀ 

ਜੇਕਰ ਤੁਿਾਡੇ ਕੋਲ ਇਸ ਅਹਿਐਨ ਬਾਰ ੇ ਹਕਸੇ  ੀ ਸਮੇਂ ਕੋਈ ਸ ਾਲ ਿਨ, ਤਾਾਂ ਤੁਸੀ ਾਂ ਖੋਜਕਰਤਾ ਨਾਲ ਸੰਪਰਕ ਕਰ ਸਕਦੇ ਿੋ 

ਹਜਸਦੀ ਸੰਪਰਕ ਜਾਣਕਾਰੀ ਿੇਠਾਾਂ ਹਦਿੱਤੀ ਗਈ ਿੈ। 

           

ਖੋਜਕਰਤਾ ਦੇ  ੇਰ ੇ: 

ਨਾਮ: ਸਾਕਸ਼ੀ ਸਾਿੂ ਪਤਾ: ਕਮਰਾ ਨੰ: 105 ਬਲਾਕ 3, 

ਹਫਜ਼ੀਓਿੈਰੇਪੀ ਹ ਭਾਗ 

ਫੋਨ ਨੰ: 9596857767 

1. ਸੁਪਰ ਾਈਜ਼ਰ  ੇਰ ੇ: 

2. ਨਾਮ: ਡਾ: ਰਮੇਸ਼ ਿੰਦਰ ਪਾਤਰਾ 

3. ਪਤਾ: ਕਮਰਾ ਨੰ: 105 ਬਲਾਕ 3, ਹਫਜ਼ੀਓਿੈਰੇਪੀ ਹ ਭਾਗ 
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Appendix 6: ਸੂਹਚਤ ਸਹਿਮਤੀ (Punjabi) 

ਘੋਸਣਾ 

(i) ਮੈਂ ਪੁਸ਼ਟੀ ਕਰਦਾ/ਕਰਦੀ ਿਾਾਂ ਹਕ ਮੈਂ ਉਪਰੋਕਤ ਅਹਿਐਨ ਲਈ ਜਾਣਕਾਰੀ ਸ਼ੀਟ ਨੰੂ ਪੜਹ ਅਤ ੇਸਮਝ ਹਲਆ ਿ ੈਅਤ ੇਮੈਨੰੂ ਸ ਾਲ 

ਪੁਿੱਛਣ ਦਾ ਮੌਕਾ ਹਮਹਲਆ ਿੈ। ਜਾਾਂਿਕਰਤਾ ਅਤ ੇਟੀਮ ਨੇ ਅਹਿਐਨ ਨੰੂ  ੇਰਹ ਆਾਂ ਹ ਿੱਿ ਸਮਝਾਇਆ ਿੈ ਅਤ ੇਮੇਰੇ ਸਾਰ ੇਸੰ਼ਹਕਆਾਂ ਨੰੂ 

ਸਪਿੱਸ਼ਟ ਕੀਤਾ ਿੈ।  

 

(ii) ਮੈਂ ਸਮਝਦਾ/ਸਮਝਦੀ ਿਾਾਂ ਹਕ ਅਹਿਐਨ ਹ ਿੱਿ ਮੇਰੀ ਭਾਗੀਦਾਰੀ ਸ ੈਇਿੱਛਤ ਿ ੈਅਤ ੇਇਿ ਹਕ ਮੈਂ ਹਕਸੇ  ੀ ਸਮੇਂ, ਹਬਨਾਾਂ ਕਈੋ 

ਕਾਰਨ ਦਿੱਸੇ, ਮੇਰੀ ਡਾਕਟਰੀ ਦੇਖਭਾਲ ਜਾਾਂ ਕਾਨੰੂਨੀ ਅਹਿਕਾਰਾਾਂ ਨੰੂ ਪਰਭਾਹ ਤ ਕੀਤੇ ਹਬਨਾਾਂ  ਾਪਸ ਲੈਣ ਲਈ ਸੁਤੰਤਰ ਿਾਾਂ।  

 

(iii) ਅਹਿਐਨ ਦੇ ਤਫ਼ਤੀਸ਼ਕਾਰ ਨੰੂ ਮੌਜੂਦਾ ਅਹਿਐਨ ਦੇ ਸਬੰਿ ਹ ਿੱਿ ਮੇਰੇ ਹਸਿਤ ਹਰਕਾਰਡਾਾਂ ਨੰੂ ਦੇਖਣ ਲਈ ਮੇਰੀ ਇਜਾਜ਼ਤ ਦੀ 

ਲੋੜ ਨਿੀ ਾਂ ਿ ੋੇਗੀ ਅਤ ੇਇਸ ਦੇ ਸਬੰਿ ਹ ਿੱਿ ਕੀਤੀ ਜਾਣ  ਾਲੀ ਕੋਈ ਿੋਰ ਖੋਜ, ਭਾ ੇਂ ਮੈਂ ਮੁਕਿੱਦਮੇ ਤੋਂ ਿਟ ਜਾਾਂਦਾ ਿਾਾਂ। ਮੈਂ ਇਸ ਪਿੁੰਿ 

