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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
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Sticky Note
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.
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The Hundred
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Sticky Note
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.


DR 020
The Hundred

* 4 movement components:
— Isometric trunk flexion
— Isometric hip flexion

— Rapid upper limb move- g
ment in sagittal plane
— Deep breathing with forced exhalations
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The Hundred

Movement objective:

1.) Maximum effort —
Lengthening of moment y
arm to maximal point == T —
of challenge

2.) Balance — maintaining stability
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The Hundred

 Mechanical Objective:
Angular torque

equilibrium

« Newton’s 3 [aw 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
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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 anqgular equivalent of linear
force.

 Itis 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
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Biomechanical principles:
1) Moment arm

=

MOMENT ARM N

= THE PERPENDICULAR DISTANCE FROM AN /
AXIS TO THE LINE OF ACTION OF A FORCE
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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

* CMis used as the reference point in describing the angular motion
of an object

* Centre of gravity
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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
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Biomechanical principles:
5) Force-length
=

High

FORCE

Low

Short Normal Long

MUSCLE 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.
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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

ELECTROMYOGRAPHIC ANALYSIS OF THE RECTUS “EXERCISE AND SPORTS
FEMORIS AND RECTUS ABDOMINIS MUSCLES
DURING PERFORMANCE OF THE HUNDRED AND
TEASER PILATES EXERCISES

ORIGINAL ARTICLE
Elba Fonseca de Souza ABSTRACT
Débora Cantergi? _ o ) ) )
Aline Mendone 21 The literature has shown that small modifications in a Pilates method exercise may change the
. = = ':
Cloud Kennedy' muscles activation pattern. Moreover, few studies have evaluated Pilates exercises from the kinesiology
Jefferson Fagundes Loss? point of view. Therefare, this study aimed to compare a couple of exercises performed on the mat and

in apparatus regarding electric activation of acting muscle groups. Eleven healthy Pilates trained wo-
Satvador. BA men took part in the study. Electromyographic data were collected from the rectus femaoris and rectus
2. Federal University of Rio Grande abdominis muscles, right and left portions, while keeping the isometric posture of the hundred on mat,
do Sul — Porto Alegre, RS, hundred on the Reformer apparatus, teaser on mat and teaser on the Cadillac apparatus exercises. The

1. Sodial College of Bahia —




Biomechanical study #1
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Figure 15cheme of the hundred on mat{A) and in the Reformer exercises (Bl
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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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Sticky Note
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
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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: lw

Angular impulse:
T* t=l(a)

THUS:
Torque * time=I(wf-wi)
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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. 


g o
The Cadillac




The Teaser on the Cadillac
g
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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

Comparison of the electromyographic activity of the anterior trunk @cmsmm
during the execution of two Pilates exercises — teaser and
longspine — for healthy people

Josilainne Marcelino Dias ¢, Maryela de Oliveira Menacho ", Bruno Fles Mazuquin **, Karen Obara®, _
Fernanda Queiroz Ribeiro Cerci Mostagi ?, Tarcisio Branddo Lima ®¢, Felipe Arruda Moura €, Taufik Abrdo’,
Maura Daly Iversen £, Jefferson Rosa Cardoso ™*

* Laboratory of Biomechanics and Clinical Epidemiology. Universidode Estadual de Londrina, Londrina, Brazil

" Faculdade Interamericana de Porto Velho, Porte Velho, Brazil

“University of Central Lancashire, Preston, United Kingdom

AUniversidade Tiradentes, Aracaju, Brazil

= Sports Science Department, Universidade Estadual de Londrina, Londrina, Brazil

"Electrical Engineering Department, Universidade Estadual de Londrina, Londrina, Brazil

£ Physical Therapy, Movement and Rehabilitation Sciences Department, Northeastern University, Boston, USA

b Coordinator of the Laboratory of Biomechanics and Clinical Epidemiology, Universidade Estadual de Londring, Londring, Brazil

ARTICLE INFO ABSTRACT

Article history: This study compared abdominal electromyographic (EMG) activity during the performance of Pilates’
Received 4 October 2012 exercises. 16 females participated in the study. EMG signals of the rectus abdominis (RA) and external
Received in revised form 11 June 2014 oblique (EQ) were recorded during Longspine performed on the mat, Cadillac, and Reformer and the

Accepted 11 June 2014 Teaser performed on the mat, Cadillac|and Combo-chair. Values were normalized by the EMG peak of



Biomechanical study #1 & #2
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Comparison of normalized EMS values between com
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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

Foot bar
@
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Fig 1. Starting and finishing position for the leg extension exerdase.



