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Lateral ankle sprains are the most common orthopedic injury in the United States.  More 

than 70% of people who sprain their ankle will have a recurrent episode and about 50% will 

develop ankle instability.  This disability decreases quality of life by limiting the activities that 

individuals can perform comfortably and with confidence.  However, it is unclear why some 

people can inherently compensate or cope (copers) and others cannot (non-copers).  This 

investigation explored structural and functional adaptations among copers and non-copers to 

determine how those adaptations might influence symptomatic response and performance based 

clinical tests.  Specifically, we examined the structural (fibula position relative to the tibia and 

ligament stiffness) as well as functional adaptations (static and dynamic postural control) among 

the two patient populations and a control group.  A total of 72 subjects were recruited (24 in each 

patient group and 24 healthy controls) and underwent a series of lateral radiographic (x-ray) 

images and a joint stiffness test of both the right and left ankle followed by a static and dynamic 

balance test.  The results indicated that non-copers had significantly increased disability as 

shown by the FADI, FADI Sport, and SRQAF.  Similarly, both copers and non-copers had 

increased joint stiffness when compared to healthy controls.  In addition, differences in static and 
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dynamic postural stability were revealed.  However, the secondary variables examined in this 

investigation appear to have little influence on the primary outcome variables.  However, none of 

the performance based clinical tests or secondary variables related to the inclusionary criteria or 

self-report symptoms of disability, which indicates the need to reexamine the variables that we 

have based our ankle instability research on. 
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CHAPTER 1 
INTRODUCTION 

Background and Significance 

Lateral ankle sprains are a common injury with an incredible incidence of 25,000 daily in 

the US1,2 and a recurrence rate greater than 70%.3  Treatment costs have been shown to exceed 3 

billion dollars on an annual basis4 and 40-75%3 develop chronic ankle instability.  Chronic ankle 

instability has been defined as ligamentous laxity, altered proprioception, altered muscular 

function, and complaints of the ankle giving way, but most importantly has been shown to lead 

to a recurring cycle of instability and microtrauma to the joint.5,6  The development of ankle 

instability in such a large percentage of individuals is alarming given that ankle instability is a 

known risk factor for secondary osteoarthritis; recurrent sprains compromise the repair of the 

articular surface of the talus and increase the risk of progressive degeneration of the joint.7,8  

Despite the impairments illustrated, the remaining 25-60% can maintain high level activities 

(jumping, cutting), experiencing neither instability nor loss of function despite a previous history 

of lateral ankle sprain(s).  This group is thought to be similar to the small percentage of 

individuals who can maintain high-level activities after ACL injury,9-12 because they have an 

intrinsic or rapidly developed coping mechanism that is thought to limit the structural and/or 

functional adaptations caused by trauma. 

Several investigators have identified structural and functional differences between healthy 

and chronic ankle instability subjects (non-copers).  Structurally, a mal-positioned fibula13-18 may 

limit accessory motions causing a cascade of events such as: altered joint arthrokinematics, 

abnormal physiologic motions, distorted state of ligamentous structures, and altered joint 

function.19  While speculative, the seriousness of mechanical adaptations warrants further 

investigation.  A functional adaptation may be impaired postural control20 which may manifest 
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itself as impaired proprioception, movement patterns, muscle activation, and balance.21-25  Since 

it is hypothesized that copers function as if their ligaments were not damaged, it is thought that 

copers will not suffer postural control impairments, which previous research has shown does 

occur in individuals with ankle instability (non-copers).26 

These speculated adaptations may decrease the body’s dependence on the use of muscular 

stability and peripheral receptors about the ankle, possibly predisposing those individuals to 

increased risk of reinjury.  While application of this theory to the ankle is new, previous 

investigations support the idea that these adaptations can be limited by a coping mechanism.25-27  

Therefore, this investigation assessed subjective and objective clinical outcomes and measures in 

two patient populations (copers, non-copers) and compared that data to a healthy control group.  

The secondary objective was to determine how structural and functional adaptations (i.e. fibula 

position, ligament stiffness, dynamic postural control and static postural control) might influence 

self-reported symptoms and performance based clinical test scores.  Our findings will help 

elucidate the mechanisms of ankle instability following a lateral ankle sprain and may lead to 

effective early interventions that will prevent ankle instability (Figure 1-1). 

Specific Aims 

Primary Aim 

To determine symptomatic responses and performance based clinical test scores of two 

patient populations (copers, non-copers) as compared to a healthy control group based upon their 

current ankle instability status as determined by the inclusion criteria.  Group differences among 

the symptomatic (self-reported pain and function) and performance based clinical tests of a 

single test session were examined to determine if ankle instability status affects disability. 
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Primary Hypothesis 

Non-copers would be associated with increased symptoms and worse performance based 

clinical test scores (functional impairment) when compared to copers and healthy controls.  

Copers would be associated with symptoms and performance based clinical test scores similar to 

those of the healthy controls.    

Secondary Aims 

To determine the magnitude of structural and functional adaptations secondary to ankle 

injury and instability.  Group differences among fibular position, joint stiffness, dynamic 

postural control and static postural control were examined.  In addition, how the secondary 

outcome variables might influence symptomatic response and performance based clinical test 

scores among the experimental groups was also evaluated. 

Secondary Hypothesis 

Non-copers would be associated with a mal-positioned fibula (anteriorly positioned), 

decreased joint stiffness, worse dynamic postural control (increased scores), and an impaired 

postural control (increased sway) leading to increased symptoms and functional impairment as 

compared to copers and healthy control subjects.  Copers would be associated with fibula 

positioning, joint stiffness, dynamic postural control and static postural control values similar to 

healthy controls. 

Tertiary Aims 

To determine the reliability of the primary and select secondary outcome variables, and to 

examine the relationships between the dependent variables.  In addition, we examined if our 

primary and/or secondary variables could be used as inclusionary criteria in future investigations.  

Intersession ICC values were calculated for reliability, and correlation values were determined to 

examine the strength of the relationships between the inclusionary criteria, primary and 
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secondary outcome variables.  Finally, independent linear step-wise multiple regression analyses 

were conducted to determine if our dependent variables could be potential inclusionary criteria 

for future investigations.   

Tertiary Hypothesis 

Reliability of the selected variables would range from good to excellent and subsets of the 

dependent variables would be highly correlated with each other.  It is also hypothesized that the 

self-report questionnaires of ankle disability and static postural control variables could be used as 

future inclusionary criteria. 

 

Figure 1-1. This experimental paradigm indicates how an individual with a coping mechanism 
can return to proper function without the chance for reinjury.  It also illustrates how 
there are several potential adaptations that may occur and are unknown at this time. 
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CHAPTER 2 
LITERATURE REVIEW 

Introduction 

The ankle uses both static and dynamic restraints to maintain joint stability.28  However, 

high joint forces imparted on the ankle during sports activities often exceed the physiologic 

limits of the static stabilizers.5,29  Due to the lack of bony congruence and the inability of the 

static restraints to handle these forces, the ankle is forced to rely on dynamic restraining 

mechanisms (Figure 2-1). 

The sensorimotor system maintains joint stability through a complex relationship between 

the static and dynamic restraints, and these restraints are controlled by the peripheral 

mechanoreceptors.30,31  In addition, the effectiveness of dynamic restraints are dependent on the 

success of feedforward and feedback neuromuscular control via afferent information and efferent 

motor responses.30  Researchers suggest that increased muscular stiffness, a product of the 

efferent motor response during functional tasks, provides greater joint stability and protection 

against joint injury.31  Both preparatory and reactive activities of the lower extremity 

musculature help to regulate this stiffness,32 which is responsible for determining the load and 

actual stability of the joint.28  

Epidemiology 

The ability to maintain dynamic joint stability is extremely important as injuries to the 

ankle can occur in any activity of daily living and athletic events because total body weight is 

transmitted in series through the joints of the lower extremity during simple ambulation.  Injuries 

to the ankle joint are among the most common in athletics and are most prevalent in sports 

requiring cutting and jumping maneuvers such as volleyball, football, soccer and basketball.33-35  

The majority of lateral ankle sprains are non-contact in nature caused by sudden inversion forces 

16 



 

that are often combined with plantar flexion and result in the stretching or tearing of the peroneal 

muscles and/or the stabilizing ligaments.  While considered relatively “minor” injuries, ankle 

sprains can result in a great deal of missed athletic participation and cause a tremendous financial 

burden.   

