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Abstract 

Structural integration (SI) is a manual therapy created by Ida Rolf that focuses on whole 

body functionality. The mechanisms and effectiveness of the treatment are still not well known 

but may rely on fascia, which is affected largely by tension and has proprioceptive capabilities 

based on the function of mechanoreceptors. The purpose of this study was to determine if SI 

could affect ankle joint position sense (JPS) and balance, both proprioceptive, in recreational 

soccer players.  

Twenty subjects were randomly assigned into two groups; the treatment group underwent 

10 SI sessions and the control group had no treatment. JPS was assessed with an iPod application 

to measure joint replication error of three angles within dorsiflexion and plantarflexion. Balance 

was evaluated with center of pressure (COP) excursion, in the mediolateral (COPx) and 

anteroposterior (COPy) directions, as measured by a force platform during four conditions of a 

balance test.  

There was not a significant group, time, and angle interaction for joint replication error 

(F[4, 68] = 0.108, p = 0.979), but there was a significant interaction between angle and group 

(F[2, 68] = 4.834, p = 0.014). For balance, there was not a significant three way interaction 

between time, group, and condition for both COPx (F[1.740, 31.326] = 1.293, p = 0.285) and 

COPy (F[1.295, 23.318] = 1.673, p = 0.212) excursion but there was a significant time and 

condition interaction for both COPx (F[1.740, 31.326] = 9.699, p = 0.001) and COPy (F[1.295, 

23.318] = 1.673, p = 0.030).  

Excursion reduced over time across all conditions, but this appears to be a learning effect 

as, both groups improved significantly. JPS improved non-significantly in the treatment group. It 

is possible that improvements occurred in the treatment subjects but the parameters chosen did 

not reflect these changes.   
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Chapter I 

The Problem and Its Scope 

Introduction 

 Structural integration (SI), also known as Rolfing, is a form of treatment that has 

recently grown in popularity. SI is a manual therapy created by Ida Rolf that focuses on 

whole body functionality rather than individual parts (Jacobson, 2011). The mechanisms and 

effectiveness of the treatment, however, are still not well known. This may be due to the 

limited amount of studies done using small sample sizes combined with no placebo or control 

group (Jacobson, 2011). The few studies already completed on SI found it to improve joint 

range of motion, pain, and symptoms associated with muscular dystonia of the eye (Findley, 

Chaudhry, Stecco, & Roman, 2012; James, Castaneda, Miller, & Findley, 2009).  

Possibly underlying the effects of SI is fascia, which is affected largely by tension 

and has proprioceptive capabilities based on the function of mechanoreceptors (Schleip, 

2003; van der Wal, 2009). The mechanoreceptors facilitate the sense of touch, the sense of 

joint position, and proprioceptive sensations involving muscle length (Kandel et al., 2000). 

Mechanoreceptors are found in connective tissue, such as fascia, that is found in the body 

surrounding muscles, groups of muscles, blood vessels, and nerves. (Findley et al., 2012; 

Langevin & Huijing, 2009; Schleip, 2003; Yahia, Rhalmi, Newman, & Isler, 1992). With the 

stimulation of mechanoreceptors, such as prolonged pressure during SI, changes in local fluid 

dynamics and tissue metabolism as well as global muscle relaxation can occur (Schleip, 

2003). With fascia around other structures such as muscles and nerves, changes in the fascia 

may affect their functionality as well, demonstrated through joint position sense and balance. 
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Joint position sense (JPS) has yet to be analyzed in SI studies and balance has only 

been measured in one study (Findley, 2007). Balance and JPS are proprioceptive abilities 

dependent upon peripheral receptors, such as mechanoreceptors, which generate signals in 

response to mechanical stimuli that then travel afferent pathways via the spinal cord to the 

brain for central processing (Johnson, Babis, Soultanis, & Soucacos, 2008). Proprioception 

allows for the body to sense joint position and motion, consciously and subconsciously (van 

der Wal, 2009). 

The effects of other myofascial manipulation methods, such as self-myofascial 

release and massage, have been examined more thoroughly than SI and positive results have 

been found. In a recent review, myofascial release techniques were demonstrated to be an 

effective way to restore or enhance range of motion in various joints without causing a 

reduction in muscle activity or performance; this occurred across different subject 

populations and with techniques applied by a clinician or the subjects themselves (Mauntel, 

Clark, & Padua, 2014).  

The ankle is the most commonly injured part of the body with ankle sprains 

accounting for 76.7% of injuries in 43 sports, reaching greater than 80% in soccer (Fong, 

Hong, Chan, Yung, & Chan, 2007). The ability to balance greatly depends on the ankle and 

JPS failure can result in ankle injury (Hertel, 2002). Research is still needed on the effect of 

SI on balance and ankle JPS. If SI can affect one or both of these parameters, future 

preventative care for or rehabilitation from ankle injury could improve, leading to positive 

implications for soccer players and other athletes. 
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Purpose of the study 

 The purpose of this study was to determine if SI could affect ankle joint position 

sense and balance in recreational soccer players. Specifically, pursuing to answer: what 

amount of change, in balance and ankle JPS in coed recreational soccer players may be 

produced by SI? 

Hypotheses 

 The null hypotheses will be tested: there will be no significant difference in ankle JPS 

at pre, mid, and post-treatment between the controls and the subjects that received SI 

treatment. In addition, there will be no significant difference in balance at pre, mid, and post-

treatment between the controls and those receiving SI treatment.  

Significance of the study 

 The effect of SI on balance and JPS has not been well researched. Specifically, there 

has been little published on these parameters in coed recreational soccer players in relation to 

the ankle. Based on its findings, this study will determine the effects of SI on JPS and 

balance in this population. An improved understanding of the relationship between SI with 

JPS and balance would potentially be helpful for soccer players in developing training 

sessions, avoiding injury, and improving game play touch with the ball.  

Limitations of the study 

1. The age range, 18 to mid-thirties, will be limited in applying these effect to older or 

younger players. 

2. The group studied included recreational soccer players currently playing in coed 

leagues at the local Sportsplex and Northwest Soccer Park. Subjects will have at least 
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two years of experience playing at this level. This competition level may limit the 

applicability of the results to professional or less experienced players. 

3. Subjects began the study with varying levels of balance and JPS of the ankle which 

may have modified the effectiveness of the SI treatment.  

4. The health status of the subjects may have changed from pre to post-test which could 

affect balance and JPS. The Rolfer assigned will monitor treatment subjects and if 

sickness or injury arises, sessions will be rescheduled and all 10 sessions still 

completed. If greater than two sessions are missed and not rescheduled, subject data 

will be excluded. 

5. There may be a practice effect of the tests to evaluate balance and JPS pre, mid, and 

post-test. 

6. Outside training to improve balance and JPS may not reflect just changes brought on 

by the SI treatment. 

Definition of terms 

Balance: The ability of the body to limit movements in the medial-lateral and anterior-

posterior directions as measured by changes in center of pressure calculated from 

ground reaction forces recorded by a force platform  (Palmieri, Ingersoll, Stone, & 

Krause, 2002). 

Base of support: Area determined by stance of feet and requires more or less effort from the 

postural-control system based on size (Palmieri et al., 2002). 

Center of pressure: The movement of the center of mass while controlling body-mass 

acceleration (Winter, Patla, & Frank, 1990) 
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Force platform: Records the change in ground-reaction forces when a person is standing on it 

which are then used to calculate center of pressure (Palmieri et al., 2002). 

Joint position sense: Component of proprioception; the sense of the fixed position of a joint 

(Gilman, 2002). 

Kinesthesia: Component of proprioception; the recognition of movement rate of a joint 

(Gilman, 2002). 

Mechanoreceptor: Peripheral receptors found in connective tissue that facilitate the sense of 

touch, the sense of joint position, and proprioceptive sensations involving muscle 

length (Kandel et al., 2000) 

Myofascial release: Form of manual massage used to stretch fascia and release bonds 

between the fascia, muscles, and bones (Shah & Bhalara, 2012). 

Proprioception: The combination of joint position sense and kinesthesia; the ability to sense 

joint position and motion, consciously and subconsciously (Gilman, 2002; van der 

Wal, 2009). 

Structural integration: A method of manual therapy and sensory-motor learning, created by 

Dr. Ida P. Rolf, Ph.D., with the goal of improving whole body biomechanical 

functioning rather than focus on individual parts and their symptoms (Jacobson, 

2011). 
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Chapter II 

Review of Literature 

Introduction  

 This study investigated the effects of structural integration (SI), performed by a 

certified professional Rolfer, on proprioception in the ankle. Specifically, balance and ankle 

joint position sense (JPS) were evaluated in coed recreational soccer players. To improve 

upon past studies, this analysis aimed to objectively evaluate JPS and balance in an athletic 

population. 

 This review is divided into nine sections describing this investigation. To begin is an 

overview of proprioception and its mechanisms; peripheral receptors and central processing 

are detailed. JPS is then discussed including its mechanisms and how it is measured in 

research. Next, balance is explained with its mechanisms and way of measurement as well. 

The role ankle instability in soccer players followed by the importance of proprioception in 

the ankle is discussed to show the real-life application of these proprioceptive abilities. The 

myofascial massage methods of self-myofascial release, massage, and SI are then presented. 

Studies are compared based on their findings in relation to SI, balance, JPS, and the 

proprioceptive mechanisms behind them.   

Proprioception 

JPS, the sense of the fixed position of a joint, and kinesthesia, the recognition of 

movement rate, make up proprioception (Gilman, 2002; Johnson et al., 2008; Proske, 2006; 

Proske & Gandevia, 2012).The senses of effort and balance are also dependent upon the 

receptors involved with proprioception (Proske & Gandevia, 2012). Proprioception is the 

practice of sensing joint position or motion, consciously and subconsciously (van der Wal, 
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2009). The combination of these sensations contribute to the body’s ability to control limb 

movements, manipulate objects of different shape and mass, as well as maintain upright 

posture (Kandel, Schwartz, & Jessell, 2000).  

The source of proprioception is still debated, but several mechanisms are proposed 

(Riemann & Lephart, 2002). Proprioception may result from signals of various peripheral 

receptors including Ruffini endings, the Pacinian endings, the Golgi-tendon organs (GTOs), 

muscle spindles, as well as major sensory pathways that carry information via the spinal cord 

to the motor cortex. The Ruffini endings signal a joint’s limit of motion, the Pacinian 

corpuscles are stimulated by quick movement and detect rate of motion, and the GTOs relay 

tension information (Johnson et al., 2008). The Ruffini end organs and Pacinian corpuscles 

are mechanoreceptors found in loose connective tissue next to dense collagen bundles and 

close to blood vessels (Yahia et al., 1992). Of all the receptors, muscle spindles are suggested 

to be primarily responsible for proprioception as they provide information about muscle 

length changes which, taken together in population coding with other receptors, represent 

joint angle changes (Kandel et al., 2000; Macefield, 2005; Proske & Gandevia, 2012). 

Further, proprioception is based on information sensed by the periphery that then 

travels afferent pathways to the central nervous system (CNS). Here, postural control, joint 

stability, and other conscious sensations are managed (Riemann & Lephart, 2002). Joint 

stability, for example, is controlled by muscles across the whole range of motion of a joint 

and ligaments control certain joint positions (van der Wal, 2009).  

JPS and balance are dependent upon mechanoreceptors and their role in the sense of 

proprioception. The mechanoreceptors facilitate the sense of touch, the sense of joint 

position, and proprioceptive sensations involving muscle length (Kandel et al., 2000). 
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Mechanisms of proprioception  

 Proprioception is supported by a multi-part sensory system that involves numerous 

peripheral receptors to detect specific signals and major sensory afferent pathways to carry 

the information about those signals from the spinal cord to the brain for processing (Johnson 

et al., 2008). This section details those receptors and explain the central processing that 

results in proprioception. 

Peripheral receptors. The first determination of proprioception is dependent upon 

the actions of receptors. Both skin and muscle afferents have shown the same movement 

encoding characteristics at the peripheral level, which contribute to central co-processing of 

the feedback information that creates the sense of kinesthesia. The proprioceptive joint 

position sense is provided by the cutaneous afferents assigned with the tasks of movement 

and directional sensitivity (Aimonetti, Hospod, Roll, & Ribot-Ciscar, 2007; Kandel et al., 

2000). It is the combination of cutaneous feedback with muscle spindle feedback and other 

mechanoreceptors that give accurate information about joint position and movement (Collins, 

Refshauge, Todd, & Gandevia, 2005; Proske & Gandevia, 2009).   

Muscle spindles and GTOs. Muscle spindles are made up of 2-14 intrafusal muscle 

fibers separated by connective and elastic tissue, surrounded by a fibrous capsule which 

stretches in diameter at the equatorial region of the spindle. The intrafusal fibers contain the 

nuclear bag and chain which extend from the capsule and attach to the extracellular 

connective tissue or tendon (Swash & Fox, 1972). Muscle spindles have both primary and 

secondary endings; the nuclear bag contains the primary and the nuclear chain has the 

secondary endings. The mean rate of background discharge of the muscle spindles primary 

and secondary endings contributes to JPS. The primary endings, located at the equatorial 
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region of the muscle spindle, respond to changes in muscle length by synapsing in the spinal 

cord to deliver information to the cortex of the brain. The secondary endings also contribute 

to proprioceptive awareness, especially static position sense. (Fallon & Macefield, 2007; 

Macefield, 2005; Proske & Gandevia, 2012; Swash & Fox, 1972). When receiving 

information from the muscle spindles, the CNS reads an increase in firing rate as an increase 

in muscle length (Proske, 2005).  

Communication between the CNS and the fibers of a muscle spindle fall within a 

unique range of motion directions, termed the muscle’s preferred sensory sector. It is within 

this preferred sensory sector that the muscle demonstrates the maximal sensitivity to a 

specific movement direction (Bergenheim, Ribot-Ciscar, & Roll, 2000).  

Joint receptors. In the ankle, the lateral ligaments and the joint capsule of the 

talocrural and subtalar joints may contribute to proprioception as they are greatly innervated 

by mechanoreceptors (Hertel, 2002). Specifically, type II and type III mechanoreceptors are 

found in highest concentration in the ankle ligaments. Type II mechanoreceptors, also named 

Pacinian, are thickly encapsulated conical corpuscles that sense the initiation of joint 

movement and type III, or Ruffini, are thinly encapsulated fusiform corpuscles that are 

sensitive to end ranges of motion of a joint. These mechanoreceptors are important because 

the type II suggest that starting ankle motion involves stress transmission through ligaments 

and type III alert the CNS about imminent joint danger (Johnson et al., 2008; Michelson & 

Hutchins, 1995). 