The Footwork on the Reformer

» Movement compo- \k g
nents concentric: | 4
Supine hip and knee fis
extension g

« Eccentric: Supine hip and knee flexion.




The Footwork on the Reformer

 Mechanical Objective:
Angular torqgue against external force.
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The vertical force (VF) and horizontal
force (HF) components of the resultant force (RF) applied to the footbar.



Biomechanical study #3

Muscle strategies for leg extensions on a “Reformer” apparatus

Débora Cantergi **, Jefferson Fagundes Loss?, Azim Jinha ®, Guilherme Auler Brodt®¢, Walter Herzog "

* Universidade Federal do Rio Grande do Sul, Exercise Research Laboratory, School of Physical Education, Brazil
" University of Caleary, Human Performance Loboratory, School of Kinesiology, Canado
* Universidade de Caxias do Sul, Health Science Center, Brazil

ARTICLE INFO ABSTRACT

Article history: Considering the kinematics of leg extensions performed on a Reformer apparatus, one would expect high
Received 21 August 2013 activation of hip and knee extensor muscle groups. However, because of the bi-articular nature of some
Received in revised form 26 August 2014 lower limb muscles, and the possibility to vary the direction of force application on the Reformer bar,
ALL?PLEH 31 '_a‘u}‘rub[ 4 muscles can be coordinated theoretically in a variety of ways and still achieve the desired outcome.
Available online 300 . - . . . .
Hence, the aim of this study was to determine the knee and hip moments during leg extensions per-
K ” formed on the Reformer apparatus and to estimate the forces in individual muscles crossing these joints
WOTS. M M M M " - . - - - -
I'*i?.ites using static optimization. Fifteen subjects performed leg extensions exercises on the Reformer apparatus
Optimization u_sing an individually chosen TE:-?istance. To our I:tig surprise, we found t!lat subjects p?rforrned the exer-
cise using two conceptually different strategies (i) the first group used simultaneous hip and knee exten-
sion moments, (ii) while the second group used simultaneous hip flexion and knee extension moments to
perform the exercise. Trhesie different strategies were achieved by changing the direction of the resultant




Biomechanical study #3
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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 leg
extension exercise is not necessarily obvious because of the bi-articular nature of some of the muscles involved
2) The possibility to change the direction of force application on
the Reformer apparatus (springs)



=
Centering

Dorsal muscles

£ AN

Transversus / Internal Oblique \ External Oblique

Fascia Rectus Abdominis

Abdominal Muscle
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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

Immediate electromyographic changes @rw{k
of the biceps brachii and upper rectus

abdominis muscles due to the Pilates

centring technique

Alexandre Wesley Carvalho Barbosa, PT, MSc, PhD #:P:*,
Fabio Luiz Mendonga Martins, PT, MSc, PhD @,

Débora Fernandes de Melo Vitorino, PT, MSc, PhD ?,
Michelle Cristina Sales Almeida Barbosa, PT "

* Department of Physiotherapy, Federal University of Jequitinhonha and Mucuri Valleys,
Minas Gerais, Brazil

" Department of Graduate in Health Education, Federal University of Jequitinhonha and
Mucuri Valleys, Minas Gerais, Brazil

Received 28 September 2012; received in revised form 2 January 2013; accepted 5 January 2013

KEYWORDS Summary Objective: To evaluate the electrical behaviour of the biceps brachii (BB) and
Exercise; upper rectus abdominis (URA) by surface electromyography (sEMG) during a forearm flexion
Electromyography; with and without the Pilates centring technigue.