Lateral ankle sprains occur at a rate of 5,000 a day in the United Kingdom1 and between 

23,000 and 27,000 a day in the United States.1,2  Based on a 1983 investigation, it was estimated 

that moderate to severe ankle sprains in the United States alone cost approximately $2 billion in 

health care costs.36  Obsorne and Rizzo4 then accounted for inflation in 2003 and found this 

figure to equal $3.65 billion in health care costs.  However, 55% of individuals suffering a lateral 

ankle sprain may not seek treatment from a health care professional37-38 thus the actual incidence 

of lateral ankle sprains could be vastly underestimated.   

Ankle Instability 

Previous investigations have reported that recurrence rates for lateral ankle sprains have 

exceeded 70%.39  In addition, about 40-75% of individuals suffering from a lateral ankle sprain 

will develop residual symptoms.3,40,41  Frequently, lateral ankle sprains cause a loss of ankle joint 

stability, altered proprioception, altered muscular function and complaints of the ankle giving 

way.5  A combination of these symptoms operationally define ankle instability (AI): a) 

mechanical and b) functional.42  While two types of instability have been coined, these 

instabilities are most likely not mutually exclusive but rather form a continuum of pathologic 

contributions.5  Previous researchers have found that functional and mechanical instability are 

associated with each other 42% and 36% of the time respectively.43  Additional research has 

shown that individuals reporting functional ankle instability also demonstrate ligamentous 

laxity.44   
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The causal factors of these adaptations are still unknown, but several theories have been 

proposed.  For example, returning athletes to play as quickly as possible (potentially too quickly) 

overlooks symptoms such as arthogenic muscle inhibition.45  By overlooking symptoms, the 

clinicians may be starting a vicious cycle of chronic injuries and/or permanent disability, 

including osteoarthritis.  Osteoarthritis (OA) is the most common joint disease and is among the 

most frequent and symptomatic health problems for active adults.46  While OA can occur in any 

joint, the ankle is extremely susceptible to developing secondary OA, caused by a history of joint 

injuries.  The current evidence indicates that acute joint injury is chondrocyte destructive47, and 

that posttraumatic instability compromises the repair of the articular surface and increases the 

risk of progressive degeneration of articular cartilage.8   

Structural Adaptations 

One detrimental effect of AI is that it can lead to abnormal ankle mechanics such as 

hypermobility or hypomobility.48  Previous investigations have reported increased laxity at both 

the talocrural and subtalar joints in individuals with AI49-51 while others have failed to reveal 

differences between groups.14,43,52  Methodological differences and lack of sufficient empirical 

data contribute to the controversy and apparent disinterest by researchers.  

The vast majority of AI research has focused on functional deficiencies, such as 

proprioception, strength, and balance.  This focus suggests that mechanical adaptations (i.e., mal-

positioned fibula) do not contribute to AI; however, to move through full physiologic motion, 

proper arthrokinematic motions are needed, of which many are accessory motions that cannot be 

voluntarily produced.48  While still unknown, a mal-positioned fibula may limit accessory 

motions causing a cascade of events such as: altered joint arthrokinematics, abnormal 

physiologic motions, distorted state of ligamentous structures, and altered joint function.48  

While speculative, the seriousness of mechanical adaptations warrants further investigation. 
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Mulligan53 first proposed that some individuals diagnosed with lateral ankle sprains 

experience an anterior positional fault of the distal fibula relative to the tibia.  According to 

Mulligan,53 when the foot is inverted past its normal range, the fibula is pulled forward on the 

tibia at the inferior tibiofibular joint, and causes a mal-positioned fibula at the joint.  Since the 

original hypothesis, several studies have examined mal-positioned fibula in subjects with 

AI.13,14,16-18  Kavanagh16 began a series of investigations to determine if a greater range of 

anterior/posterior movement existed at the distal fibula compared to the uninjured ankle.  The 

results illustrate a significantly greater amount of movement in one third of the subjects, which 

Kavanagh believed supported Mulligan’s hypothesis of a mal-positioned fibula in some 

subjects.16  However, a sample of 6 acutely injured subjects is small, and only 2 of the six had 

greater movement per unit force.  With only 2 subjects demonstrating increased movement it is 

impossible to generalize these results.   

Mavi et al.17 used a more objective form of measurement (MRI) on eighteen subjects with 

recurrent ankle sprains and found a significant difference between the injured and control group 

males.  The results show an anteriorly positioned fibula in the injured subjects with a mean 

distance for the male control group of 14.3 mm, and 11.8 mm for the injured group (a smaller 

distance indicates anterior position, as shown in figure 2-2.17  A more direct measure was 

conducted by Ebraheim et al.54  who used CT scans on 20 cadaver lower limbs and noted a mean 

distance of 17.40 mm.54  The large difference in means illustrates the limitation of not 

controlling for the size of the tibia.   

The most recent investigation found significant group differences between healthy and AI 

subjects.15  Specifically, 12 of 19 subjects had a more anteriorly positioned fibula in their injured 

ankle compared to the contralateral limb.  These findings support the original hypothesis 
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proposed by Mulligan, that some but not all individuals will develop an anteriorly positioned 

fibula.53   

Adding to the controversy of mal-positioned fibula are the results of three recent 

investigations that reported posteriorly positioned fibulas.13,14,18  Eren et al.14 prospectively 

examined the position of the fibula after acute inversion ankle sprains with CAT scans and the 

axial malleolar index.  The mean malleolar index of the injured group was +11.5, compared with 

+5.85 of the control group, indicating statistical significance and posterior positioned fibula.  

However, Scranton et al.18 reported a posteriorly positioned fibula in subjects with unstable 

ankles and Berkowitz and Kim13 reported a posteriorly positioned fibula in subjects undergoing 

lateral ankle stabilization procedures.   

The differences in the aforementioned studies and the studies that have reported an anterior 

fibular position are in the measurement techniques.  Mavi et al.17 and Hubbard et al.15 examined 

the position of the fibula in direct relation to the tibia in the sagittal plane.  The distance between 

the anterior borders of the distal fibula and tibia were used.  Berkowitz and Kim13, Eren et al.14, 

and Scranton et al.18 measured the relationship in a transverse plane at the talocrural joint.  The 

major limitation of this measurement is that it is based on the position of the talus.  Previous 

research has reported the talus to be anteriorly displaced after an ankle sprain,19,55 therefore 

masking an anteriorly positioned talus as a posteriorly positioned fibula.  The methodology of 

Mavi et al.17 and Hubbard et al.15 included measuring fibular position in relation to the tibia 

without consideration of talar position, which may explain the different results.     

Two speculative hypotheses have been presented to explain mal-positioned fibula.  

Acutely, fibular position (posterior) may be maintained by the effusion accompanying soft tissue 

injury.16  Although effusion dissipates rather quickly in most ankle sprains, in some it can persist 
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for days to weeks despite treatment.  Chronically, the anterior position may be maintained by 

changes in muscle tone mediated through the gamma motorneuron system.  The altered afferent 

input from musculotendinous and ligamentous mechanoreceptors may contribute as the input and 

may affect the gamma motor neuron output to the peroneals or other musculature.  Figure 2-3 

illustrates the paradigm explaining the potential mechanisms for altered fibular position that may 

occur after lateral ankle sprain.  However, it is still unknown if repetitive ankle sprains caused 

the anterior fibular position or if the position was a predisposing factor to injury.    

Functional Adaptations 

Several researchers have examined functional adaptations in AI subjects as well.  For 

example, AI patients have demonstrated significantly worse active joint reposition sense when 

compared to healthy controls.  Similarly, EMG activity and kinematic alterations have also been 

noted in AI subjects.  Specifically, Caulfied et al.22 indicated reduced preparatory muscle 

activity, while Brown et al.21 detected reduced reactive EMG and a trend towards reduced 

preparatory EMG activity during a jump landing.  In addition, kinematic analysis has also 

revealed that AI subjects have significantly more dorsiflexion before and after a single leg jump 

landing.23  Similarly, it was found that AI subjects have altered ankle ossicilation while standing 

on their toes as compared to a healthy control group.56  However, strength deficits are not 

correlated with AI.57   

Postural control in subjects with CAI has also been investigated extensively and alterations 

on both stable and unstable platforms have been found.43,51,58-60  While no bilateral differences 

were found in center of pressure measurements between healthy and unstable ankles of soccer 

players, the authors did find that when compared to a healthy reference group, the injured group 

had significantly greater center of pressure excursions.61  Researchers have speculated that 

neuromuscular deficits associated with ankle instability might be responsible for impairing 
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postural stability.62-68  Most recently, dynamic postural stability deficits have been observed 

between healthy and AI groups.21,24,69,70  However, no relationship between static (COP) and 

dynamic (Star Excursion Balance Test and single leg hop stabilization tests) measurements of 

postural sway have been found.71  A possible reason for this can be found in the type of 

mechanoreceptor that these protocols stimulate.  Center of Pressure scores, measured in a static 

leg stance are dependent not only on visual and vestibular information but information from the 

slow-adapting mechanoreceptors as well.  However, dynamic joint stability tests are functional 

and stimulate the fast-adapting mechanoreceptors of the lower extremity, thus testing the 

sensitivity of different mechanoreceptors.  Again, it is not known if AI causes these deficits or if 

AI is developed by the damage done during the initial traumatic event.   

