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INTRODUCTION 

 

“It is the mind itself which builds the body.” -Joseph 

Pilates.1 When a human initiates movement with the mind, 

it starts in the core.  The trunk consists of the pelvic 

girdle, abdomen, thorax, and shoulder girdle. Before

extremities move the core musculature must act as a 

stabilizer.  The muscles of the core contract as 

stabilizers before any movement is created elsewhere.  

Strength differences in certain muscles can create posture 

deviations that can lead to acute or chronic injury.   

Injuries directly to the core are of even more significance 

as all movement in other extremities depends on its 

integrity.1-10 

Core musculature can be categorized as intrinsic and 

extrinsic musculature.8 The extrinsic musculature acts as 

the prime mover of the trunk and extremities.  Extrinsic 

muscles are more superficial.  These muscles reduce force 

on the spine via their eccentric actions and stabilize via 

their isometric action.9 The intrinsic musculature acts to 

directly stabilize the individual spinal segments.  

Intrinsic muscles are deeper.  The intrinsic muscles are 
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targeted during Pilates, specifically the transverse 

abdominis.1-3,7-10 

Research has identified the transverse abdominis, 

internal oblique, and multifidus as the first muscles to 

contract during movement of the extremities. Hodges et al7

reported during subcutaneous electromyography (EMG) 

recordings that the transverse abdominis is the first 

muscle activated prior to lower limb movement in a study 

that investigated the order of activation of intrinsic 

musculature.  Hodges et al8,9 also show that the transversus 

abdominis, multifidus, diaphragm, and abdominal oblique 

muscles are key organization muscles of movement in healthy 

individuals with historical low back pain.  Hodges et al10 

did research with subjects that performed shoulder flexion, 

and the diaphragm contracted at the same time as the 

transverse abdominis, during inspiratory and expiratory 

phases of respiration.  This suggests a connection with 

spinal control.  Their studies also show that the internal 

and external oblique contracted before the prime movers of 

the hip.  However, the transverse abdominis and internal 

oblique showed more efficiency in their activation.  

Drysdale et al3 studied surface EMG recordings of the rectus 

abdominis and external obliques during pelvic tilt and 

abdominal hollowing exercises.  Their results demonstrated 
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less EMG activity of these extrinsic muscles in supported 

positions, while there was greater activity of the external 

obliques during unsupported positions.  The findings follow 

the assumption that with less extrinsic muscle activity, 

more of the intrinsic muscles are activated.3,7-11 

Motor control studies and theories of trunk 

organization and stabilization show that sub-threshold 

contraction of global stabilization muscles can provide 

safe movement throughout daily activities. Sahrmann et al12 

relates control of the trunk to a balance of stiffness 

between muscles, in order to provide efficient control of 

dynamic posture.  Proprioceptive neuromuscular 

stabilization is a current method of training for motor 

control and stabilization of extremities.11-13 

Overuse and non-contact injuries possibly being caused 

by instability of the core musculature was studied by 

Leetun et al14. Their study revealed weak hip musculature, 

particularly weak hip abductors and external rotators, as a 

possible cause of athletic injury.  Although realizing 

these are not the sole components of core stabilization, 

the authors suggest that hip abductor and external rotator 

strength/weakness were risks of injury.   Another study by 

Valencia et al15 investigated electro-myographical readings 

of the lumbar multifidus and found that the delayed or slow 
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reaction time to initiate movement could be a contributing 

factor in injury.  Lastly, a study done by Cresswell et al16 

evaluated the intra-abdominal pressure and observed 

abdominal intramuscular activity.  Conclusions from this 

study showed that the transverse abdominis is continually 

active throughout trunk flexion and extension.  The 

transverse abdominus is the first muscle in the trunk to be 

activated, and it remains active through dorsal and ventral 

trunk loading.  The results of these studies are 

significant in identifying the core as the main cause of 

injury.7-9,14-16 

Leetun et al,14 showed that core strengthening could be 

beneficial to include in rehabilitation programs for 

overuse and non-contact injuries of all extremities.  Core 

strengthening can be instituted in all rehabilitation 

programs for any athlete who demonstrates poor postural 

habits, asymmetries in static stance, chronic or repetitive 

injury patterns, overuse and non-traumatic injuries, and 

post-operation status. Core stability and strength are the 

central component of proper functional movement.  The 

transverses abdominis and multifidus, contract to stabilize 

the spine and trunk, leading to optimal movement patterns 

of the extremity and body.  A stable core not only 

facilitates optimal movement patterns, but may also 
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increase agility (skill), strength, and power of sport-

specific movements.  Rehabilitation programs for any 

extremity injury should include maintenance of the core 

musculature and many times improvement.17-20 

Kinetic chain dysfunctions can lead to overuse and 

non-contact injuries.   The kinetic chain consists of the 

muscular system, articular system, and the neural system.  

Sensorimotor integration is a process that organizes the 

input from the three systems to allow for neuromuscular 

control.  Optimum posture alignment provides optimum 

structural and functional efficiency to the kinetic chain. 

When one system is out of alignment it creates expected 

patterns of tissue stress and dysfunction.  This then leads 

to decreased neuromuscular control and starts the injury 

cycle.  The cycle can decrease performance and cause 

injury.  Postural distortion patterns are created by the 

dysfunction of the kinetic chain.  “Structural Efficiency”21 

is ideal for the musculoskeletal system to allow posture to 

be balanced in relation to one’s center of gravity.  The 

ability of the neuromuscular system to perform functional 

tasks with the least amount of energy and create the least 

amount of stress on the kinetic chain is called “Functional 

Efficiency.”21 Length-tension relationships are ideal to 

allow force-couple relationships and joint kinematics. As
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forces travel through an open or closed kinetic chain, 

strength, power, and endurance of the primary stabilizers 

are all vital for protection of the joint.  In an open 

kinetic chain joints and muscles are isolated.  In a closed 

kinetic chain there is a fixed joint on a stationary 

surface.  Most movements occur in a closed kinetic chain.  

In a closed chain for example, heel strike receives a force 

from the ground, the force then travels through the ankle, 

knee, hip, thorax, to the shoulder and neck.  A kinetic 

chain dysfunction is a discrepancy or a deviation from 

healthy biomechanics during motion.  If there is a weakness 

in an intrinsic or extrinsic muscle in order to reduce 

force throughout the lumbo-pelvic-hip complex compensatory 

movements of the low back, hip, and knee can occur.  

Alterations in joint arthrokinematics throughout the 

kinetic chain can also lead to altered muscle function, 

synergistic dominance, and compensations. Optimum 

neuromuscular efficiency in the entire kinetic chain allows 

for proper deceleration, dynamic stabilization, and 

acceleration during integrated, dynamic movements.8,12,21-23 

Proper posture is desired for any human especially an 

athlete that places high stress on the kinetic chain.  Good 

posture is the composite of the positions of all the joints 

of the body at any given moment.  Good posture involves a 
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minimal amount of stress and strain and is conducive to 

maximal efficiency of the body.  The Watson MacDonncha 

Posture Analysis (WMPA) is one way of assessing Posture in 

a static position.  This method uses photography to assess 

ten aspects of posture to create an overall body posture 

score.12,21-25 

Traditional rehabilitation programs and resistance 

training programs focus on developing a single muscle in a 

single plane of motion.  However, almost all movement is 

multidimensional, multiplanar, and involves multiple 

muscles.  The focus should be on developing core strength 

using functional, multiplanar motions, leading to 

functional activity.  All functional movements require 

acceleration, deceleration, and dynamic stabilization, and 

therefore core strengthening programs should utilize the 

entire contraction spectrum: concentric, eccentric, and 

isometric contractions.18-20 

The method of Phi Pilates® uses an inherent concept of 

core stabilization and in theory should help correct and 

create healthy biomechanics and posture.  Pilates can also 

be used for patients with low back pain, balance deficits, 

breathing difficulties, and pelvic floor weakness.  During 

PMP movement starts in the abdominals, lower back, hips, 

and gluteal muscles.  Traditional Pilates programs use six 
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basic principles, however Phi Pilates® uses eight.  The six 

traditional basic principles are: breath, concentration, 

control, centering, flow, and precision.  There are most 

likely different titles for the principles from other 

Pilates theories.  Phi Pilates® uses eight principles that 

control the body which will achieve healthy biomechanics in 

motion.  They are: concentration, control, centering, flow, 

precision, breath, relaxation, and stamina. The principles 

that Phi Pilates uses that are different are relaxation and 

stamina.2 Breathing techniques of Pilates emphasize deep 

diaphragmatic inhalation through the nose, followed by 

forced exhalation through the mouth.  A Phi Pilates® Mat 

Program (PMP) includes a series of exercises prone, supine, 

and side-lying on a mat.  Over time, clients can develop 

trunk stabilization, enhance muscle strength, correct 

posture, and relieve stress.  Four key muscle groups work 

in synergy to provide trunk stability: the transverse 

abdominis, lumbar multifidus, and pelvic floor, and the 

diaphragm.  Activating the deep intrinsic muscles of the 

core and moving extremities in a balanced and controlled 

motion is an optimal multi-planar exercise theory.1,24-27 

The general population suffers from low back pain and 

other postural defects.28 Pilates uses principles that may 

be able to improve posture scores.  The body may be able to 
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make neurological adaptations, physiological, and 

psychological changes that allow for more efficient static 

posture and dynamic functional movement.35-40 Research by 

Farley et al29 that there is an important link to 

physiological function and posture.  The management of 

posture using physical therapy or equipment influences the 

body position and therefore performance.  Physical therapy 

or equipment helps to facilitate activities of daily 

living, mobility, and wellbeing.  Abnormalities of the 

physical thoracic cavity, whether caused by scoliosis or 

some other impairment, can limit the respiratory capacity 

with consequences for the level of blood oxygenation and 

physical endurance.  Postural behavior, both movement and 

use of senses, can be altered by a change in sensory 

registration.  Another study by Schieppati et al31  

addressed the function of spindle afferent output in the 

control of quiet perturbed human stance.  The study showed 

the importance of the pathways from the brainstem for 

control of postural stability during stance.  In certain 

categories of client, posture directly influences 

musculoskeletal development.  Adaptive positioning can make 

a major contribution to independent function and cognition.   

In conclusion, body posture and uncorrected postural 
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abnormality can have profound consequences for 

physiological function.29-36 

The researcher looked closely at the effects of a Phi 

Pilates® mat program (PMP) on the Watson-MacDonncha posture 

analysis (WMPA).2,24 

This study will attempt to answer the following question: 

Will a PMP improve Watson MacDonncha Posture Analysis on 

a total posture score? 
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METHODS 

 

This section includes the following subsections: 

Research Design, Subjects, Pilot Research, Instruments, 

Procedures, Hypotheses, and Data Analysis.

Research Design 

 

A quasi-experimental between-subjects design was used 

for this study.  The dependent variable was the scores on 

the WMPA. The independent variable was the group 

assignment.  The experimental group participated in a 

series of PMP exercises created by Phi Pilates.®2,24 

The WMPA was done using four photographs of each 

subject; anterior, left lateral, left posterior oblique at 

a 45 degree angle, and a posterior view.  A pre-test WMPA 

photo was taken at the beginning of four and a half weeks 

and a post-test photo was taken at the end for all 

subjects.  This was done in effort to take out bias and 

knowledge of the time the pictures were taken for the 

researcher.  This was also done to create consistency.  It 

is assumed that the volunteers in the study were not 

involved in collegiate sports during the time of the study.  
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Subjects 

 

The subjects were a convenience sample of 

approximately 45 volunteers; totaling seventeen.  Subjects 

were non-athlete volunteers from California University of 

Pennsylvania age 19-22.  The subjects volunteered for one 

of the two research groups: the PMP or the control group. 

The control group consisted of five subjects, two male and 

three female.  Twelve female subjects completed a PMP 

consisted of 13-15 sessions in 26 days with a minimum of 24 

hours in between and a maximum of 72 hours in between.  For 

the calendar of sessions please see Appendix C1.  Each PMP 

session took approximately 40 minutes. Pre and post test 

photographs were taken however research analysis was 

completed at the end of the study.  At a meeting to discuss 

participation each subject completed a folder containing 

the following paperwork before participation: an 

identification sheet (Appendix C3), a participation 

activity readiness questionnaire (PAR Q)(Appendix C4), a 

demographic questionnaire (Appendix C5), a photographic 

release form (Appendix C6), and an informed consent form 

(Appendix C7) which included the purpose of the study, 

researchers involved, and the right to remove themselves 

from the study at any time without penalty.  If they 
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answered yes on any PAR Q question the subject was not 

allowed to participate.   

 

Pilot Research 

 

IRB approval was granted from California University of 

Pennsylvania (Appendix C8).  A pilot study was conducted 

prior to the research study.  A WMPA was conducted on two 

female graduate athletic training students from California 

University of Pennsylvania to familiarize the researcher 

with the WMPA photographic procedure and scoring process.  

Eight Pilates sessions were instructed with 15 California 

University’s volleyball team.  The purpose of this 

investigation was to familiarize the researcher with the 

instruments, determine a time frame for testing and 

training sessions, and to familiarize the researcher with 

oral directions in the video.  The pilot study also 

identified any modifications that will need to be made to 

the testing and/or training procedures prior to the actual 

study. 

 

Instruments 

 

WMPA: Posture Instrumentation24
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The WMPA was used for the assessment of posture.  The

WMPA is a valid and reliable method of assessing posture.23 

This method has intra-rater reliability of the qualitative 

postural analysis procedure.  It also has inter-rater 

reliability of the quantitative postural analysis 

procedure.23 Data obtained by the posture analysis was 

recorded on a SPSS data collection sheet (Appendix C9).  A 

digital four megapixel Canon A520 powershot high resolution 

camera was used to photograph the participants.  The 

photograph quality is superfine.  The researcher used 

Microsoft Office Picture Manager in Seattle, Washington.  

for the digital pictures on the computer as well.  

Microsoft Office Picture manager allowed for enlarged 

pictures so that the pictures could be printed onto eight 

inch by eleven inch sheets.  Using the photographs the 

following ten aspects were measured: ankle varus and 

valgus, knee interspace, knee hyperflexion and 

hyperextension, lordosis, kyphosis, scolosis S and C, 

rounded shoulders, scapular winging/abduction, shoulder 

symmetry, and forward head.  A grid was placed over the top 

of the photographs using transparency paper that was lined 

up with one of the two plumb lines next to the participants 

when photographed.  Another transparency was used with 

circle diameters for determining the degrees of lordosis 
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and kyphosis.  A protractor and ruler were also used when 

measuring the desired angles through the reflective marks 

on the landmarks. 

WMPA: Photographic Procedure 

The first stage of the WMPA procedure was 

photographing each participant in four different positions.  