Pilates; Methods: Ten female subjects (with a minimum of one week of experience with the Pilates
Physiotherapy method) were recruited. The long head of the BB and URA were evaluated while an isotonic

contraction of the BB was performed using the Pilates breathing technigue and powerhouse
contraction, followed by another contraction without these technigues. The data were nor-



Biomechanical study #4

ON / ,xoa U,
' . - ’ s 3
< : - . -

¢ - -‘,‘

gy T
' -

Figure 3 Isotonic voluntary contraction of biceps brachii.
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Biomechanical study #4
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Percentage of Maximal Voluntary lsometric Contraction

Figure 4 Percentage of maximal voluntary isometric con-
traction: biceps brachii and upper rectus abdominis foream
flexion with (Pow-BBE and Pow-URA) and without (Norm-BB and
Morm-URA) powerhouse contraction (*p < 0.05).
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“The centring technique of the Pilates method seems to be important for increasing the BB activity, especially
during eccentric dynamic contraction.”



Biomechanical study #5

EMG activity of trunk stabilizer muscles during
Centering Principle of Pilates Method

Nise Ribeiro Marques, PT. Msc. **®, Mary Hellen Morcelli, PT. Msc. *¢,
Camilla Zamfolini Hallal, PT. Msc. **®, Mauro Goncalves, Ph.D, ®®<*

® Laboratory of Biomechanics, Sdo Paulo State University, Rio Claro, Brazil
® Faculty of Science and Technology, Sdo Paulo State University, Presidente Prudente, Brazil
Bioscience Institute, Sdo Paulo State University, Rio Claro, Brazil

Received 9 May 2011; received in revised form 23 May 2012; accepted 25 May 2012

KEYWORDS Summary This study aimed to analyze the electromyographic (EMG) activity of iliocostalis
Electromyographic; lumborum (IL), internal obligue (10) and multifidus (MU) and the antagonist cocontraction
Pilates Method; (l0/MU and 10/IL) during the performance of Centering Principle of Pilates Method. Partici-
Low back pain pating in this study were eighteen young and physically fit volunteers, without experience in

Filates Method, divided in two groups: low back pain group (LEPG, n = 8) and control group
(CG, n = 10). Two isometric contractions of 10 muscles (Centering Principle) were performed
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Biomechanical study #5
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Figure3 (A) Values of RMS of 10, MU and IL muscles during the first trial of Centering Principle, (B) and during the second trial of
Centering Principle (*p = 0.05).
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“According to our results, it could be concluded that patients with low-back pain had decreased activation and
antagonist co-contraction of trunk stabilizer muscles.” Solution: Practicing Centering!


Biomechanical study #6

Antagonist coactivation of trunk stabilizer (Dc,ossm
muscles during Pilates exercises

Denise Martineli Rossi, PT, MSc **, Mary Hellen Morcelli, PT,
MSc, Ph.D?, Nise Ribeiro Marques, PT, MSc, Ph.D @,

Camilla Zamfolini Hallal, PT, MSc, Ph.D ?, Mauro Goncalves, PT,
Ph.D 2, Dain P. LaRoche, BExSc, Ph.D P, Marcelo Tavella Navega,
PT, Ph.D€

? Department of Physical Education, Sdo Paulo State University, Rio Claro, Brazil
b Department of Kinesiology, University of New Hampshire, Durham, NC, USA
 Department of Physical Therapy and Occupational Therapy, Sdo Paulo State University, Marilia, Brazil

Received 6 September 2012; received in revised form 9 April 2013; accepted 11 April 2013

KEYWORDS Summary The purpose of this study was to compare the antagonist coactivation of the local
Electromyography; and global trunk muscles during mat-based exercises of Skilled Modern Pilates. Twelve women
Stability; performed five exercises and concurrently, surface EMG from internal oblique (Ol), multifidus
Pilates method; (MU), rectus abdominis (RA) and iliocostalis lumborum (IL) muscles was recorded bilaterally.
Physiotherapy The percentage of antagonist coactivation between local (01 /MU) and global muscles (RA/IL)

was calculated. Individuals new to the practice of these exercises showed differences in coac-
tivation of the trunk muscles between the exercises and these results were not similar bilat-
erally. Thus, in clinical practice, the therapist should be aware of factors such as



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.
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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. 








