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Abstract: The natural ability of humans to maintain postural stability becomes restricted when they reach their maximum 

physical capabilities and attempt to maintain balance during extreme forward slopes that push their center of mass 

beyond their base of support. Michael Jackson's 45° forward lean in his Smooth Criminal dance performance 

demonstrates an outstanding case study, which researchers can use to investigate how external factors help dancers exceed 

their physical performance limits. This study examines how human balance systems interact with torque production and 

mechanical support to enable individuals to attain extreme leaning positions. The research establishes a theoretical 

framework that combines physics and biomechanics to examine stability loss conditions and the effects of artificial systems 

on those conditions. It also investigates how dedicated support systems function to distribute forces while they improve 

stability in a more effective manner. Results of this study shows that human beings can only lean forward to a limited 

angle but when they use mechanical enhancements this limit increases because their center of mass now behaves 

differently in relation to their base of support. This paper demonstrates how these mechanisms affect technology for 

assisting people with disabilities and systems for rehabilitating patients and the interaction between humans and machines. 
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I. INTRODUCTION 

 

Our body uses mechanics together with gravitational 

forces to maintain human postural balance. Human body 

achieves balance through its base of support which keeps the 
center of mass inside the base, thus enabling people to move 

without losing their balance. Increased forward inclination 

causes greater gravitational torque to act on the body, which 

requires the musculoskeletal system to work harder, 

especially at the ankle joint and its connected tendons. 

People who do not use assistive devices can only maintain a 

forward lean until they become unstable, which happens at 

much lower angles than 45 degrees. The performance by 

Michael Jackson in Smooth Criminal demonstrates human 

balance through his 45-degree forward lean, which seems to 

violate natural human body movement limits, that leads to 
uncertainty about whether people can maintain that position 

without outside help. 

 

The implementation of this extreme lean required both 

physical capabilities and the utilization of engineered support 

systems. Performer used a special footwear system which 

connected him to the stage to execute controlled body 

movements that exceeded his natural stability capacities. 

This research demonstrates how engineering systems 

establish important links between biomechanics and 
engineering because these systems enable people to increase 

their natural physical abilities and also intends to study this 

phenomenon through testing fundamental postural stability 

principles, torque mechanics, center of mass movement 

patterns and mechanical systems that permit extreme body 

positions. This paper establishes a theoretical framework 

which merges physics and engineering to demonstrate how 

mechanical systems enhance human balance capabilities 

through using Michael Jackson’s 45° forward lean as a test 

case. 

 

II. LITERATURE REVIEW 
 

Researchers have conducted extensive research on 

human body balance through scientific studies of human 

walking which focus on understanding how people maintain 
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balance while walking. The stability of the system remains 

intact until the center of mass projection exceeds the 
boundaries of the base while forward inclination causes an 

upward rise in ankle joint torques which results in system 

instability. Previous research in human movement science 

demonstrates that even trained individuals encounter 

limitations in maintaining forward lean because of 

restrictions from their musculoskeletal system which 

includes their ankle joint and Achilles tendon. Research 

results indicate that most people can maintain balance 

without assistance up to 20° to 30° of forward lean which 

represents their maximum sustainable forward lean angle 

(Winter, 1995; Lee & Chou 2006). 
 

A 2018 study published in the Journal of Neurosurgery: 

Spine investigated Michael Jackson's 45° forward lean from 

Smooth Criminal which became a major contribution to this 

research area. The researchers proved that the human body 

cannot sustain such extreme postures because it exceeds 

natural biological boundaries and requires more than muscles 

to achieve this state. The study found that forward body 

leaning causes an increasing load shift to the Achilles tendon 

which serves as the main stability restriction point. 

Moreover, this study found that assistance is needed for 

professional dancers to achieve 45° forward lean because this 
movement exceeds normal human physical ability (Shah et 

al., 2018). This research conducted additional analysis which 

discovered engineered assistance technologies as the crucial 

factor that enabled this movement. The patented footwear 

mechanism was explained through its design which includes 

a heel slot that connects to a stage-mounted peg thus creating 

a fixed point that changes the performer s balance support. 