The Coping Mechanism 

Traditionally, the individuals with AI have been compared to healthy subjects, with few 

investigations giving consideration to how well patients compensate after injury.  Most authors 

would agree that measurable disturbances exist in the face of AI; however there is no consensus 

about why only some patients develop AI.  The most relevant and important question is why the 

reinjury rate is 70% and why 40-75% develop AI.3,40,41  While no causal factor(s) for AI have 

been identified, the AI consortium has recently proposed that a small percentage (copers) do not 

develop AI because of an inherent or rapidly developing mechanism.  When using an ACL 

model, copers function as if their ligaments were not damaged.  We anticipate that ankle copers 

will act similarly and their behaviors will closely resemble those of healthy subjects.   

In an ACL model, investigators have compared copers to non-copers during various tasks 

from quiet stance to walking and jogging.  The results suggest that non-copers exhibited 

strategies during gait11,72 and stance9,73 that illustrate a potential contribution to knee instability.  

In addition, copers had significantly higher functional knee scores.9,11  This “stiffening strategy” 

22 



 

is hypothesized to exist to reduce anterior tibial translation, but appears to be too extreme to 

maintain normal function.9  The authors speculated that a stiffening strategy of non-copers 

mentioned in previous studies11 would decrease joint integrity over long term use.  In a recent 

review, clinicians and researchers were shown how and which patients (copers) would be better 

candidates for conservative non-operative rehabilitation after an acute ACL rupture10 and that 

potential copers can enhance their coping mechanism with perturbation training.74,75  

It is believed this model can and should be applied to the ankle and AI.  The model 

suggests that after a lateral ankle sprain, some individuals will develop a mechanism of 

compensation for the damaged ligaments (copers) and thus be less likely to develop AI.  

Conversely, some individuals won’t be able to cope and were more likely to develop AI.  While 

this idea is new to the ankle, previous reports support its basis, although unintentionally, and a 

recent investigation was the first to compare an AI group to a “coper” group.76   

Specifically, individuals with a history of repetitive ankle sprains that did not show signs 

of AI had no deficits in proprioception.25  In addition, no bilateral differences in center of 

pressure measurements between the uninvolved and contralateral unstable ankles were found in 

soccer players.61  Instead, when compared to a healthy reference group, the injured group had 

significantly greater center of pressure excursions on both the involved and uninvolved limb.  

This investigation indicates that AI can affect the postural control system at a level high enough 

to affect both limbs27 suggesting that the postural control strategy has been changed.  Most 

recently, Brown et al.76 noted altered landing kinematics and ground reaction force loading in the 

AI group when compared to a group of “copers”.  The authors suggested that this most likely 

indicated a compensatory landing pattern.  It is believed that the non-copers will instinctively 
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alter their postural control strategy or have some other adaptation, which over time may alter 

their motor control and predispose them to reinjury (Figure 1-1).   

Outcomes 

Despite the empirical evidence collected over the past 40+ years since Freeman42 first 

introduced AI, little has been done to improve the outcomes of those with AI.  Ankle instability 

is still predominantly diagnosed subjectively and little is known about how to improve 

performance based clinical tests and reduce symptoms.  Evidence suggests that bracing and 

balance training will improve balance but does not address quality of life.  The examination of 

how outcomes (symptomatic response and performance based clinical tests) are affected by the 

observed adaptations seen will provide baseline data and hopefully infer new ways to improve 

the quality of life for those with AI.   

Performance based clinical tests assess multiple systems of the sensorimotor system, 

including neuromuscular control, joint stability, and muscular strength.  These tests have a strong 

clinical relevance because of their use in the later phases of rehabilitation.  Several investigators 

have examined the sensitivity of performance based clinical tests using a knee model77,78 but 

only recently have the same tasks been applied to the ankle.79-81  The most common are the 

single leg hop for distance, triple hop for distance, triple hop cross over test, timed hop, and 

shuttle run.80-85  The hop tests (single leg hop for distance, triple hop for distance, timed hop and 

cross over hop test) have been shown to have good reliablility.83  However, despite the 

reliability, detecting group differences in pathological populations has produced mixed results.  

For example, Nadler et al. failed to find group differences when using a shuttle run between 

healthy and those with a previous lower extremity injury.82  However, Itoh et al.86 indicated that 

a deficit in at least one of four functional tests used (figure-8, side hop, up-down hop, and single 

hop for distance) could identify 82% of ACL deficient knees.  A similar investigation used the 
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same four functional tests and indicated that 76% of the AI subjects reported feeling unstable in 

at least one the functional tests.78  In addition, the authors found that the figure-8 and side hop 

test were able to detect group differences, and attributed the detection to the stressing of the 

lateral structures.  If additional investigations can confirm the ability of these performance based 

clinical tests to detect group differences, then these tests would provide a timely and efficient 

tool to objectively evaluate intervention protocols designed to improve quality of life for those 

with AI. 

In addition to performance based clinical tests, subjective reports of function/disability are 

becoming critical measures for health care practitioners.87  These measures allow clinicians to 

assess changes in functional limitations and disabilities after injury and clinical interventions.  

Many of theses subjective reports are general health models and therefore have limitations when 

applied to an athletic population.  Therefore, many researchers have developed their own scales 

and questionnaires in an effort to minimize the limitations.  For example, Hubbard and Kaminski 

developed a questionnaire that established the criteria for AI as each subject having subjective 

sensations of weakness, and episodes of giving way during daily activity.88  In addition, the 

Ankle Joint Functional Assessment Tool (AJFAT) has been used as a criterion for subject 

classification.70,89,90  In addition, the AJFAT questionnaire along with the number of ankle 

sprains were predictors of group membership (healthy and FAI) in a study conducted by Ross.90  

The AJFAT and number of sprains combined illustrated sensitivity and specificity probabilities 

of 96 and 100% respectively.  Similarly, the Self-Report Questionnaire for Ankle Function was 

used to help identify functional deficits in subjects with AI.81,91  In all cases, the questionnaires 

were clinically useful as they successfully distinguished between groups of healthy subjects and 

those with functional deficits in proprioception, and dynamic postural stability.24,70,88,91   
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The most used self report questionnaire for the ankle is the Foot and Ankle Disability 

Index (FADI) and its sport counterpart (FADI-sport).  These reports have been shown to be 

reliable in detecting functional limitations in subjects with AI, sensitive to differences between 

healthy subjects and subjects with AI, and responsive to improvements in function after 

rehabilitation in subjects with AI.92  But little other information is available to apply towards 

individuals wanting to improve their quality of life. 

In addition to using self report questionnaires of disability, a new questionnaire regarding 

patient fear of reinjury has been developed.  Psychological responses always occur as a result of 

injury and may result in an increased fear or return to activity or a decrease in performance 

because of a fear of reinjury.93  Such a fear may be a driving force behind the potential functional 

(neuromuscular) adaptations that have been suggested to cause AI.  The Tampa Scale for 

Kinesiophobia (TSK) was initially developed for patients with low back pain and has been 

examined multiple times within patients with chronic pain for musculoskeletal injuries.94  The 

TSK, a seventeen statement questionnaire as well as an abridged (11 statement) version have 

been shown to have a high internal consistency (r=0.76 and .79 respectively), and are precise 

measures (SEM= 3.26 and 2.54 respectively) when dealing with chronic low back pain.95  In 

addition, the TSK, which is a 68 point scale questionnaire has indicated that a negative 

correlation was noted between knee-related quality of life and a fear of reinjury in patients after 

an ACL reconstruction.96   

Summary 

After 40 years of research, the exact cause of AI is still unknown.  We have identified 

numerous deficiencies and developed interventions to minimize those deficiencies but the 

incidence and recurrence rate is still extremely high.  It is hoped that by taking a new direction 
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by examining copers and non-copers, we were able to shed new light on the cause(s) of AI and 

provide more information about how to improve function and reduce the symptoms of AI. 
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Figure 2-1. Joint stability is the cumulative result of the sensorimotor system working effectively.  