Skin receptors. Skin has mechanosensitive endings that contribute to proprioception 

and motor control. As in joints, these include the rapidly adapting Pacinian endings and slow 

adapting Ruffini endings (Macefield, 2005). Cutaneous receptors provide proprioceptive 
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information due to their excitation during movement, but their contribution may be less than 

that of muscle spindle and joint receptors (Johansson & Vallbo, 1983; Lephart, Pincivero, & 

Rozzi, 1998). Muscle vibration studies have demonstrated the role of muscle spindles in 

kinesthesia. When vibration is placed over a muscle, the illusion of limb movement is 

created. Due to this finding, in the 1970’s it was concluded that muscle spindles are the main 

kinesthetic receptor (Proske, 2005, 2006; Proske & Gandevia, 2012). More recently through 

vibration studies, however, cutaneous receptors have demonstrated their ability to contribute 

to proprioceptive sensation in joints. For example, externally applied skin stretch was 

sufficient to alter the vibration-induced movement illusions 77% of the time in the finger, 

elbow, and knee joints as defined by the subject “matching” movements of same joints on the 

contralateral side (Collins et al., 2005).  

Central processing. Three inputs to the dorsal premotor cortex result in JPS. There is 

a convergence of proprioceptive, visual or occipital, and tactile information. The cerebellum 

combines afferent and efferent information about movement. Each piece of information 

blends together for central integration at the cerebellum to create the primary site where limb 

position sense contributes to controlled movement (Feldman & Latash, 1982; Johnson et al., 

2008; Proske & Gandevia, 2009; Walsh, Smith, Gandevia, & Taylor, 2009).  

The sensations recorded by the muscle peripheral mechanoreceptors are relayed to the 

prefrontal cortex of the brain via the spinal cord. Here, the information is processed for motor 

planning and then sent to the premotor cortex. The premotor cortex is the area of interest for 

proprioception as it receives information from the motor nuclei in the ventroanterior and 

ventrolateral thalamus, the primary somatosensory cortex and parietal association cortex, in 

addition to the prefrontal association curve. The basal ganglia and cerebellum provide the 
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feedback for the ventroanterior and ventrolateral thalamus. The task of the primary 

somatosensory cortex and parietal association cortex is to deliver information about current 

motor responses. Once the motor planning information is at the premotor cortex, motor 

programs are created and stimulated on the way to the motor cortex. In the motor cortex, 

neurons fire to cause movements in specific directions around joints. It is the communication 

between these areas, the posterior and anterior association areas, which determine whether an 

action will occur, as well as the timing of that response (Kandel et al., 2000).  

Receptors at the skin, muscle, and joint contribute in various ways to proprioception. 

The information they detect helps an individual know where any limb is at any time. This 

ability is necessary is everyday life, but especially for soccer players in their lower limbs 

during game play. 

Joint position sense 

 As an aspect of proprioception, JPS is reliant upon the combination of the muscle 

spindles, GTOs, as well as skin and joint receptor feedback to the CNS. These aspects 

contribute to the mechanism of JPS and how it can be measured. 

Mechanisms. Joint and muscle mechanoreceptors create a signal based on the 

amount of receptor activity or number of receptors activated (Johnson et al., 2008; Riemann 

& Lephart, 2002). The muscle spindles communicate position coding related to afferent 

information coming from whole sets of muscles; each muscle makes an orientated and 

weighted contribution to the actual position sense (Proske & Gandevia, 2012; Edith Ribot-

Ciscar, Bergenheim, Albert, & Roll, 2003). GTOs sense muscle tension via joint tendons; 

this tension then contributes to joint position sense after central processing (Johnson et al., 

2008; Proske & Gandevia, 2012).  
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For postural and movement tasks, both muscle spindle and GTOs feedback is 

required. This combination of feedback may occur because of the interaction between the 

contractile element and tendon in the musculoskeletal system (Kistemaker, Van Soest, Wong, 

Kurtzer, & Gribble, 2013). In addition, the correct identification of movement may be 

enhanced when attention is focused on the movement. There is an increase in Ia afferent 

discharge, which enhances proprioception due to greater accuracy of movement trajectory 

information to the brain (Hospod, Aimonetti, Roll, & Ribot-Ciscar, 2007). 

Motor commands also contribute to JPS (Gandevia, Smith, Crawford, Proske, & 

Taylor, 2006; Proske, 2006; Smith, Crawford, Proske, Taylor, & Gandevia, 2009; Walsh et 

al., 2009). Gamma fusimotor fibers enter the muscle spindle and end on motor end plates in 

intrafusal muscle fibers. When muscle spindles are activated through fusimotor drive, the 

adjustment of the level of activation and balance between gamma motor neurons, they may 

contribute less to JPS. An effort signal by motor command then helps provide extra 

positional information against the force of gravity (Winter, Allen, & Proske, 2005; Kandel et 

al., 2000).  

Measurement. JPS is the ability to replicate a position actively or passively in both 

open and closed kinetic chain situations (Konradsen, 2002; E Ribot-Ciscar & Roll, 1998; 

Riemann & Lephart, 2002; Riemann, Myers, & Lephart, 2002). Generally, JPS is measured 

via joint angle replication with the client identifying joint angles unassisted and with vision 

occluded (Gilman, 2002; Mattacola & Dwyer, 2002; Payne, Berg, & Latin, 1997).  

JPS can be assessed in two ways, directly or indirectly. Directly involves measuring 

angles with tools such as a goniometer while indirectly measures with a system such as a 

visual analog scale (Riemann et al., 2002). A common clinical tool used that is both 
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affordable and reliable is the inclinometer. The inclinometer can directly measure range of 

motion and JPS (Dover & Powers, 2003). Other methods include using equipment and 

instrumentation such as commercial isokinetic dynamometers, electromagnetic tracking 

devices, custom-made apparatuses, goniometers, manipulandums, potentiometers, as well as 

video and visual analog scales (Eils & Rosenbaum, 2001; Riemann et al., 2002; Walsh et al., 

2009). As discussed, the devices are used to either directly or indirectly measure the accuracy 

of joint angle replication by the client. 

Authors may invent their own approaches beyond traditional equipment. In one 

approach, the subject used a pointer to indicate the position of the hand, which forced them to 

rely only on the tested hand’s proprioception instead of the opposite as seen in limb matching 

studies (Smith et al., 2009). The combination of JPS, measured by inclinometer, and force 

reproduction is another reliable measure of proprioception (Dover & Powers, 2003). 

Additionally, postural-balance tests can measure JPS if tested frequently (Konradsen, 2002). 

The mechanism behind JPS has been pieced together over the years. As a specific 

dimension of proprioception, joint position sense is a manifestation of how well one’s 

mechanoreceptors are communicating and how the information is processed centrally. To 

measure this ability objectively, JPS by joint angle reproduction, is valid and reliable as a 

measurement of proprioception (Deshpande, Connelly, Culham, & Costigan, 2003; Dover & 

Powers, 2003).  

Balance 

Balance is intimately related to JPS as both are proprioceptive parameters. Balance 

depends upon the postural-control system which is made up of vestibular, visual, and 

proprioceptive systems as well as the CNS and musculo-skeletal system (Winter et al., 1990).  
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Mechanisms. Posture and balance result from the regulation of vestibulo-spinal 

reflexes through simple pathways of the vestibular system, but balance may be more 

dependent on visual and somatosensory systems of the CNS (Angelaki & Cullen, 2008; 

Lephart et al., 1998). The contribution of vestibulo-spinal reflexes are evident during more 

difficult balance tasks. The H-reflex response decreases in order to reduce unwanted joint 

oscillations. With balance training, however, task-specific reflex modulation can be 

improved (Taube, 2012). 

The ankle plays a vital role in the ability to balance. On one foot, the ankle 

contributes to balance by pronating and supinating to keep the center of gravity above the 

body’s base of support. The pressure exerted by the foot during this movement is reflected in 

the center of pressure (COP) location and trajectory. During locomotion, perturbations are 

sensed by the afferent nerve fibers in the capsule and ligaments of the foot and information is 

sent to the CNS; this action assists ankle reflexes with stabilization (Freeman, Dean, & 

Hanham, 1965; Mattacola & Dwyer, 2002; Riemann et al., 2002). Trauma to the joint, 

however, may lead to partial deafferentiation of the injured joints or a decrease in afferent 

articular formation, causing the reflex stabilization of the foot to be impaired and 

proprioceptive impacts such as decreased neuromuscular control, postural control, and 

strength leading to instability and feelings of the foot “giving way” (Dover & Powers, 2003; 

Freeman et al., 1965; Hertel, 2002; Hübscher et al., 2010; Proske & Gandevia, 2012; 

Rahnama, Salavati, Akhbari, & Mazaheri, 2010; Takebayashi, Yamashita, Minaki, & Ishii, 

1997; Yokoyama, Matsusaka, Gamada, Ozaki, & Shindo, 2008).  

Measurement. The ability to balance can be measured with a force platform. The 

force platform has the ability to record the change in horizontal and vertical ground-reaction 
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forces when a person is standing on it which are then used to calculate COP excursion. COP 

excursion represents the movement of the center of mass while controlling body-mass 

acceleration (Winter et al., 1990). The movements of the COP can then be used to calculate 

variations in balance due to corrective muscular actions (Guskiewicz & Perrin, 1996; 

Konradsen, 2002; Palmieri et al., 2002; Riemann et al., 2002). Thus, balance is measured to 

evaluate the contribution of peripheral, visual, and vestibular systems to neuromuscular 

control (Lephart et al., 1998).  

JPS is a contributor to balance and they both depend on the communication of the 

receptors and central processing. Perturbations in balance can be measured as drifts in COP 

caused by changes in ground-reactions forces as measured by a force platform. 

Ankle instability and soccer players  

The ankle is the most commonly injured part of the body with ankle sprains 

accounting for 76.7% of injuries in 43 sports, reaching greater than 80% in soccer (Fong et 

al., 2007). Recurrent injury can lead to ankle instability, which can affect JPS in individuals 

due to proprioceptive deficits at the ankle (Payne et al., 1997). Lack of balance due to 

proprioceptive decrements may be evident as the athlete will stress the stable limb in order to 

avoid the unstable one (Payne et al., 1997).  

Ankle instability may limit the ability to create new movement patterns to control 

posture, which may reduce the speed of adjustment to a perturbation (Brown & Mynark, 

2007). This is evident in tasks such as the single leg balance test where it will be more 

demanding for those with functional ankle instability (Rahnama et al., 2010). Functional 

ankle instability (FAI) is defined as the subjective feeling of an unstable ankle and/or 

recurrent ankle sprains due to proprioceptive and neuromuscular deficits (Tropp, 2002). 
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In a study on males with FAI, it was found that they underestimated the 

plantarflexion angle more than the control group. Those with FAI perceived greater 

plantarflexion or inversion ankle position compared to the true angle, demonstrating poor 

JPS. Plantarflexion and inversion are important during high risk tasks such as landing and 

angle misjudgments could result in injury (Yokoyama et al., 2008). Over time, FAI can 

develop into chronic ankle instability (CAI) and can manifest outside of sports in tripping 

(Tropp, 2002). An individual with CAI may trip once every 1,000 steps compared to once in 

100,000 steps in someone with a healthy ankle (Konradsen, 2002). This statistic 

demonstrates the importance of JPS in different sensorimotor functions and how small errors 

in replicating angles have a great effect.  

To help with ankle instability, proprioceptive training consisting of coordination and 

balance exercises have significant effects on injury reoccurrence as they may improve 

neuromuscular control (Freeman et al., 1965; Hübscher et al., 2010; Mattacola & Dwyer, 

2002; McKeon & Hertel, 2008). One example was a multi-intervention program involving 

neuromuscular and proprioceptive training that reduced ankle sprain risk by 50% (Hübscher 

et al., 2010). Ankle stability depends on neuromuscular control of excessive motion, so this 

may be why proprioceptive training is beneficial (Lephart et al., 1998). After injury, 

proprioceptive training may affect the surviving mechanoreceptors or replace them in the 

joint capsule or muscle-tendon units (Michelson & Hutchins, 1995). To advance from 

training conscious to unconscious motor patterns, dynamic balance exercises are 

recommended (Lephart et al., 1998). One such exercise involves a wobble board which alters 

somatosensory and visual feedback so the athlete must form new motor patterns based on 
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inconsistent feedback which can result in improved proprioception (Mattacola & Dwyer, 

2002).  

Ankle instability is an issue that can affect individuals athletically or in everyday life. 

Soccer players need a stable ankle with good proprioceptive ability in order to react to game 

play on the field. Specific training can help enhance proprioception and reduce injury rates. 

Importance of proprioception in the ankle  

As discussed, one mechanism of ankle injury is the failure of JPS, but JPS may also 

reduce due to injury. Proprioception may decrease and bring about impairments in 

neuromuscular control. The combination of these decrements affects the ankle’s defense and 

predispose it to recurring incidents of instability (Hertel, 2002). Therefore, ankle sprain 

prevention is strongly supported for sports such as soccer (Fong et al., 2007). While reduced 

proprioception occurs after ankle ligament injury, it does completely explain why an ankle 

ligament injury increases the risk of re-injury (Hertel, 2002). 

Male soccer players, ages 24.6±2.63 years, who participated in a proprioceptive 

training program incurred a lower incidence of ankle sprains than the control group. The 

proprioceptive training included using an ankle disc every day for 30 minutes throughout 

their season. Proprioception training is vital to the prevention of ankle injuries, as it may 

break the cycle of recurrent sprains by successfully securing an unstable ankle (Mohammadi, 

2007). The effects of proprioceptive training for protecting against lower limb injuries in 

adolescent and young adult athletes was also supported by findings in a review of balance 

training and multifaceted training programs, but the authors were unable to conclude the 

mechanism behind this protective effect; secondary outcome measures need to be evaluated 

(Hübscher et al., 2010). Additionally, a group participating in a multi-station proprioceptive 
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exercise program had significantly improved postural sway during single-limb stance, 

plantarflexion and dorsiflexion JPS, as well as muscle synchronization of the tibialis anterior 

and peroneus longus to sudden inversion (Eils & Rosenbaum, 2001). It is possible that one or 

more of these improvements is involved in the mechanism behind the protective effect of 

proprioceptive training. 