The participant was photographed in a private room with the 

researcher and one assistant.  A diagram for the standing 

position of the participant can be viewed in Appendix C10.  

The participants were dressed in tightly fitted clothes and 

were asked to stand on a platform 20 cm high, 60 cm long, 

and 40 cm wide.  There were three colored lines taped on 

the top.   Red was horizontal, blue vertical, and yellow 

was at a 45 degree angle from the left back corner to the 

front right corner of the box while facing the camera.  The 

first line was red and was for the anterior and posterior 

pictures. The second line was blue for the left lateral 

view.  The third line was yellow for the posterior left 

lateral oblique picture.  The final picture was the red 

line again only the subject was facing away from the camera 

for a posterior view.  Oral directions were given during 

the WMPA (Appendix C11).  The purpose of the left posterior 

oblique view is to furnish the researcher with additional 

information pertaining to both anterior and lateral views; 
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frequently the degree of kyphosis observed from a lateral 

view is masked due to protruding scapulae.   

Two plumb-lines were suspended from the ceiling to the 

right side and left of the platform 42 cm from either side 

of the box.  The plumb-line was string approximately 3mm in 

thickness for purposes of measurement quality.  The 

background was white in color.  A digital camera will be 

placed 10 ft from the front of the platform.  The height of 

the center of the camera lens was 102cm from the floor.  

The previous methods are the procedures in the WMPA.24 

WMPA: Participant preparation and positioning24

To aid in the accuracy of the assessment, and to 

improve reliability, the following landmarks were marked on 

the participant (Appendix C12).  The landmarks were marked 

while the participant was standing on the box so that they 

do not move the markers that were placed on their clothes.  

Adhesive reflective dots .75 inches in width were used as 

markers.  The patellar notch and the greater trochanter 

were marked on the left side of the participant.  The axis 

of the glenohumeral joint and the auricle pinna on the ear 

were also marked on the left side of the body.  On the 

anterior surface of both the clavicle heads, both anterior 

superior iliac spines, tibial tuberosities, and the 
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horizontal and vertical center of the patellae were marked.  

On the posterior surface, the vertebrae prominens (C7), T3, 

T6, T9, and T12 along the thoracic spine, L3 and L5 in the 

lumbar spine and the most prominent point of the sacrum 

were marked.  The horizontal and vertical center of the 

calcaneous was marked as well.   

Subjects wore the same tight fitting clothing for the 

pre-test and post-test photographic procedure for 

consistency.  Wrist watches and other jewelry were removed.  

A fifth photograph was included with the group; date and 

participant number included in the print.  The participant 

was asked to stand upright staring straight ahead with chin 

parallel to the ground and to fully extend elbows and knees 

for all four photographs.  The oral directions were read 

before each photograph for consistency.  The identification 

picture was a picture with the group, subject number, and 

date in an anterior view.  Fingers and thumbs were held 

relaxed at their side in the most comfortable position.  

The hands rested where the participant was comfortable.  If 

possible the participant’s heels were in contact with each 

other and the feet parallel.  If the participant had genu 

valgum (knock-knees), the feet were placed as close as 

possible with the knees touching slightly.   
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WMPA: Construction of Posture Scales24

For reliability purposes two forms of measurement were 

assessed.  One was a qualitative and the other was a 

quantitative.  Using these two methods together (Appendix 

C13 and Appendix 14) creates one score for each 10 aspects 

(ankle varus and valgus, knee interspace, knee hyperflexion 

and hyperextension, lordosis, kyphosis, scolosis S and C, 

rounded shoulders, scapular winging/abduction, shoulder 

symmetry, and forward head).  Each aspect was then added up 

to get a total posture score.  Subjects could receive a 

score from ten points to fifty points.  A higher score is 

desired representing good posture.  The scale has been 

broken down into three categories of postural deviation.  

The use of any more categories made distinctions between 

categories difficult and reduced the reliability of the 

procedure.  Each category was assigned a score of five, 

three, or one.  A score of five corresponded to good body 

mechanics that range from no deviation to a level just 

above that of the next category.  A score of three 

corresponded to a moderate deviation and a score of one 

corresponded to a marked deviation.  The qualitative 

criterion for each individual aspect of posture was 

described under “Assessment criteria for posture 

deviations” (Appendix C13).   
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The other procedure used to designate a posture score 

for an individual was the qualitative method.  It involved 

observing one or more photographs to designate a 

participant to a qualitative posture category.  Table I 

(Appendix C14) are the guidelines for which score was given 

to make the quantitative judgment of the various postural 

deviations.   

In conclusion, a score of each of the ten aspects was 

given to each subject pre and post-test.  The total body 

score was the number used in running the analysis.  All 

four photographs of each subject were used to score each of 

the ten aspects using both of the qualitative and 

quantitative categories.    

 

WMPA: Assessment Criteria for posture deviations24

Each of the following ten aspects was assigned a score 

to create a total body posture score.   

1. Ankle Posture-

*Purpose: was to assess the degree of valgus or varus 

of the heel.  

*Photograph used: The posterior position.   

*Postural deviation examined: Pes valgus (walking on 

the inner border) of the foot indicated that the heel is 

tilted outward or everted (pronated).  Pes varus (walking 
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on the outer border) indicated the opposite or inversion 

(supinated) of the foot.  Valgus and varus were both 

scored qualitatively on the same scale.   

*Categories: If the degree of the achilles was less 

than seven then a score of five was assigned.  If the 

degrees were in between 7-10 then a score of three was 

assigned.  If the degrees were measured greater than 10 a 

score of one was assigned.   

2. Knee inter-space-

*Purpose: was to assess the degree of genu varum (bow 

legs) and of genu valgum (knock-knees).   

*Photograph used: anterior position.  

*Positioning: The participant was asked to stand with 

both feet together pointing forward with knees fully 

extended.  In some participants this was not possible due 

to the existing degree of genu valgum.  Also in some 

participants both feet and medial epicondyles of the 

knees were touching.  For the purpose of this assessment, 

if the space between the most medial points of the 

femoral epicondyles, when the ankles are touching, is 

greater than four mm on the photograph, the participant 

will be considered to have bow legs.  

*Categories: The qualitative scale was used to assign 

the degree of genu varum.  However, if the medial femoral 
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epicondyles were touching, and a space existed between 

the medial malleoli of the ankles, the participant was 

considered to be knock-kneed.  Some participants had both 

feet and knees touching.  If both areas are just touching 

a score of five was assigned.  If a degree of overlap 

(i.e. one knee crossing in front of the other) at the 

knees is noted a three will be assigned.  If the overlap 

is significant then a one will be assigned.   This type 

of overlap should was not a frequent occurrence.  The 

distance between both the medial malleoli and the medial 

femoral epicondyles can be measured on the photograph.  

Making this measurement accurate and reproducible can be 

difficult as selection of the most medial point of the 

malleoli or epicondyle and the existence of soft tissue 

may confound the result.  Any apparent deviation greater 

than that illustrated was assigned a score of one.   

3. Knee Hyper-extension/ hyper-flexion-

*Purpose: was to assess the position of the knee in 

relation to the hip and ankle.   

*Photograph used: The lateral position. 

*Posture deviation examined: The alignment of the 

markings on the knee and hip and the anterior aspect of 

the distal tibia at its narrowest point were used to aid 

in this assessment.  The vertical axis was aligned with 
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the hip, knee, or tibia.  The alignment of three points 

gave an indication of the nature and degree of 

hyperflexion or hyperextension.    

*Categories: Deviations also indicated the existence 

of a forward or backward lean of the body.  In this case 

the greater trochanter was forward or behind in relation 

to the patellar notch and the lateral malleolus.  Any 

apparent deviation greater than that illustrated as 

moderate hyper-flexion as assigned a score of one.  

4. Lordosis-

*Purpose: was to assess the degree of lordosis.  

*Photograph used: The lateral position was used.   

*Posture deviation examined: Lordosis is an 

exaggeration of the normal hyperextension in the lumbar 

spine.  

*Categories: Circles of various diameters which 

represent the different lordotic deviations as 

represented by the qualitative scale were used as an aid 

in this assessment.  A circle of 7cm in diameter 

corresponded to a posture score of five, 4.5cm diameter 

circle corresponded to a three, and a 3cm circle 

corresponded to a one.  Images of these circles can be 

transferred on top of the photographs if necessary for 

judgement.  The circles and segments were placed against 
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the lordosis curvature evident on the photograph to 

either support or reconsider the qualitative assessment 

made.  

5. Kyphosis-

*Purpose: to assess the degree of kyphosis. 

*Photograph used: The lateral position. 

*Postural deviation examined: the degree of kyphosis. 

Kyphosis is an abnormal amount of flexion in the dorsal 

or thoracic spine.   

*Categories: Similar to the lordosis assessment 

procedure, circles of various diameters were used to aid 

assessment.  A score of five corresponded to a circle of 

a diameter of nine centimeters, a score of three 

corresponded to a circle diameter of seven centimeters, 

and a score of one corresponded to a diameter of six 

centimeters.  The vertebral prominens (C7 or T1) was 

considered to be the superior aspect of the kyphosis 

curve.  Observation of upper and lower aspects of the 

kyphosis curve was important in making a qualitative 

assessment.  The upper thoracic region in some 

individuals had a great degree of forward flexion; this 

was considered in making an assessment.  The orientation 

(degree of extension) of the lower thoracic region was 

carefully observed.  The degree of kyphosis was often be 
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obscured by the presence of abducted scapulae.  The 

posterior left oblique angle photograph was examined to 

make the assessment.  

6. Scoliosis C and S-

*Purpose: to assess the rotolateral curvature of the 

spine.   

*Photograph used: The posterior and possibly oblique 

position of the photograph was used.   

*Posture deviation examined: Scoliosis curves can be a 

C curve to the left or to the right.  S-curves are a more 

advanced stage of C-scoliosis as compensation has taken 

place above or below the original curve.  Thoracic 

deviations to the left or right were observed.   

*Categories: No deviation was assigned a five.  If the 

deviation from the horizontal gridline is between one 

point five and three degrees the participant was assigned 

a score of three and if the deviation is greater than 

three degrees the participant received a score of one.  A 

shoulder asymmetry may be present, skin creases may be 

visible and/or scapular position may be elevated on one 

side. 

7. Round or forward shoulder-

*Purpose: to investigate any abnormal position of the 

shoulder girdle.   
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*Photograph used: The lateral position.  

*Posture deviation examined: The shoulders are pushed 

forward towards the upper chest.   

*Categories: If the participant’s shoulders are behind 

the upper chest a score of five was assigned.  If the 

front of the shoulders is in line or slightly forward or 

behind the chest a score of three was assigned.  If the 

front of the shoulders is clearly in front of the upper 

chest a score of one was assigned.  This condition may 

often be associated with a sunken chest and kyphosis. 

8. Abducted/winged scapulae-

*Purpose: Assessing if the scapulae is in an abducted 

and/or upward rotation.   

*Photograph used: The lateral position. 

*Posture deviation examined: The condition sometimes 

represented itself as a protrusion of the medial border 

of the scapulae and/or the inferior angle of the 

scapulae.  

*Categories: If the inferior angles and portions of 

the medial borders of the scapulae were clearly visible a 

score of three was assigned.  If the inferior angles were 

protruding excessively and/or all the medial borders and 

scapular spines were visible a score of one was assigned. 

9. Shoulder symmetry-
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*Purpose: To examine the symmetry of the shoulders. 

*Photograph used: Anterior position. 

*Posture deviation examined: This condition has been 

associated with uneven muscular or bony development of 

the shoulder region or a lateral curvature of the spinal 

column.  One shoulder was aligned with a horizontal line 

with the plumb-lines using a landmark such as the head of 

the clavicle.  The distance of the opposite shoulder from 

the horizontal gridline was measured.  A deviation may be 

present in shoulder symmetry because of a lean in the 

total body which will be visible when using the grid 

transparency.  The shoulders will still be measured and 

the scored if they are uneven because of a lean.  

*Categories: A deviation in between one millimeter and 

two point five millimeters on the photograph was assigned 

a score of three.  A deviation greater than two point 

five millimeters was given a score of one.  Both anterior 

and posterior view photographs were used in this 

assessment.  In some cases a deviation was apparent on 

only one view.  If a deviation was apparent on either 

view a defect was considered to exist.   

10. Forward Head-
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*Purpose: To examine the degree of forward flexion of 

the cervical spine and also the degree of head 

protraction.   

*Photograph used: The lateral position. 

*Posture deviation examined: The degree of cervical 

flexion and head protraction was quantitatively measured 

from a lateral view photograph.  A horizontal line on the 

grid was positioned at the point where the neck met 

either the upper chest or shoulders.  The angle from the 

vertical of the point where the horizontal gridline 

intersected the spine and the external auditory meatus 

was considered to be the degree of head protraction.   

*Categories: A head protraction angle of <five degrees 

was a score of five, between five-ten degrees was a 

three, and >ten degrees was a one.24 

Phi Pilates® Training Instrumentation2

A video from PhiPilates with Christine Romani-Ruby as 

the instructor was used to guide in instruction and flow of 

the workout.2 The researcher, a Phi Pilates® Mat level one 

certified instructor (Appendix C15), assisted with the 

class to ensure correct execution of the exercises verbally 

and physically.  The sessions lasted approximately 40 min.  

Subjects were required to attend 15 of the 42 sessions 
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offered, but they were permitted to attend no more than one 

per day.  The researcher requested that the subjects space 

them out as best as possible.  A Mancino Manufacturing 

Company, Inc. red gym mat was used for subjects comfort.  

The dimensions were four feet x two feet x one point five 

inches.   Subjects would only place the palm of their hand 

on the edge for certain exercises for wrist comfort.  The 

exercises that were used in the Pilates training program 

included: the hundred, articulating bridge, the plank, 

reverse plank, rolling like a ball, and side plank1

(Appendix C16).  Consent from Phi Pilates® to use the 

descriptions of the exercises which were also in the video 

was granted (Appendix C17).  The exercises were progressed 

as needed per subject to maintain difficulty and challenge.  

The exercise progressions were based on recommendations by 

Clark and Romani-Ruby.2 The standing footwork, hundred, 

and articulating bridge are considered warm-up exercises in 

Pilates.  The video allowed for progressions and 

modifications that were further enforced by the researcher 

during sessions.  Progressions are harder versions of the 

exercise to challenge the subjects and modifications are 

easier versions of the exercise to make it easier to 

complete.2
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Procedures 

 

The researcher received approval from the 

Institutional Review Board at California University of 

Pennsylvania. The pilot study was then conducted after 

receiving approval. Participants read and signed the 

necessary paperwork at the meeting.  Any questions from the 

participants regarding the study were answered at any time.   