The system enables force distribution through its design 

which decreases musculoskeletal system requirements thus 

allowing greater forward lean extension. Performance of the 

movement in earlier settings used harness-based support 
systems which demonstrate that mechanical systems have 

been essential for obtaining extreme postures (Shah et al., 

2018). 

 

Current literature presents essential information about 

the biomechanical and physiological limitations which 

appear during extreme forward leaning. But this also 

demonstrate a deficiency in research which combines the 

discovered results into a full engineering system that can 

measure how external systems improve human postural 

balance. This research combines physics and biomechanics 
with engineering design to study how mechanical support 

systems enhance human balance capacity through their 

performance during 45-degree forward lean movements. 

 

III. THEORETICAL FRAMEWORK 

 

 Human Body as a Mechanical System 

The human body operates as a mechanical system 

which consists of multiple segments that join together to 

form two main parts the lower limbs and torso. The ankle 

joint serves as the main rotation point which enables standing 

and forward tilting movements. The simplified model shows 
that balance depends on the combined efforts of muscles and 

tendons which produce restoring forces to fight against 

gravitational pull. Human posture analysis uses basic 

mechanical principles which show how body equilibrium 
results from force and moment interactions that affect the 

body. 

 

 Center of Mass & Base of Support 

The position of the Center of Mass (COM) in relation to 

the Base of Support (BOS) serves as the primary element 

which supports postural stability. The Base of Support 

establishes the space which exists between the feet that touch 

the ground, and the Center of Mass indicates the midpoint 

where a body distributes its entire weight. Stability exists 

when the vertical projection of the COM falls inside the 
boundaries of the BOS. Once the body leans forward, the 

COM shifts closer to the BOS boundary thereby reducing the 

stability margin and increasing the possibility of falling over. 

 

 Forward Lean and Gravitational Effects 

The person leans forward while gravitational force 

pulls downwards to their center of mass. The force creates a 

rotational effect because the center of mass moves away 

from the ankle joint which serves as the rotational axis. This 

effect becomes stronger with higher angles of inclination 

which makes balance maintenance increasingly challenging. 

The body requires muscular strength to produce enough 
opposing force that will stop the forward rotation. 

 

 
Fig 1 Shift of Center of Mass during Forward Lean 

 

 Torque & Stability Limits 

The rotational effect produced by gravity requires 

torque to be measured at the ankle joint: 

 

 
 

Where, 

 

 T = torque to be measured at the ankle joint 

 r = horizontal distance between the ankle joint and the 
Center of Mass 

 m = mass of the body 

 g = acceleration due to gravity 

 

The forward lean angle increase brings about two 

effects which create a higher torque result because both "r" 

distance and torque value increase. The enhanced torque 

production causes a stronger forward rotation movement 

which requires muscular strength to stop it. Muscles and 
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tendons can produce only limited counteracting torque, 

which creates a threshold that makes balance maintenance 
impossible. 

 

 Biomechanical Constraints of the Human Body 

The main restriction that prevents extreme forward 

leaning movements from continuing is the human body 

system limitations which affect ankle joints and Achilles 

tendons. The structures experience their highest stress levels 

when the body leans forward. The calf muscles produce a 

restoring moment which opposes gravitational torque, but 

their strength capacity limits their ability to generate force. 

Required counter-torque reaches a point beyond which 
human beings cannot sustain critical stability because their 

torque capacity reaches its maximum. This explains why 

unaided individuals are unable to sustain extreme forward 

inclinations. 

 

 Stability Threshold and Failure Condition 

The system reaches its unstable state when it reaches 

the critical angle which marks the boundary between stable 

and unstable equilibrium. This point represents the moment 

when the body loses its ability to generate enough restoring 

torque to balance the gravitational torque. The mathematical 

expression for instability states that instability will occur 
when the following condition exists: 

 

RESTORING TORQUE < GRAVITATIONAL TORQUE 

 

The center of mass now moves outside the base of 

support which causes the body to reach unbalanced rotation 

that results in a forward fall. The forward lean test 

establishes the maximum limit of human balance control. 