ਲਈ ਸਹਿਮਤ ਿਾਾਂ। ਿਾਲਾਾਂਹਕ, ਮੈਂ ਸਮਝਦਾ/ਸਮਝਦੀ ਿਾਾਂ ਹਕ ਤੀਜੀ ਹਿਰ ਨੰੂ ਜਾਰੀ ਜਾਾਂ ਪਰਕਾਹਸ਼ਤ ਕੀਤੀ ਗਈ ਹਕਸੇ  ੀ ਜਾਣਕਾਰੀ 

ਹ ਿੱਿ ਮੇਰੀ ਪਛਾਣ ਪਰਗਟ ਨਿੀ ਾਂ ਕੀਤੀ ਜਾ ੇਗੀ।  

 

(iv) ਮੈਂ ਇਸ ਅਹਿਐਨ ਤੋਂ ਪੈਦਾ ਿੋਣ  ਾਲੇ ਹਕਸੇ  ੀ ਡੇਟਾ ਜਾਾਂ ਨਤੀਹਜਆਾਂ ਦੀ  ਰਤੋਂ 'ਤੇ ਪਾਬੰਦੀ ਨਾ ਲਗਾਉਣ ਲਈ ਸਹਿਮਤ ਿਾਾਂ, 

ਪਰਦਾਨ ਕੀਤਾ ਹਗਆ ਿੈ  ਰਤੋਂ ਕ ੇਲ ਹ ਹਗਆਨਕ ਉਦੇਸ਼ਾਾਂ(ਆਾਂ) ਲਈ ਿੈ।  
 

(v) ਮੈਂ ਉਪਰੋਕਤ ਅਹਿਐਨ ਹ ਿੱਿ ਹਿਿੱਸਾ ਲੈਣ ਲਈ ਸਹਿਮਤ ਿਾਾਂ। 

 

ਹ ਸੇ਼ ਦੇ ਦਸਤਖਤ (ਜਾਾਂ ਅੰਗੂਠੇ ਦਾ ਹਨਸ਼ਾਨ) 

 

ਤਾਰੀਖ਼: _____/_____/______ 

 

ਿਸਤਾਖਰਕਰਤਾ ਦਾ ਨਾਮ: ____________________________________________ 

 

ਹਨਰਪਿੱਖ ਗ ਾਿ/ਕਾਨੰੂਨੀ ਤੌਰ 'ਤੇ ਸ ੀਕਾਰਯੋਗ ਪਰਤੀਹਨਿੀ ਦਸਤਖਤ ________ 

 

ਤਾਰੀਖ਼: _____/_____/______ 

 

ਿਸਤਾਖਰਕਰਤਾ ਦਾ ਨਾਮ: ____________________________________________ 

 

 

ਅਿਾਰਟੀ/ਜਾਾਂਿਕਰਤਾ ਦੇ ਦਸਤਖਤ: ____________________ 

ਤਾਰੀਖ਼: _____/_____/______ 

 

ਅਿਾਰਟੀ ਦਾ ਨਾਮ: 
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Appendix 7: General Assessment form for Participants 

    

Serial number________________ 

Group allocated_______________ 

Dancer/Non-Dancer____________ 

Date________________________ 

 

 

 

 

 

Name:  Contact number: 

Address:  

Age/Gender: Weight: Height: BMI: 

Temperature: Heart rate: Respiratory rate: Blood Pressure: 

Job & occupation: Educational level: 

Hand Dominance: Leg Dominance (use to kick a ball):  

If dancer, year of experience:    If dancer, training hours per week: 

Any history of past trauma/injury: Yes/No Any diagnosed medical condition:  Yes/No 
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Present cognitive status: Montreal Cognitive Assessment (MOCA) 
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PART B (Specific Assessment form for Participants) 

Variables Left Foot 

Score 

Right Foot 

Score 

Difference 

Foot Size    

Truncated foot length     

Arch height index    

Navicular height     

Navicular drop    

Medial Longitudinal arch angle    

Feiss line    

Tibial Torsion angle    

Rear-foot angle    

True Limb length     

Apparent Limb length     

Thigh Girth    

Calf Girth    

Sensory examination of the foot     

Clarke's angle    

Chippaux-Smirak index    

Staheli's Planter Arch Index    

Foot Posture Index    
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Gait Variable (reading of 2 gait cycle starting with left and starting with right) 

Static parameters for front and back of foot 

 

Static parameters for whole foot 

 Right Left 

Area   

Distribution   

Maximal Pressure   

Average Pressure   

Weight   

Dynamic results (Podometeric Results) Dominant leg 

 Area Average Pressure Maximal Pressure 

Step 1(rt)    

Step 2(lt)    

Step 3 (rt)    

Dynamic results (Spacio-Temporal Results) 

 Left Side Right Side 

Step Duration (ms)   

Gait cycle (ms)   

Single Stance duration (ms)   

Double Stance duration (ms)   

Swing Duration (ms)   

Stride Duration (ms)   

Step length (mm)   

Gait cycle length (mm)   