More specifically, joint stability is the result of the afferent information (dotted lines) 
from the somatosensory system (peripheral feedback), integration of feedback from 
the somatosensory (and other sensorimotor system components) and the efferent 
response (solid lines) regulated by an individual’s neuromuscular control. 
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Figure 2-2. The potential mechanisms for altered fibular position that may occur after lateral 
ankle sprain according to Hubbard. 
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CHAPTER 3 
MATERIALS AND ANALYTIC PLAN 

Experimental Design 

This study was a single blind case control, among groups design that assessed subjective 

and objective outcomes thought to be caused by ankle instability.  Each subject was required to 

attend a single test session where they completed self-report questionnaires and participated in 

clinical tests, diagnostic imaging and a postural stability test.  Using the data and analytic plan 

outlined in the next sections enabled us to determine the role that structural and functional 

adaptations play in ankle impairment and outcome.  The primary outcomes for this investigation 

were the (1) symptomatic response as reported by the patient using ankle stability questionnaires, 

and (2) performance based clinical test scores.  Our secondary outcomes were the (1) structural 

adaptations due to injury (fibula position, joint stiffness), (2) functional adaptation due to injury 

(dynamic postural control and static postural control), and (3) how these variables might 

influence the primary outcomes.  Our tertiary outcomes were the (1) reliability of the primary 

outcomes and selected secondary outcomes, and (2) relationships among our inclusion criteria 

and outcome variables. 

Subjects 

We examined structural and functional adaptations as well as symptomatic response and 

performance based clinical test scores in 72 subjects.  Subjects were evenly split into two patient 

population groups (coper, non-coper) and a healthy control group.  This sample size was 

determined by a priori power analyses of the primary aims.  Effects sizes were determined from 

control and experimental group means from previous research and the larger standard deviation 

between those groups for a more conservative estimate.  Alpha was set at .05 and Beta at .80 for 

all estimates. 
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Power Analysis 

Primary outcomes 

• Symptomatic response effect sizes were found to range from 1.02 (involved to 
contralateral limb on the Foot and Ankle Disability Index) to 1.59 (involved to matched 
control on the Foot and Ankle Disability Index Sport).92  A total sample size of 24 subjects 
is needed to determine group differences based on the effect size of 1.02.  

• Performance based clinical test effect sizes ranged from .08 (healthy to mildly unstable on 
a side hop test) to .87 (healthy to severely unstable on a figure 8 hop test).79  Total sample 
size ranged from 2010 to 24 respectively.  

Secondary outcomes 

• Fibular Position effect sizes ranged from .39 (involved to matched control) to .73 (involved 
to contralateral limb).15  Total sample size ranged from 96 to 36 total subjects respectively.   

• No effect sizes for postural control strategy can be calculated as no similar data have been 
collected. 

All subjects regardless of group classification were between the ages of 18-35 and without 

history of head or acute lower extremity injury within the past three months.  All coper and non-

coper subjects had a history of at least one moderate to severe ankle sprain that required acute 

care such as immobilization, ice, etc. as determined by the initial inclusion questionnaire 

(modified from Hubbard and Kaminski).88 

Inclusion criteria for the coper group requires that subjects resumed all pre-injury activity 

without limitation for at least 12 months and scored higher than 24 on the Ankle Joint Functional 

Assessment Tool (AJFAT).  Recruitment difficulties allowed a few copers to experience a single 

reinjury but all pre-injury activity was resumed without limitation for at least 6 months from the 

recurrent episode and AJFAT scores were still higher than 24.  This score was not arbitrarily 

chosen, but rather was based on previous studies that noted clinical deficits being consistently 

present in subjects who score 24 or less70 (96% sensitive and 100% specific for FAI group 

membership).90  Non-copers were operationally defined as having chronic ankle instability.  The 
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modified Hubbard and Kaminiski88 questionnaire showed that non-copers had a history of at 

least one moderate to severe ankle sprain that required acute care such as immobilization, ice, 

etc. and had at least 1 recurrent sprain within six months of testing as well as a score of 20 or less 

on the AJFAT.  Subjects were recruited by flyers posted on campus as well as through classroom 

recruitment visits made by the primary investigator. 

Data Management 

The primary investigator screened all subjects and placed them into the coper, non-coper, 

or healthy control group.  The research assistant (blinded to the subject’s patient category) 

generated a random four digit number for each subject (to which the primary investigator was 

also blinded) prior to taking each subject through the data collection procedure.  The data 

collection procedure was conducted by the research assistant who was also responsible for data 

entry for all measurements with the exception of fibula position (completed by the research 

assistant and the primary investigator).  The primary investigator measured fibula position after 

all other data were collected to minimize bias.  Data analysis occurred after the primary 

investigator and research assistant cross referenced their subject lists.   

Methods for Primary and Secondary Aims 

Primary Outcome Measures 

Ankle symptoms and functional ability were evaluated using a combination of self-report 

and performance based clinical tests in both patient populations and the healthy control group. 

Self-Report measures 

Ankle instability Questionnaire A modification of the questionnaire developed by Hubbard and 

Kaminski88 was used to determine the subject’s instability status.  The modified questionnaire 

with inserted notes about how copers and non-copers would have to answer to be included in the 

study can be seen in Appendix A. 
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Ankle Joint Functional Assessment Tool (AJFAT) Subject classification was confirmed by the 

AJFAT (Appendix B).  The validity and reliability of this questionnaire has not been studied.  

However, previous investigations have shown that a conservative score of 20 on the AJFAT was 

sensitive to group differences.  Ross et al.70 used a cut off of 24 on the AJFAT but found that the 

mean score for those with ankle instability was 17.30 ±3.8 which was similar to the average 

found by Rozzi et al.89 (17.11 ±3.44) who also found that healthy controls averaged 22.92 ±5.22.  

The AJFAT has a maximum value of 48 points and was scored for the involved limb relative to 

the uninvolved limb for the patient populations.  For the healthy control group, the dominant 

limb was scored relative to the non-dominant limb.   

Foot and Ankle Disability Index- and the Foot and Ankle Disability Index Sport These 

questionnaires (Appendix C) have been shown to be reliable and precise (r=.89, SEM= 2.61 and 

r=.84, SEM= 5.32 respectively) in detecting functional limitations in subjects with ankle 

instability, sensitive to differences between healthy subjects and subjects with ankle instability 

(p<.01 and p<.01 respectively), and responsive to improvements in function after rehabilitation 

(p<.01 and p<.01 respectively).92  The FADI has a total possible score of 104 and the FADI sport 

a total of 32 points.  These scores were calculated separately and scored as a percentage for each 

limb for all subjects.  The administration of this test was randomized for the first subject and 

counter balanced for all subsequent subjects. 

Self-Report Questionnaire for Ankle Function This questionnaire (Appendix D) has been shown 

to detect functional deficits in subjects with ankle instability (77.8±14.9), however no validity or 

reliability data have been established.81,91  A subject’s function for each limb was scored out of 

100 and administered as previously established. 

33 



 

Tampa Scale for Kinesiophobia (TSK) This questionnaire (Appendix E) has not been used in 

subjects with AI but has been shown to be reliable, precise, and sensitive in other patient 

populations.93,94  A subject’s fear of pain and reinjury were scored out of 68 and administered as 

previously established. 

Performance based clinical tests 

All tests were conducted with the subject in shoes to allow the results to be more clinically 

relevant.  After the completion of each test, the subjects were asked, “Did you feel stable during 

that activity?” and gave a response of yes or no.  The purpose of this question is to determine if 

subjects perceived being unstable even if their objective clinical outcome scores were not 

affected by ankle instability status.79  Each test was conducted twice with the best time or 

distance being recorded as the criterion measure for each leg.  If the subject fell or was unable to 

maintain balance upon landing, then the trial was discarded and repeated.  The number of failed 

trials was recorded for each clinical test.  A 30 second rest period was given between trials and a 

1-minute rest was given between tests.  The order of testing was randomized for the first subject 

and counter balanced for all subsequent subjects using a Latin Square Design.  In addition, the 

order of limb testing was also randomized for the first subject and counter balanced for all 

subsequent subjects. 

Side to side hop test79  Participants were instructed to hop laterally 30cm and back for a total of 

10 repetitions (Figure 3-1).  Time was measured with a hand stopwatch to the nearest .01 second.  

No psychometric data (reliability and validity) have been reported for this clinical test; however 

it has been used successfully to detect differences between healthy and unstable ankle groups. 