 There is conflicting research however, as proprioceptive training was not the most 

important aspect of predicting ankle sprain occurrence in another group of soccer players. 

The authors instead found that eccentric isokinetic strength asymmetries of ankle dorsal and 

plantar flexors, increased BMI, and increased body weight were more significant predictors 

of noncontact ankle sprains. Proprioception, as measured by neuromuscular coordination of 

the ankle joint, did not have a significant relative risk for ankle trauma (Fousekis, Tsepis, & 

Vagenas, 2012). This may be due to their method used to measure proprioception, however, 

as the device did not evaluate joint angle reproduction and is not be a reliable measure of 

proprioception (Felicetti et al., 2003).  

 Outside of preventative care, proprioception training is supported as an important part 

of rehabilitation. In addition to strength, establishing correct motor patterns during exercises 

is emphasized. Functional joint stability is supported by conscious and unconscious work 

done by the body when responding to changes in the environment. This idea is very similar 

to the definition of proprioception as explained in section one; the conscious sensations of 

proprioception may come from joint and muscle mechanoreceptors; it is the practice of 

sensing joint position or motion, consciously and subconsciously, coupled with the 

processing and usage of that information in CNS (Riemann & Lephart, 2002; van der Wal, 

2009). 
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 Proprioception has conflicting evidence for its benefit to ankle joint health. Injury can 

cause or be due to proprioceptive deficit in situations such as an ankle sprain. Due to 

variations in testing protocol, some research has found that proprioception does not have a 

significant effect on reducing injury, but most research supports proprioception as an 

important aspect to a training program. 

Myofascial manipulation methods  

Myofascial manipulation has been applied in various forms with improvements found 

in many physiological and physical aspects. In a recent review, myofascial release techniques 

were an effective way to restore or enhance range of motion in various joints without causing 

a reduction in muscle activity or performance; this occurred across different populations and 

with techniques applied by a clinician or the subject themselves (Mauntel et al., 2014). The 

myofascial manipulation methods to be explored in this review include self-myofascial 

release, massage, and SI. 

Self-myofascial release. Myofascial release is a form of manual massage used to 

stretch fascia and release bonds between the fascia, muscles, and bones. Self-myofascial 

release (SMR) is a type of myofascial release and involves using an object, such as a ball or 

soft roll, and one’s body weight to induce pressure along the target muscles and massage the 

accompanying fascia (Shah & Bhalara, 2012). 

Used alone or in combination with other therapies, SMR may have benefits that could 

help ranges of populations. Research to date has indicated that SMR may result in decreased 

muscle soreness, increased soft tissue extensibility, increased ROM, increased or maintained 

performance, reduction in fatigue with increased relaxation and improved mood, improved 

lymph drainage, decreased arterial stiffness, and decreased pain from sports hernias. These 
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results occurred after anywhere from 5 seconds to 20 minutes of SMR (Curran, Fiore, & 

Crisco, 2008; Halperin, Aboodarda, Button, Andersen, & Behm, 2014; Healey, Hatfield, 

Blanpied, Dorfman, & Riebe, 2014; MacDonald et al., 2013; Macdonald, Button, 

Drinkwater, & Behm, 2014; Mihara, Hayashi, Hara, & Iida, 2011; Okamoto, Masuhara, & 

Ikuta, 2014; Roylance et al., 2013; Yuill, Pajaczkowski, & Howitt, 2012).  

SMR may be effective due to various mechanisms. As the name entails, the increased 

pressure leads to the release of myofascial trigger points and breaking up of adhesions in 

connective tissue (Curran et al., 2008; Halperin et al., 2014; Macdonald et al., 2014). In one 

case, there was myofascial strain release of elastic and peripheral muscle arteries that reduced 

arterial stiffness. This benefit, which was achieved using a traditional foam roller for one 

minute, could be advertised for cardiovascular health (Okamoto et al., 2014).  

Additional proposed mechanisms for SMR include increased muscle temperature or 

the phosphorylation of the myosin light chain. The phosphorylation of the myosin light chain 

could explain the potential for greater force development after foam rolling (Halperin et al., 

2014). The increased muscle temperature results from the friction of the roller. The roller 

massager then takes advantage of the thixotropic property of fascia, allowing the heat to 

change it to a more gel-like state, which contributes to the enhancement of soft tissue 

extensibility and flexibility (Sullivan, Silvey, Button, & Behm, 2013). Interestingly, although 

this is a proposed mechanism, there have been no studies evaluating the effects of SMR on 

intramuscular temperature.  

 SMR has been tested in a few diverse populations in addition to case studies. The 

benefits of increased ROM and soft tissue extensibility while maintaining or enhancing force 

output would be beneficial to many classes of athletes. 
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Massage. Manual message comes in various forms but the encompassing technique is 

to apply pressure and traction in order to manipulate the soft tissues of the body (Ernst, 

2004). Types of massage analyzed in research include petrissage, effleurage, tapotement, 

friction pressure applied in circles, as well as the general term, “sports massage.” Massage 

types are used alone or in combination within studies. Application is along the muscle belly 

or at the musculotendinous junction of the muscle being studied (Drust, Atkinson, Gregson, 

French, & Binningsley, 2003; Ernst, 2004; Huang et al., 2010; McKechnie, Young, & Behm, 

2007; Zainuddin, Newton, Sacco, & Nosaka, 2005). 

 Effects of massage that benefit performance include decreased muscle soreness, 

decreased creatine kinase levels, decreased limb circumference, increased superficial muscle 

temperature, increased ROM, and enhanced performance recovery. Similar to SMR, these 

results occur after various durations of treatment, from 10 seconds up to 15 minutes (Drust et 

al., 2003; Huang et al., 2010; McKechnie et al., 2007; Willems, Hale, & Wilkinson, 2009; 

Zainuddin et al., 2005). 

The mechanism behind massage may vary in effectiveness based on the type of 

massage, but the encompassing idea is that muscle stiffness is decreased, consequently 

increasing muscle compliance (Huang et al., 2010). The increased muscle compliance may 

be due to a neurophysiological mechanism involving the modified stretch perception or 

increased stretch tolerance because of competing afferent signals that arise during the skin 

contact of massage. The prolonged period of rubbing or striking of skin during massage is 

suggested to overload cutaneous receptors, which then makes the endpoint of stretch more 

difficult to recognize. Due to this idea, it may not matter what type of massage is used, as 



22 

 

long as the act of vigorous skin contact is carried out (Huang et al., 2010; McKechnie et al., 

2007).   

Additionally, the act of massage affects tissue viscosity by increasing intramuscular 

temperature. After a deep effleurage massage of 5, 10, or 15 minutes, temperature of the 

vastus lateralis was assessed at 1.5, 2.5, and 3.5cm deep. It was found regardless of massage 

duration that intramuscular temperature increased at the superficial levels of 1.5 and 2.5cm 

but not at 3.5cm. The increase in superficial temperature found, a range of 0.5-3.0°C, was 

reported to be within the range for performance changes, but no performance measures were 

taken within this study to confirm (Drust et al., 2003).  

Mechanisms of massage stem from the repetitive actions of the type of massage being 

performed. With sufficient application, muscle compliance can be enhanced due to 

modifications to stretch perception and temperature. Unfortunately, the application of forces 

during manual therapies are not well recorded, making it difficult to equate therapy methods 

across studies (Threlkeld, 1992). Even so, benefits of massage modalities other than SI have 

ranged from increased flexibility to an improvement in mood. These demonstrate the 

interconnectedness of fascia; how incorporated and widespread it is throughout the body. 

Structural integration. The application of SI is different from other treatments in its 

application and body education. Unlike other therapies, force is applied to soft tissue 

gradually and with more prolonged pressure. The body is treated as whole; the goal is to train 

the body to progress to a level of functionality where in everyday activities all muscle groups 

contribute equally to work and are capable of neuromotor coordination. It was originally 

suggested by the creator, Ida Rolf, that improved biomechanical efficiency is brought on by 

the relocation of the subject's structure and movement patterns (Jacobson, 2011). 
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The main tissue being manipulated during SI is soft tissue, which includes fascia 

(Jacobson, 2011). Fascia is a dense and irregular connective tissue that consists of several 

layers including superficial, deep, and subserous or visceral fascia which are found 

throughout the body surrounding muscles, groups of muscles, blood vessels, and nerves 

(Findley et al., 2012; Langevin & Huijing, 2009; Schleip, 2003). Collagen gives fascia 

increased tensile strength and stiffness when the fibers are stretched and aligned (Langevin & 

Huijing, 2009).  

With SI, 10 sessions are generally prescribed to help the issue the client wishes to 

correct (Deutsch et al., 2000; Jacobson, 2011). Effects of SI treatment found so far include 

improved posture, better balance, increased vagal tone in response to decreased standing 

pelvic tilt angle, reduced pain, increased range of motion, reduced anxiety, as well as reduced 

symptoms and triggering of spasms in patients with muscular dystonia of the eyes 

(DellaGrotte, Ridi, Landi, & Stephens, 2008; Findley et al., 2007, 2012; Jacobson, 2011; 

James et al., 2009; Weinberg & Hunt, 1979). Improved range of motion was found in a study 

of individuals who had neck pain due to cervical spine dysfunction. After 10 sessions of SI, 

the active range of motion significantly increased by an average of 52° to 65°in neck rotation 

to the left and 51° to 64° in neck rotation to the right (James et al., 2009). Studies on SI are 

promising, but have been limited due to small sample sizes and lack of a control group 

(Jacobson, 2011) or the treatment being applied by the author (Cottingham, Porges, & 

Richmond, 1988; Cottingham, Porges, & Lyon, 1988).  

Fascia has been referred to as a "locomotor apparatus," as it is an important 

integrative element in human posture and movement organization (van der Wal, 2009). It 

may also contribute to proprioception, as it is abundantly innervated with mechanoreceptors, 
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which are largely influenced by tension (Findley et al., 2012; van der Wal, 2009). These 

intrafascial mechanoreceptors were found by researchers when examining thoracolumbar 

fascia specimens. Fascia has been hypothesized to be involved in the control of the lumbar 

spine mechanism based on the finding of Pacinian and Ruffini receptors in the thoracolumbar 

fascia (Yahia et al., 1992). These mechanoreceptors have been termed the "morphologic 

substrate" for proprioception and are found in muscles as well as in supporting structures 

including tendons, ligaments, aponeuroses, joint capsules, and fascia (Schleip, 2003; van der 

Wal, 2009). As discussed previously, Pacinian receptors are responsive to rapid pressure 

changes and vibration while Ruffini receptors respond to more sustained pressure, as done 

during SI. When the receptors are stimulated this way, specifically the Ruffini endings and 

possibly muscle spindles or GTOs, an increase in vagal activity occurs. As a result, changes 

in local fluid dynamics and tissue metabolism may follow as well as global muscle relaxation 

(Schleip, 2003).  

The potential for SI as a prevention method against ankle injury is supported based on 

other proprioceptive enhancement programs (Payne et al., 1997). The reasoning behind the 

changes resulting from SI are not understood completely, but mechanisms are proposed 

based on the characteristics of fascia. With the application of manual therapy, the heat may 

cause a change of state in fascia, from being a gel to more fluid; a phenomenon known as the 

thixotropy (Schleip, 2003; Sullivan et al., 2013). The manipulation of fascia also leads to the 

stimulation of intrafascial mechanoreceptors, which can adjust proprioceptive input to the 

CNS and alter tonus regulation of motor units associated with the manipulated tissue 

(Schleip, 2003). These mechanoreceptors in fascia may also respond by reducing 

sympathetic tone and changing tissue viscosity (Schleip, 2003). SI may also decrease tension 
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in the surrounding fascia, resulting in the prevention of compressed or overstretched nerves 

and the reestablishment of a new resting muscle length (James et al., 2009). Reduced pain 

may also be connected to proprioception and receptor involvement (Deutsch et al., 2000).  

 SI is based upon the characteristics of fascia and how it responds to manual 

manipulation. Due to the mechanoreceptors in fascia, such as the Ruffini and Pacinian 

receptors, manipulation may cause changes in muscle tension. This alteration in tension can 

result in decreased pain, improved posture, increased range of motion, and improved balance 

which all have ties to proprioception. This relationship may have an integral role in the 

interaction between SI and JPS as it is an aspect of proprioception. Position sense may be 

enhanced after the combination of muscle spindles, GTOs, skin and joint receptors are 

chronically stimulated. 

Summary 

 Significant results have been found on SI and its effects on proprioceptive 

parameters, range of motion, and pain. Combined with the findings that JPS is vital to a 

healthy ankle in both everyday life as well as on a playing field as indicated by injury rates 

and other negative manifestations, maintaining good proprioceptive health is essential to 

overall well-being. In order to see changes in proprioception, as reflected in joint position 

sense and balance, there is evidence in the literature that SI may provide that improvement. 

With the characteristics of fascia stemming from its fluid dynamics and mechanoreceptors as 

possible mechanisms, SI can elicit changes that cascade throughout the body. By objectively 

quantifying proprioceptive changes in the ankle after treatment, further investigations could 

follow on other joints and in other subject samples. 
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Chapter III 

Methods and Procedures 

Introduction 

 This study examined balance and joint position sense of the ankle following treatment 

with or without structural integration (SI). Balance and joint position sense (JPS) data 

werecollected before, at five sessions, and after the ten sessions of SI or the time period 

equivalent for the control group. This chapter will explain the study procedures, including the 

sample used and design followed. In addition, data collection procedure will be detailed, 

including instrumentation as well as a description of measurement techniques and procedures 

used. The end of the chapter will discuss the statistical analysis of the data. 