Scoring

The scoring procedures were all done at once which 

used the qualitative and quantitative scales.  All pre-test 

and post-test measures were recorded on the Data Collection 

Sheet (Appendix C8). 

Posture Analysis

Participants were assessed on one of three days at 

which time their posture analysis were taken.  The 

researcher scheduled each time with the participants at the 

meeting.  A make-up time was scheduled at the end of the 

three day period for anyone that missed.  Subjects were 

asked to participate in 15 sessions.   
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Hypotheses 

 

The following hypothesis was based on a review of the 

research.   

The use of a Phi Pilates® PMP will significantly 

improve posture as measured by the Watson-MacDonncha24 

posture analysis when compared to the control group.    

Data Analysis 

 

The level of significance was set at α ≤ .05 to test 

the acceptability of the stated hypotheses.  The hypothesis 

was analyzed using repeated measures ANOVA.  Pretest/Post-

test scores for each subject were collected.  The dependent 

variable was the total body scores on the WMPA.  The 

independent variable is group assignment; control or PMP. 
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RESULTS 

Demographic Data 

 

A total of seventeen subjects were pre and post-tested 

with the WMPA.  The control group consists of two males and 

three females.  The overall posture scores of ten to fifty 

ranged from twenty-eight to forty-eight.  Table 1 shows the 

subjects number, group, number of completed sessions, 

gender, age, weight, height, and activity outside of the 

study. 

Table 1. Demographic Table. 

Subject 
#

Group # of 
Session

s

Gender Age Weight 
Lbs. 

Height Activity 
outside 
study 

1 Control N/A M 20 205 6’2” Running and 
lifting 

2 Control N/A M 22 230 5’11” Lifting 
4x/wk and 
40 min of 
cardio 

6 Pilates 13 F 19 128 5’6” No 
7 Pilates 15 F 18 180 5’8” Cardio and 

lifting 
8 Pilates 14 F 18 170 5’10” Treadmill 

and walking
9 Pilates 14 F 19 130 5’8” Walking 
10 Pilates 13 F 22 190 5’8” No 
11 Pilates 14 F 21 165 5’6” Cardio 
12 Pilates 14 F 18 155 5’0” Treadmill 
13 Pilates 15 F 19 190 5’4” Cardio 
3 Control N/A F 21 175 5’9” Cardio 
14 Pilates 13 F 21 122 5’0” Cardio 
15 Pilates 15 F 18 139 5’5” Cardio 
16 Pilates 15 F 18 190 5’3” No 
17 Pilates 15 F 20 205 5’7” Cardio 
4 Control N/A F 21 130 5’2” No 
5 Control N/A F 22 120 5’7” No 
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A frequency table of the control subjects’ scores 

before and after and the difference are shown in Table 2.  

There are five subjects total, two males and three females.  

 The mean, median and mode for all seventeen subjects 

in the study for age, weight, height is shown in Table 2.  

 

Table 2. Demographic Table. 

 Age Weight Height
Mean 19.8 166.1 66.4 

Standard 
Deviation 1.6 33.6 3.8 

Figure 1. WMPA for control subjects. 
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Figure 2. WMPA scores of PMP Subjects.   

 

A table was created to show the means and standard 

deviations of the before and after scores of each group; 

control and Pilates.  

 Table 3.  A summary of the means, median, and standard 

deviation of pre-test WMPA scores and post-test WMPA scores 

for each subject.   

Group in
study Mean 

Std. 
Deviation N

pretotal Control 40.00 2.449 5
Pilates 37.67* 5.245 12 
Total 38.35 4.649 17 

posttotal Control 40.00 2.449 5
Pilates 41.50* 4.602 12 
Total 41.06 4.069 17 
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Hypothesis Testing 

 

The level of significance for the hypothesis testing 

was set at the .05 alpha level.   

Hypothesis:  The use of a Pilates mat program2 will 

significantly improve posture as measured by the Watson-

MacDonncha posture analysis24 when compared to the control 

group.    

Table 4. Repeated Measures ANOVA for pre-test and 

post-test total body scores between the PMP (13-15 

Sessions) and control groups.   

Total Body 
Score Effect value f 

Hypothesis
df 

Error 
 df Significance

13-15 
Sessions  

Wilks' 
Lambda .658 7.805 1 15 .014* 

*Significance was found at the P<.05 level. 

 

Conclusion: The hypothesis was accepted at the .05 

level of significance.  There was a significant change 

before and after the PMP when comparing the control to the 

experimental college aged subjects.  The change was an 

improvement which means posture scores increased which is 

closer to good posture.   
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DISCUSSION 

 

This study was intended to investigate the relation-

ship between posture scores pre and post a PMP.  The 

posture scores of subjects participating in Pilates were 

compared with posture scores of subjects participating in 

no PMP.  The hypothesis was significant at the .05 level.  

The WMPA scores showed significance for the 13-15 sessions 

for 12 subjects when compared with the 5 control subjects.    

The results of this study allow us to interpret how 

the methods of each Pilates session is able to improve 

posture scores significantly.   

Previous research supports that neurological 

adaptations may have occurred to improve the PMP subjects’ 

posture.  Sensory organization determinants of postural 

stability in trained ballet dancers was studied by 

Simmons.33   The basis of establishing postural control in 

everyday tasks and in specialized movements such as those 

required for sport and dance require the integration of 

visual, vestibular, and somatosensory information.  Trained 

ballet dancers and non-dancer controls completed six 

balance tests using computerized dynamic posturography.  

The tests facilitated assessment of the type of sensory 

organization used to maintain postural control under 
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conditions ranging from quiet to standing to a situation in 

which visual and/or somatosensory information was 

systematically removed or made unreliable.  Results 

indicated that ballet dancers and controls have comparable 

balance ability during eyes open and eyes closed 

conditions.  However, when somatosensory information alone 

or in combination with visual information was made 

unreliable, dancers were significantly less stable than 

controls and utilized a hip strategy to maintain postural 

control.33 

The results from Simmons33 are applicable to an 

investigation of posture and Pilates because subjects 

received visual cues as well as audio cues to accomplish 

correct execution of the exercises.  This study directly 

states that movements in sports require visual, vestibular, 

and somatosensory information.  PMP subjects could have 

improved scores because of the audio and visual cues that 

were given during each session.31-33 

A research study by McCollum32  studied the functional 

logic of sensorimotor postural adjustment control systems, 

especially the dependence of sensory and motor dynamics as 

conditions on each other.  McCollum32 shows that there is a 

mathematical formalism that incorporates experimental, 

clinical, and theoretical results about sensory and motor 
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control of posture.  The sensory re-afference from a 

movement depends upon the movement, and the movement chosen 

depends upon the available senses.  The results from this 

study show that even though the purpose of the postural 

adjustment system is to return the body to stable posture 

in the case of a threat to balance, an important criterion 

for the distributed control system is that it maintains 

enough instability to change strategies.  Such instability 

or flexibility gives our precarious upright stance an 

enormous movement power.  However, the instability must be 

managed definitely and with consistency, or it leads to 

sensory or physical misfortunes.32 

To further support research from Simmons33 research by 

McCollum32   is applicable to the investigation of posture 

and a PMP because it states that postural behavior can be 

altered by a change in sensory registration.  Repetition 

and pattern created smooth movements without hesitation.  

The repetition of the same visual stimulus, with the same 

audio cues, and same correction of execution of exercise 

may have changed posture through sensory and motor 

dynamics.31,32  

Farley et al29  conducted research on the evidence to 

support postural management in different categories.  The 

physiological function, neuromuscular scoliosis, and 
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neurological disorders categories showed strong evidence 

supporting their relation to posture.  The following 

conclusions were made from their research.  Abnormalities 

of physical posture such as severe kyphoscoliosis, which 

compromises the skeleton, can be associated with profound 

heamodynamic and lung vital capacity changes and sometimes 

premature death.   The management of posture using physical 

therapy or equipment influences body position and therefore 

performance.29 These factors help to facilitate activities 

of daily living, mobility, and wellbeing.  In the realm of 

physiology there is an unambiguous link between 

cardiopulmonary function and postural habit.  Abnormalities 

of the physical thoracic cavity, whether caused by 

scoliosis or some other impairment, can limit the 

respiratory capacity with consequences for the level of 

blood oxygenation and physical endurance.29 

Postural habits may be influenced by Pilates by 

training the muscles at a neurological level through 

sensorimotor pathways.  The eight principles in Phi 

Pilates® focus on concentration, control, centering, flow, 

precision, breath, relaxation, and stamina.  It could be 

possible that the Phi Pilates® principle of stamina builds 

the repetition and patterns that are needed to enforce the 

neurological changes.  The principles combined with 
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repetition of movement and audio cues could have been the 

reason why the WMPA scores improved significantly for the 

PMP subjects.32,33 

It is possible that posture adaptations can be made at 

a physiological level.31-33 Skeletal muscle performs three 

important functions: force generation for locomotion and 

breathing, force generation for postural support, and heat 

production during periods of cold stress.  Different cell 

groups work together with muscle cells.  These include 

muscle cells themselves, nerve tissue, blood, and various 

types of connective tissue cells.  The cells are located in 

layers of fascia.34-36 

Fascia is an important part of the physiological 

system.  Within the fascia are sarcolemma, sarcoplasm, and 

myofibrils.  Myofibrils are contractile proteins that are 

broken into two groups; thin and thick filaments.  The thin 

filaments are actin and the thick filaments are myosin.  

Within the sarcoplasm of muscle there is a network of 

membranous channels that surround each myofibril and run 

parallel with it.  These channels are called the 

sarcoplasmic reticulum and are storage sites for calcium, 

which plays an important role in muscular contraction.  

Muscle fibers contract by a shortening of their myofibrils 

due to actin sliding over the myosin.  The actin and myosin 
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filaments slide over each other during muscular contraction 

due to the numerous cross-bridges extending out as “arms” 

from myosin and attaching to actin in a “strong binding 

state.”  The energy from a muscle contraction comes from 

the breakdown of ATP by the enzyme myosin ATPase.  This 

enzyme is located on the “head” of the myosin cross-bridge.  

The breakdown of ATP to ADP + Pi and the release of energy 

serve to energize the myosin cross-bridges, which in turn 

pull the actin molecules over myosin to shorten the 

muscles.  The very first step in the process of muscular 

contraction begins with a nerve impulse arriving at the 

neuromuscular junction. 34-36 

Neurological and physiological adaptations work in a 

system together.  If the neuromuscular junction has the 

appropriate ATP and ATPase energy will be available for the 

myosin-cross bridges to pull the actin over the myosin and 

create a muscle contraction.  If there are efficient levels 

of calcium in the sarcoplasmic reticulum the contraction 

can occur as well.  Postural changes may have taken place 

because of an increase in the amount of the necessary 

components for muscular contraction and the nerve impulse 

that arrives at the neuromuscular junction.  More ATP, 

ATPase, proteins (myosin and actin) and calcium could have 

been recruited, stored, and produced.  Changes in posture 
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may have also taken place because the functioning 

components are working more efficiently together to achieve 

the desired movement.  Adaptations in the physiological 

systems of the subjects may have taken place.31-33 

The postural improvements could be caused by a 

psychological effort to change posture.  Conscious choices 

may have been made to retrain the muscular and nervous 

system outside of PMP sessions.  Subjects may have 

constantly reminded themselves to sit a certain way, breath 

east to west on inhalation and draw in the navel on 

exhalation during movement.   

Psychologically adaptations may have occurred during 

the PMP.  The PMP may be a visual stimulus enough to help 

the neurological and sensory motor changes take place 

psychologically at an unconscious and conscious level.37-40 

Psychology research has investigated the “chameleon 

effect.”37   The “chameleon effect” serves as a human basic 

need to belong.37 The “chameleon effect” is a perception-

behavior link, through which merely perceiving an action 

performed by another can lead one to perform that action at 

an unconscious level.  The perception-behavior link is one 

of several routes through which the environment can 

influence behavior without one’s awareness, intent, or 

control.  With this particular route, perceptual activity 
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unconsciously spreads to behavioral spreads to behavioral 

representations, increasing the likelihood of behaving 

similarly to others in the current environment.  The effect 

of perception on behavior is an automatic process that does 

not depend on conscious choice.  This is consistent with 

other recent neuropsychological findings as well.38 

Research shows that posture mirroring (one person lifting 

his or her right arm and the other person lifting his or 

her left arm in a “mirror image”) is related to rapport, 

although posture mimicking (both individuals lift their 

right arm) is not.  At the level of the social group, 

members are mimicking each others facial expressions, 

postures, mannerisms, and other behaviors because it is 

likely to be in greater cohesion and liking within the 

group.38 The mimicry and behavioral coordination are said 

to serve the adaptive function of facilitating social 

interaction and interpersonal bonding.37-40 

Many of the principles of Pilates focus on control of 

the diaphragm, transverse abdominis, and external obliques.  

Research supports that the transverse abdominis contracts 

first when movement starts in any extremity.  Stabilization 

must occur in the trunk before movement in the extremities 

can take place. The injury or pain may be in an extremity, 
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however part of the problem may lay in the instability or 

weakness of the core. 2,7-11,18-20 

The implications that we can use to impact current 

policies, procedures, and methodology are that the use of 

Pilates can improve posture.  Athletic trainers, physical 

therapists, coaches, and athletes can use the methodology 

behind Pilates in rehabilitation and prevention of injury.  

Pilates principles could be integrated into athletic 

populations as well as general populations to improve 

posture.     

The PMP could have been successful in this study 

because it increases one’s awareness of neutral spine and 

neutral pelvis while helping to strengthen the deepest 

muscles of the trunk.  The method of exercising in pelvic 

neutral and neutral spine may be reasons for success of the 

PMP.  Pelvic netural is the middle of an anterior tilt and 

a posterior tilt.  Neutral spine is when occipital 

protuberance is felt on the floor while making very small 

circles with the nose; the rib cage is on the ground and 

pressing into the mat in the thoracic spine; and the pelvis 

is in neutral.  Not all Pilates exercises are done with 

this position, however awareness of where the body is when 

it is necessary is critical. Constant transverse abdominis 

repetitions and exercising with the awareness of neutral 
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spine will start to change posture at the deepest layer of 

the muscles.  However, all layers are vital.  Therefore, 

strengthening all layers of the abdominals will help lower 

the risk of injury.2,6-11,18,19 

When the WMPA assessment of a joint position was made, 

an assessment could also be completed regarding muscles in 

elongated positions and that are in shortened positions.  