Figure 8 hop test79  This test was conducted over a 5 meter course outlined by cones (Figure 3-

1).  Participants were instructed to hop as quickly as possible twice through the course.  Time 

was measured with a hand stop-watch to the nearest .01 second.  No psychometric data 
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(reliability and validity) has been reported for this clinical test; however this clinical test has 

detected group differences between healthy and unstable ankle patients. 

Triple crossover hop for distance81  Subjects stood on one limb with their non-stance limb flexed 

to 90°.  Participants were asked to hop three times from a start line in a zigzag fashion, crossing 

over a line that was 15cm wide (Figure 3-1).  Each subject started so that the first hop was 

towards the lateral side of the limb being tested.  The distance from the start line to where the 

heel landed on the third hop was recorded to the nearest .01 meter.  This functional test has been 

shown to be reliable in healthy subjects (r=.96, SEM= 15.95).83 

Single hop test79  Participants were instructed to hop forward as far as possible (Figure 3-1).  The 

distance was recorded from the position of the toes on the starting line to the end of the jump 

(heel position) to the nearest .01 meter.  This clinical test has been shown to be both reliable 

(r=.96) and precise (SEM= 4.56).83 

Secondary Aims   

To determine the magnitude of structural and functional adaptations that have occurred in 

patients with a history of ankle injury and instability we evaluated the differences in fibula 

position, ligament stiffness, dynamic postural stability and static postural control during a single 

test session.  We evaluated these variables to determine their potential influence on symptomatic 

response and performance based clinical test scores among our two patient samples and a healthy 

control group. 

Secondary Outcome Measures   

Structural and functional adaptations include fibula position, joint stiffness, dynamic 

postural stability and static postural control. 
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Structural adaptations   

After completing the self-report questionnaires and performance based clinical tests, 

subjects had their ankles tested for stiffness immediately followed by a trip to the student health 

care center for a radiography session.   

Ligament Stiffness A LigMaster (Sport Tech, Inc., Charlottesville, VA) was used to measure 

ligament stiffness.  Subjects were placed in a side lying position so that the leg to be tested was 

slightly flexed at the knee around a counter bearing and the heel was fixed against another 

counter bearing (Figure 3-2).24  The tester applied a force to the anterior tibia via an actuator, 

stressing the anterior talo-fibular ligament.  Force was applied up to 150N and the two trial 

average of the slope of the curve (stiffness) was calculated. Figure 5 

Fibula Position A Phillips Medio 30 CP-H with a 150 kV microprocessor-controlled high-

frequency X-ray generator in conjunction with a Horizontal Diagnost Table System was used for 

all radiographic images.  In addition, Kodak Lanex Fine Screens combined with Kodak Regular 

Speed green spectrum film was used as the film/screen system employed for this study.  All 

films were shot TableTop / 40” using Manual Technique form 3.2 MaS @ 64 kVp (avg male) to 

2.5 MaS @ 62 kVp (avg female) by Joan Street, R.T. (R), (QM), ARRT, Manager of the 

Department of Radiology at the Student Health Care Center.  Precautions were taken in 

accordance with UF IRB (#2005-U-547, #561-2005) and HURRAC (approval on November 2, 

2005), including mandatory pregnancy tests for all female participants.   

Subjects were positioned side lying on the treatment table.  Steps were taken to maintain a 

neutral position of the hip and knee.15  The distance between the anterior margin of the fibula and 

the anterior margin of the tibia were recorded in millimeters (Figure 3-3).  In addition, these 

differences were normalized to each patient but because no established normalization procedure 

for this variable exists several possibilities were explored.  Two techniques were chosen based 
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on their potential clinical relevance.  The first presents the distance between the anterior fibula 

margin and the anterior tibial margin as a percentage of the tibial width.  The second is a ratio of 

the calculated distance between the involved and uninvolved limb.  All measurements were made 

by two clinicians (EW) and the research assistant, both of whom were blinded of the subject’s / 

image’s classification.  The analysis procedure has been shown to have very high intratester (.98) 

and intertester (.98) reliability and shown to be a precise measure (.64mm).15   

Functional adaptations   

Next, subjects performed static and dynamic postural stability tests (see Appendix F for 

static methodology change rationale).  First, subjects completed three trials of a single leg hop 

stabilization test according to Wikstrom et al.97 and then completed two trials of a 30 second 

single leg static stance on a force plate according to Matsusaka et al.60  Because the time of day 

has been shown to influence both static and dynamic postural control, all subjects were tested 

during the same general time of day (early afternoon).98  If a subject fell or stepped down, the 

trial was discarded and repeated.  The number of failed trials during the single leg hop 

stabilization test was recorded for each subject.   

Static Postural Control A Bertec tri-axial force plate (Bertec Corporation, Columbus, Ohio) was 

used to evaluate static postural control (center of pressure measures) at a sampling rate of 200Hz.  

Center of pressure (COP) is arguably the gold standard in stabilometry and can be defined as the 

“point of application of the resultant ground reaction force”.59  These measures indicate a change 

in the COP location on the force plate as a result of muscular responses and gravity.  Rectangular 

area (area A) and AP and ML  range were calculated according to Matsusaka et al.60  Postural 

sway was calculated according to Ross and Guskiewicz and Michell et al.70,99  Path length and 

average path length velocity were calculated according to Paillard et al.100  The variation in COP 

location allows for the calculation of postural sway and other variables mentioned above.26,58,66  
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Data were exported as comma delimited (.CSV) files and were reduced using Microsoft Office 

Excel 2003 (Microsoft Corp., Redmond WA).   

Jump Protocol The jump protocol was performed as first described by Ross and Guskiewicz.101  

Subjects stood 70 cm from the center of the force plate and jumped with both legs to touch an 

overhead marker placed at a position equivalent to 50% of each subject’s maximum vertical leap 

before landing on a single leg on the force plate, as seen in Figure 3-4.  Subjects were instructed 

to jump with their head up and hands in a position to touch the designated marker.  Subjects were 

instructed to land on the test leg, stabilize as quickly as possible, and balance for 3 seconds with 

their hands on their hips, while looking straight ahead.  If a subject lost balance and touched the 

floor with the contralateral limb, the trial was discarded and repeated.   

Likewise, if a short additional hop occurred upon landing, the trial was discarded and 

repeated.  The number of failed trials was recorded for each subject.  A Bertec triaxial force plate 

(Bertec Corporation, Columbus, OH) was used to collect the baseline and jump landing data at a 

rate of 200 Hz.69,70,97,101  The force plate data underwent an analog to digital conversion and was 

stored on a PC-type computer using the DATAPAC 2000 (Run Technologies, Laguna Hills, CA) 

analog data acquisition, processing, and analysis system.  Data from three successful jump 

protocol trials were averaged and further analyzed.   

Ground reaction force (GRF) data were exported into a QuickBasic subroutine (version 

4.5, Microsoft Corporation, Redmond, WA).  The subroutine calculated stability indices in the 

three principal directions (medial/lateral, anterior/posterior, vertical) and the DPSI.  These 

indices are created from the standard deviation fluctuations around a zero point, rather than a 

group mean, and divided by the number of samples within the collection time period.  The 

medial/lateral stability index (MLSI) and anterior/posterior stability index (APSI) assess the 
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fluctuations from zero along the frontal (X) and sagittal (Y) axes of the force plate, respectively.  

The vertical stability index (VSI) assesses the fluctuation from the subject’s body weight 

equivalent to standardize the vertical GRF along the Z-axis of the force plate.  This is done to 

normalize the vertical scores among individuals with different body weights (mass).  The DPSI 

is a composite of the medial/lateral, anterior/posterior, and vertical stability index and is sensitive 

to changes in all three directions.97   

The indices were normalized by the energy dissipated during the landings performed by 

each individual based on previous investigation.101  Moreover, three indices were normalized to 

relevant energy values (horizontal kinetic energy or vertical potential energy).  The 

anterior/posterior stability index is a measure of variance of the ground reaction force values in 

the anterior/posterior direction and is sensitive to the horizontal velocity and mass of the jumper.  

Thus, the anterior/posterior stability index was normalized to the horizontal kinetic energy (0.5 ∗ 

Mass ∗ Horizontal Velocity2), with horizontal velocity calculated as (0.7 m/ time from jump to 

landing in seconds).  Alternatively, the vertical stability index was normalized to the potential 

energy (Mass ∗ Gravity ∗ Jump Height) dissipated during the landing because the vertical 

stability index is a measure of variance in the vertical ground reaction force.   