Description of Study Population 

 Twenty recreational soccer players were recruited from the indoor soccer league at 

the Sportsplex facility in Bellingham, Washington. The subjects were both male and female, 

aged 22-40 years old. All those participating were involved in the coed recreational soccer 

leagues at least one day per week for two years. Subjects were screened, and those with ankle 

injuries in the past six months causing a game to be missed were excluded. In addition, 

subjects were assessed for generalized hypermobility, as defined by the Beighton Mobility 

Scale, and excluded if met the criteria. All together, the subjects were studied over a 10 week 

period, spanning the majority of indoor soccer season. No subjects were already involved in 

another form of proprioceptive training or had received SI before. All subjects were 

considered to be in good health and overall fitness. In order to ensure subject compliance, it 

was verified that subjects in the treatment group could attend all 10 SI sessions as well as be 

present for pre, mid, and post measurements.  
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Design of the Study  

 This study was a pretest-posttest randomized groups experimental design. There were 

two groups, a treatment group that underwent SI and a control group that had no treatment. 

Pre-, mid, and post-intervention measurements included ankle JPS and balance assessment.  

Data Collection Procedures 

 Instrumentation. The treatment group underwent 10 total Rolfing SI sessions, 

consisting of one per week, lasting 10 weeks. The subjects in the treatment group were under 

the care of one of two certified Rolfers who worked on them for one hour per session. Each 

session focused on specific anatomical locations (Table 1). All twenty subjects were tested 

over ten weeks. Compliance to the SI was verified by sign off of the Rolfer and the subject 

after each session.  

Measurements were made at the baseline, within 72 hours of the 5
th

 treatment and 

then within 72 hours of the end of the 10-week interval (Figure 1). No measurements were 

made until after 24 hours of the last treatment session, to avoid possible acute effects of SI. 

There is no literature to guide acute versus chronic effects of SI on testing the study’s 

measures. Baseline measures included subject characteristics (age, sex, height, and weight) 

as well as JPS and balance ability. 

Figure 1. Flow chart of data collection timing. 
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Session Session Goals Areas contacted 

1 Increase length and pliability of soft tissues on 

anterior aspect of torso, allowing freer respiratory 

movement of ribs, of soft tissues connecting 

shoulder girdle to rib cage, and hips to pelvis. 

Lateral aspect of hips and 

thigh, hamstrings, lateral 

and frontal aspect of 

shoulders, front of rib cage. 

2 Increase consistency of soft-tissue pliability in 

feet, ankles, and knees, increasing the support 

they provide the upper body. 

Feet, ankles, and legs to 

knee inclusive. 

3 

 

Increase anterior–posterior and cephalic–caudal 

pliability in soft tissues of the lateral aspect of the 

body, l/r and a/p balance, increase independence 

of thorax from pelvis. 

Lateral aspects of body 

from hip to shoulder 

inclusive. 

4 Increase pliability, l/r and a/p balance of soft 

tissues of the medial aspect of legs and floor of 

pelvis. 

Medial aspect of legs and 

deep outward rotators of 

hip. 

5 Increase pliability and l/r and surface to deep 

balance in soft tissues spanning the anterior aspect 

of the pelvis and lumbar spine. 

Quadriceps femoris, 

abdominals, psoas, and 

iliacus. 

6 Increase pliability and l/r and surface to deep 

balance in soft tissues spanning posterior aspect 

from heel to midback. 

Posterior aspect of feet, 

ankles, knees, legs, hips, 

pelvis, sacrum, lumbar and 

lower dorsal vertebra. 

7 Increase pliabilitiy and l/r and a/p balance in soft 

tissues of the cranium and cervical spine. 

All aspects of neck and 

cranium including jaw. 

8 Increase soft-tissue pliability and l/r balance in the 

hands, wrists, elbows, and arms; increase 

biomechanical flow between upper extremities 

and spine. 

Hands, wrists, forearms, 

elbows, upper arm, and 

shoulders. 

9 Increase soft-tissue pliability spanning the lower 

extremities through hips and pelvis; increase 

biomechanical flow between lower extremities 

and spine. 

Feet, ankles, legs, and 

pelvis 

10 Further optimize biomechanical flow through 

extremities, shoulder, and pelvic girdles to spine; 

increase overall uniformity of tonus. 

Areas as needed to optimize 

biomechanical integration. 

Table 1. Details of each Rolfing SI session (Jacobson, 2011).  

l/r, left–right; a/p, anterior–posterior. 

 Measurement techniques and procedures. For each subject, a checklist (Appendix 

D) was used to verify all subject characteristics were collected and proper preparation was 
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made for both balance and joint position sense tests. Height and weight were first measured 

using a stadiometer and scale.  

 JPS was measured using an Apple iPod touch 5
th

 generation device, integrated with 

custom made software. The software was validated in a previous study on forearm joint 

replication accuracy. The accelerometer within the device was an average of 0.5° off from 

the actual angle (Gillespie & Karduna, 2012). The iPod was strapped to the lateral side of the 

subject’s dominant foot and secured via a neoprene sleeve with hook and loop fasteners 

(Figure 2). The subject was then asked to go through various positions of the foot as directed 

by the software. These angles were programmed in the software as 70°, 90°, and 100°. These 

are with respect to vertical being 0° so 90° was neutral, 70° was 20° of plantarflexion, and 

100° was 10° of dorsiflexion. At the beginning of each trial, continuous beeps prompted 

subjects to plantarflex the ankle. Once the ankle reached the target plantar-flexion angle, the 

beeps ceased. Subjects were instructed to hold the position for 5 seconds, during which time, 

they were to concentrate on the ankle position. After 5 seconds in the position, an audible 

‘beep’ signaled subjects to the starting position. After 3 seconds at the starting position, 

another beep signaled subjects to attempt to replicate the target position. The accuracy of the 

reproduction of each joint angle was calculated by LabView software as the difference 

between the target and reproduced angles (absolute error). 



 

Figure 2. iPod touch attached to foot with neoprene sleeve.

 The balance assessment was carried out on an AMTI

Technology, Inc., Watertown, Massachusetts, USA)

Hz. Both dominant and non-dominant foot were used

(EC) conditions. Dominant foot was determined by having the subject kick a soccer ball; 

whichever foot was used was noted as dominant. While standing on the force platform 

barefoot, each subject was first asked to cr

condition, subject was asked to focus on point on wall in front of them. Then the subject was 

told to raise the appropriate foot off the ground until the knee was at approximately a 45 

degree angle. The subject then stood on the appropriate foot for 10 seconds while ground 

reaction forces were measured. The data collection was ended when the subject did any of 

the following: used arms (i.e., uncrossed arms),

away from the standing limb or touched the floor), m

maintain balance (i.e., rotated foot on the ground), a maximum of 10

opened eyes on EC trials (Springer, Marin, Cyhan, Roberts, & Gill, 2007)

each condition were completed. If u
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touch attached to foot with neoprene sleeve. 

The balance assessment was carried out on an AMTI (Advanced Mechanical 

Technology, Inc., Watertown, Massachusetts, USA) OR6-6 force platform collecting at 1200 

dominant foot were used in both eyes open (EO) and eyes closed 

(EC) conditions. Dominant foot was determined by having the subject kick a soccer ball; 

whichever foot was used was noted as dominant. While standing on the force platform 

barefoot, each subject was first asked to cross their arms over their chest. Next, if EO 

condition, subject was asked to focus on point on wall in front of them. Then the subject was 

told to raise the appropriate foot off the ground until the knee was at approximately a 45 

then stood on the appropriate foot for 10 seconds while ground 

reaction forces were measured. The data collection was ended when the subject did any of 

the following: used arms (i.e., uncrossed arms), used the raised foot (moved it toward or 

standing limb or touched the floor), moved the weight-bearing foot to 

., rotated foot on the ground), a maximum of 10 seconds h

(Springer, Marin, Cyhan, Roberts, & Gill, 2007). Three trials for 

each condition were completed. If unable to maintain single-leg balance for 10 seconds, the 

(Advanced Mechanical 

platform collecting at 1200 

in both eyes open (EO) and eyes closed 

(EC) conditions. Dominant foot was determined by having the subject kick a soccer ball; 

whichever foot was used was noted as dominant. While standing on the force platform 

oss their arms over their chest. Next, if EO 

condition, subject was asked to focus on point on wall in front of them. Then the subject was 

told to raise the appropriate foot off the ground until the knee was at approximately a 45 

then stood on the appropriate foot for 10 seconds while ground 

reaction forces were measured. The data collection was ended when the subject did any of 

raised foot (moved it toward or 

bearing foot to 

seconds had elapsed, or 

. Three trials for 

leg balance for 10 seconds, the 
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first five seconds of data would be used and analyzed. Ten seconds was chosen as significant 

amount of collection time as done in another study with EO and EC conditions to 

successfully assess ankle sprain risk with the single-leg balance test (Trojian & McKeag, 

2006). After collection, BioAnalysis with NetForce by AMTI was used to export and analyze 

the data. 

The excursion of the center of pressure (COP) as measured by the ground reaction 

forces and moments of the force platform were then analyzed. COP in the mediolateral 

direction was calculated using the following equation:  

���� �
��

�	
, 

Where COPx is the center of pressure in the mediolateral direction, My is the moment about 

the anteroposterior axis, and Fz is the vertical force. Likewise, the COP in the anteroposterior 

direction was calculated via the following equation: 

���� �
��

�	
, 

Where COPy is the center of pressure in the anteroposterior direction, Mx is the moment 

about the mediolateral axis, and Fz is the vertical force. Specifically, the standard deviation of 

the center of pressure, in the anterior-posterior (y) and medial-lateral directions (x), was 

analyzed to represent COP excursion over the 10-s testing period for each subject. This 

measure gave a value to compare to see if the standard deviation increased, decreased or 

stayed the same between groups, pre-, mid, and post-test. 

Data Analysis 

 Data from both groups were used to calculate mean and standard deviations using 

Excel. COP data was also uploaded in to Excel to calculate excursion in the mediolateral and 
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anteroposterior directions. Statistical analysis was done using a 2-way mixed analysis of 

variance (ANOVA) for absolute error and COP excursion with SPSS version 21 (IBM Corp., 

Armonk, New York, USA). The ANOVA was performed in order to look for an interaction 

between the group (treatment vs. no treatment) and time (pre, mid, and post) over the 

experiment as indicated by ankle JPS absolute error and single-leg COP excursion 

measurements. Specifically, differences between pre, mid, and post mean absolute error as 

well as COP excursion in the mediolateral and anterioposterior directions were evaluated. If 

an interaction was seen, simple effects would be analyzed as well. The effect size was 

calculated for any interaction and simple effects calculated. Alpha level was set to 0.05. 
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Chapter IV 

Results and Discussion 

Introduction 

 This study tested the hypothesis that ten weeks of structural integration (SI) would 

result in a significant difference in ankle joint position sense (JPS) and balance from pre-test 

to mid-test and post-test between the controls and the subjects that received treatment. Each 

subject attended three data collections approximately 5 weeks apart. Ankle JPS was assessed 

at three angles (70°, 90°, and 100°) via joint replication accuracy. Balance was evaluated 

with center of pressure (COP) excursion during four conditions of a single-leg balance test 

including eyes closed on the left foot, eyes closed on the right foot, eyes open on the left, and 

eyes open on the right. Mediolateral (COPx) and anteroposterior (COPy) excursion were then 

calculated and compared.  

Results 

 Subject characteristics. Twenty subjects (10 female, 10 male), aged 22-40 (29±4.8) 

years old, volunteered to participate in this study. All were currently participating in a 

recreational soccer league at least once a week and had not experienced an ankle injury in the 

past six months. Further subject characteristics are presented in table 2.  

Characteristic Treatment Group Control Group 

Age (years) 30.5±4.72 27.7±4.57 

Height (m) 1.72 ±0.10 1.73 ±0.11 

Weight (kg) 67.6±3.99 68.1±4.17 

Table 2. Subject characteristics mean ±standard deviation (SD) 

Balance. Due to the inability of all subjects to balance for 10 seconds, at least five 

seconds of data were collected and the third second was used for statistical analysis. The 

COP excursion results did not support the hypothesis that there would be a significant 
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difference between groups. There was not a significant three way interaction between time, 

group, and condition for both COPx (F[1.740, 31.326] = 1.293, p = 0.285) and COPy 

(F[1.295, 23.318] = 1.673, p = 0.212) excursion. There was, however, a significant 

interaction between time and condition for both COPx (F[1.740, 31.326] = 9.699, p = 0.001) 

and COPy (F[1.295, 23.318] = 1.673, p = 0.030). Both groups significantly reduced their 

COP excursion mediolaterally and anteroposteriorly across conditions over time. This 

relationship can be seen in figures 3 and 4. Specific means and standard error of the means 

from which the figures were created can be seen in tables 3 and 4.  

Time Treatment No Treatment Treatment No Treatment

Pre 0.055±0.009 0.068±0.010 0.047±0.009 0.068±0.017

Mid 0.011±0.004 0.006±0.001 0.011±0.004 0.005±0.001

Post 0.008±0.001 0.008±0.000 0.009±0.001 0.008±0.001

Time Treatment No Treatment Treatment No Treatment

Pre 0.025±0.004 0.027±0.001 0.030±0.006 0.026±0.002

Mid 0.005±0.002 0.003±0.000 0.006±0.003 0.003±0.000

Post 0.004±0.000 0.003±0.000 0.004±0.000 0.003±0.000

Eyes closed left Eyes closed right

Eyes open left Eyes open right

 
Table 3. COPx excursion mean ± standard error of the mean  (expressed in meters) for each 

group across the four balance conditions. 
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Figure 3. A graphical representation of each groups’ COPx excursion over time for the eyes 

closed left balance condition. 

 

Time Treatment No Treatment Treatment No Treatment

Pre 0.094±0.023 0.106±0.017 0.080±0.017 0.173±0.063

Mid 0.022±0.011 0.011±0.002 0.016±0.005 0.011±0.001

Post 0.007±0.001 0.007±0.001 0.007±0.001 0.007±0.001

Time Treatment No Treatment Treatment No Treatment

Pre 0.050±0.010 0.049±0.007 0.040±0.007 0.052±0.007

Mid 0.008±0.002 0.005±0.001 0.011±0.004 0.005±0.001

Post 0.003±0.0003 0.003±0.0003 0.003±0.0003 0.003±0.0002

Eyes closed left Eyes closed right

Eyes open left Eyes open right

 
Table 4. COPy excursion mean ± standard error of the mean  (m) for each group across the 

four balance conditions.  
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Figure 4. A graphical representation of each groups COPy excursion over time for the eyes 

closed left balance condition. 