In faulty posture, those muscles in slightly shortened 

positions tend to be stronger, and those in slightly 

elongated positions tend to be weaker than the muscles that 

work in opposition to them.12,21,22   Specific attention can be 

focused on areas of weakness or areas with tightness and 

synergistic dominance with a personal training exercise 

program.  However, Pilates is beneficial because it 

improved posture with 13-15 sessions in 26 days without a 

modified exercise plan for each college aged non-athletic 

subjects.  It was the same program for all subjects and the 

study showed to improve posture significantly with the same 

PMP with every subject.12,21,22 

The study done by Leetun et al14 hypothesized that 

overuse and non-contact injuries may be due to instability 

of the core musculature.  Correcting the kinetic chain 

dysfunctions can help prevent overuse and non-contact 

injuries.  Leetun et al14 identified weak hip musculature, 
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particularly weak hip abductors and external rotators, 

after an athletic injury.  Pilates includes many pelvic-hip 

complex exercises that may have improved subject’s posture 

score.  The results of this study are significant in 

identifying the core as the main cause of injury.  The PMP 

for subjects that completed 13-15 sessions effectively 

improved total body scores which could mean that a PMP can 

help to strengthen the core and help prevent both overuse 

and non-contact injuries in college aged subjects that are 

non-athletes.12,14,18,20-22 

From the conclusions of Leetun et al14 rehabilitation 

programs for both overuse and non-contact injuries of all 

extremities could include a PMP to improve posture.

Rehabilitation programs should include a kinetic chain 

assessment for proper alignment to identify any 

dysfunctions in the kinetic chain.  A dysfunction may 

create risk for a non-contact injury.  The dysfunction 

could be too much stress on a joint from an excessive angle 

of articulation or a muscle weakness or tightness. This is 

crucial for athletes, coaches, athletic trainers, physical 

therapists, and team physicians.  Core strengthening can be 

instituted in all rehabilitation programs for any athlete 

who demonstrates poor postural habits, asymmetries in 

static stance, chronic or repetitive injury patterns, 
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overuse and non-traumatic injuries, and post-operation 

status. 12,14,20-22 

An investigation of a PMP program on posture showed 

significance in improving the alignment of the joints in a 

static position.  Correct posture is vital for athletes who 

place extreme force on the kinetic chain.  However, the PMP 

increased posture scores which could have also helped to 

create better alignment in the kinetic chain.  In motion, 

kinetic chain dysfunctions can lead to overuse and non-

contact injuries.  The trunk strength of the abdominals and 

erector spinae are significant in the role of the kinetic 

chain.  The imbalance can cause problems in athletics, in 

active people, and in ambulation.  Strength of both 

intrinsic and extrinsic muscles reduces force throughout 

the lumbo-pelvic-hip complex, leading to correct 

biomechanics and lower probability of injury.    

One can now use a PMP with 13-15 sessions over four 

and a half weeks to significantly improve posture with 

college aged females. Not all subjects that completed 13-

15 sessions improved.  Two subjects of twelve subjects 

showed no improvement in their score, all of the other 

subjects did.   
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Conclusions 

 

The results to this study revealed the following major 

conclusions: 

 A PMP improved WMPA scores with thirteen to fifteen 

sessions in 26 days for college aged non-athlete female 

subjects.  

 

Research Recommendations 

 

Based on the results of this study, the following 

recommendations have been made:  

1. Future studies should use athletes for 

subjects.   

2. Future studies should include equal male and 

female volunteer participants. 

3. Future studies should include an increased 

total number of subjects and a more equal 

number between the two groups to increase 

power. 

4. Future studies should include a Pilates 

program that lasts at least eight to ten 

weeks. 
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Review of the Literature 

 

This literature review will discuss the previous 

literature written regarding the development of this study: 

The effect of a Pilates program on posture.  This 

literature review is divided into three sections: 1) 

Anatomy, 2) Posture, and 3) Pilates.  Within Pilates there 

are two subsections, including: 1) Background and 2) 

Pilates. A summary of the literature will be provided at 

the end of the literature review. 

Pilates focuses on breathing, concentration, control, 

centering, flow, precision, breath, relaxation, and 

stamina.2 Pelvic neutral and neutral spine is two methods 

that are used in Pilates.  Pelvic neutral is the mid-point 

between an anterior tilt and a posterior tilt.  Neutral 

spine is when occipital protuberance is felt on the floor 

while making very small circles with the nose; the rib cage 

is on the ground and pressing into the mat in the thoracic 

spine; and the pelvis is in neutral.  The two methods are 

ideal for the subjects’ awareness of their body.1,2 Common 

posture abnormalities are deviations from neutral spine or 

pelvis, which is a key component in Pilates.  The reasons 

for deviations include nerve impingement, muscle weakness, 

spinal instability, and others.  For active people, 
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maintenance of posture and strength in neutral posture is 

vital for comfortable injury free living.  Correct 

alignment is vital for functional movement in ambulation, 

running, and sports.  Therefore, the purpose of this review 

is to review the previous studies done in relation to 

posture analysis for subjects that exercise with Pilates.  

The sections include a review of important anatomy from a 

Pilates perspective, a discussion about posture.1-7 

Anatomy 

 

For the person experiencing Pilates, their 

understanding of the basic anatomy of the body is essential 

for their success.  There are specific terms during Pilates 

that refer to anatomical structures.  The ‘SITS’ bones for 

example are the ischial tuberosities.  This term is often 

used for foot placement during an articulating bridge for 

example.  ‘SITS’ bones are also used to keep even pressure 

on each bone when executing the Pilates exercise seated 

twists.  There are other important anatomical structures 

while exercising with Pilates.8-10 

The central anatomical structures to this study are 

the pelvis, the torso, and the shoulder girdle.  This is 

also known as the ‘core.’ A girdle in the human body is a 
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group of joints that work together.  The pelvic girdle is 

made up of the sacroiliac joints (SI joints) the interpubic 

joints, and the hip joints. The muscles that create the 

post-axial compartment of the hip are the gluteus maximus, 

the tensor fasica latae, gluteus medius, and the gluteus 

miniumus.  The anterior compartment of the hip is made up 

of the psoas major, the illiacus, the rectus femoris, and 

the sartorius.  The medial compartment of the hip is made 

up of the obturator externus, gracilis, pectinius, adductor 

longus, adductor brevis, and adductor magnus.8-10 

The posterior compartment of the hip is made up of the 

obturator internus, piriformis, gemelli superior, gemelli 

inferior, quadratus femoris, semimembranosis, 

semitendinosis, and biceps femoris.  The internal rotators 

of the hip are the: adductor magnus, adductor brevis, 

adductor longus, gracilis, and pectineus.  The external 

rotators of the hip are: the piriformis, quadratus femoris, 

gemellus superior and inferior, and obturator internus and 

externus.  Unilaterally, internal rotators oppose the 

external rotators.  Bilaterally, right internal rotators 

and left external rotators oppose left internal and right 

external rotators.8-10 

The trunk musculature is made up of the abdominal 

muscles, which are the: rectus abdominus, external oblique, 
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internal oblique, pectoralis major and minor, latissimus 

dorsi, and the transverse abdominis. Trunk muscles consist 

of back extensors, that extend the trunk, lateral flexors 

for lateral deviation, and anterior abdominals that create 

flexion.   Integrating with the abdominals is the 

musculature of the posterior aspect of the spine or the 

intrinsic back muscles.  These muscles consist of a 

superficial group and a deep group. The superficial group 

includes the spinalis, longissimus, splenius, and 

iliocostalis (often classified as the erector spinae).  The 

deep intrinsic muscles include the semispinalis, 

multifidus, and the rotators.  Included in the deep 

posterior muscles are the suboccipital muscles which are 

high in the neck.  All of these muscles play a role in 

stabilizing the trunk, but the back extensors muscles are 

the most important.  The loss of stability that accompanies 

paralysis or marked weakness of the back muscles offers 

dramatic evidence of their importance.8-10 

The shoulder girdle is made up of seven bones that 

come together at eight joints to make up the most mobile 

area in the human body.  The seven bones are the sternum in 

the anterior aspect, the clavicles on either side, both the 

humerus, and the two scapulae in the posterior aspect.  The 

eight articulations include the sternoclavicular joints, 
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the acromioclavicular joints, the scapulothoracic joints, 

and the glenohumeral joints.   The actions of each of these 

eight joints are dependent and directly related to one 

another.8-10 

The muscles of the shoulder girdle can be divided into 

three distinctive groups.  The first is the scapulohumeral 

group which consists of the supraspinatus (adduction), 

infraspinatus (external rotation), subscapularis (internal 

rotation), deltoid (flexion, abduction, extension, internal 

rotation and external rotation), teres major (internal 

rotation), and coracobracialis (flexion and internal 

rotation). The first four muscles listed make up the 

rotator cuff.  The second group is the axioscapular group 

which is made up of the trapezius (scapular elevation, 

adduction, and depression), serratus anterior (scapular 

abduction), rhomboids (scapular elevation and adduction), 

levator scapula (scapular elevation), and pectoralis minor 

(scapular depression and tilting). The last group is the 

axiohumeral group which is made up of the pectoralis major 

(internal rotation, adduction, and flexion), and the 

latissimus dorsi (internal rotation and extension).8-10 

The application of the anatomical imbalance that may 

be present during a posture analysis is vital.  Anatomy 
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application is also important to understand during the 

Pilates exercises for modifications and progressions.  

 

Posture 

 

Posture is the composite of the positions of all the 

joints of the body at any given moment.3 Good posture is 

also defined as a situation when the center of gravity of 

each segment is placed vertically above the segment below.4

Good posture also involves a minimal amount of stress and 

strain and is conducive to maximal efficiency of the body.5

In the standard posture, the spine presents the normal 

curves, and the bones of the lower extremity are in ideal 

alignment for weight bearing.4 If a position is habitual, 

there will be a correlation between the alignment and 

muscle test findings. If the center of gravity deviates, a 

number of postural abnormalities can occur.6 If a 

reasonable assessment of a joint position is made, then an 

assessment also can be made regarding muscles in elongated 

positions and that are in shortened positions.  In faulty 

posture, those muscles in slightly shortened positions tend 

to be stronger, and those in slightly elongated positions 

tend to be weaker than the muscles that work in opposition 

to them.3-7 
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Kendall et al3 explains that evaluating and treating 

postural problems requires an understanding of basic 

principles relating to alignment, joints, and muscles.  

First, faulty alignment results in undue stress and strain 

on bones, joints, ligaments, and muscles.  Second, an 

assessment of joint positions indicates which muscles are 

in an elongated and which are in a shortened position.  

Third, a correlation exists between alignment and muscle 

test findings if posture is habitual.  Fourth, muscle 

weakness allows separation of the bone to which the muscle 

is attached.  Fifth, muscle shortness holds the bones to 

which the muscle is attached closer together.  Sixth, 

stretch weakness can occur in single joint muscles that 

remain in an elongated condition. Adaptive shortening can 

develop in muscles that remain in a shortened condition.3-7 

The “neutral” position of the pelvis is conducive to 

good alignment of the abdomen and trunk, and that of the 

extremities below.  Neutral position of the pelvis is 

defined as the anterior superior iliac spines are in the 

same horizontal plane with the symphysis pubis.  Neutral 

position of the spine is when the thorax and shoulder 

girlde are in a position that favors optimal function of 

the respiratory organs.  The head is erect in a well-
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balanced position that minimizes stress on the neck 

musculature.2-7 

The intersection of the sagittal and coronal midplanes 

of the body forms a line that is analogous to the gravity 

line.  Around this line, the body is hypothetically in a 

position of equilibrium.4 Such a position implies a 

balanced distribution of weight, and a stable position of 

each joint.  When viewing a posture in standing, a plumb 

line can be used to represent a line of reference.  A plumb 

line is a cord with a plumb bob attached to provide an 

absolute vertical line- standard for measuring deviations.  

The point in which the plumb line is suspended must be a 

standard fixed point.5 In lateral view, the fixed reference 

point is slightly anterior to the outer malleolus and 

represents the base point of the midcoronal plane of the 

body in ideal alignment.  It travels upward slightly 

anterior to the axis of the knee joint, slightly posterior 

to the axis of the hip joint, through the bodies of the 

lumbar vertebrae, through the shoulder joint, through the 

bodies of most of the cervical vertebrae, through the 

external auditory meatus, and terminates slightly posterior 

to the apex of the coronal structure.  In posterior view, 

the point is midway between the heels and represents the 
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base point of the mid-sagittal plane of the body in ideal 

alignment.3-7 

The standing position is regarded as the composite 

alignment of a subject from four views: front, back, right 

side, and left side.  In the posterior view, the line of 

reference begins midway between the heels; it extends 

upward midway between the lower extremities, through the 

midline of the pelvis, spine, sternum, and skull.  The 

right and left halves of the skeletal structures are 

essentially symmetrical and by hypothesis the two halves of 

the body exactly counterbalance.  In side view, the line of 

reference in the drawings and the plumb line in the 

photographs represent a projection of the gravity line in 

the mid-coronal plane.  These sections are not symmetrical 

and there is no obvious line of division on the basis of 

anatomical structures.3-7 

Each group of joints as you travel superior through 

the body in standing is affected by the placement of the 

joints distal to them.  In standard posture, the position 

of the feet is one which the heels are separated about 

three inches, and the forepart of the feet separated so 

that the angle of out-toeing is about eight degrees to 10 

degrees from the midline of each side, making a total of 20 

degrees or less. The rest of the natural posture for that 
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person will fall into place according to muscle strengths 

and weaknesses as you travel up through the ankles, knees, 

pelvis, shoulder, and head.  The thoracic spine, in ideal 

alignment, curves slightly in a posterior direction.  The 

line of reference through the shoulder joints and girdle 

should pass midway through the joint, however the position 

of the glenohumeral joint depends on the position of the 

scapulae.  In good alignment, the scapulae lie flat against 

the upper back, approximately between the second and 

seventh vertebrae, about four inches apart.  Faulty 

positions of the scapulae adversely affect the positions of 

the shoulder joint, and malalignment of this joint can 

predispose to injury and chronic pain.  In side view at the 

head and neck the line of reference should coincide with 

the lobe of the ear as the neck presents the normal 

anterior curve.2,3-7 

The common posture abnormalities are lordotic, flat 

back, kyphotic, sway back, and forward head. In neutral 

position of the pelvis there is a normal curve in the low 

back; in anterior tilt, a lordosis; and in posterior tilt, 

a flat back.5 Lordotic includes characteristics such as an 

increase in the normal lumbar lordosis, a sacral 

inclination, and an anterior pelvic tilt.  With this 

posture you will often find tightness in the hip flexors, 
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erector spinae, and/or internal rotators of the hip.  The 

hamstrings, abdominals, and/or external rotators of the hip 

will be lengthened or weakened.  This posture in the lower 

spine often causes a compensatory increase in the cervical 

lordosis with tightness in the suboccipital muscles.  Flat 

back is a common male posture.4 Characteristics include a 

decrease in the lumbar lordosis and a posterior pelvic 

tilt.  With this posture you will often find tightness of 

the hamstrings and external rotators of the hip.5 The 

lumbar erector spinae and the hip internal rotators will be 

lengthened or weakened.  This posture often causes a 

compensatory flattened cervical curve with tightness in the 

neck flexors.  Participants with this posture are rigid and 

lack mobility of the torso.  Kyphotic posture includes 

lengthened muscles of the upper back and the muscles of the 

chest are shortened with a collapse of the chest.3-7 

Kyphosis is an abnormal amount of flexion in the 

dorsal or thoracic spine.  The head is forward and the neck 

flexors and suboccipitals are short.  The pelvis is 

posteriorly tilted or neutral. This posture can inhibit 

breathing.4 The breathing in Pilates-based exercises can 

improve this posture dramatically through mobilization of 

the ribcage.  The sway back posture includes the pelvis in 

a posterior pelvic tilt but also pushed forward in the 
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sagittal plane.  The ribcage is collapsed and for balance 

the trunk is shifted backward in the sagittal plane.  The 

hamstrings are shortened and the hip flexors are lengthened 

or weakened.  The shoulders are rounded with tight chest 

muscles and neck flexors.  The forward head posture is 

often a compensatory posture to the above mentioned 

postures due to the effect of gravity on the spine.5 The 

muscles involved are the levator scapulae, upper trapezius, 

sternocleidomastoid, scalene, and suboccipital muscles.  