Analytic Plan 

A series of analyses were needed to properly examine the data.  Both univariate and 

multivariate ANOVAs (Wilk’s Lambda)102,103, a correlation analysis, a series of multiple 

regression analyses, and intraclass correlation coeffifiencts104 were conducted.  For the purposes 

of this study, correlation coefficients were interpreted as follows: below 0.50 indicates poor 

validity, 0.50 to 0.75 indicates moderate to good validity, and above 0.75 indicates excellent 

validity.105  All reliability coefficients were interpreted as follows; below 0.69 was poor, 0.70 to 
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0.79 was fair, 0.80 to 0.89 was good, and 0.90 to 1.00 was considered excellent.105  An alpha 

level of .05 was used for all statistical tests.  Pairwise comparisons (Fisher’s LSD) were made to 

further examine where main effects or interactions occurred when necessary and an a priori alpha 

level was set at .05 for all statistical tests.  In addition, effect sizes were calculated according to 

Cohen106 and magnitude was interpreted according to Gansneder and Paker (small=.10-.24, 

medium=.25-.39, large>.40).107   

Primary Outcomes 

Self report questionnaires were divided in 2 parts: ankle disability and fear of reinjury.  

Therefore two independent analyses were conducted: a 3 (coper, non-coper, control) x 2 (right, 

left limb) MANOVA was conducted for the FADI, FADI Sport, SRQAF while a one way 

ANOVA was run for the TSK.   

Additionally, two separate 3 (coper, non-coper, control) x 2 (right, left limb) MANOVAs 

were performed to analyze the four performance based clinical tests (Side to side hop, Figure-8 

hop, Triple crossover hop, Single hop tests) and the number of trials failed when completing the 

clinical outcome tests.   

Secondary Outcomes 

A series of linear step-wise multiple regression analyses were performed to determine any 

potential influence that the secondary outcome variables might have on the primary outcome 

variables.  Probability of F to enter the equation was set to <=0.05, while probability to remove 

was >=0.10.  In addition, group differences among the structural adaptation variables were 

analyzed using a 3 x 2 MANOVA for the fibular position variables and a 3 x 2 ANOVA for joint 

stiffness.  Group differences among the functional adaptation variables were analyzed in a 

similar manner, with a separate 3 x 2 MANOVA for dynamic and static postural control. 
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Tertiary Outcomes 

ICC values were calculated for the primary outcomes and selected secondary outcomes.  In 

addition, a series of correlation analyses were conducted to determine the relationships between 

the secondary and primary outcomes.  A series of linear step-wise multiple regression analyses 

were also run to determine which of the dependent variables are most closely associated with 

ankle instability status and should be potentially used as future inclusion criteria. 
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Figure 3-1. Performance based clinical tests.  A) Figure-8 hop test, B) Side-hop test, C) Cross-
over hop test, D) Single leg hop test. 

 

 

Figure 3-2. Side lying position for joint stiffness measurements. 
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Figure 3-3. The distance between the anterior margin of the fibula (1) and the anterior margin of 
the tibia (2) will be recorded in millimeters for each radiographic image.   

 

 

Figure 3-4. Starting and finishing position of the single leg hop stabilization maneuver. 
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CHAPTER 4 
RESULTS 

Demographics 

All subjects read and signed the university approved informed consent prior to 

participation in this investigation.  A total of 72 subjects were collected with 24 in each group 

(healthy, coper, non-coper).  In addition, groups were gender matched (n= 12, n= 12) within each 

group.  Sixty-seven of the seventy two subjects were considered to be right limb dominant, and 

of the 48 previously injured subjects, 26 injured their dominant limb.  Injury demographic data 

were significantly different among groups but anthropometric data were not (Table 4-1).   

Primary Outcomes 

Self-Report Questionnaires 

The MANOVA for self reported ankle disability revealed a group [F(6,272)=9.67, 

p<0.001] and limb [F(3,136)=4.56, p=0.004] main effect but failed to reveal a group x limb 

interaction [F(6,272)=1.83, p=0.094)].  Pairwise comparisons revealed that the FADI, FADI 

Sport, and SRQAF scores were significantly lower (worse) for the non-coper group compared to 

the coper and healthy control group (Figure 4-1).  In addition, the FADI, FADI Sport, and 

SRQAF scores were significantly lower for the injured/dominant limb when compared to the 

uninjured side (Figure 4-2).  However, the ANOVA for fear or reinjury did not indicate 

significant differences among groups [F(2,69)=.108, p=.898]. 

Performance Based Clinical Tests 

The performance based clinical test MANOVA revealed no significant interaction 

[F(8,270)=.330, p=.954].  Similarly, no group [F(8,270)=.688, p=.702] or limb [F(4,135)=.485, 

p=.747] main effects (Figure 4-3) were revealed.  The MANOVA performed to examine group 

differences in the number of failed trials also failed to reveal an interaction [F(8,270)=.709, 
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p=.684], group [F(8,270)=1.59, p=.127] or limb [F(4,135)=.441, p=.779] main effects (Figure 4-

4).  However, despite the lack of performance based clinical test deficits or increased failure rate, 

a frequency analysis revealed that there were a greater percentage of non-copers who felt 

unstable on their injured limb in all but the triple hop for distance (Figure 4-5).   

Secondary Outcomes 

Structural Adaptations 

A 3 x 2 ANOVA revealed a statistically significant group main effect [F(2,138)=3.16, 

p=.045] but did not indicate a limb main effect [F(1,138)=.91, p=.342] or group x limb 

interaction [F(2,138)=1.30, p=.275] for ligament stiffness.  Pairwise comparisons indicated that 

the healthy control group produced significantly lower ankle joint stiffness scores than the coper 

and non-coper groups (Figure 4-6).   

The MANOVA regarding positional faults at the ankle also failed to reveal a group x limb 

interaction [F(6,272)=1.23, p=.291], as well as group [F(6,272)=.486, p=.819] and limb 

[F(3,136)=.583, p=.627] main effects.  This MANOVA tested for differences among the 

following variables: fibula position15, tibia width, and normalized fibular position relative to the 

width of the tibia (Figure 4-7).  Similarly, the 3 x 2 ANOVA performed to examine the second 

normalization procedure (side to side ratio) did not reveal significant group differences 

[F(2,69)=.033, p=.749] with the following means: non-copers (1.0042±.37),  copers (0.95±.35), 

healthy controls (0.93±.26).  However, a frequency analysis revealed that more copers (n=8, 

33%) and non-copers (n=9, 37%) had an anteriorly positioned fibula compared to the healthy 

reference group (n=3, 12.5%). 

Functional Adaptations 

All static postural stability variables were analyzed using a 3 x 2 MANOVA.  The 

MANOVA revealed a significant group x limb interaction [F(18,260)=2.09, p=.007], and limb 
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main effect [F(9,130)=4.64, p<.001] but not a group main effect [F(18,260)=1.29, p=.19].  

Subsequent ANOVA and pairwise comparisons revealed that the significant interactions 

occurred between the dominant and non-dominant limbs of the healthy control group (Figure 4-

8).  Specifically, the healthy control group dominant limb had significantly less AP range and 

area A than the healthy control group non-dominant limb.  Additional pairwise comparisons also 

revealed that the injured limb had significantly less area A and AP range when compared to the 

uninjured limb (Figure 4-9). 

All dynamic postural stability variables were analyzed using a 3 x 2 MANOVA.  The 

MANOVA revealed a significant group [F(6,272)=3.83, p<.001] main effect but not a limb 

[F(3,136)=.27, p=.85] main effect or group x limb interaction [F(6,272)=.121, p=.99].  

Subsequent ANOVA revealed that the NAPSI, and NVSI variables had statistically significant 

differences (Figures 4-10).  Further examination indicated that the healthy control group had 

significantly better (lower) NAPSI scores than both the copers and non-copers but had worse 

(higher) NVSI scores than the coper group.  The number of failed jump protocol attempts was 

also recorded and a 3 x 2 ANOVA revealed no group [F(2,138)=.811, p=.446] or limb 

[F(1,138)=.366, p=.546] main effect or group x limb interaction [F(2,138)=.044, p=.957].   

Effect on Primary Outcomes 

Independent step-wise multiple regression analyses were conducted in an attempt to 

identify any potential influence that the secondary outcome variables might have on the primary 

variables.  Few of the secondary variables could significantly predict primary outcome variables.  

Two self-report questionnaires were significantly predicted.  Specifically, the SRQAF was 

predicted by the NDPSI [r=.233, r2=.055 (F=4.03, p=.048)], and the TSK was predicted by four 

secondary variables.  In order, the ML range [r=.316, r2=.10 (F=7.7, p=.007)], NVSI [r=.429, 

r2=.184 { r2 change =.085} (F=7.8, p=.001)], AP sway [r=.500, r2=.250 { r2 change =.065} 
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(F=7.5, p<.001)], and the fibula position [r=.551, r2=.304 { r2 change =.054} (F=7.3, p=.001)].  

