
Biomechanics of Resistance Exercise 

 

Enja Schenck 

Biomechanics, Dr. Leung 

Pilates –  

A Biomechanical 
Approach 

enja
Sticky Note
This Powerpoint provided the accompanying visuals to my 45 minute verbal presentation. Look out for a quick summary or noteworthy pointers in these sticky notes.Thanks for reading! Enja



Flow chart 



Chapter Objectives  
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During the next 2 slides I talked about Joseph Pilates' history, amount of repetitions, stabilization against movement, what Pilates is about, equipment, copyright and the law suit.



 



The Hundred 
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I picked the Hundred because it’s always the first exercise, it is a signature Pilates move that is not found anywhere else and there are studies examining it.The Hundred is the warm-up exercise in Pilates.



The Hundred 

• 4 movement components: 

– Isometric trunk flexion 

– Isometric hip flexion 

– Rapid upper limb move- 

 ment in sagittal plane 

– Deep breathing with forced exhalations 



The Hundred 

Movement objective: 

1.) Maximum effort –  

 Lengthening of moment  

 arm to maximal point  

 of challenge 

2.) Balance – maintaining stability 



The Hundred 

• Mechanical Objective: 

Angular torque  

 equilibrium 

 

• Newton’s 3rd law of motion “each action force 

has an opposing reaction force” is the kinetic 

equivalent to the term equilibrium in kinematics. 
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Opposing forces in The Hundred:- Gravity vs. lifting muscle force- De-stabilizing arm pumping vs. stabilizing muscle force- Other impeding forces: lack of ROM of lengthening muscles vs. strength of contracting flexor muscles- Reformer: Straps vs. strength of contracting flexor muscles



Hip flexor torque 
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Moving the limbs further away from the trunk affects the torque they exert and the amount of muscle force that must be generated. This is even more important with the legs, because the weight of the legs is so much greater than the arms. The further the legs are away from the vertical the greater the moment arm length and the greater the torque they will generate. 
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This requires the hip flexors to work harder to counterbalance the greater torque. If the abdominals are not working adequately, this forceful contraction of the hip flexors, particularly the iliopsoas, can anteriorly tilt the pelvis and pull the lumbar spine into hyperextension, a potentially injurious situation for the lower back.



Torque 

• Torque is the angular equivalent of linear 

force. 

• It is a force applied over a distance (lever arm) 

that causes rotation about a fulcrum (axis of 

rotation). 

• Torque is dependent on the amount of force, 

angle of application of force, and moment arm. 

• Greatest Torque/Moment Arm = Force applied 

at 90 degree angle to its lever. 



Biomechanical principles:  
1) Moment arm 

moment 



Biomechanical principles:  
1) Moment arm 

enja
Sticky Note
In The Hundred the downward torque to be overcome is greatest when the trunk is nearest the horizontal because the resistance moment arm is greatest at this point. Muscular effort needed is highest at this point.



Biomechanical principles:  
2) Levers 

Trunk flexion Hip flexion 
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The Hundred utilizes a First Class lever system, which is characterized by the axis being positioned between the effort and the resistance. The mechanical advantage of the first-class lever is balance.



Biomechanical principles:  
3) Center of mass 

• Mass is balanced at the CM in all directions 

• CM is used as the reference point in describing the angular motion 

of an object 
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Mass is balanced at the center of mass in all directions.In angular motion CM is important because it is used as a reference point in describing the angular motion of an object.



Biomechanical principles:  
4) Balance 

• Size and shape of the base of support 
• Relation of the line of gravity to the base of support 
• Height of the center of gravity 



Biomechanical principles:  
5) Force-length 
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Muscle fibers produce their greatest force at a length slightly greater than resting length – somewhere between 80-120% of resting length. Note that muscles are somewhat stretched at resting length.



The Reformer 
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The reformer is an apparatus that contains a carriage on rails to which resistance is applied via springs attached to the carriage. The amount of springs can be changed (up to 5). Subjects apply force to a footbar to displace the carriage. 



The Hundred on the Reformer 
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The Hundred can also be performed on the reformer where straps are held in hands that are attached to springs, thus providing resistance against trunk flexion, lengthening the moment arm, moving the center of gravity of the trunk closer to the head and increasing the muscular effort.



Biomechanical study #1 



Biomechanical study #1 



Biomechanical study #1 
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Surprisingly RA activation was slightly lower for The Hundred on the reformer than on the mat even though it is reasonable to suppose that greater resistance torque demands higher electric activation of the involved musculature.
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I assume lower RA activation in spite of higher resistance is a result of increased synergetic muscular efforts of additional muscle groups, especially EO, IO because the straps are held laterally by the torso and the obliques move and prevent lateral movement such as rotation.Higher activation of RF represents greater moment arm length of legs = greater muscular effort required.