This posture occurs when the neck flexors become tight and 

strong and the long extensors become lengthened and weak.  

This orients the gaze downward and places the head forward 

of the shoulders.  To correct the gaze and balance, the 

sub-occipital muscles must contract holding the head in a 

level position.3-7 

Sahrmann et al4 relates control of the trunk to a 

balance of stiffness between muscles, in order to provide 

efficient control of dynamic posture.  Proprioceptive 

neuromuscular stabilization is a current method of training 

for motor control and stabilization of extremities. 

Watson and MacDonncha11 created a study to assess the 

validity and reliability of a static posture analysis using 

photography.  Watson and MacDonncha11 describe a) the 

assessment criteria for 10 separate aspects of posture; b) 
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the development and use of a qualitative posture rating 

scale based on the above; and c) establish the reliability 

of the assessment technique.  The 10 aspects were: ankle 

posture, knee interspace, knee hyperextension/hyperflexion, 

lordosis, kyphosis, scoliosis, round or forward shoulder, 

abducted/ winged scapulae, shoulder symmetry, and forward 

head.  The results yielded a definite qualitative postural 

assessment scale for 10 different aspects using 

photographs.  Reproducibility of the posture scores 

exceeded 85% for all aspects assessed.  All three purposes 

in the Watson MacDonncha11 study (a,b,and c) were found.11 

A study on the reliability of upright posture 

measurements was done by McEvoy M et al15 on primary school 

children.  In the study they used sagittal plane 

photographs of usual, relaxed upright postures of 38 boys 

and girls aged five to twelve years old. The Watson-

MacDonncha12 reliable method for the assessment of posture 

was used.  Digitizing software was used to calculate the 

x,y, and z plane coordinates, from which five postural 

angles were calculated (trunk, neck, gaze, head on neck, 

and lower limb).  Height, weight, motor control estimates 

(brace systems) and presence of pain were recorded for each 

child.  The association between the first test posture 
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angles and the last mentioned factors were assessed using 

linear regression and ANOVA models.12 

Granata and Wilson13 explain that postural risk factors 

for low back disorders may be partially explained by spinal 

stability. They state that to understand the mechanisms of 

low-back injury it is necessary to estimate stability as a 

function of lifting posture. Their results showed that 

lifting posture can influence musculo-stability of the 

spine.  Results also demonstrated that antagonistic co-

contraction is necessary to maintain stability in 

asymmetric lifting postures.  In conclusion, risk of 

occupational low back disorders associated with abnormal 

lifting posture may be partially influenced by 

musculoskeletal instability of the spine.13,15 

 Before extremities can be moved the core musculature 

must act as a stabilizer.  Drysdale et al16 studied electro-

myographical activity of the abdominal muscles during 

pelvic-tilt and abdominal-hollowing exercises.  The muscles 

of the core are firing as stabilizers before any movement 

is created elsewhere.   

A study done by Gwanseob et al17 evaluated the 

deleterious effect on the stability of the spine and the 

normal reflex response of spinal tissues.  The purpose of 

this study was to evaluate the flexion relaxation response 
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in terms of the interactive effect of trunk flexion angle 

(30, 50, 70, 90 degrees), knee angle (0 (straight knees) 

20,40 degrees), and individual flexibility (low, medium, 

and high).  The results showed that the knee angle did have 

a significant effect on the lumbar extensor muscle activity 

but only consistently at the 90 degree trunk angle.  The 

study also shows that the tension in the bi-articular 

biceps femoris, which was influenced by knee flexion angle 

and flexibility, affects the ratio of active extensor 

moment contributions of the lumbar extensor musculature to 

passive extensor moment contributions from the muscular and 

ligamentous tissues.17 

Physiologic functions that affect posture and the 

dysfunctions that may occur were studied by Kendall et al4.

Joint play, movement, habituation (nervous system 

adaptation), agonist and antagonist muscle function, all 

can lead us into sensory-motor nerve function. Postural 

dysfunction can be studied by the use of symmetrical 

comparison of bony landmarks and usually in context of 

muscle shortness and contracture.  First, this allows us to 

view posture in the context of symmetry.  If we can balance 

muscle groups there is a sense that posture can self-

correct.  Also, balance in posture indicates effective 
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locomotion, proprioception and energy efficiency for the 

neuromuscular system.2,4-8 

 A research study by McCollum18  studied the functional 

logic of sensorimotor postural adjustment control systems, 

especially the dependence of sensory and motor dynamics as 

conditions on each other.  The sensory re-afference from a 

movement depends upon the movement, and the movement chosen 

depends upon the available senses.  McCollum18 shows that 

there is a mathematical formalism that incorporates 

experimental, clinical, and theoretical results about 

sensory and motor control of posture.  The results from 

this study show that even though the purpose of the 

postural adjustment system is to return the body to stable 

posture in the case of a threat to balance, an important 

criterion for the distributed control system is that it 

maintains enough instability to change strategies.  Such 

instability or flexibility gives our precarious upright 

stance an enormous movement power.  However, the 

instability must be managed definitely and with 

consistency, or it leads to sensory or physical 

misfortunes.18 

Sensory organization determinants of postural 

stability in trained ballet dancers was studied by 

Simmons.19  The basis of establishing postural control in 
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everyday tasks and in specialized movements such as those 

required for sport and dance require the integration of 

visual, vestibular, and somatosensory information.  Trained 

ballet dancers and non-dancer controls completed six 

balance tests using computerized dynamic posturo-graphy.  

The tests facilitated assessment of the type of sensory 

organization used to maintain postural control under 

conditions ranging from quiet to standing to a situation in 

which visual and/or somatosensory information was 

systematically removed or made unreliable.  Results 

indicated that ballet dancers and controls have comparable 

balance ability during eyes open and eyes closed 

conditions.  However, when somatosensory information alone 

or in combination with visual information was made 

unreliable, dancers were significantly less stable than 

controls and utilized a hip strategy to maintain postural 

control.  In summary, ballet dancers had comparable balance 

to controls during eyes open and eyes closed conditions but 

were less stable than non-dancers when somatosensory 

information was made unreliable.  This result supports the 

notion that dance training results in a shift in sensory 

weighting from visual to somatosensory information.  As 

postural sway of the dancers increased and the center of 
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gravity approached the limits of stability they utilized a 

hip strategy to maintain balance.19 

A thorough understanding of structure and function is 

important to the exercise scientist, physical educator, 

physical therapist, athletic trainer, and coach.  Skeletal 

muscle performs three important functions: force generation 

for locomotion and breathing, force generation for postural 

support, and heat production during periods of cold stress.  

Skeletal muscle is composed of several kinds of tissue.  

These include muscle cells themselves, nerve tissue, blood, 

and various types of connective tissue.  Individual muscles 

are separated from each other and held in position by 

connective tissue called fascia.  Each individual muscle 

fiber is a thin, elongated cylinder that generally extends 

the length of the muscle.  The cell membrane surrounding 

each muscle cell is called the sarcolemma.  Beneath the 

sarcolemma lies the sarcoplasm which contains the 

contractile proteins.  In general, myofibrils are composed 

of two types of protein filaments: thick filaments composed 

of a protein myosin and thin filaments composed of the 

protein actin.  Within the sarcoplasm of muscle there is a 

network of membranous channels that surround each myofibril 

and run parallel with it.  These channels are called the 
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sarcoplasmic reticulum and are storage sites for calcium, 

which plays an important role in muscular contraction.20-22 

Each skeletal muscle cell is connected to a nerve 

fiber branch coming from a nerve cell.  These nerve cells 

are called motor or efferent neurons, and they extend 

outward from the spinal cord.  The motor neuron and all the 

muscle fibers it innervates is called a motor unit.  The 

site where the motor neuron and muscle cell meet is called 

the neuromuscular junction.  Acetocholine is the 

neurotransmitter that stimulates the muscle fiber to 

depolarize, which is the signal to start the contractile 

process.  The process of muscular contraction is best 

explained using the sliding filament model.  Muscle fibers 

contract by a shortening of their myofibrils due to actin 

sliding over the myosin.  The actin and myosin filaments 

slide over each other during muscular contraction due to 

the numerous cross-bridges extending out as “arms” from 

myosin and attaching to actin in a “strong binding state.” 
20-22  

The energy from a muscle contraction comes from the 

breakdown of ATP by the enzyme myosin ATPase.  This enzyme 

is located on the “head” of the myosin cross-bridge.  The 

breakdown of ATP to ADP + Pi and the release of energy 

serve to energize the myosin cross-bridges, which in turn 
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pull the actin molecules over myosin to shorten the 

muscles.  The very first step in the process of muscular 

contraction begins with a nerve impulse arriving at the 

neuromuscular junction.  It is possible that the PMP may be 

able to more efficiently improve the process of muscular 

contraction and the process at the neuromuscular junction.  

The PMP may help recruit more and more effectively use the 

necessary systems and parts of muscle contraction such as 

myosin cross-bridges for muscle contraction.18-22 

The understanding of the psychology behind watching 

another person during exercise is important for possible 

results.  The PMP Phi Pilates® may be a visual stimulus 

enough to help the neurological and sensory motor changes 

take place psychologically at an unconscious level.   

Psychology research has investigated the “chameleon 

effect.”23   The “chameleon effect” serves as a human basic 

need to belong.23 The “chameleon effect” is a perception-

behavior link, through which merely perceiving an action 

performed by another can lead one to perform that action.  

The effect likely serves as a useful adaptive reason.  

Observations and theories about non-conscious mimicry have 

a long history.26 The perception-behavior link is one of 

several routes through which the environment can influence 

behavior without one’s awareness, intent, or control.  With 
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this particular route, perceptual activity unconsciously 

spreads to behavioral spreads to behavioral 

representations, increasing the likelihood of behaving 

similarly to others in the current environment.  The effect 

of perception on behavior is an automatic process that does 

not depend on conscious choice.  This is consistent with 

other recent neuropsychological findings as well.  Research 

shows that posture mirroring (one person lifting his or her 

right arm and the other person lifting his or her left arm 

in a “mirror image”) is related to rapport, although 

posture mimicking (both individuals lift their right arm) 

is not.  At the level of the social group, members are 

mimicking each others facial expressions, postures, 

mannerisms, and other behaviors because it is likely to be 

in greater cohesion and liking within the group.24 The

mimicry and behavioral coordination are said to serve the 

adaptive function of facilitating social interaction and 

interpersonal bonding.23-26 

Traditional rehabilitation programs and resistance 

training programs focus on developing a single muscle in a 

single plane of motion.  However, almost all movement is 

multidimensional, multiplanar, and involves multiple 

muscles.  The focus should be on developing core strength 

using functional, multiplanar motions, leading to 
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functional activity.  All functional movements require 

acceleration, deceleration, and dynamic stabilization, and 

therefore core strengthening programs should utilize the 

entire contraction spectrum: concentric, eccentric, and 

isometric contractions.26-30 

A study done by Cresswell et al31 evaluated the intra-

abdominal pressure and observed abdominal intramuscular 

activity in a man.  Conclusions from this study showed that 

the transverse abdominis is continually active throughout 

trunk flexion and extension.  The transverse abdominus is 

the first muscle in the trunk to be activated, and it 

remains active through dorsal and ventral trunk loading.  

The results of these studies are significant in identifying 

the core as the main cause of injury.31 To support what 

Cresswell et al31 found another study by Valencia et al25 

investigated electromyographical readings of the lumbar 

multifidus and found that the delayed or slow reaction time 

to initiate movement could be a contributing factor in 

injury. 

 There is an important relationship between the 

autonomic nervous system with soft tissue response and 

postural dysfunction.33 Neuromuscular and cardiovascular 

systems are sympathetically regulated.  The sympathetic 

system is called the thoracolumbar based upon nerve root 
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plexuses.  The sympathetic system uses the highest amount 

of energy in the body, producing more waste, and using more 

oxygen, it is considered the primary system of the body.  

The viscera nervous system digests food and aids in the 

production of amino acids along with fatty acids and 

provides fuel for metabolism.  When we start to stress, 

abuse or misuse our bodies, the some soft tissue such as 

fascia tightens.  This in turn decreases the activity of 

the viscera with much more over-stimulation of the 

neuromuscular system occurring.  Over time the imbalance of 

soft tissue and muscle becomes the general adaptive 

response.33 Soft-tissue in organs becomes prominent, 

including ulcers, diarrhea, irritable bowel syndrome, 

constipation, and with continued habituation comes 

adaptation and compromising of the immune system.  This has 

a profound effect on the soft-tissue and postural 

dysfunction.  There must be a meditation between the 

autonomic nervous system and soft-tissue release. Until a 

parasympathetic effect is achieved, you will not have 

compliant soft-tissue release to promote postural changes.33 

Research has identified the transverse abdominis, 

internal oblique, and multifidus as the first muscles to 

contract during movement of the extremities. Hodges et al34 

reported during subcutaneous electromyography (EMG) 
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recordings that the transverse abdominis is the first 

muscle activated prior to lower limb movement in a study 

that investigated the order of activation of intrinsic 

musculature.  Hodges et al35 also demonstrate that the 

transversus abdominis, multifidus, diaphragm, and abdominal 

oblique muscles are key organization muscles of movement in 

healthy individuals with historical low back pain.  When 

subjects performed shoulder flexion, both portions of the 

diaphragm contracted at the same time as the transverse 

abdominis, during inspiratory and expiratory phases of 

respiration.  This suggests a connection with spinal 

control.  Their studies also show that the internal and 

external oblique contracted before the prime movers of the 

hip.  However, the transverse abdominis and internal 

oblique demonstrated more efficiency in their activation. 