Performance based clinical tests were also significantly predicted.  Specifically, the Figure 8 hop 

test was predicted by the AP range (static postural control) [r =.255, r2=.065 (F=4.87, p=.030)].  

Similarly, the Triple hop [r =.306, r2=.093 (F=7.20, p=.009)] and single hop [r =.245, r2=.060 

(F=4.45, p=.038)] for distance were predicted by the AP sway.   

Tertiary Outcomes 

Reliability 

A randomly selected group of 15 subjects (5 per group) returned 1 week later to be retested 

for the primary outcome variables as well.  In addition, intratester and intertester reliability of the 

fibular position measurement was also calculated.  Group demographics for this subset of 

subjects (Table 4-2) were calculated and 6 of 11 ICC values showed good to excellent reliability 

(≥0.80) (Table 4-3). 

Correlations 

A Pearson Product Moment Correlation was run to examine the relationships between the 

primary (self-report questionnaires, clinical tests) and the secondary outcomes (functional and 

structural adaptations) as well as the inclusionary criteria.  Significant correlations stronger than 

.500 are listed in Table 4-4.  If a variable did not correlate with any other variable that strongly, 

the strongest correlation is listed.  In total, 29 correlations demonstrated moderate to good 

strength, while 15 were excellent in strength at a significance level of p=.001.   

Predictions 

An additional set of independent linear step-wise multiple regression analyses were 

conducted on the inclusionary criteria (dependent) to determine if any of the primary or 

secondary outcome variables should be used as inclusionary criteria in future investigations.  A 
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total of 4 of the 5 inclusionary criteria were significantly predicted with an R2 of greater than .20 

(Table 4-5).   
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Table 4-1. Group demographics.  Means, standard deviation (SD), degrees of freedom (df), f, 
and p values.   

Variable Group Mean ± SD F(2,69) p 
Healthy 21.8±2.6 
Coper 20.8±1.5 Age (years) 

Non-coper 21.7±2.8 

1.3 0.27 

Healthy 170.0±9.6 
Coper 173.4±10.9 Height (cm) 

Non-coper 175.0±12.5 

1.3 0.28 

Healthy 73.1±15.8 
Coper 78.3±27.3 Weight (kg) 

Non-coper 70.9±12.7 

0.9 .41 

Healthy 18.4±6.2 
Coper 20.6±5.9 Jump Height (cm) 

Non-coper 21.5±6.6 

1.5 0.22 

Healthy 0.0±0.0 
Coper* 7.7±6.6 # Days Immobilized 
Non-coper* 9.1±9.7 

12.5 <.01 

Healthy 0.0±0.0 
Coper 0.3±0.5 # Times re-injured 
Non-coper*† 2.5±1.6 

50.2 <.01 

Healthy 0.0±0.0 
Coper (12) 0.0±0.0 # Times re-injured 

within past X months Non-coper (6)*† 1.3±0.8 

73.6 <.01 

Healthy 0.0±0.0 
Coper 0.3±0.5 # Episodes of giving 

way Non-coper*† 5.1±4.6 

27.9 <.01 

Healthy 26.1±1.8 
Coper* 24.9±1.0 AJFAT 

Non-coper*† 17.9±1.9 

173.5 <.01 

* Indicates a statistically significant difference from the healthy group (p≤0.05).  † Indicates a 
statistically significant difference from the coper group (p≤0.05). 
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Table 4-2. Group demographics of the reliability subset.  Means, standard deviation (SD), 
degrees of freedom (df), f, and p values.   

Variable Group Mean ± SD F(2,12) p 
Healthy 20.8±1.3 
Coper 21.6±1.5 Age (years) 

Non-coper 22.8±2.6 

1.4 .28 

Healthy 167.2±7.9 
Coper 177.0±9.6 Height (cm) 

Non-coper* 184.9±11.4 

4.1 .04 

Healthy 69.0±10 
Coper 80.9±17.2 Weight (kg) 

Non-coper 79.5±11.1 

1.2 .33 

Healthy 33.2±12.2 
Coper 43.2±13.8 Jump Height (cm) 

Non-coper 45.4±17.4 

.97 .40 

Healthy 0±0 
Coper* 7±4.8 # Days Immobilized 
Non-coper 5.4±4.9 

4.2 .04 

Healthy 0±0 
Coper .4±.5 # Times re-injured 
Non-coper*† 2.6±1.5 

11.3 <.01 

Healthy 0±0 
Coper (12) 0±0 

# Times re-injured 
within past X 
months Non-coper (6) 1±0 

  

Healthy 0±0 
Coper .2±.4 # Episodes of giving 

way Non-coper 6.2±8.0 

39.2 <.01 

Healthy 27.8±3.0 
Coper 25.4±1.3 AJFAT 

Non-coper*† 16.6±1.5 

39.2 <.01 

* Indicates a statistically significant difference from the healthy group (p≤0.05).  † Indicates a 
statistically significant difference from the coper group (p≤0.05). 
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Table 4-3. ICC values for selected primary and secondary outcomes. 

Variable Mean 1 Mean 2 ICC 

FADI (%) 99.17±2.3 99.4±1.7 .887 

FADI sport (%) 99±2.3 98.37±2.2 .194 

SRQAF (%) 96.9±5.3 96.13±6.5 .727 

TSK 30±4.8 28.6±5.1 .691 

Side to side hop (sec) 9.7±1.7 9.3±1.2 .769 

Figure-8 (sec) 12.4±1.9 11.9±1.9 .911 

Triple hop for distance (m) 3.14±1.12 3.48±8.58 .639 

Hop for distance (m) 1.17±.39 1.26±.30 .799 

Intratester- KN 12.3±3.8 12.3±3.6 .883 

Intratester- EW 12.5±3.8 12.4±3.9 .906 

Intertester 
  (original measures) 12.3±3.8 12.5±3.8 .972 

Fibular 
  position 
  (mm) 

Intertester 
  (follow up measures) 12.3±3.6 12.4±3.9 .989 
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Table 4-4. Variable correlation results.   
Variable Correlated variables 

# days immobilized SRQAF 
-.423**    

# times reinjured # injured w/in 
.683** 

AJFAT 
-.690**   

# times reinjured 
w/in X months 

# injured 
.683** 

AJFAT 
-.694** 

FADI Sport 
-.517** 

SRQAF 
-.573** 

# of giving way 
episodes 

AJFAT 
-.592** 

N Fib pos (%) 
.497**   

AJFAT # injured 
-.690** 

# injured w/in 
-.694** 

# giving way 
-.592** 

SRQAF 
.555** 

FADI FADI Sport 
.805** 

SRQAF 
.670**   

FADI sport # injury w/in 
-.517** 

FADI 
.805** 

SRQAF 
.639**  

SRQAF # injury w/in 
-.573** 

AJFAT 
.555** 

FADI 
.670** 

FADI Sport 
.639** 

TSK NDPSI 
-.225    

Side to side Figure 8 
.633**    

Figure 8 Side to Side 
.633** 

Triple Hop 
-.667** 

Single Hop 
-.669**  

Triple hop Figure 8 
-.667** 

Single Hop 
.704**   

Single hop Figure 8 
-.669** 

Triple Hop 
.704**   

Stiffness Fibular Pos 
.202    

Fibular position N Fib pos (%) 
.954** 

NAPSI 
.864** 

NDPSI 
.863**  

N fib pos % Fib pos 
.954** 

NAPSI 
.912** 

NDPSI 
.911**  

N fib pos ratio # giving way 
.497**    

Area A AP range 
.926** 

ML range 
.562**   

AP sway ML sway 
.417**    

ML sway ML range 
.800**    

AP range Area A 
.926**    

ML range Area A 
.562** 

ML sway 
.800**   
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Table 4-4. Continued 

AP path length NVSI 
.629** 

ML path length 
.973**

Path length 
.997**

Path length vel 
.997** 

ML path length NVSI 
.577** 

AP path length 
.973**

Path length 
.986**

Path length vel 
.986** 

Path length NVSI 
.626** 

AP path length 
.997**

ML path length 
.986**

Path length vel 
1.00** 

Path length velocity NVSI 
.626** 

AP path length 
.997**

ML path length 
.986**

Path length 
1.00** 

NAPSI Fib pos 
.864** 

N Fib pos (%) 
.912** 

NDPSI 
1.00**  

NVSI Fib pos 
-.258**    

NDPSI Fib Pos 
.863** 

N Fib pos (%) 
.911** 

APSI 
1.00**  

*Correlation is significant at p=0.05.  **Correlation is significant at p=0.01. 