The Teaser 



The Teaser 

• Movement components  

 concentric: Sequential and  

 simultaneous neck, trunk  

 and hip flexion. 

• Eccentric: Sequential and 

 simultaneous hip trunk, neck and hip extension. 



The Teaser 

• Mechanical Objective: 

Angular torque  

 maximization 



Additional biomechanical principles in addition to those introduced in The Hundred: 

1) Inertia 

 

Inertia – resistance to motion changes. 

 

In the same way that the torque causing angular motion 

depends on the magnitude of force and the distance from 

the line of action of the force to the axis, the inertia of a 

rotary body is affected by both the mass and the distance 

between the mass and the axis of rotation. 
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The INERTIA of a rotary body is affected by both the mass and the distance between the mass and the axis of rotation.In the human body mass distribution may be altered by changing the body position, thereby changing the moment of inertia. 



Additional biomechanical principles in addition to those introduced in The Hundred: 

2) Angular momentum and impulse 

 

Angular momentum: Iω 

 

Angular impulse: 

T * t=I(α) 

 

THUS: 

Torque * time=I(ωf-ωi) 
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Angular momentum is a measurement of how much force needs to be applied to change a body’s speed or direction. Angular impulse is the effect of a torque applied over a given time on the change of angular momentum of an object. 



Impeding factor: 

3) Range of motion -- ROM 
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The Teaser requires great ROM throughout the entire back body, not just the upper back as in The Hundred. 



The Cadillac 



The Teaser on the Cadillac 
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The Teaser on the Cadillac is performed holding a bar attached to springs, which reduces upper body mass during angular motion.



Biomechanical study #2 



Biomechanical study #1 & #2 
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Surprisingly the second study has HIGHER RA EMG results for the Teaser on the Cadillac even though upper body mass is reduced by way of the spring.Their explanation: The lift of the spring generates spinal extension which triggers abdominal muscle engagement.



The Footwork on the Reformer 



The Footwork on the Reformer 

• Movement compo- 

 nents concentric: 

 Supine hip and knee 

 extension 

• Eccentric: Supine hip and knee flexion. 



The Footwork on the Reformer 

• Mechanical Objective: 

 Angular torque against external force. 



Load measuring 
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The vertical force (VF) and horizontalforce (HF) components of the resultant force (RF) applied to the footbar.



Biomechanical study #3 



Biomechanical study #3 

Reaction force directed:  

 

(b) Between knee and hip, creating 

knee and hip extensor moments; 

 

(c) below the hip, creating knee 

extensor and hip flexor moments. 
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The result of (c) is quite surprising. Explanation: 1) Contribution of muscles to the legextension exercise is not necessarily obvious because of the bi-articular nature of some of the muscles involved2) The possibility to change the direction of force application onthe Reformer apparatus (springs)



Centering 
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“Centering” has different names in different Pilates schools and studies: Some call it “Powerhouse activation”, some call it “Abdominal hollowing”. There are studies stating that this very abdominal bracing can actually “unload” the spine, thus increasing spinal extension moment. 



Biomechanical study #4 



Biomechanical study #4 



Biomechanical study #4 
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“The centring technique of the Pilates method seems to be important for increasing the BB activity, especiallyduring eccentric dynamic contraction.”



Biomechanical study #5 



Biomechanical study #5 
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“According to our results, it could be concluded that patients with low-back pain had decreased activation andantagonist co-contraction of trunk stabilizer muscles.” Solution: Practicing Centering!



Biomechanical study #6 



Biomechanical study #6 

Results: “Individuals new to the practice of the mat-based 

Pilates exercises showed differences in coactivation of the 

trunk muscles between the exercises.” 
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The study hypothesized that fewer local muscle activation leads to spinal load and strain. Centering plays an important role in spinal stabilization and should be mastered before further Pilates practice.



Quality of movement and 
biomechanical research 

Cantergi et al.: Previous studies on the Pilates method showed 

that small changes in body position or force direction can 

dramatically affect the resultant joint moments, and thus the muscle 

groups involved in the exercise.  

  

Barbosa et al.: The Pilates method emphasizes a control of body 

position and movement, demanding subject’s complete 

attention to the task. Thus, compelling evidence suggests 

that the stability of coordination is influenced profoundly by 

specific neuromuscular and skeletal behavior that determine 

how particular movement patterns are performed. 
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In Pilates it doesn’t necessarily matter how far you move something, but it matters HOW YOU MOVE when you move something. We’re talking about quality of movement -- this has only recently started to be researched and quantified. 
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