Angle    

Postural sway 

   

Length X speed Dev. X0 

Area Y speed Dev. Y0 

Length/Area X deviation Dev. Mx 

Average Q Speed  Y deviation Dev. My 

 

 

 

 

 Left Front Left Back Right Front Right Back 

Area     

Distribution     

Trust     
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Postural assessment 

FRONT VIEW 

 

 

 

POSTERIOR VIEW  

 

 

 

LEFT LATERAL VIEW  

 

 

 

RIGHT LATERAL VIEW 

 

 

 

 

 

 

Dancer fitness testing 

Parameters Score 

1. Resting heart rate   

2. Max heart rate   

3. Predictive VO2 MAX  

4. Harvard step test values  

5. Fitness Index test values  

6. Leg power values  

7. Crunches  

8. Push ups  

9. V sit and reach test  

10. Y Balance test (Dynamic Balance)  
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Appendix 8: Dancer musculoskeletal injury assessment questionnaire (DMIAQ) 

Section A (Demographic section) 

Name  

Age  

Gender   

Address  

Hand Dominance  

Leg Dominance   

Years of practicing dance   

Days practicing dance per week  

Hours practicing dance per day  

    Section B (Pain/Discomfort Section)  

Do you have pain or discomfort currently in any part of the body? 

Region No (0) Yes (1) If yes 

Mild 

(1) 

Moderate 

(2) 

Severe 

(3) 

Left 

Side 

Right 

Side 

Neck       

Upper Back       

Lower Back       

Shoulder       

Elbow       

Wrist/Hand       

Hip       

Knee       

Ankle/Foot       

Note: (Total 27 scoring) Minimum- 0 and Maximum-27 

Section C (Injury Section) 

Do you have injury in any part of the body in last one year? 

Region No (0) Yes (1) Left Side Right Side 

Neck     

Upper Back     

Lower Back     

Shoulder     

Elbow     

Wrist/Hand     

Hip     

Knee     
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Ankle/Foot     

Note: (Total 9 scoring) Minimum- 0 and Maximum-9 

Section D (Reason Section) 

What do you think could be the reason for pain/discomfort/injury? 

COMPONENTS NO (0) YES (1) 

Age factor   

Anatomical factors   

Biomechanical factors    

Fatigue    

Intense training   

Poor training   

Lack of conditioning   

Wrong techniques   

Practicing surface   

Environmental conditions   

Dietary habits   

Stress issues   

High competition   

Career fear   

Coaching methods   

Note: (Total 15 scoring) Minimum- 0 and Maximum-15 

Section E (Preventive measure section) 

Do you take any preventive measures to avoid injuries? 

PREVENTIVE MEASURES No (0) Yes (1) 

Proper conditioning (warmup & cool down)   

Proper diet   

Proper rest   

Proper consultation from doctors   

Proper techniques   

Proper training   

Supportive therapy   

Psychological counselling   

Avoid intense and odd training hours   

Ergonomic advices   
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Appendix 9: Candidacy letter 
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Appendix 10: Clinical trial Registry of India (CTRI registration) 
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Appendix 11: Ethical approval 
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Appendix 12: Conference certificate-1 
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Appendix 13: Conference certificate-2 
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Appendix 14: Copyright certificate-1 
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Appendix 15: Copyright certificate-2 
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Appendix 16: Patent certificate 
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Appendix 17: Research Publication 1 

“A Letter of Appreciation and Suggestions: Improving Methodological Rigor and 

Questionnaire Design in Ballet Dance Injury Research” 

https://doi.org/10.1177/1089313X24125527 

Sakshi Sadhu and Dr. Ramesh Chandra Patra 

Journal of Dance Medicine & Science (Scopus Indexed) 

 
 

 

 

 

 

https://doi.org/10.1177/1089313X241255270
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Appendix 18: Research Publication 2 

Evaluation of Prevalence, Location and Pattern of Musculoskeletal Pain and Discomfort 

among Dancers 

DOI 10.26773/smj.240713 

Sakshi Sadhu, Dr. Ramesh Chandra Patra 

Sport Mont (Scopus Indexed) 
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Appendix 19: Research Publication 3 

Predictors for Assessing the Elements that Challenge the Dancer's Limits: A Short Review 

Vol.12 / Issue 67 / August / 2021 

Sakshi Sadhu, Dr. Ramesh Chandra Patra 

Indian Journal of Natural Sciences (Web of Science indexed) 
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Appendix 20: Research Publication 4 

Efficacy of intrinsic foot strengthening program to improve the foot biomechanical 

characteristics and uneven plantar pressure distribution to reduce the risk of injury among 

Bhangra dancers: study protocol for Randomized controlled trial" 

DMJ-24-0035.R1 

Sakshi Sadhu, Dr. Ramesh Chandra Patra 

Journal of Dance Medicine and Science 
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Appendix 21: Master Sheet 

Sadhu, Sakshi (2024), “My PHD Dataset”, Mendeley Data, V1, doi: 10.17632/mctc2wjtjy.1 
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Appendix 22: Plagiarism report 

 
 

 

 

 

 