 

 Transition to Mechanical Assistance 

The only way to achieve 45° forward lean angles 
because of biomechanical and physical constraints which we 

discussed earlier requires assistance from external aids. 

External mechanical systems provide a solution for these 

challenges because they transform the base of support while 

changing the body forces which need to be managed. The 

systems create a less demanding workload for the 

musculoskeletal system by making changes to how the body 

center of mass relates to its pivot point which helps people 

keep balance between two unstable positions. 

 

Human postural stability reaches its maximum 
potential through engineering interventions which serve as 

the foundation for the upcoming analysis. 

 

IV. ENGINEERING MECHANISM 

ANALYSIS 

 

 Overview of the Anti-Gravity Mechanism 

The 45° forward lean which Michael Jackson 

established through Smooth Criminal cannot be performed 

by humans because torque restrictions prevent their ability to 

maintain balance. The system uses mechanical assistance 

through which performers receive temporary stage anchoring 
when they need to perform their acts. The system enables 

users to maintain a forward-leaning position while their body 

remains balanced. This system maintains gravitational effects 

according to engineering principles because it redistributes 
forces which allow control over ankle joint movement. 

 

Suitable Equation for the 45° Lean – 

 

 
 

Where, 

 

 m = mass of the performer 

 g = acceleration due to gravity 

 h = height of center of mass from ankle 

 𝜃 = lean angle (45° for Smooth Criminal Song) 

 FSupport= force provided by the shoe-stage system 

 d = distance from ankle to support point 

 
 Design of the Shoe-Stage Interface 

The main element of the system functions through a 

footwear design that connects to a stage interface. The shoe 

design contains a reinforced heel section which has a slot 

that allows connection to an existing solid peg on the stage 

floor. The peg ascends during the performance and secures 

itself into the heel slot which establishes a short-term 

mechanical connection which holds the performer to the 

stage floor. The performer uses this connection to maintain 

his position while he gains an additional point which helps 

him to maintain his body weight. The design requirements 
need to provide enough strength together with exact 

alignment and fast disconnection capabilities to enable safe 

operations during moving activities. 

 

 Modification of Base of Support 

The standing position of a person without any support 

system requires them to maintain balance within the area 

covered by their foot placement. The actual operation of the 

shoe and peg system creates a new effective support 

condition which exists at its intersection point. The foot 

shape maintains its original dimensions yet the foot 

anchoring mechanism creates an additional stabilizing force 
that functions as an extra support point. The center of mass 

projection extends beyond the natural boundaries of base of 

support but this does not trigger an immediate fall. The 

system converts a balance-dependent body stance into a 

restricted mechanical body position. 

 

 
Fig 2 Michael Jackson’s Famous Shoe and Base 
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 Force Redistribution and Torque Reduction 

The primary benefit of the anchoring system exists 
because it can redirect external forces. The human body 

needs to use muscular torque at the ankle joint to balance all 

gravitational forces during a forward lean movement., which 

can be expressed as: 

 

 
 

The required counter-torque becomes unmanageable 

when the horizontal distance "r" reaches measurements 

greater than the physiological limits. The mechanical 

interface active state transfers part of the load through the 
shoe-peg connection which connects to the stage. The 

system generates an extra reaction force which decreases the 

total torque that the musculoskeletal system must 

counteract. The body maintains its ability to support forward 

inclinations up to limits which exceed biomechanical 

standards. 