 

 Joint position sense. Due to equipment malfunction, the data of one treatment 

subject was unusable for JPS. Joint reposition hold time was set at five seconds, but 

occasionally the JPS application would pause. For these occasions the trial was excluded and 

the two remaining trials were used to calculate a mean for that subject. The results did not 

support the hypothesis for a between groups difference in joint replication error over time. 
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There was not a significant group, time, and angle interaction (F[4, 68] = 0.108, p = 0.979) or 

significant time by group interaction (F[2, 68] = 0.648, p = 0.530). There was a significant 

interaction between angle and group (F[2, 68] = 4.834, p = 0.014). The effect size was small 

(ŋ�
  = 0.221).  

Time Treatment No Treatment Treatment No Treatment Treatment No Treatment

Pre 3.62±0.96 4.05±0.62 3.62±0.57 3.37±0.47 2.96±0.77 2.01±0.65

Mid 3.32±0.54 4.67±0.59 2.69±0.68 3.70±0.66 2.29±0.14 1.63±0.34

Post 3.49±0.71 4.79±0.70 1.87±0.23 2.28±0.55 2.48±0.34 1.65±0.29

90º 100º70º

 
Table 5. Joint replication error (°) mean ± standard error of the mean for each group over 

time across each angle tested. 

 

 
Figure 5. A graphical representation of each groups joint replication error over time for the 

70° plantarflexion angle.  
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Figure 6. A graphical representation of each groups joint replication error over time for the 

90° dorsiflexion (neutral) angle. 

 

 
Figure 7. A graphical representation of each groups joint replication error over time for the 

100° dorsiflexion angle. 

 

 Due to the significant group by angle interaction, a t-test was done comparing the 

averaged joint replication errors for each time between groups. At 100° of dorsiflexion, the 

treatment group had significantly (p = 0.047) greater error than the group without treatment. 
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For the other angles the treatment group showed less error, but those t-tests were not 

significant (Figure 6). 
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Figure 8. A graphical representation of the averaged error of each group for each angle 

tested. 

 

Discussion 

 The purpose of this study was to evaluate the effects of SI on joint replication error 

and COP excursion. Due to limited research with small sample sizes or no control group 

(Jacobson, 2011), this study was carried out on a larger sample of twenty recreational soccer 

players which were divided into a treatment group and a control group. Since SI focuses on 

the manipulation of fascia, which is innervated with mechanoreceptors that play a role in 

proprioception (Findley, Chaudhry, Stecco, & Roman, 2012; van der Wal, 2009), JPS and 

balance were measured over time to examine effects.  

 The results showed both groups significantly decreased their COP excursion in the 

mediolateral and anteroposterior directions across all single-leg balance conditions over time. 

This finding may suggest that the improvements were the result of a learning effect. 
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Improvement in COP excursion, however, may have affected the soccer player’s ability to 

perform during gameplay. It was hypothesized by Barone et al. (2010) that proprioceptive 

training of both legs resulting in improved one-leg standing balance could maximize kicking 

performance due to the amount of time spent on one leg when striking, passing, or trapping 

the ball. It was observed, however, that the pre-COP values varied greatly between subjects. 

The improvement in COP excursion one subject may have been overshadowed by the 

maintenance in another. In same the study by Barone et al. (2010), different groups of 

athletes were compared via COP sway path and significant differences were found between 

groups. Their standard deviations were much smaller than those found in this study though 

(Barone et al., 2010). Having large standard deviations for COP area was not an issue in 

finding significance between groups in another study (Paillard et al., 2006). They compared 

regional to national soccer players in their ability to balance on leg. They found significant 

differences between the groups as well as between the eyes open and eyes closed condition. 

They, however, had 15 subjects in each group instead of only 10. Including more subjects 

may be required when examining balance in the future. 

 JPS, as evaluated by joint replication error, did not significantly improve over time in 

either group. At the one angle where there was a significant difference between groups 

(100°), the treatment group was actually less accurate than the control across time points. 

Range of motion was not measured in this study but it was noticeable that the range of 

motion varied across the subjects. This was most evident in the ability to reach and hold 100° 

of dorsiflexion. Those with more range of motion would have more opportunity for error. SI 

has been demonstrated to improve range of motion in the past (James et al., 2009), so the 

treatment subjects may have experienced an increase range of motion over time in the 
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dorsiflexion direction, maintaining greater error than the control group for the 100° condition 

and minimized improvement for the other two angle conditions.   

JPS has not been evaluated in previous SI studies so comparison is difficult. Ankle 

JPS was evaluated via passive angle reproduction after a six week physiotherapeutic exercise 

program (Eils & Rosenbaum, 2001). The exercise group experienced a significant 

improvement in passive angle reproduction compared to the control. Their improvements 

were small, 0.5 to 0.8 degrees, but their standard deviations were much smaller than seen in 

this study, indicating similar angle reproduction error across their subjects (Eils & 

Rosenbaum, 2001). There is also the difference that they tested joint replication via passive 

motion and the current study used active. The active joint replication is more applicable to 

sport situation but may limit the available range of motion for testing.  

Improvement in joint replication error can be seen in the SI treatment group, 

especially at 90° dorsiflexion, but similar to the COP excursion, there was a lot of variation 

in the starting points across the subjects, increasing the standard deviation. This reflects that 

the joint replication ability across the subjects in this study were not very similar. It is 

possible that with more time and more subjects the trends of improvement could reach 

significance. Further, joint replication testing may be best for distinguishing between healthy 

and unstable patients, between injured and non-injured legs, and to measure an effect of a 

proprioceptive exercise program in chronically unstable patients (Eils & Rosenbaum, 2001), 

but this study compared the effects of a treatment in healthy subjects. Thus, the ability to 

detect significant differences between groups may have been limited. 

Additionally, since SI focuses on whole body functionality (Jacobson, 2011), 

examining JPS in another joint, such as the neck, shoulder, or hip, could be beneficial. The 
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neck, shoulder, and hip are more muscularly dense than the ankle and could respond more to 

the myofascial manipulation. For example, significant effects were seen in the neck with SI 

in individuals who had neck pain due to cervical spine dysfunction. After 10 sessions of SI, 

the active range of motion significantly increased by an average of 52° to 65°in neck rotation 

to the left and 51° to 64° in neck rotation to the right. The mean level of pain also 

significantly decreased after treatment (James et al., 2009). Proposed mechanisms for SI 

include fascial effects such as thixotropy, reduced fascial tension, or changed tissue viscosity 

from stimulated mechanoreceptors decreasing sympathetic tone (Schleip, 2003). With the 

improvement in neck pain and range of motion, the SI may have decreased tension in the 

surrounding fascia, resulting in the prevention of compressed or overstretched nerves and the 

reestablishment of a new resting muscle length (James et al., 2009). The stimulation of 

intrafascial mechanoreceptors, which can adjust proprioceptive input to the CNS and alter 

tonus regulation of motor units associated with the manipulated tissue (Schleip, 2003), could 

lead to changes in shoulder or hip JPS. Future studies could investigate proprioception via 

joint replication error as done in this study or threshold for perception of passive movement, 

which may be better for detecting differences between groups (Deshpande, Connelly, 

Culham, & Costigan, 2003).  

Additional limitations of this study involved the movement tested during joint 

replication error. The dorsiflexion and plantarflexion were both unconstrained and there 

could have been additional knee extension, ankle inversion, or ankle eversion to reach and 

hold target angles. The neoprene sleeve that held the iPod in place would also shift during 

some testing sessions, possible affecting the accuracy of the recorded joint replication error.  
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 Outside of the measured outcome variables, treatment subjects were asked to report 

any other symptoms from the SI. There were reports of reduced hip pain, better soccer play, 

feeling taller, increased awareness of posture, as well as a negative side effect of increased 

dehydration. The reduction in pain along with height and posture awareness further support 

investigation into hip and shoulder proprioception as reduced pain may also be connected to 

proprioception and receptor involvement (Deutsch et al., 2000).  

Summary 

 According to the data collected, ten weeks of SI did not produce significant 

differences in joint replication error or COP excursion between the two groups over time. 

Improvement in COP excursion appeared to be the result of a learning effect. Joint 

replication error showed improvement at some angles over time, but not to a significant 

degree. The large standard deviations for both measurements may have affected the 

interaction significance for both parameters. There is still much to investigate. With the 

remarks from subjects in combination with the results, future studies could start by exploring 

other joints for proprioceptive effects of SI.    
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Chapter V 

Summary, Conclusions, and Recommendations 

Summary 

 The amount of research on fascia, and especially myofascial release, via structural 

integration (SI) or other methods has expanded in recent years. There have been positive 

findings including increased range of motion (Mauntel, Clark, & Padua, 2014), improved rate 

of force development (Halperin, Aboodarda, Button, Andersen, & Behm, 2014), and reduced 

pain from cervical spine dysfunction (James, Castaneda, Miller, & Findley, 2009). SI targets 

fascia. With the application of manual therapy, the heat may cause a change of state in fascia, 

from being a gel to more fluid; a phenomenon known as thixotropy (Schleip, 2003; Sullivan 

et al., 2013). The manipulation of fascia also leads to the stimulation of intrafascial 

mechanoreceptors, which can adjust proprioceptive input to the CNS and alter tonus 

regulation of motor units associated with the manipulated tissue (Schleip, 2003). Due to these 

proposed mechanisms in research so far, balance and joint position sense (JPS) were 

measured before, during, and after treatment as these proprioceptive parameters have the 

potential to be affected based on the characteristics of fascia, but had not yet been evaluated 

in a research setting (Deutsch et al., 2000; Findley, Chaudhry, Stecco, & Roman, 2012). 

Research on the effects of SI has been on special populations and without a control group for 

comparison (Jacobson, 2011; James et al., 2009). For example, James et al. (2009) examined 

patients with cervical spine dysfunction to evaluate the effects of SI on neck pain and range 

of motion; they found significant improvement after treatment but no control group was 

included. This study recruited a healthy population of recreational soccer players to see how 

the treatment could affect them compared to a control group.   
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Conclusions 

 Based on the present results, 10 weeks of SI therapy may not significantly affect COP 

excursion or joint replication error in recreational soccer players. COP excursion in 

mediolateral and anteroposterior directions improved over time in both groups, suggesting a 

learning effect. Joint replication error slightly improved in in the treatment group for all 

angles but not significantly compared to the control group. For the 100° dorsiflexion angle, 

the control group actually had significantly less error than the treatment when taking the 

average of all three data collections. This may be due to variation in the starting points and 

progression of the subjects, creating large standard deviations.  

Recommendations 

 Future research. Soccer is a whole-body sport and, while the ankle is important for 

touch with the soccer ball, proper posture and biomechanics are necessary for gameplay. Due 

to the comments from the treatment subjects, even though there were not significant 

differences between the groups in COP excursion or joint replication error, there may be 

other improvements taking place that were not evaluated in this study.  

 SI is advertised as a whole-body treatment and focuses on posture to restore correct 

movement patterns (Jacobson, 2011). The ankle is just one part of the body and contributor 

to posture. In future research, structures such as the neck, shoulder, or hip should be 

investigated with JPS. These joints are located further up the kinetic chain and involve more 

muscle mass that could be manipulated with SI. Additionally, many of the treatment subjects 

commented on feeling the treatment in their upper body more than in lower extremities. 

Future studies should also see if more subjects or more time spent in treatment would affect 

the variables studied here. Additionally, the study should compare injured to non-injured 
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athletes for effects of SI treatment. If joint replication testing is repeated on the ankle, not 

allowing for unconstrained movement is recommended as well as an appropriate sleeve to fit 

the foot and minimize shifting.  

 Practical applications. At this time, SI treatment appears to be appropriate for 

injured populations to see significant effects between groups based on previous studies. With 

more research, SI may be found to benefit the athletic population too as more parameters are 

measured beyond those evaluated in this study. Until then, other proprioceptive training 

programs may be more beneficial for ankle health.  
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1. What is your research questions, or the specific hypothesis? 

 

The aim of this study is to evaluate the effect of weekly structural integration sessions 

over 10 weeks on physical attributes which may affect performance:  joint position 

sense of the ankle, center of pressure as a measure of balance, and rate of force 

development during a counter movement jump as an indicator of power. The 

hypotheses tested will be: determine if there is a significant difference between 

controls and the subjects that received structural integration treatment in joint position 

sense of the ankle; balance as ascertained by center of pressure; and power by the rate 

of force development. 

 

2. What are the potential benefits of the proposed research to the field? 

 

The study of fascia and its role in the body has grown in the past few years. 

The manipulation of the fascia, termed structural integration, as a form of treatment 

has grown in popularity as well. The mechanisms and effectiveness behind the 

treatment, however, are still not well known. This may be due to the limited amount 

of studies done and the small sample sizes with no placebo or control group for 

comparison within those studies (Jacobson, 2011). Structural integration has already 

been researched in a few studies to improve range of motion, pain, and symptoms 

associated with muscular dystonia of the eye, but lack in joint position sense, balance, 

and rapid movement needed for power (Findley, Chaudhry, Stecco, & Roman, 2012; 

James, Castaneda, Miller, & Findley, 2009). Underlying the effects of structural 

integration is fascia, which is suggested to have the ability to cause changes 

throughout the body with its proprioceptive capabilities based on the function of 

mechanoreceptors (Schleip, 2003; van der Wal, 2009). However, there is also 

conflicting results on the proprioceptive need on the ankle (Fousekis, Tsepis, & 

Vagenas, 2012). More research then is needed on the effect of structural integration 

on joint position sense, balance, and power of the ankle, as well as the mechanism 

behind the effect. 

 The role of structural integration in joint position sense, balance, and rate of 

force development has not been well researched, especially in soccer players. 

Specifically, there has been little published on these parameters in relation to the 

ankle. Based on the findings, this study will start to erode the uncertainty behind the 

effects underlying the use of structural integration on joint position sense, balance, 

and rate of force development. An improved understanding of the relationship 

between structural integration with joint position sense, balance, and rate of force 

development would be helpful for soccer players in developing training sessions, 

avoiding injury, and improving game play touch with the ball.  