Drysdale et al16 studied surface EMG recordings of the 

rectus abdominis and external obliques during pelvic tilt 

and abdominal hollowing exercises.  Their results 

demonstrated less EMG activity of these extrinsic muscles 

in supported positions, while there was greater activity of 

the external obliques during unsupported positions.  The 

findings follow the assumption that with less extrinsic 

muscle activity, more of the intrinsic muscles are 

activated.28-32,34-36 
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The study done by Leetun et al38 hypothesized that 

overuse and non-contact injuries may be due to instability 

of the core musculature.  We can conclude because a PMP 

improved total body posture scores that it can improve 

posture or alignment.  Correcting the kinetic chain 

dysfunctions can help prevent overuse and non-contact 

injuries. Leetun et al38 study identified weak hip 

musculature, particularly weak hip abductors and external 

rotators, after an athletic injury.  Pilates includes many 

pelvic-hip complex exercises that may have improved 

subjects total body score.  The results of this study are 

significant in identifying the core as the main cause of 

injury.  The PMP for subjects that completed 13-15 sessions 

effectively improved total body scores which conclude that 

a PMP can strengthen the core and help prevent both overuse 

and non-contact injuries in college aged subjects that are 

non-athletes.  

 

Pilates 

 

Pilates exercises can be integrated into a clinician’s 

inventory of therapeutic exercise interventions. There are 

many types of Pilates exercises some include mat work while 

others involve apparatus work.  Mat work covers most of 
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what the average population will encounter.  This is 

because it is the most basic form and least expensive 

because there is no equipment involved.1

Joseph Hubertus Pilates suffered from asthma, rickets, 

and rheumatic fever throughout his childhood. He studied 

various sports and exercise such as gymnastics, boxing, and 

karate all to improve his health.  He started to form his 

own type of exercise that he called “contrology”.33 During 

World War I Pilates was hired to train the troops.  He 

rigged bed springs to the bedposts to help his bedridden 

comrade’s exercise.  This experience led him to the 

creation of his Reformer apparatus work.  When the Spanish 

influenza broke out, none of Pilates’ patients died during 

the pandemic.  Pilates credited his mind and body workout 

for the survival of his patients.  He then traveled to the 

United States and began training with a boxer and some of 

the ballet dancers in New York.  The people he worked with 

benefited by improving fitness and reducing injury-recovery 

time.  The name “Contrology” did not stay with the 

exercise, but Pilates’ method did. Since his death in 1967, 

many disciples and Pilates instructors carry on today.1

There are eight principles identified by PhiPilates 

instructors that should be used consistently when working 

with athletes, patients, and clients.  The eight used by 
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PhiPilates are: concentration, control, centering, flow, 

precision, breath, relaxation, and stamina.2

“Concentration” improves neuromuscular recruitment, 

which ultimately increases movement quality.  Instead of 

just going through the motions, one actively engages one’s 

mind during movement and visualizes the next step.  It is 

very helpful for clinicians to provide visual, as well as 

tactile, cues to their clients to help facilitate this 

concentration.2,8,14,15 

Pilates exercises teach an individual to “control” his 

or her body, rather than ‘throwing it around’. The 

exercises are performed while breathing, concentrating, and 

stretching. The movements will become smooth and graceful 

once the exercises are mastered at the conscious and 

subconscious level.  “Control” of the core is the essence 

of all human movement.  Learning to correctly use the 

powerhouse will improve one’s posture, stabilize the spine, 

and improve quality of movement.  It is thought to lead to 

a trimmer and flatter stomach.2

The abdominal hollowing maneuver (“navel to spine” in 

the Pilates world) is thought to be the best way to recruit 

the deep abdominal muscles.  Veniza MJ, Hubley-Kozey29 found 

that 20 out of 28 participants had difficulty performing 

navel to spine.  Clients will most likely struggle with 
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this aspect as it is not normal or what they are used to, 

however they should feel as though a “seat-belt” tightens 

around the waist.2,8,14,16,17,29 

“Precision” is about quality, not quantity.  Rather 

than doing a certain amount of repetitions, ones perform 

the exercise as long as they can correctly.  There are 

always modifications or progressions to exercise as well.  

The precision of Pilates demands absolute control of the 

body.1,2,8,14 

An essential aspect during Pilates is correctly 

“breathing”.  Breathing is thought to be the catalyst for 

core stability.  The ribs should expand from side to side, 

in the frontal plane, while the navel pulls back tightly 

against towards the spine on the exhale with the jaw 

relaxed as if you were fogging up a mirror.  An equal 

inhale and exhale is desired.1,2,7,37 

“Relaxation” requires working in one area of the body 

while relaxing another.  This principle is unique to Phi 

Pilates® and may be a contributing factor towards success 

of a Phi PMP®.  The ability to mentally relax to control a 

physical activity will improve over time.2,34-40 

Endurance in the core and small stabilizing muscles 

are built with Pilates creating “stamina”.  All muscles are 
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able to train, specifically the intrinsic muscles, and will 

more efficiently work while in static or dynamic positions.2

“Flow” refers to the simultaneous presence of some of 

the other principles to create smooth movement throughout 

space.1 Flow is one of the final principles that is 

attained as it is a product of all the others.  However, 

subjects are encouraged to execute exercises with flow.  

Flow will be accomplished with all of the eight principles 

working together.2,39-40 

Current Pilates-evolved philosophies are modified 

slightly to bring them into the 21st century. Neutral pelvis 

is the way that exercises are taught in class to patients. 

It is defined as the point halfway between a posterior 

pelvic tilt and an anterior pelvic tilt.  In a prone 

position, the ASIS and pubic symphysis will be parallel 

with the floor. A neutral spine can be very difficult to 

learn. It is important to spend time in the beginning of 

class to explain and allow the patient to experience 

neutral pelvis.1,2,38-40 

 Results of Pilates therapy in the treatment of adult 

scoliosis was studied by Blum43. The purpose of the study 

was to describe the use of Pilates therapy and sacro-

occipital technique in the management of a 39-year-old 

woman with scoliosis who had undergone spinal fusion many 
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years earlier.  The patient had progressive severe low back 

pain that had worsened over the years after her surgery and 

had prevented her from activities such as carrying her son 

or equipment necessary to do her job as a photographer.  

The patient was provided with a series of Pilates exercises 

used to overcome her chronic habituation and muscle 

weakness.  Although this therapy went on for some time, she 

did begin to stabilize and increase physical activity; 

however she still has some symptoms from her scoliosis.  

The patient’s ability to use her body in a balanced manner 

was clear.  After her Pilates therapy she could carry her 

son and is no longer limited by her conditions.  The 

conclusion was that Pilates therapy can be useful to care 

for patients with chronic low back pain and 

deconditioning.45 

Summary 

 

A basic understanding of anatomy is beneficial for the 

patient experiencing Pilates.  Certain verbal cues were 

used in the exercises at sessions to help the subject 

correctly execute.  Subjects had to learn to recognize the 

verbal cue ‘hip bones’ for the anatomical landmark ASIS 

(anterior superior iliac spine). Another verbal cue is 
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‘sits bones’ or ischial tuberosities.  Knowledge of the 

deep core musculature in the body will help to activate the 

intrinsic muscles during the workouts.1,2,8,9,10 

Exercising while in pelvic neutral will help strength 

and correct lengthened or weak muscles.  Over time posture 

will begin to improve in normal gait and function in sport.  

The limited research that has been done with posture and 

Pilates supports positive improvements in posture.  Adult 

scoliosis has been treated using Pilates and has shown to 

decrease symptoms, which in theory is adding stability to 

the spine and improving posture.2,27-29,34 

Pilates is effective because of the principles for 

example, strengthening of the transverse abdominis.    

Repetition will allow for “stamina” and “flow” which may be 

able to train the sensory and motor functions in the 

neurological system.  The more time and the longer the 

overall time frame that a person uses the eight principles 

the most likely they will see the greatest improvements.   

A person who exercises more in Pilates will become 

more aware of their body and be able to move in and out of 

pelvic neutral in a controlled manner.  Neuromuscular, 

physiological, and psychological benefits may occur.19-26 

Once all eight basic principles; concentration, control, 

centering, flow, precision, breath, relaxation, and stamina 
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are practiced together the full benefits of Pilates will 

occur.2

Overuse issues and injuries can be created from poor 

posture and spinal instability.  Injuries in the 

extremities and low back are many times created from muscle 

imbalances or weaknesses in the torso or trunk.  

Experiencing normal posture for everyday life is appealing 

to most people for activities of daily living and in 

athletic populations.  Finding a successful and practical 

exercise program that will aid in improving posture is in 

many people, especially physically active people’s, 

interest.   
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APPENDIX B 

The Problem 
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The Problem 
 

Statement of the Problem

The purpose of this study was to: a) examine the 

results of a posture analysis before and after a Pilates 

program; and b) examine the results of a posture analysis 

before and after 26 days for the participants experiencing 

normal life as a control group.  Good posture may be 

defined as a situation when the center of gravity of each 

body segment is placed vertically above the segment below.3

Research is available demonstrating that poor posture can 

predispose athletes to injury.  A number of abnormalities 

can occur if the center of gravity deviates from the normal 

location.  This can predispose athletes to acute and 

chronic injury.  If we can find a successful way to achieve 

the most functional kinetic chain through good posture, 

many injuries may be avoided.3-7 

Definition of Terms 

 
To better understand this specific study, many terms 

must be operationally defined.  The following terms will be 

used throughout the study, and therefore will be defined as 

they pertain to this specific research: 
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1. Phi Pilates® Mat Level One- This is a Pilates Mat 

Program with prone, supine, and slide-lying positions.  

There are modifications and progressions to each 

exercise, however it is the most basic Phi Pilates® 

Program.2

2. Arthrokinematics – the normal movement of two joint 

surfaces on one another during functional movement 

patterns.7-10 

3. Dynamic stabilization - the ability to maintain postural 

control during other movement.5

4. Kinetic chain - the interdependency of the soft tissue 

system, neural system, and articular system to work 

together to allow structural and functional efficiency.7

5. Neuromuscular efficiency - the ability of the 

neuromuscular system to enable synergists, stabilizers, 

and neutralizers to work synergistically to reduce 

force, dynamically stabilize, and produce force 

throughout the entire kinetic chain in all three planes 

of motion.4-7 

6. Synergistic dominance - the process whereby the 

synergist compensates for a weak or inhibited prime 

mover in an attempt to maintain force production and 

functional movement patterns.3
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Basic Assumptions

The following were the basic assumptions for the study: 

1. All participants have completed a Participation 

questionnaire (Par Q) and are able to participate. 

2. All participants will give a maximum effort during 

testing and training procedures which will be maximized 

by the presence of the researcher. 

3. The Watson MacDonncha Reliable Posture Analysis11 is a 

valid and reliable test for measuring posture. 

 

Strengths of the Study:

The following are the strengths of the study: 

1. The Pilates sessions will be guided by a certified Phi 

Pilates® Mat level one instructor. 

2. The Watson-MacDonncha posture analysis11 is a reliable 

technique for the assessment criteria of posture.  

3. The sessions will include low numbers of subjects to 

allow for more attention on each subject of correct 

execution of the exercises. 

 

Limitations of the Study

The following are possible limitations of the study: 
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1. The number of subjects will be limited to a small 

group because of the physical and time commitment. 

2. The lack of research with previous studies on the 

research topic.   

3. The study was limited to non-athlete volunteers at 

California University of Pennsylvania. 

 

Significance of the Study

There is a need for research in the topic of Pilates 

in the field of athletic training because Pilates could be 

a very useful injury prevention and rehabilitation tool.  

This study used the WMPA to measure the success of a 

Pilates program in improving posture.  The findings of this 

study are important to athletic trainers, coaches, 

athletes, physical therapists, and especially individuals 

who experience discomfort or injury because of postural 

deviances.  Possible combinations of Pilates treatment 

during seasons or full Pilates programs in the off season 

may become more appealing if posture measurements can be 

experimentally proven significant.  Pilates exercises are 

more beneficial than other core training programs because 

of the overall principles that are involved with each 

exercise.  The Phi Pilates principles of concentration, 

control, centering, flow, precision, breath, relaxation, 
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and stamina are unique to Pilates.  Breathing correctly and 

using the diaphragm and the transverse abdominis are main 

focuses in Pilates, combined with all of the other 

principles.  Certain Pilates exercises can be implemented 

into training programs for every sport.  Healthy 

biomechanics and posture is necessary for proper movement 

especially in athletes.3,7,19 The improvement of posture can 

prevent both acute and chronic injury and also create 

healthy biomechanics in everyday life and in 

activity.7,15,17,19,20,23,31,35 
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APPENDIX C 
 

Additional Methods 
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APPENDIX C1  

Calendar of Events  
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APPENDIX C2 
 

Participation Questionnaire (Par Q) 
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Modified Physical Activity Readiness Questionnaire 
(PAR Q) 

 
Name_____________________________________________ Date_________________ 
DOB __________ Age _____ Home Phone _______________Work Phone ___________ 
 
Completion of this questionnaire is required to participate in this research study.  Please 
read each question carefully and answer every question honestly: 
 

Yes No 1) Has a physician ever said you have a heart condition and 
you should only do physical activity recommended by a 
physician? 

 
Yes No 2) When you do physical activity, do you feel pain in your 

chest? 
 

Yes No 3) When you were not doing physical activity, have you had 
chest pain in the past month? 

 
Yes No 4) Do you ever lose consciousness or do you lose your balance 

because of dizziness? 
 

Yes No 5) Do you have a joint or bone problem that may be made 
worse by a change in your physical activity? 

 
Yes No 6) Is a physician currently prescribing medications for your 

blood pressure or heart condition? 
 

Yes No 7) Are you pregnant? 
 

Yes No 8) Do you have insulin dependent diabetes? 
 

Yes No 9) Do you know of any other reason you should not exercise or 
increase your physical activity? 

 

If you answered yes to any of the above questions, you will not be allowed to participate 
in this study. 
 
If you honestly answered no to all the questions you can be reasonably positive that you 
can safely participate in this research study. 
 