 

 Torque Equation (TNet) About the Ankle: 

 

 
 

Where, 

 

 m = body mass 

 g = gravity 

 h = height of center of mass from ankle 

 𝜃 = forward lean angle 

 Fa = anchoring force by the shoe mechanism 

 R = moment arm of the anchoring force 
 

For balance during the lean: 

 

 
 

 Force Redistribution Formula: 

 
The total effective supporting force is redistributed 

between: 

 

 The ankle/muscle system 

 The shoe mechanism anchor 

 

So, the resisting force can be expressed as: 

 

 
 

Or, in torque form, 

 

 
 

 

 Torque Reduction Formula: 

Because the anchor provides part of the resisting 
torque, the ankle torque demand is reduced to: 

 

 
 

At 45° lean: 

 

 
 

 Stability Enhancement Mechanism 

The system achieves stability through its ability to 

generate external moments which balance the backward 
force created by gravity. The body operates through two 

systems which combine internal muscle strength with 

external mechanical restrictions to move the entire body 

mass. The performer can maintain a 45° forward lean while 

standing because this system allows them to do so. The 

system requires users to possess strength and coordination 

because it enables them to move without their basic stability 

needs being fulfilled. 

 

 Limitations and Safety Considerations 

The mechanism shows actual use in practice yet its 
operational performance needs to reach complete success. 

The movement needs exact timing which must match both 

the performer and the mechanical system at all times. The 

system becomes unstable while creating a risk of injury 

when its components are not properly aligned or when they 

are disconnected before the right time. The body needs both 

strength and training because it must endure high physical 

demands which occur throughout its ankle and lower leg 

body regions. The biomechanical risk persists because 

humans can achieve better postural control through 

mechanical assistance which helps them exceed their normal 

balance abilities. 
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 Natural Human Lean vs. Mechanically Assisted Lean 

 
Table 1 Comparison between Natural Human Lean Conditions and Mechanically Assisted Lean Conditions 

PARAMETER NATURAL HUMAN LEAN MECHANICALLY ASSISTED LEAN 

Maximum Lean Angle ~ 20°–30° Up to ~ 45° 

Center of Mass Position Must remain within BOS Can extend beyond BOS 

Torque Handling Fully by muscles Shared with mechanical system 

Stability Condition Purely biomechanical Biomechanical + mechanical 

Risk of Falling High beyond limit Reduced due to anchoring 

External Support None Shoe-stage interface 

Energy Requirement High muscular effort Reduced muscular load 

 

V. RESULT AND ANALYSIS 

 

The study shows that human forward lean movement 

has a basic limit which occurs because gravitational forces 

create increased ankle joint torque when the body center of 

mass moves forward. Human body experiences rising torque 

which the musculoskeletal system needs to fight as the 

body's inclination increases from the pivot point. The 

system experiences balance problems because the torque 

reaches a level which exceeds human body limits. Body can 
forward lean naturally until it reaches a specific point after 

which people experience balance problems. 

 

The implementation of mechanical support systems 

enables improved handling of this constraint because they 

distribute forces through their external support systems. The 

shoe–stage interface reduces the effective torque which acts 

on the ankle joint while extending the functional base of 

support, thus allowing the body to maintain a controlled 

forward inclination which reaches 45 degrees. The observed 

movement demonstrates physical law compliance because it 
uses engineered systems to create movement patterns. The 

system requires precise coordination because it generates 

residual biomechanical demands which human operators 

must handle, thus proving that the technology improves 

human stability but does not eliminate the need for human 

operators. 

 

VI. CONCLUSION 

 

Human forward lean stability limits show restrictions 

which human movement scientists see as measuring their 

capability to lean forward beyond safe limits. The research 
shows through theoretical analysis and engineering 

interpretation that external anchoring mechanism provides 

mechanical support which enables force redistribution to 

reduce torque requirements on the musculoskeletal system. 

The results show that the system meets operational 

requirements because it uses engineered systems which 

operate according to physical laws. The analysis shows that 

mechanical systems which support human abilities need 

users to implement coordination and strength and alignment 

skills for safe operation. The study provides an initial 

framework for research which aims to improve human 
physical performance through engineered support systems 

which will deliver advantages to assistive devices and 

rehabilitation technology and exoskeleton development and 

human-machine interaction. Future research may focus on 

creating models to measure force distribution and testing 

stability thresholds and developing advanced wearable 

systems to enhance balance in clinical and performance 

environments. 
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