The purpose of this study is to investigate the effects of structural integration, 

performed by a professional Rolfer, on the ankle; specifically, on joint position sense, 

balance, and rate of force development in soccer players. There is a lack of research 

in the area of structural integration, especially involving the ankle. With preliminary 

research looking mostly positive, it could be beneficial for an athlete to know the 

possible effects of structural integration.  
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Literature Review  

This review is divided into four sections describing this topic. An overview of 

joint position sense and the connection it has to balance in the ankle is presented. 

Following that will be a discussion of structural integration including its anatomy and 

effects. The combined area of structural integration with joint position sense, balance, 

and rate of force development will be discussed and why it is an important avenue to 

investigate. Studies will be compared based on their findings in relation to structural 

integration, joint position sense, balance, and rate of force development, and the 

proprioceptive mechanisms underlying them.   

 Ankle joint position sense and connection to balance. Joint position sense 

(JPS) is used as an assessment of the posture of a segment, such as the ankle 

(Riemann & Lephart, 2002). Specifically, a JPS test measures the accuracy of a 

subjects ability to replicate a position actively or passively in both open and closed 

kinetic chain situations (Riemann, Myers, & Lephart, 2002). JPS falls under the 

broader topic of proprioception, which is based on information sensed by the 

periphery that then travels afferent pathways to manage postural control, joint 

stability, and other conscious sensations. It was suggested by Riemann & Lephart 

(2002) that this information pertaining to conscious sensations of proprioception may 

come from deeper receptors, like joint and muscle mechanoreceptors. This is further 

supported by van der Wal (2009), who suggests that proprioception is the practice of 

sensing joint position or motion, consciously and subconsciously.  

 Proprioception, as related to JPS, can be measured in a variety of ways. 

Methods include using equipment and instrumentation such as commercial isokinetic 

dynamometers, electromagnetic tracking devices, and custom-made apparatuses 

(Riemann et al., 2002). JPS and force reproduction are both reliable measures of 

proprioception as reported by Dover & Powers (2003). In addition, their measurement 

can be used effectively to mark progression during rehabilitation as well as provide 

motivation to improve proprioception over time in populations such as athletes 

(Dover & Powers, 2003). 

 Injury leading to ankle instability can affect the JPS in individuals. In a study 

on males with functional ankle instability, they underestimated the plantarflexion 

angle more than the control group when the ankle was inverted and plantarflexed. 

Based on this finding, the authors suggested that those with functional ankle 

instability may perceive greater plantarflexion or inversion ankle position than what 

the true angle is (Yokoyama, Matsusaka, Gamada, Ozaki, & Shindo, 2008). This 

could have implications in the general population and, specifically to those with 

required good ankle control such as soccer players during game play.  

 Balance is intimately related to JPS as it also involves sensory, motor and 

biomechanical input and depends upon the postural-control system. The postural 

control that makes up balance can be measured with a force platform. It has the 

ability to record the change in ground-reaction forces when a person is standing on it 

which are then used to calculate center of pressure. The movements of the center of 

pressure can be used to calculate variations in balance (Palmieri et al., 2002). 

  Joint position sense has a very significant role at the ankle. As a specific 

dimension of proprioception, joint position sense is a manifestation of how well one’s 
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proprioceptors are communicating. This communication can be measured with 

various types of equipment such as dynamometers and tracking devices. The 

proprioception of joint position sense is also related to balance, as it depends upon the 

communication of the postural-control system. Perturbations in balance can be 

measured as drifts in center of pressure caused by changes in ground-reactions forces 

as measured by a force plate. 

Rate of force development. The maximal rate of rise in muscle force [rate of 

force development (RFD)] has important functional consequences as it determines the 

force that can be generated in the early phase of muscle contraction (0-200 ms). Limb 

movements involving contraction times of 50-200 ms occur in many everyday 

activities, such as gait, which is faster than the time required to generate maximal 

force. Of the measures examined in trained subjects, it seems that rate of force 

development improvements are the very common (Gullich & Schmidtbleicher, 1996). 

The aim of a recent study was to verify whether strength training designed to 

improve explosive and maximal strength would influence rate of force development 

(Oliveira, F.B., Oliveira, A.S., Rizatto, & Denadai, 2013). Maximal contractile RFD 

and maximal force can be differently influenced by resistance training. In active non-

strength trained individuals, a short-term resistance training program designed to 

increase both explosive and maximal strength increased RFD. 

Another recent study investigated the rate of force development to 30% 

(RFD(30)), 50% (RFD(50)), and 90% (RFD(90)) of maximal voluntary isometric 

contraction (MVIC) for determining readiness for return to sport following an 

anterior cruciate ligament (ACL) reconstruction (Angelozzi, Madama, Corsica, 

Calvisi, Properzi, McCaw, & Cacchio 2012). Despite the near recovery of maximal 

isometric strength to pre-injury levels, there were still significant deficits in RFD at 6 

months post-ACL reconstruction. An RFD similar to the pre-injury RFD was 

achieved at 12 months post-ACL reconstruction, following a rehabilitation program 

focusing on muscle power. These results suggest that, following an ACL 

reconstruction, RFD criteria may be a useful adjunct outcome measure for the 

decision to return athletes to sports. 

Quadriceps weakness exists in people with knee osteoarthritis (OA), but other 

muscle factors like rate of force development (RFD) may also be affected by knee 

OA. The submaximal force at which peak RFD occurs plays a significant role in knee 

joint power as well as functional measures in the OA subjects, providing further 

evidence that factors other than maximal strength are also important in people with 

knee OA (Winters & Rudolph, 2013). 

Many individuals involved in sport and exercise perform self-myofascial 

release using a foam roller, which restores muscles, tendons, ligaments, fascia, or 

soft-tissue extensibility. Recently, this technique showed positive benefits in physical 

performance (MacDonald, et al. 2013; Mohr, Long, & Goad, 2014; Okamoto, 

Masuhara, & Ikuta, 2014; Sullivan, Silvey, Button, & Behm, 2013; Yuill, 

Pajaczkowski, & Howitt, 2012), either without affecting strength or demonstrated 

strength improvements (MacDonald, et al. 2013). Strength is related to power and 

may underlie some of the improvements noted with myofascial release. 

Rate of force development is important in athletics and in rehabilitation. The 

majority of the research on RFD involves ballistic or rapid contractions. Rate of force 
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development is probably the most important and under-recognized area pertaining to 

strength training and athletics. RFD is a valid measure of power. 

 Structural integration anatomy and effects. The main tissue being 

manipulated during structural integration is fascia. It is a dense and irregular 

connective tissue that consists of several layers including superficial, deep, and 

subserous or visceral fascia which are found around  every organ in the body 

including muscles, groups of muscles, blood vessels, and nerves (Findley et al., 2012; 

Schleip, 2003). Fascia has been referred to as a “locomotor apparatus,” as it is an 

important integrative element in human posture and movement organization (van der 

Wal, 2009). On a related note, fascia has been suspected to contribute to 

proprioception as it is abundantly innervated with mechanoreceptors, which are 

largely influenced by tension (Findley et al., 2012; van der Wal, 2009). These 

mechanoreceptors have been termed the “morphologic substrate” for proprioception. 

These receptors are found in the muscles as well as in their supporting structures 

including tendons, aponeuroses, and fascia (van der Wal, 2009). 

 A hypothesis has been promulgated that the manipulation of fascia leads to the 

stimulation of intrafascial mechanoreceptors which cause an adjusted proprioceptive 

input to the central nervous system. This adjustment results in an altered tonus 

regulation of motor units associated with the manipulated tissue (Schleip, 2003). 

These intrafascial mechanoreceptors were identified when studying thoracolumbar 

fascia specimens. The Ruffini’s corpuscles and Vater-Paccini corpuscles are 

mechanoreceptors found in loose connective tissue next to dense collagen bundles 

and close to blood vessels. It was suggested by the authors, based on the finding of 

Pacinian and Ruffni’s receptors in the thoracolumbar fascia, that fascia may be 

involved in the control of the lumbar spine mechanism (Yahia, Rhalmi, Newman, & 

Isler, 1992). Later, these mechanoreceptors were found in all variations of dense 

connective tissue including muscle fascia as well as tendons, ligaments, aponeuroses, 

and joint capsules (Schleip, 2003).  

 It has been hypothesized that responses by the mechanoreceptors during 

manual manipulation are mainly regulated by a change in gamma motor tone, instead 

of the alpha motor system. Ruffini organs have high responsiveness to outside 

pressure and the combination of stimulating both these and interstitial receptors can 

activate immense changes in the autonomic nervous system (Schleip, 2003). It has 

been suggested that the proprioceptive information provided is dependent upon the 

design of the muscular and connective tissue and resultant receptor distribution (van 

der Wal, 2009). 

 One of the most common effects of structural integration treatment is 

improvement in posture and motor coordination. These changes may be in response 

to the alterations in the pliability of the soft tissues and greater somatic awareness due 

to the manual therapy. It was originally suggested by the creator, Ida Rolf, that 

improved biomechanical efficiency is brought on by the relocation of the subject's 

structure and movement patterns (Jacobson, 2011).  

 With structural integration, 8-10 sessions are generally prescribed to help the 

issue the client wishes to correct. In a review looking at structural integration effects, 

benefits can range from reduced overall symptoms and eliciting spasms in patients 

with muscular dystonia of the eyes, to improvements in range of motion and neck 
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pain as well as balance (Findley et al., 2012; James et al., 2009). In the James study, 

neck pain due to cervical spine dysfunction was the study objective. They found that 

active range of motion for all the subjects significantly increased, on average, in neck 

rotation to the left from 52° to 65° and neck rotation to the right from 51° to 64°. 

They concluded that reductions in neck pain and increases in the movement of the 

neck can result after 10 sessions of Rolfing structural integration. The mechanisms 

behind the improvements may be due to the structural integration decreasing tension 

in the surrounding fascia resulting in the prevention of compressed or overstretched 

nerves. In the case of active range of motion, it was hypothesized that decrease in 

tension from the therapy also contributed, allowing the resting muscle length to be 

reestablished (James et al., 2009). 

 Structural integration is based upon the characteristics of fascia and how it 

responds to manual manipulation. Due to the mechanoreceptors of the fascia, 

manipulation may cause changes in tension in muscles. This alteration in tension can 

result in decreased pain, improved posture, and increased range of motion as 

described in the studies.  

 Importance of joint position sense and structural integration in ankle. 

Failure of joint position sense can lead to injury; specific to the ankle could be an 

ankle sprain. The potential for structural integration to benefit the ankle joint is 

gaining support. In a study on male soccer players, ages 24.6±2.63 years, those who 

participated in a proprioceptive training program incurred a lower incidence of ankle 

sprains than the control group. The proprioceptive training included using an ankle 

disc every day for 30 minutes. The author concluded that proprioception training is 

vital to the prevention of ankle injuries as it may break the cycle of recurrent sprains 

by successfully securing an unstable ankle (Mohammadi, 2007). The effects of 

proproceptive training for protecting against lower limb injuries in adolescent and 

young adult athletes was also supported by findings in a review of balance training 

and multifaceted training programs. They suggested that exercise should be based on 

prevention strategies to improve risk factors such as proprioception and 

neuromuscular control, as well as flexibility, jumping and landing skills, strength, and 

balance (Hübscher et al., 2010). 

 There is conflicting research, however, as proprioceptive training was not the 

most important aspect of predicting ankle sprain occurrence in another group of 

soccer players. The authors instead found that eccentric isokinetic strength 

asymmetries of ankle dorsal and plantar flexors, increased BMI and increased body 

weight are more significant predictors of noncontact ankle sprains. Proprioception, as 

measured by neuromuscular coordination of the ankle joint, did not have a significant 

relative risk for ankle trauma (Fousekis et al., 2012). 

 Proprioception training is an important part of rehabilitation. In addition to 

strength, establishing correct motor patterns during exercises was emphasized. The 

authors also suggested that functional joint stability is supported by conscious and 

unconscious work done by the body when responding to changes in the environment. 

These responses come from the central nervous systems based on sensory information 

gathered from all aspects of the body (Mattacola & Dwyer, 2002). This idea is very 

similar to the definition of proprioception as explained above;  the conscious 

sensations of proprioception may come from joint and muscle mechanoreceptors and 



64 

 

it is the practice of sensing joint position or motion, consciously and subconsciously 

(Riemann & Lephart, 2002; van der Wal, 2009). 

 Proprioception, as measured by joint position sense, has conflicting evidence 

for its benefit to ankle joint health. Injury can be an indicator of proprioceptive deficit 

in situations such as an ankle sprain. Although most research supports proprioception 

as an important aspect to a training program, some research has found that is does not 

have a significant effect on reducing injury.  

Summary 

 Significant results have been found on structural integration and its effects on 

proprioceptive parameters such as range of motion and pain. Combined with the 

findings that joint position sense is vital to a healthy ankle in both everyday life as 

well as on a playing field, maintaining good proprioceptive health is essential to 

overall well-being. In order to determine changes in proprioception, as reflected in 

joint position sense and balance, previous studies suggest that structural integration 

may provide that improvement. Further, rate of force development, a measure of 

power, may be affected by structural integration. Specific study of this aspect, as 

proposed in this study, may provide critical information on manual therapy and 

putative effects on rate of force development. With soft tissue and mechanoreceptors 

as possible factors, structural integration can potentially elicit changes that cascade 

throughout the body.  

  

3. What are the benefits, if any, of the proposed research to the subjects? 

 

The effect of structural integration on balance and joint position sense has not been 

well researched, especially in soccer players. Specifically, there has been little 

published on these parameters in coed recreational soccer players in relation to the 

ankle. Based on its findings, this study will determine the effects of structural 

integration on joint position sense and balance in this population. An improved 

understanding of the relationship between structural integration with joint position 

sense and balance would potentially be helpful for soccer players in developing 

training sessions, avoiding injury, and improving game play touch with the ball. 

 

4. Answer a), then answer either b) or c) as appropriate. 

a. Describe how you will identify the subject population, and how you will 

contact key individuals who will allow you access to that subject 

population or database.  

 

Twenty to thirty soccer players will be recruited from the Sportsplex facility 

and from teams participating in adult league at Northwest Soccer Park. I will 

communicate with the Sportsplex facility as well as with the teams and 

management of the adult league at Northwest Soccer Park about the study to 

recruit. The subjects are both male and female aged 18-35. All those 

participating are involved in the soccer leagues at least one day per week. 