Participant Signature _________________________________ Date ________________ 
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APPENDIX C3 
 

Demographic Questionnaire 
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Allison Mills Thesis 2006: Demographic Questionnaire 
 

Subject#: _____________ 
Group: ______________ 
Age:___________ 
Height: ___________ 
Weight: ____________ 
 
Part #1:  
 

1. Have you had any fractures, dislocations, or major surgeries in the past year? If 
yes, please explain injury and location: 
__________________________________________________________________
__________________________________________________________________ 

2. Have you done Pilates for more than a year? If yes, how 
many?____________________________________________________________
__________________________________________________________________ 

3. Do you play on any sports teams or will during the course of this study? If yes, 
explain: 
__________________________________________________________________
__________________________________________________________________ 

 
Part #2:  
 

1. Have you ever been told by a physician or allied health professional that you have 
a postural deviation such as lordosis or scoliosis? If yes, please explain: 
__________________________________________________________________
_________________________________________________________________ 

2. Will you exercise with some sort of cardiovascular workout outside of the Pilates 
training sessions during the four weeks?  If yes, what? 
__________________________________________________________________
__________________________________________________________________ 

3. Do you have any concerns about your participation in the study? If yes, please 
explain:___________________________________________________________
__________________________________________________________________
__________________________________________________________________
_________________________________________________________________ 

 
Thank you.  
 
The above answers are as accurate as possible to the best of my knowledge.  
X__________________________________________________________ 

 
Approved to participate: ______ 

Not approved to participate: _____ 
X____________________________________ The researcher, Allison Mills 
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APPENDIX C4 
 

Photographic Release Form  
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Photographic Release Form 
Watson MacDonncha Photographic Posture Analysis 

 
Subject # ___________ 
Date ____________ 
 
The researcher requests the use of photographic material 
for parts of her study and possibly future presentations.  
The material will be used for the research project as the 
researcher has described in the informed consent document 
that you have signed.  These materials may be used for 
professional publications, professional conferences, 
websites, and pictorial exhibits related to the study. 
 
The researcher also emphasizes that the appearance of these 
materials on certain media (websites, professional 
publications, news releases) may require the transfer 
copyright of the images.  This means that other individuals 
may use your image.  Regarding the use of your likeliness 
in photographs, tapes, or recordings, please check one of 
the following boxes:  
 
I do ____ 
 
I do not_____ 
 
Give unconditional permission for the investigator to 
utilize photographs of me. 
 
________________________________     _____________ 
Signature                            Date 
 
Note: Even should you choose not to allow your image to be 
used, the researcher can still benefit from your inclusion 
as a research study participant.   
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APPENDIX C5 
 

Informed Consent Form 
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Informed-Consent Form 
 

1. Allison S. Mills, who is a graduate athletic training 
student at California University of Pennsylvania, has 
requested my participation in a research study at 
this institution.  The title of the research is “An 
Investigation of a Pilates Mat Program on Posture.” 

 
2. I have been informed that the purpose of the research 

is to identify the effects of Pilates on posture.  
Non-athlete volunteers from California University are 
being included in this study. 

 
3. My participation will involve either conducting 

Pilates training sessions with a posture analysis 
before and after, or only a posture analysis before 
and after the five weeks in the control group.   The 
control group will allow the researcher to compare 
the Pilates with no-activity.  The Pilates will 
commence three days per week for five weeks.  The 
Pilates training session will take approximately 30 
minutes.

4. I understand there are foreseeable risks or 
discomforts to me if I agree to participate in the 
study.  The possible risks and/or discomforts include 
delayed onset muscle soreness from the Pilates 
sessions and potential injury from execution of the 
exercises incorrectly.  The researcher’s knowledge of 
proper execution of the exercises, as well as 
treatment options, will minimize these risks. 

 
5. I understand that in case of injury I can expect to 

receive treatment or care in Hamer Hall’s Athletic 
Training Facility which will be provided by the 
student researcher, Allison S. Mills, or a certified 
athletic trainer, either of which whom can administer 
emergency and rehabilitative care.  Additional 
services needed for prolonged care past three days 
will be referred to the attending physician at the 
Downy Garofola Health Center located on campus.

6. There are no feasible alternative procedures 
available for this study. 
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7. I understand that the possible benefits of my 
participation in the research are an increase in 
posture analysis scores, increased ease of movement, 
decreased risk of a non-contact or overuse injury, 
contributing to existing research, and enhancing the 
understanding of the effects of core strengthening. 

 
8. I understand that the results of the research study 

may be published, but that my name or identity will 
not be revealed.  In order to maintain 
confidentiality of my records, Allison S. Mills will 
maintain all documents in a secured location in which 
only the student researcher and research investigator 
can access.  Confidentiality will be maintained by 
eliminating names from data records and substituting 
designated codes known only to the investigator. 

 
9. I have been informed that I will not be compensated 

for my participation. 
 

10. I have been informed that any questions I have 
concerning the research study or my participation in 
it, before or after my consent, will be answered by 
Allison S. Mills, mil9823@cup.edu, 670 Park Street, 
California, PA  15419, (734)-679-6546, and Ben 
Reuter, 250 University Ave. California, PA. 15419, 
PhD, (724)-938-4562, reuter@cup.edu.

11. I understand that written response may be used in 
quotations for publication but my identity will 
remain anonymous. 

 
12. I have read the above information.  The nature, 

demands, risks, and benefits of the project have been 
explained to me.  I knowingly assume the risks 
involved, and understand that I may withdrawal my 
consent and discontinue participation at any time 
without penalty or loss of benefit to myself.  In 
signing this consent form, I am not waiving any legal 
claims, rights, or remedies.  A copy of this consent 
form will be given to me. 

 
Subject’s 
signature__________________________________Date____________ 

 
13.I certify that I have explained to the above 

individual the nature and purpose, the potential 
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benefits, and possible risks associated with 
participation in this research study, have answered 
any questions that have been raised, and have 
witnessed the above signature. 

 
14. I will provide the subject/participant a copy of this 

signed consent document upon request. 
 

Investigator’s 
signature__________________________________Date____________ 
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APPENDIX C6 
 

IRB Approval  
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A. Provide an overview of your project-proposal 
describing what you plan to do and how you will go 
about doing it. Include any hypothesis(ses)or 
research questions that might be involved and 
explain how the information you gather will be 
analyzed. For a complete list of what should be 
included in your summary, please refer to 
Appendix B of the IRB Policies and Procedures 
Manual 

 

The purpose of this study will be to examine the 
effects of a Pilates mat exercise program on 
posture. This study will measure posture using the 
Watson-MacDonncha posture analysis. Five 
photographs will be used to measure posture for 
each subject. There will be a control and an 
experimental group. Both groups will be measured 
with the posture analysis before and after the 
Pilates program. The Pilates group will 
participate in the mat program for five weeks, 
three times each week, for 30-40 minutes. The 
hypothesis is that the Pilates program will 
significantly improve Watson- MacDonncha posture 
scores when compared to the control group. The 
data will be analyzed using a paired t-test. An 
alpha level of .05 will be used for significance. 

 

B. Section 46.11 of the Federal Regulations state 
that research proposals involving human 
subjects must satisfy certain requirements 
before the IRB can grant approval. You should 
describe in detail how the following 

session at http://cme.nci.nih.gov/ . A copy of your certification of training 

must be attached to this IRB Protocol. If you have completed the training at an 

earlier date and have already provided documentation to the California University 

of Pennsylvania Grants Office, please provide the following: 

Previous Project Title

Date of Previous IRB Protocol
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requirements will be satisfied. Be sure to 
address each area separately. 

a. How will you insure that any risks to 
subjects are minimized? If there are 
potential risks, describe what will be done 
to minimize these risks. If there are 
risks, describe why the risks to 
participants are reasonable in relation to 
the anticipated benefits. 

The possible risks and/or discomforts include delayed onset 
muscle soreness from the Pilates sessions and potential injury 
through incorrect execution of the exercises. The researcher's 
certification to teach a Pilates course will maximize proper 
execution of the exercises and minimize the risk of injury. 
Before subjects participate they will be screened using a 
physical activity readiness questionnaire (PAR Q). Any injuries 
that may occur during the Pilates mat program can be treated at 
the Athletic Training room at Hamer Hall provided by any 
certified athletic trainer or the graduate student researcher, 
Allison S. Mills. The possible benefits of participation in the 
study include improvement of posture analysis scores, increased 
ease of movement, contributing to existing research knowledge, 
and enhancing the understanding of Pilates. Subjects will be 
photographed in a private room with the researcher and a 
witness. This will be done for the subjects comfort because 
they will be wearing spandex and pictures will be taken. 

 

b. How will you insure that the selection of subjects is 
equitable? Take into account your purpose(s). Be sure you 
address research problems involving vulnerable 
populations such as children, prisoners, pregnant women, 
mentally disabled persons, and economically or 
educationally disadvantaged persons. If this is an in-
class project describe how you will minimize the 
possibility that students will feel coerced. 
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Sixty volunteers from department of health classes will be 
recruited and randomly divided into two groups. The two groups 
are the experimental and control group. When asked to volunteer 
for the research they will be informed that they may or may not 
be selected for the Pilates training sessions. Photographs for 
both groups, all sixty participants, will be taken together 
before and after the five weeks. 
 

c. How will you obtain informed consent from each 
participant or the subject's legally authorized 
representative and ensure that all consent forms are 
appropriately documented? Be sure to attach a copy of 
your consent form to the project summary. 

 

A written copy of the informed consent will be read by the 
subject and signed. A photographic release form will also be 
read and signed by each subject. 

d. Show that the research plan makes 
provisions to monitor the data collected 
to insure the safety of all subjects. 
This includes the privacy of subjects' 
responses and provisions for maintaining 
the security and 
confidentiality of the data. 

 
Subjects will be asked after each session 

if they are experiencing pain, discomfort, or 
injury, privately. The posture analysis 
scores and the series of questions after 
sessions will be kept confidential in a locked 
file drawer in which only the researcher and 
advisor will have access to. 

 
C. Check the appropriate box(es) that describe 

the subjects you plan to use. 
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D. Is remuneration involved in your project? �
Yes or ® No. If yes, Explain here. 

E. Is this project part of a grant? � Yes or NoIf yes, provide the following information:
Title of the Grant Proposal _________________________  

Name of the Funding Agency 

Dates of the Project Period 
 

F. Does your project involve the debriefing of those who 
participated? � Yes or ® No 
If yes, explain the debriefing process here. 

G. If your project involves a questionnaire interview, ensure 
that it meets the requirements of Appendix in the Policies 
and Procedures Manual. 

H. Project Director's Certification 

� Adult volunteers 

CAL University Students 

� Other Students 

� Prisoners 

� Pregnant Women 

�Physically Handicapped People 

� Mentally Disabled People 

� Economically 

Disadvantaged People 

� Educati

onally 

Disadvantaged 

People 

� F t f t l
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ACTION OF REVIEW BOARD (IRB use only) 

The Institutional Review Board for Research Involving Human Subjects has reviewed this application to 
ascertain whether or not the proposed project: 

1. provides adequate safeguards of the rights and welfare of human subjects involved in the 
investigations; 

2. uses appropriate methods to obtain informed, written consent; 
3. indicates that the potential benefits of the investigation substantially outweigh the risk involved. 
4. provides adequate debriefing of human participants. 
5. provides adequate follow-up services to participants who may have incurred physical, mental, or 

emotional harm. 
 

Chairperson, Institutional Review Date 
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APPENDIX C7  
 

Data Collection Sheet  
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Subject 1.
Ankle

2.
Knee
inter-
space

3. Knee
hypertext./hyperflx.

4.
Lordosis

5.
Kyphosis

6.
Scoliosis

7. Round
or
forward
shoulder

8.
Abducted/winged
scapulae

9.
Shoulder
symmetry

10.
Forward
Head

Total
Score

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
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APPENDIX C8 
 

Participant Placement Diagram  
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APPENDIX C9  
 

Oral Directions during Photography 
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Watson MacDonncha Posture Analysis 
Using Photography 

 

Oral Directions during Photography:  
 

I. PICTURE #1: Please stand upright staring straight ahead with chin parallel 
to the ground and fully extend the elbows and knees.   

 
II. Please hold your arms relaxed and at your side.   

 
III. If possible your heels will be touching with your feet parallel over the red 

line. 
 

IV. If your knees are pressing together very hard and your heels are not touching, 
please place your knees slightly touching, leaving your ankles to be naturally 
comfortable. 

 
V. In this case please bend your knees and lower your body and return to the 

original position. 
 
VI. PICTURE #2: Now please turn 45 degrees to your right and place your feet 

together over the yellow line.  Stand upright staring straight ahead with your 
chin parallel to the ground and fully extend your elbows and knees. 

 
VII. PICTURE #3: Please turn 45 degrees to your right again and place your feet 

parallel with the blue line.  Stand upright staring straight ahead with your chin 
parallel to the ground and fully extend your elbows and knees. 

 
VIII. PICTURE #4: Please turn 45 degrees to your right and place your feet 

parallel with the red line and face the back wall.  Stand upright staring straight 
ahead with your chin parallel to the ground and fully extend your elbows and 
knees. 

 
IX. PICTURE #5: Please hold the sign with your subject number in front of your 

chest and smile!:) Thank you so much.   
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APPENDIX C10  
 

Anatomical Landmarks during Photography 
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APPENDIX C11 
 

Assessment Criteria for Posture 
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Fig. 7—Scoliosis “S”. Fig. 8.-Round shoulders and abducted scapulae. Fig. 9.—Shoulder symmetry. Fig. ID.—Forward head. Fig. I I.—Mea surement of lardosis. 
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APPENDIX C12 
 

Table I Quantitative Assessment Criteria 
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Quantitative Scoring Scale 
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Posture Aspect  Score of a 5 Score of a 3 
 

Score of a 1 

1. Ankle valgus or 
varus 

< 7degrees 7-10 degrees > 10 degrees 

2. Knee interspace Ankles together; 
medial 
epicondyles 
touching 

1. Medial 
epicondyles 
 touching; medial 
malleloi not 
touching.  
2. Medial malleoli 
are touching but 
there is 1-3mm 
between the 
medial 
epicondyles. 

1. Medial 
epicondyles are 
more than 4mm 
apart; medial 
malleoli are 
touching. 
2. Q angle is 
measured more 
than 15 for 
women and more 
than 12 degrees 
for males.   

3. Knee 
hyperflexion or 
hyperextension 

A line can be 
drawn straight 
through the thigh 
and lower leg.  No 
marked deviation. 

Moderate 
deviation from the 
midline either in 
extension or in 
flexion. 

Extreme deviation 
from the midline 
either in extension 
or in flexion. 

4. Lordosis Circle with a 
diameter of 7cm  

Circle with a 
diameter of 4.5cm 

Circle with a 
diameter of 3cm  

5. Kyphosis Circle with a 
diameter of 9cm 

Circle with a 
diameter of 7cm 

Circle with a 
diameter of 6cm 
 

6. Scoliosis Vertical line 
drawn through 
vertebrae 
markers; no 
deviation. 

Moderate 
deviation; 1.5-3 
degrees of the 
vertical line. 

Extreme 
deviation; greater 
than 3 degrees 
deviation from the 
vertical line. 

7. Shoulder; 
rounded  

Shoulders are 
behind the upper 
chest. 