Subjects will be screened, and those with ankle injuries in the past six months 

causing a game to be missed will be excluded. In addition, subjects with 

generalized hypermobility, as defined by the Beighton Mobility Scale, will be 
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excluded as well. The subjects will be studied over a nine month period, 

spanning both indoor and outdoor soccer season, in a rolling admission 

fashion. No subjects will be already involved in another form of 

proprioceptive training or have had received structural integration before. All 

subjects are considered to be in good health and overall fitness. In order to 

ensure subject compliance, it will be verified that subjects could attend all 10 

structural integration sessions as well as be present for pre and post 

measurements.  

 

b. Describe how you will recruit a sample from your subject population, 

including possible use of compensation, and the number of subjects to be 

recruited.  

Thirty subjects will be recruited on a volunteer basis. Flyers will be posted, 

with permission, at both offices. Email communication may be used as well to 

contact the captains of each team for participation. There will be no 

compensation other than free structural integration for the treatment group.  

 

5. Briefly describe the research methodology. Attach copies of all test 

instruments/questionnaires that will be used.  

Note: All attachments must be in final form; drafts are unacceptable.  

 

Instrumentation. The treatment group underwent 10 total Rolfing structural 

integration sessions, consisting of one per week, lasting 10 weeks. They were treated 

by a professional Rolfer who worked with them for one hour each session with each 

session focusing on specific anatomical locations (see attached table). The subjects 

were tested in groups of 10, five treatment and five control, spanning 30 weeks of the 

indoor and outdoor soccer seasons, in a rolling admission design. The subjects were 

broken up into groups to allow the Rolfer to be able to complete the study while 

treating his own subjects in his clinic. Compliance to the structural integration was 

verified by sign off of the Rolfer and the subject after each session.   

 

Due to the restriction of the number of Structural Integration sessions that could be 

performed by a certified practitioner, ten new subjects entered the study at 10 week 

intervals for 30 weeks. There were three cohorts of subjects. Random assignment 

using Excel© designated five subjects receiving treatment and five subjects in the 

control group during each 10-week interval. Measurements were made at the 

baseline, within 72 hours of the 5th treatment and then within 72 hours of the end of 

the 10-week interval (Figure 2). No measurements were made until after 24 hours of 

the last treatment session, to avoid possible acute effects of structural integration. 

There is no literature to guide acute versus chronic effects of structural integration on 

testing the study’s measures. Baseline measures will include subject characteristics 

(age, sex, height, and weight) as well as JPS and balance ability. 

 

Measurement techniques and procedures. For each subject, a checklist was used to 

verify all subject characteristics were collected and proper preparation was made for 

both balance and joint position sense tests. Height and weight were first measured 
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using a stadiometer and scale. Then a dynamic warm-up was completed consisting of 

5 minutes on a cycle ergometer at a self-selected low intensity followed by dynamic 

stretches (high knees, butt kickers, skips, and grape vine). 

 

Joint position sense was measured using an iPod touch device, integrated with custom 

made software. It was strapped to the lateral side of the subject’s dominant foot and 

secured via a neoprene sleeve with hook and loop fasteners. The subject was then 

asked to go through various positions of the foot as directed by the software. At the 

beginning of each trial, continuous beeps prompted subjects to plantar flex the ankle. 

Once the ankle reached the target plantar flexion angle, the beeps ceased. Subjects 

were instructed to hold the position for 5 seconds, during which time, they were to 

concentrate on the ankle position. After 5 seconds in the position, an audible ‘beep’ 

signaled subjects to the starting position. After 3 seconds at the starting position, 

another beep signaled subjects to attempt to replicate the target position. The 

accuracy of the reproduction of each joint angle was calculated by the software as the 

difference between the target and reproduced angles (absolute error). 

 

The balance assessment was carried out on an AMTI OR6-6force platform collecting 

at 1200 Hz, integrated with LabVIEW software. Both dominant and non-dominant 

foot were used in both eyes open (EO) and eyes closed (EC) conditions. Dominant 

foot was determined by having the subject kick a soccer ball; whichever foot was 

used was noted as dominant. While standing on the force platform barefoot, each 

subject was first asked to cross their arms over their chest. Next, if EO condition, 

subject was asked to focus on point on wall in front of them. Then the subject was 

told to raise the appropriate foot off the ground for condition until the knee was at 

approximately a 45 degree angle. The subject then stood on the appropriate foot for 

10 seconds while ground reaction forces were measured. The data collection was 

ended when the subject did any of the following: used arms (i.e., uncrossed arms), 

used the raised foot (moved it toward or away from the standing limb or touched the 

floor), moved the weight-bearing foot to maintain his balance (i.e., rotated foot on the 

ground), a maximum of 10 seconds had elapsed, or opened eyes on EC trials 

(Springer, Marin, Cyhan, Roberts, & Gill, 2007). Three trials for each condition were 

completed. If unable to maintain single-leg balance for 10 seconds, the first five 

seconds of data would be used and analyzed. Ten seconds was chosen as significant 

amount of collection time as done in another study with EO and EC conditions to 

successfully assess ankle sprain risk with the single-leg balance test (Trojian & 

McKeag, 2006). The excursion center of pressure as measured by the ground reaction 

forces of the force platform were then analyzed. Center of pressure in the 

mediolateral direction was calculated using the following equation: 

 

���� �
��

�	
, 
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Where COPx is the center of pressure in the mediolateral direction, My is the moment 

about the anteroposterior axis, and Fy is the vertical force. Likewise, the COP in the 

anteroposterior direction was calculated via the following equation: 

 

���� �
��

�	
, 

Where COPy is the center of pressure in the anteroposterior direction, Mx is the 

moment about the mediolateral axis, and Fy is the vertical force. Specifically, the 

standard deviation of the center of pressure, in the anterior-posterior (y) and medial-

lateral directions (x), was analyzed to represent COP excursion over the 10-s testing 

period for each subject. This measure gave a value to compare to see if the standard 

deviation increased, decreased or stayed the same between groups, pre-, 5-week, and 

post-test. 

 

Rate of force development (RFD) includes a vertical counter movement jump on an 

Advance Mechanical Technology Inc. (AMTI; Watertown, MA) force plate used to 

measure vertical ground reaction forces (GRF).  The force plate samples at 1200 Hz.  

Using a custom computer program and the vertical GRF (VGRF) output from the 

force plate, RFD is calculated. 

 

Subjects begin with the same warm up protocol, through a dynamic warm up. 

Stretching is strictly prohibited because of possible negative effects of static 

stretching on muscular force and power production (Bacurau et al., 2009; La Torre et 

al., 2010; Yamaguchi, Ishii, Yamanaka, & Yasuda, 2006). One minute after the 

dynamic warm up, during which subjects are reminded not to stretch, subjects 

perform three single submaximal vertical counter movement jumps with 20 seconds 

recovery between each attempt.  Consistent verbal and visual (Vertec, Swift 

Performance Equipment; Lismore, Australia) encouragement to jump maximally is 

given to all subjects on each jump.  The Vertec is adjusted to an estimated maximum 

jump height for the subjects and any further increases in performance measured on 

the Vertec are left without resetting so that the athlete was encouraged to jump 

maximally on each attempt. 

 

Each trial is saved with a subject and trial number.  The trials are all imported into a 

custom program made in LabVIEW 9.0 (National Instruments; Austin, TX), designed 

to analyze subject weight and RFD.  RFD is analyzed as the peak vertical force 

divided by the time from minimum to peak force. 

 

Please see attached Structural Integration outline of sessions and sign-off sheet, 

Beighton Hypermobility assessment and scale, as well as check off list and data 

logging sheet for pre-test, 5-week test, and post-test. 
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6. Give specific examples (with literature citations) for the use of your test 

instruments/questionnaires, or similar ones, in previous similar studies in your 

field.  
 

JPS can be assessed in two ways, directly or indirectly. Directly involves measuring 

angles with tools such as a goniometer while indirectly measures with a system such 

as a visual analog scale (Riemann et al., 2002). A common clinical tool used that is 

both affordable and reliable is the inclinometer. The inclinometer can directly 

measure range of motion and JPS (Dover & Powers, 2003). Other methods include 

using equipment and instrumentation such as commercial isokinetic dynamometers, 

electromagnetic tracking devices, custom-made apparatuses, goniometers, 

manipulandums, potentiometers, as well as video and visual analog scales (Eils & 

Rosenbaum, 2001; Riemann et al., 2002; Walsh et al., 2009). As discussed, the 

devices are used to either directly or indirectly measure the accuracy of joint angle 

replication by the client. In this study, the iPod touch will be used to electronically 

measure joint angle reproduction accuracy. 

 

The ability to balance can be measured with a force platform, as will be done in this 

study. The force platform has the ability to record the change in horizontal and 

vertical ground-reaction forces when a person is standing on it which are then used to 

calculate COP excursion. COP excursion represents the movement of the center of 

mass while controlling body-mass acceleration (D. A. Winter et al., 1990). The 

movements of the COP can then be used to calculate variations in balance due to 

corrective muscular actions (Guskiewicz & Perrin, 1996; Konradsen, 2002; Palmieri 

et al., 2002; Riemann et al., 2002). 

 

7. Describe how your study design is appropriate to examine your question or 

specific hypothesis. Include a description of controls used, if any.  

 

This study will be a pretest-posttest randomized groups experimental design. There 

will be two groups, a treatment group that undergo structural integration and a control 

group that will have no treatment. Pre-, 5-week, and post-intervention measurements 

will include ankle joint position sense and balance assessment. Data from both groups 

will be used to calculate mean and standard deviations. Statistical analysis will 

include using a 2-way mixed ANOVA for absolute error, COP excursion, and rate of 

force development with SPSS version 21. The ANOVA will be performed in order to 

look for an interaction between the group (treatment vs. no treatment) and time (pre, 

5-week, and post) over the experiment as indicated by ankle joint position sense 

absolute error, single-leg COP excursion, and rate of force development 

measurements. Specifically, differences between pre, 5-week, and post mean absolute 

error as well as center of pressure excursion in the medial-lateral and anterior-

posterior directions will be evaluated. If an interaction is seen, simple effects would 

be analyzed as well. The effect size would be calculated for any interaction and 

simple effects calculated. 
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This study design is appropriate as having a control group will allow for comparison 

between groups. Changes seen in JPS or balance can then be attributed to the 

treatment and not due a learning effect of the evaluation, passage of time, or other 

factors. 

 

8. Give specific examples (with literature citations) for the use of your study design, 

or similar ones, in previous similar studies in your field.  

 

Studies on SI are promising but have been limited due to small sample sizes and lack 

of a control group or the treatment being applied by the author. Similar studies have 

been completed using a treatment and no treatment group to evaluate the effect of SI 

on multiple variables (J.T. Cottingham, Porges, & Lyon, 1988; John T. Cottingham, 

Porges, & Richmond, 1988; Jacobson, 2011; Weinberg & Hunt, 1979). 

 

9. Describe the potential risks to the human subjects involved.  

 

Potential risks include discomfort during the structural integration treatment, falling 

during single-leg balance test, or incurring injury during the vertical jump.  

 

10. If the research involves potential risks, describe the safeguards that will be used 

to minimize such risks.  

 

The professional Rolfer will address the discomfort during treatment and a researcher 

will be standing near to the subject during the single-leg balance and vertical jump in 

case they start to fall. 

 

11. Describe how you will address privacy and/or confidentiality.  

 

Each subject will be numbered and subject information will be referred to only by 

that number. Informed consent and data collection sheets will be stored in a locked 

room. 

 

12. If your research involves the use of schools (pre-kindergarten to university level) 

or other organizations (e.g., community clubs, companies), please attach a 

clearance letter from an administrator from your research site indicating that 

you have been given permission to conduct this research. For pre-kindergarten 

to grade 12 level schools, an administrator (e.g. principal or higher) should issue 

the permission. For post-secondary level schools the class instructor may grant 

permission. For Western Washington University, this requirement of a clearance 

letter is waived if you are recruiting subjects from a scheduled class. If you are 

recruiting subjects from a campus group (not a class) at Western Washington 

University, you are required to obtain a clearance letter from a leader or 

coordinator of the group.  

 

My research does involve the use of schools or other organizations.  
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13. If your research involves the use of schools (pre-kindergarten to university level) 

or other organizations (e.g., community clubs, companies), and you plan to take 

still or video pictures as part of your research, please complete a) to d) below:  

 

My research does not involve the use of schools or other organizations. 
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Appendix B. 

Informed Consent and Photo Release 
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Western Washington University 

Consent to Take Part in a Research Study 

Project: The Effect of Structural Integration on Ankle Joint Position Sense, Balance, and 

Power 

 

 You are invited to participate in a study investigating the effects of structural 

integration (SI), performed by a certified professional Rolfer, on proprioception and power in 

the ankle. To improve upon past studies, this analysis aims to objectively evaluate joint 

position sense, power, and balance in an athletic population. The results of this study will 

enhance our understanding of this treatment and how it may be implemented into a 

preventive or rehabilitation program.   

 

I UNDERSTAND THAT: 

 

1. This experiment will begin with measurement of height, weight, and dominant foot 

determination. After warm-up, the first test will involve standing on one foot at a time 

for ten seconds on a force platform with eyes open and closed. Next, a vertical jump 

will be performed on the same force platform. This will be followed by performing 

ankle movements with an iPod apparatus attached to my foot. My participation will 

be approximately 30 minutes.  

 

2. The treatment group will undergo 10 structural integration sessions which will each 

last one hour for a total of 10 hours. The sessions will be carried out based on 

assigned anatomical locations laid out in the SI table.  

 

3. There may be risks during the balance test such as falling but this will be minimized 

with a spotter. The structural integration sessions may cause discomfort but this 

should be minimized with communication with the practitioner. Possible benefits 

include improved posture, motor coordination, and balance, increased range of 

motion as well as reduced pain or anxiety. 

 

4. There is no compensation for my participation. My participation is voluntary, I may 

choose to withdraw my consent and discontinue participation without penalty.  

 

5. All information collected is confidential. My signed consent form will be kept in a 

locked cabinet separate from the data collection forms for joint position sense, 

balance and power data. My name will not be associated with any of my data 

collected throughout the study. 

 

6. My signature on this form does not waive my legal rights of protection. 
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7. This experiment is conducted by Sarah Viera. Any questions that you have about the 

experiment or your participation may be directed to her at (360) 650-3105. 

 

If you have any questions about your participation or your rights as a research 

participant, you can contact the WWU Human Protections Administrator (HPA), 

(360) 650-3220. 

If during or after participation in this study you suffer from any adverse effects as a 

result of participation, please notify the researcher directing the study or the WWU 

Human Protections Administrator. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦

♦♦ 

I have read the above and previous page description, agree to participate in this study, and am 

18 years or older.  

 

_______________________________________   _____________________ 

Participant’s Signature      Date 

 

_______________________________________ 

Participant’s PRINTED NAME 

 

 

Note: Please sign both copies of the form and retain the copy marked “Participant” 
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Appendix C. 

Beighton Hypermobility Assessment 
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Joint Criteria Score

Little Finger Passive dorsi beyond 90 deg

     Right

     Left

Thumb Passive dorsi to flexor aspect 

     Right of forearm

     Left

Elbow Hyperextension > 10 deg

     Right

     Left

Knee Hyperextension > 10 deg

     Right

     Left

Trunk Palms rest flat on floor

Total

* 1 point for each item performed successfully.

* ≥ 4 = High generalized joint laxity

  < 4 = Low generalized joint laxity

Beighton Hypermobility Assessment and Scale

Subject #
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Appendix D. 

Data Collection Check-off List 
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Collection Time Pre   /   Mid   /   Post

Date

Time (Begun, Completed)

Height (in)

Force Platform: Body Weight (lb)

Age (yr)

Group Tx     /     No Tx

Gender Male     /     Female

Dominant Ankle determined Yes     /     No

Dominant Ankle L     /     R

Consent Form Completed Yes     /     No

Beighton Hypermobility Scale completed Yes     /     No

Warm-up Completed Yes     /     No

Trial 1 Trial 2 Trial 3 Other Information

Ankle JPS All tests performed barefoot

Attached iPod device Yes     /     No

Instructed of procedure Yes     /     No Angles = 70°, 90°, 100°

Eyes closed Yes     /     No

Balance

Randomized Order Yes     /     No Order = _______, _______, _______, _______

Instructed on form Yes     /     No

Informed of stopping codes Yes     /     No Stopping codes:

Eyes Open Yes     /     No used arms (uncross)

Arms crossed over chest Yes     /     No used the raised foot (touch ground/leg)

Eyes focused on wall Yes     /     No moved weight-bearing foot to maintain balance

Left foot assessed Yes     /     No 10 seconds elapsed

Right foot assessed Yes     /     No opened eyes on EC trial

Eyes Closed Yes     /     No

Arms crossed over chest Yes     /     No

Left foot assessed Yes     /     No

Right foot assessed Yes     /     No

RFD

Demonstrated countermovement jump Yes     /     No Three practice jumps

Vertec adjusted to maximal height Yes     /     No

Reminder not to static stretch Yes     /     No

Verbal/visual encouragement with each jump Yes     /     No

Shoulder JPS

Attached iPod device Yes     /     No

Instructed of procedure Yes     /     No Angles = 70°, 90°, 110°

Eyes closed Yes     /     No

Ankle JPS, Balance, and RFD Check-off List

Exclude    /     Include

Injury History:

Comments

Subject # 

Soccer Activity:
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Appendix E. 

Structural Integration Sign-off Sheet 
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Session # Date Subjects' intials Rolfers' initials

1

2

3

4

5

6

7

8

9

10

Comments:

Structural Integration Sign-off Sheet

Subject # Rolfer: 
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Appendix F. 

Raw Data 
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Mean JPS Joint Replication Error 

Treatment Group: 

 
 

Control Group: 

 
 

Subject 3 not included in JPS statistics due to equipment malfunction 

 

 

 

  

Subject # Pre70 (°) Pre90 (°) Pre100 (°) Mid70 (°) Mid90 (°) Mid100 (°) Post70 (°) Post90 (°) Post100 (°)

1 1.80 1.90 1.05 0.87 0.57 1.60 1.53 0.77 1.63

2 0.23 4.6 0.97 3.33 1.37 2.03 5.13 1.83 1.60

4 1.40 2.50 1.17 6.33 6.47 2.17 6.90 1.30 2.23

5 6.93 6.93 4.50 3.07 3.13 2.50 3.60 2.23 1.03

8 1.73 2.03 5.17 4.43 2.77 2.80 3.03 2.57 4.13

9 4.07 2.23 7.20 2.23 1.40 2.50 6.23 1.70 2.63

14 3.73 3.53 2.00 4.67 2.20 2.03 1.45 1.20 3.93

15 9.30 1.73 3.80 2.63 5.43 2.10 2.13 2.40 2.70

20 3.43 3.90 0.77 2.30 0.90 2.87 1.37 2.80 2.47

Subject # Pre70 (°) Pre90 (°) Pre100 (°) Mid70 (°) Mid90 (°) Mid100 (°) Post70 (°) Post90 (°) Post100 (°)

6 4.00 2.07 0.90 3.60 4.17 1.90 5.63 0.50 1.63

7 3.83 6.60 2.25 3.83 6.57 4.17 3.83 1.50 1.20

10 3.63 1.83 0.90 5.13 4.33 1.43 5.93 2.17 1.23

11 3.97 4.07 0.77 5.93 2.27 0.70 8.80 2.70 1.37

12 3.20 2.90 7.20 4.60 5.63 0.93 4.40 1.47 0.00

13 3.90 3.00 0.37 7.63 0.93 2.00 5.73 2.93 2.40

16 3.60 3.77 3.03 4.93 3.53 0.93 1.87 1.87 3.47

17 9.35 4.57 2.57 6.80 6.47 1.53 6.67 6.75 2.27

18 3.03 1.73 1.70 1.43 1.30 0.37 3.47 1.77 1.23

19 2.00 3.20 0.40 2.83 1.80 2.37 1.57 1.10 1.73
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Mean COPx Excursion Pre-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

 

 

 

 

 

 

 

Subject ECLpre (m) ECRpre (m) EOLpre (m) EORpre (m)

1 0.04407 0.04245 0.02520 0.02177

2 0.08940 0.07318 0.03000 0.03390

3 0.05017 0.03633 0.02748 0.04309

4 0.07172 0.08487 0.03523 0.03815

5 0.05639 0.05528 0.03493 0.01548

8 0.00914 0.00613 0.00314 0.00346

9 0.06567 0.05956 0.03183 0.06894

14 0.00703 0.00590 0.00341 0.00179

15 0.08386 0.02370 0.03239 0.03163

20 0.07135 0.08235 0.02715 0.04061

Subject ECLpre (m) ECRpre (m) EOLpre (m) EORpre (m)

6 0.06020 0.06378 0.03330 0.03102

7 0.10233 0.04081 0.02522 0.02530

10 0.04218 0.08036 0.02126 0.03166

11 0.03077 0.04553 0.01960 0.01744

12 0.12407 0.21556 0.02741 0.01754

13 0.06132 0.05536 0.02909 0.03397

16 0.04186 0.07028 0.03013 0.02887

17 0.07324 0.02100 0.02672 0.02855

18 0.03902 0.03718 0.02779 0.02342

19 0.10123 0.04815 0.03177 0.02117
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Mean COPx Excursion Mid-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

 

 

 

 

 

 

 

Subject ECLmid (m) ECRmid (m) EOLmid (m) EORmid (m)

1 0.00523 0.01076 0.00210 0.00325

2 0.01010 0.00574 0.00454 0.00209

3 0.00731 0.00734 0.00210 0.00534

4 0.00779 0.00610 0.00276 0.00440

5 0.00455 0.00259 0.00252 0.00210

8 0.00863 0.00724 0.00305 0.00256

9 0.00574 0.00780 0.00410 0.00392

14 0.00778 0.00668 0.00333 0.00350

15 0.04295 0.04534 0.02193 0.02981

20 0.01140 0.00851 0.00341 0.00747

Subject ECLmid (m) ECRmid (m) EOLmid (m) EORmid (m)

6 0.00592 0.00668 0.00380 0.00343

7 0.00716 0.00826 0.00501 0.00578

10 0.00891 0.00328 0.00239 0.00306

11 0.00648 0.00597 0.00204 0.00298

12 0.00698 0.00642 0.00489 0.00395

13 0.00606 0.00703 0.00245 0.00143

16 0.00274 0.00220 0.00352 0.00337

17 0.00437 0.00577 0.00223 0.00300

18 0.00407 0.00261 0.00305 0.00155

19 0.00710 0.00580 0.00385 0.00204
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Mean COPx Excursion Post-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

  

Subject ECLpost (m) ECRpost (m) EOLpost (m) EORpost (m)

1 0.00784 0.00757 0.00468 0.00264

2 0.00850 0.01148 0.00340 0.00511

3 0.00529 0.00877 0.00379 0.00314

4 0.01002 0.01221 0.00201 0.00421

5 0.00597 0.00667 0.00288 0.00241

8 0.00702 0.00692 0.00281 0.00213

9 0.00731 0.00937 0.00398 0.00598

14 0.00942 0.00443 0.00262 0.00427

15 0.00791 0.00791 0.00376 0.00209

20 0.01159 0.01119 0.00569 0.00417

Subject ECLpost (m) ECRpost (m) EOLpost (m) EORpost (m)

6 0.00750 0.00852 0.00491 0.00462

7 0.00789 0.00897 0.00259 0.00217

10 0.00744 0.01268 0.00337 0.00253

11 0.00836 0.00321 0.00228 0.00342

12 0.00742 0.01416 0.00611 0.00432

13 0.00751 0.00613 0.00200 0.00313

16 0.00957 0.00616 0.00258 0.00269

17 0.00882 0.00703 0.00384 0.00304

18 0.00631 0.00442 0.00236 0.00170

19 0.00767 0.00719 0.00333 0.00428
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Mean COPy Excursion Pre-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

  

Subject ECLpre (m) ECRpre (m) EOLpre (m) EORpre (m)

1 0.12131 0.04794 0.03513 0.04629

2 0.26654 0.14754 0.09718 0.07832

3 0.07722 0.05827 0.03018 0.02687

4 0.09494 0.14429 0.05766 0.03642

5 0.06605 0.04321 0.06882 0.05449

8 0.03586 0.01425 0.00767 0.00463

9 0.08417 0.08202 0.09619 0.06337

14 0.00920 0.00852 0.00758 0.00658

15 0.15534 0.13148 0.05880 0.03430

20 0.03373 0.12667 0.03816 0.04776

Subject ECLpre (m) ECRpre (m) EOLpre (m) EORpre (m)

6 0.14554 0.05908 0.06604 0.10374

7 0.08221 0.06066 0.03733 0.02049

10 0.03736 0.22753 0.03844 0.03592

11 0.06211 0.12143 0.02541 0.06276

12 0.22447 0.19512 0.05663 0.03174

13 0.08532 0.06859 0.03712 0.06806

16 0.07873 0.10122 0.02339 0.06153

17 0.12933 0.71439 0.09170 0.05368

18 0.12490 0.11135 0.06105 0.04591

19 0.08619 0.07097 0.04872 0.03174
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Mean COPy Excursion Mid-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

  

Subject ECLmid (m) ECRmid (m) EOLmid (m) EORmid (m)

1 0.00746 0.00920 0.00427 0.00872

2 0.01598 0.01580 0.00821 0.00535

3 0.00586 0.01486 0.00358 0.00472

4 0.00617 0.01001 0.00445 0.00325

5 0.00763 0.00762 0.00356 0.00546

8 0.01341 0.01894 0.00537 0.01018

9 0.00948 0.00530 0.01050 0.00284

14 0.00958 0.00459 0.00362 0.00282

15 0.11496 0.06266 0.02698 0.04769

20 0.02870 0.00845 0.00793 0.01822

Subject ECLmid (m) ECRmid (m) EOLmid (m) EORmid (m)

6 0.00783 0.01025 0.00878 0.00490

7 0.01106 0.01722 0.00347 0.00463

10 0.00898 0.01401 0.00203 0.00303

11 0.00623 0.01096 0.00806 0.01003

12 0.01888 0.01751 0.00489 0.00432

13 0.00397 0.00417 0.00281 0.00385

16 0.00957 0.01161 0.01067 0.00516

17 0.02589 0.01298 0.00274 0.00421

18 0.00495 0.00416 0.00404 0.00461

19 0.00933 0.00847 0.00449 0.00592
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Mean COPy Excursion Post-data 

 

Treatment Group: 

 
 

Control Group: 

 
ECL = Eyes closed on left foot, ECR = Eyes closed on right foot, EOL = Eyes open on left 

foot, EOR = Eyes open on right foot 

  

Subject ECLpost (m) ECRpost (m) EOLpost (m) EORpost (m)

1 0.00772 0.00555 0.00267 0.00217

2 0.00912 0.00728 0.00332 0.00360

3 0.00559 0.00887 0.00358 0.00269

4 0.00864 0.01207 0.00215 0.00239

5 0.00718 0.00501 0.00246 0.00340

8 0.00766 0.00308 0.00173 0.00163

9 0.00577 0.00882 0.00516 0.00374

14 0.00597 0.00444 0.00222 0.00230

15 0.00624 0.00668 0.00161 0.00180

20 0.01058 0.00996 0.00339 0.00459

Subject ECLpost (m) ECRpost (m) EOLpost (m) EORpost (m)

6 0.00984 0.00645 0.00391 0.00242

7 0.00463 0.00441 0.00222 0.00378

10 0.00821 0.01419 0.00223 0.00218

11 0.00691 0.00385 0.00270 0.00279

12 0.01032 0.00907 0.00506 0.00252

13 0.00763 0.00633 0.00275 0.00260

16 0.00970 0.00583 0.00303 0.00414

17 0.00511 0.00708 0.00279 0.00364

18 0.00642 0.00335 0.00299 0.00216

19 0.00793 0.00623 0.00314 0.00357



89 

 

 

 

 

Appendix G. 

SPSS Statistical Analysis Output 

  



 

JPS Error Statistical Data: 
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JPS Angle x Group T-test 
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COPx Excursion Statistical Data:
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Excursion Statistical Data: 
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COPy Excursion Statistical Data:
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Excursion Statistical Data: 
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