Shoulders are 
slightly forward 
of the upper chest.

Shoulders are in 
front of the upper 
chest.  

8. Shoulder 
Symmetry 

No difference in 
symmetry. 

Deviation greater 
than 1mm-2.5mm  

Deviation greater 
than 2.5mm 

9. Shoulder 
abducted winged 
scapulae 

No deviation from 
a slight outline of 
the scapulae. 

Inferior angles 
and portions of 
the medial border 
are clearly visible. 

Inferior angles 
were protruding 
excessively 
and/or all the 
medial borders 
and scapular 
spines are visible. 

10. Forward head 
Posture 

Head protraction 
angle is less than 5 
degrees. 

Head protraction 
angle is in 
between 5-10 
degrees. 

Head protraction 
angle is greater 
than 10 degrees. 
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APPENDIX C13 
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Researcher Pilates Certification 
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APPENDIX C14 
 

Pilates Program Exercises 
 



129

Pilates Program Exercises 

These are exercises that are in the PhiPilates Mat Level 
One Video 

 

Starting position required finding a neutral pelvis.  

The researcher assisted the subjects with this, using 

verbal cues and aid from the video.   

Hundred1

The first exercise was the hundred and was used as a 

warm-up.  It is often one of the very first exercises done.  

It focused on core strengthening and stability.  The 

hundred increased circulation and prepared the body for 
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other exercises.  It strengthened abdominal muscles and 

increased spinal flexibility. 

 The subject was instructed to lie on their back with 

their arms at their side.  The subject was instructed to 

curl their head and shoulders off of the floor to the point 

just before the neutral pelvis is lost.  The arms were then 

moved up and down slowly, initiating movement from the 

shoulder joints.  The subject inhaled for a count of five 

and exhaled for a count of five, which will be counted out 

by the video and the researcher.  This exercise consisted 

of 10 sets of 10 seconds, totaling 100 seconds. 

 This exercise was progressed by lifting the legs into 

a tabletop position (hips and knees bent to 90º) prior to 

initiating the exercise.  It was also progressed by 

increasing the repetitions or combining it with other 

abdominal exercises.  Modifications were made to alleviate 

pain with the exercise, for example, lowering the head to 

prevent neck strain.  The researcher provided verbal cues 

for corrections to posture or technique to ensure the 

exercise was performed correctly. 
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1(pg 36) Consent to use this photograph obtained from PowerHouse Pilates. 

 

Articulating Bridge1

The second exercise was articulating bridge and was 

used as a warm-up exercise.  It focused on core 

strengthening and lumbar flexibility.  It increased spinal 

flexibility and strengthened the abdominal muscles, lower 

back muscles, gluteals, and hamstrings. 

 The subject began lying on the mat with feet flat on 

the floor (knees bent).  Heels were in line with the 

ischial tuberosities or ‘sits bones’.  Arms were relaxed at 

the side of the body.  The subject was instructed to draw 

his navel to his spine and begin “peeling” the vertebrae 

from the floor one at a time, beginning with the tailbone. 

The movement ended when it reached the shoulder blades.  

The subject then returned to the starting position by 

returning one vertebrae at a time to the floor. 

 The subject inhaleed while preparing for the movement 

and exhaled as they lifted their torso into the bridge 
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position.  They inhaled at the top of the position and 

exhaled while lowering.  To progress this exercise, the 

subject extended one leg prior to starting to bridge.  They 

then continued with the exercise as described above, 

maintaining a level pelvis with the leg extended throughout 

the movement.  This exercise was performed six times. 

1(pg 50) Consent to use these photographs obtained from PowerHouse Pilates. 

 

Plank1

One of the more challenging exercises focused on core 

strengthening, stability and lower body flexibility.  It 

increased stability and strength of the core and shoulders, 

and increased flexibility of the hips.   

 The subject started the exercise by kneeling on the 

mat on all fours.  Hands were aligned directly beneath 
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shoulders and knees directly beneath hips.  While keeping 

the shoulders wide and flat, the subject lifted into a 

push-up position by placing one leg at a time on the floor 

behind them.  While maintaining body alignment, the subject 

extended one leg at a time.  The researcher provided verbal 

cues for correction of body alignment or technique using 

the video for guidance.  

 This exercise was modified to decrease difficulty when 

proper body alignment was not maintained.  It was also 

modified to decrease wrist pain.  Subjects placed their 

hands off the end of the mats to alleviate pain.  The plank 

was progressed by placing the hip in the extended position.  

This exercise was performed eight times. 
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1(pg 70) Consent to use these photographs obtained from PowerHouse Pilates. 

 

Reverse Plank1

Another more challenging exercise focused on core and 

lower body strengthening and upper body flexibility and 

strengthening.  It strengthened the abdominals, as well as 

back and hip extensors. 

 The subject began by sitting on the mat with their 

arms behind them.  Weight was on the hands with fingers 

pointing at the heels.  The subject then lifted his torso 

and pelvis into a plank position.  For a progression the 

subject raised one leg at a time without losing proper body 

alignment.  The exercise was performed three times, with 

five alternating leg extensions on each leg. Or the subject 

just held the position.   

The subject inhaled to prepare for movement, and 

exhaled as they lifted the torso upward, inhaled at the top 

position, and exhaled while lowering.  When adding 
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progression, the subject exhaled as they raised the leg and 

inhaled when lowering.  Modifications were made if subjects 

experience wrist pain.  

1(pg 72) Consent to use this photograph obtained from PowerHouse Pilates. 

 

Rolling Like a Ball1

This exercise focused on core strengthening, stability 

and spinal flexibility.  It strengthened the abdominal 

muscles, improved balance, and increased spinal 

flexibility. 

 The subject sat near the front of the mat with their 

knees bent and feet flat on the mat.  The subject grasped 

their legs in front of each knee and brought their chin 

toward their chest.  Shoulders were down and elbows were 

positioned up and away from the body.  The subject rolled 

backwards to the shoulder blades.  Then rolled back up and 

balanced on the tailbone without letting their feet touch 

the floor.  
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The subject inhaled while rolling back and exhaled 

when returning.  The progression for this exercise was to 

grasp the ankles and pull into a tighter ball.  This 

exercise was performed eight times. 

1(pg 104) Consent to use this photograph was obtained from PowerHouse Pilates. 

Side Plank1

This exercise focused on core and upper body 

strengthening and stability.  It strengthened the core, 

arm, and upper back muscles, increased strength 

specifically in the quadratus lumborum, gluteus medius, and 

rotator cuff, and increased shoulder stability. 

 The subject sat on the side of their hip with the legs 

extended slightly in front.  The subject will cross the top 

leg over the bottom, resting on the ball of their foot.  

The hand was place on the floor, aligned comfortably with 

the shoulder.  The subject then lifted his hips off of the 

floor in one movement and swept his top arm upwards.  The 

subject then allowed the body to rest on the lower hand and 
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foot.  Ribs were directly above the pelvis and the 

shoulders and hips were square with the body.  The subject 

will hold this position for a set of breaths and then lower 

to the floor while maintaining body alignment.  This 

exercise will be performed five times. 

The subject inhaled as he prepares for the movement 

and exhaled as he lifts into the plank position.  They held 

the position while inhaling and exhaling for three 

breathing sets.  Modifications were made to those who are 

unable to support the weight of the body on one arm, as 

well as for those with wrist pain.  This exercise was 

progressed by placing one foot on top of the other, 

requiring more balance.  It was also combined with other 

movements if a subject progresses to this point.         

1(pg 74) Consent to use this photograph obtained from PowerHouse Pilates. 
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Consent for the use of the photographs and 

descriptions in this section were obtained from PowerHouse 

Pilates (Appendix C8). 

 

APPENDIX C15 
 

Consent Form: PowerHouse Pilates 
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APPENDIX C16  

Agenda for the Initial Meeting  
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Agenda for Initial Meeting: Allison PILATES and 
Posture Thesis 2006 

Meeting 9:30pm Tues. Feb 7th 
I. Welcome and thank-you. Introduction. 
II. Qualifications for Control Group:  

a.  A California University of PA non-athlete 
b. Male or Female  
c. Age17-24 
d. No pregnancy 
e. Participate in photo sessions before and after  
f. Must own spandex shorts/pants or t-shirt/tank top for photographing purposes.

III. Qualifications for Pilates Group: 
a. A California University of PA non-athlete 
b. Male or Female  
c. Age 17-24 
d. No pregnancy 
e. Participate in photo sessions before and after 
f. Participate in 15 of the 34 offered sessions, about 3 times a week. 
g. Will not participate in another training program, sport, or dance at the same time.  

Except: Cardiovascular exercise (running). 
h. Not pregnant 
i. Have not had a significant injury in the past year. 

(surgery/fracture/dislocation/ligament tear…please ask) 
j. Must own spandex shorts/pants or t-shirt/tank top for photographing purposes. 
 

IV. If you are eligible: You will be given a number instead of your name that you will 
be known as by the researcher so that your participation remains anonymous.  This 
number is on your folder.  You will write it with your name on both copies of the first 
page in the folder and only I will view this once.  Your number is private please do 
not disclose it to anyone.  You may take one of the sheets with your name and 
number on it home so that you will always have it for attendance at each session and 
the last photo session.   

V. Determination of Pilates vs. Control: I will pass around a sign-up sheet with 
Pilates and Control.  Pilates includes the photographic sessions before and after the 
15 Pilates sessions.  The control group is only two photographic sessions at the same 
time as the Pilates group, once this week and once before spring break.  If the Pilates 
is too much of a commitment or you are ineligible for the Pilates group, I would 
really appreciate your volunteering in the control group. 

VI. If you know you are in the control group please listen through the 
meeting, however you will be excused early.  

 
VII. Photographic Sessions: 
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1. Please pass around the before and after sign up sheet for photographic 
sessions.  

2. The Watson-MacDonncha posture analysis photograph session will 
take approximately 15 minutes for each subject.  It will take place in a 
private PTA lab with the researcher and a witness.  It will be in Hamer 
Hall in B5 which is off of the pool deck to the right when you exit the 
locker rooms.   

3. You may only see one or two other subjects, however please wear 
clothing over or a robe if you wish.  It will include palpation of 17 
bony landmarks on the body.  The landmarks will be labeled with 
reflective tape.   

4. The landmarks are: on the patellar notch, greater trochanter, 
glenohumeral joint and the auricle pinna on the left side; on the 
anterior surface of both clavicle heads, both anterior superior iliac 
spines, tibial tuberosities, and the center of the patella; on the posterior 
surface will be marked on the calcaneous and along C7, T3, T6, T9, 
T12, L3, L5 and the superior sacrum.  

5. Please dress in the locker rooms in spandex clothing. It can be 
pants and a long sleeve spandex outfit as long as it is tight to the skin.  
Please be dressed and ready to go 15 minutes before your photo 
session. 

 
VIII. Included in Packet: 

a. Identification sheets: Please fill out both and leave one in the folder and 
take one with you.  

b. Informed- Consent Form: Please read every number and sign.   
b. Photographic Release Form: Please answer the question and sign the 

bottom.   
c. CONTROL Group excused: Please turn in your subject number, group, 

and name sheet and make sure you have signed up for the before and after 
photographic sessions.  They will be emailed also as a reminder. 

d. PILATES Group calendar of sessions: 
1. The study is from Wed. Feb 8th until Friday March 10th. It is a total of 

5 weeks.  
2. Have to make 15 of the 34 available sessions about 3 times a week.   
3. Each session is about 40 minutes. 
4. Each session will be lead with a video and my guidance in execution of 

the exercise.  I will need to place my hands on your body to aid in 
correct execution.   

5. Please wear tight fitting clothes so that landmark and body position is 
easily noticed for correct execution purposes. 

6. On the calendar each session is listed at its starting time, for example 
3:00 and 5:00.   

7. Please highlight both copies of the calendar for the sessions that you 
plan to attend, so that I am aware of our presence.  I want to make the 
sessions flexible, but once we set the calendar I would like to follow 
them as best as we can.  (Ex. Maybe one switch for an emergency: it 
would be on Monday from 12:00-1:00pm) 
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e. Demographic Questionaire: Please answer the questions honestly and 
appropriately.   

f. Physical Activity Readiness Questionaire (PAR Q): Please answer the 
questions honestly and appropriately and sign the bottom.  

VIII. Finally, return the highlighted calendar of when you will be attending sessions to me 
and we shall see you at your first photographic session. They will be emailed as a 
reminder as well.   

 
IX. You will leave with the calendar that you highlighted for your photo and training 

sessions, and the sheet with your subject number, group, and name on it.  
 
X. THANK YOU SO MUCH! This will be a blast! 

 
XI. Do not hesitate to contact me: mil9823@cup.edu or 734-679-6546 
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APPENDIX C17 

Volunteer Sign-up Sheet  
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Allison Thesis 2006:  Sign-Up for Pilates or Control Group  
 
Name  Desired Group: 

Pilates or 
Control  

Email  Age  

1
2
3
4
5
6
7
8
9
10    
11    
12    
13    
14    
15    
16    
17    
18    
19    
20    
21    
22    
23    
24    
25    
26    
27    
28    
29    
30    
31    
32    
33    
34    
35    
36    
37    

Thank you! If you have any questions and would like to contact me feel free:  
Allison Mills at Mil9823@cup.edu 
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APPENDIX C18 
 

Pilates Sign up at Sessions for attendance  
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Tuesday February 14th Session #3 12:00pm  
1
2
3
4
5
6
7

Tuesday February 14th Session #4 1:00pm 
1
2
3
4
5
5
6
7

Tuesday February 14th Session#5 3:00pm 
1
2
3
4
5
6
7
8
9
10 
 
Tuesday February 4th Session#6 4:00pm 
1
2
3
4
5
6
7
8
9
10 
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ABSTRACT 
 

TITLE: An Investigation of Posture and a Pilates Mat    
Program 
 
RESEARCHER: Allison Mills 
 
ADVISOR: Ben Reuter, PhD 
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RESEARCH TYPE: Master’s Thesis 
 
PURPOSE: To examine results of the Watson MacDonncha 
Posture Analysis (WMPA) pre and post 13-15 sessions of a 
Pilates Mat Program (PMP) over 26 days. 
 
PROBLEM: Few research studies have investigated posture 
analysis tools or training programs to correct posture.   
 
METHOD:  
 Subjects were a convenience sample of California 
University of Pennsylvania student non-athletes.  17 total 
subjects volunteered (five control (2 male, 3 female), 12 
Pilates (all female)).  The PMP was guided with a Pilates 
video for each session. 
 
FINDINGS:  The results showed that a PMP can significantly 
improve (P≤.05) WMPA scores in 13-15 sessions completed 
over 26 days.  
 
CONCLUSIONS:  Pilates is an exercise form that improved 
WMPA scores for college aged female subjects. 
 