 

Table 4-5. Regression analyses for primary and secondary outcomes with R, R2, F and p values. 
Variable: 
  Predicted by: R R2 

  (change) 
F 
(1,70) p 

Days immob 
  SRQAF .423 .179 15.2 <.001 
# injuries 
  SRQAF .476 .227 20.5 <.001 
# injured w/in 
  SRQAF .573 .328 34.1 <.001 
  Figure 8 .622 .059 21.7 <.001 
  FADI sport .659 .048 17.4 <.001 
# giving way 
  N fib pos (ratio) .497 .247 22.9 <.001 
  SRQAF .592 .104 18.6 <.001 
AJFAT 
  SRQAF .555 .308 31.2 <.001 
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Figure 4-1. Self-report questionnaires group main effect.  Scores for ankle disability 
questionnaires are expressed as a percentage (mean ± SD).  * Indicates a statistically 
significant difference from the healthy and coper group (p≤0.05) for all three 
variables.   
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Figure 4-2. Self-report questionnaires limb main effect.  Scores for ankle disability questionnaires 
are expressed as a percentage (Mean ± SD).  * Indicates a statistically significant 
difference from the Non-Dominant / Uninjured limb (p≤0.05) for all three variables.  
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Figure 4-3. Performance based clinical test scores (mean ± SD).  Side to side and figure 8 values 
are reported in seconds, while triple hop and single hop values are reported in meters. 
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Figure 4-4. Number of failed performance based clinical test trials (mean ± SD).  Values are 
expressed as the number of failed trials for each performance based clinical test. 
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Figure 4-5. Frequency analysis of subjective feelings of instability during the performance based 
clinical tests.  Values are expressed as the number of subjects who felt unstable 
during each of the performance based clinical tests. 
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Figure 4-6. Stiffness group main effect (mean ± SD).  Stiffness values are reported in N/mm.  * 
Indicates a statistically significant difference from the coper and non-coper group 
(p≤0.05). 
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Figure 4-7. Fibula position variables (mean ± SD).  Fibula position is expressed in mm, while 
tibia width is expressed in cm.  N. fibula position is expressed as a percentage of the 
tibia width. 
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Figure 4-8. Static postural control group by limb interactions (mean ± SD).  Area A values are 
expressed in cm2 and AP range values are expressed in mm.  * Indicates a statistically 
significant difference between the dominant and the non-dominant limb (p≤0.05) for 
both variables. 
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Figure 4-9. Static postural control limb main effect (mean ± SD).  Area A values are expressed in 
cm2 and AP range values are expressed in mm.  * Indicates a statistically significant 
difference between the dominant and the non-dominant limb (p≤0.05) for both 
variables. 
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Figure 4-10. Normalized DPSI scores (mean ± SD).  * Indicates a statistically significant 
difference from the coper (p≤0.05) for the NAPSI score.  † Indicates a statistically 
significant difference from both groups (p≤0.05) for the NVSI score. 
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CHAPTER 5 
DISCUSSION 

Summary of Findings 

The purpose of this investigation was to examine how the primary outcomes 

(symptomatic response and performance based clinical tests) were affected by a history of AI.  In 

addition, group differences in the secondary outcomes (structural and functional adaptations to 

AI) were examined; as well as how the secondary outcomes relate to the primary outcomes.  The 

primary hypothesis was partially supported by the increased symptomatic response (higher 

degree of self-reported disability) of the non-coper group.  However, no performance based 

clinical test differences were observed.  Similarly, the secondary outcomes explained little of the 

variance in the primary outcomes indicating that there is only a weak relationship between the 

secondary and primary outcome variables. 

Demographics 

We found no differences in the standard demographic data but did find that ankle injury 

history demographics differed among groups.  For example, copers and non-copers were 

immobilized for similar time periods suggesting that the initial traumas were equally graded for 

both groups.  Additionally, non-copers had significantly more recurrent sprains and episodes of 

giving way compared to the coper and healthy control group.  Most importantly, the AJFAT 

(group validation tool) revealed group differences (healthy > copers > non-copers), supporting 

our choice for inclusionary criteria and complementing previous investigations that used the 

AJFAT as inclusionary criteria.70,89,90  Furthermore, our reported group means (healthy 26.1, 

copers 24.9, non-copers 17.9) were similar to those reported previously (healthy 22.9, non-coper 

17.1)89 and (non-coper 17.3).70  These results support the possibility that a compensatory 
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mechanism may take place after an initial trauma to the lateral ankle ligaments.  However, it is 

more likely that the increased disability (lower scores) are a result of multiple traumas. 

Primary Outcomes 

Self-Report Questionnaires 

Reports of function/disability 

In the current investigation, all three questionnaires of ankle disability indicated greater 

disability in the non-coper group compared to the coper and healthy control group.  The 

calculated effect sizes (d values)106,107 indicate medium to large magnitudes (FADI=.32, FADI 

Sport=.31, SRQAF=.49) suggesting that the results are clinically meaningful.  The results of the 

current investigation (self-reported disability and AJFAT scores) agree with previous 

investigations that have investigated copers (knee model after ACL injury).9,11  In addition, the 

increased disability (lower scores) of the current investigation confirm the deficits observed in 

previous AI research.91,92   

Hale and Hertel92 examined the FADI and FADI Sport and reported means for a subset of 

AI subjects (n=26) as 87%±13 and 79%±11 respectively, while healthy controls reported near 

100% function.  Our non-coper means of 95%±6 and 92%±9 respectively were higher than Hale 

and Hertel92 but our healthy controls also reported near 100% function.  Similarly, Munn et al.81 

reported a SRQAF mean of 78±15 for the involved limb of AI subjects which is also lower than 

our reported mean of 85±8.  Yet despite our higher non-coper means, which may be the result of 

differences in inclusionary criteria or AI severity, group differences were revealed.  While, the 

inclusionary criteria were similar among the current and previous investigations, neither Hale 

and Hertel92 or Munn et al.81 reported the mean number of recurrent sprains or giving way 

episodes making direct comparisons difficult.   

60 



 

The FADI, FADI Sport, and SRAQF also illustrated a limb main effect (bilateral 

differences).  Hale and Hertel92 indicated that the involved limb of an AI group was significantly 

lower than the uninvolved limb for both the FADI and FADI Sport.  However, no bilateral 

differences were found in the healthy control group.  The results of the current investigation were 

similar to those of Hale and Hertel.92  Specifically, bilateral differences in non-copers (injured 

limb had greater disability) but not copers or healthy controls were revealed.  The SRQAF results 

of the current investigation also revealed asymmetric responses in non-copers.  However, no 

previous investigation is available for comparison.   

We also found that copers reported greater disability (although not statistically significant 

because of high variability) on the previously injured limb regardless of questionnaire (largest 

impairment generated by the SRQAF).  Our results suggest that the self-report questionnaires are 

capable of detecting differences based on AI status as determined by the inclusionary criteria of 

this investigation.  Furthermore, the SRQAF may be the most clinically useful at detecting 

impairments within a coper population however further research is needed to ascertain if bilateral 

differences exist in this population.   

Despite the lack of statistical differences in the current investigation, the reported coper 

deficits (group and limb) are present over a year from the time of initial trauma.  This suggests 

that the initial trauma and/or subsequent clinical treatments may be responsible for some degree 

of the subjective feelings of disability reported by the non-copers.  Further investigations are 

needed to determine the extent of disability that the initial trauma causes and how that disability 

affects the development of ankle instability. 

Fear of reinjury 

Psychological responses always occur as a result of injury and may result in an increased 

fear of return to activity because of a fear of reinjury.93  This unique perspective has been 
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examined in patients with chronic musculoskeletal pain94 and after ACL reconstruction96 but the 

psychological response to AI has never been examined.  The TSK is a fear of reinjury 

questionnaire and was given to healthy subjects to keep a standardized testing protocol among all 

subjects.  The results indicated no differences among groups which may be extremely interesting 

or indicate that the current form of the TSK was not a valid tool for AI subjects.   

The lack of group differences may be the result of similar psychological responses among 

the coper and non-coper groups in regards to re-spraining their ankle.  One possible reason for 

this phenomenon could be society’s attitude that an ankle sprain is not a severe injury.  For 

example, a physician is willing to accept 5, 10, maybe 20 recurrent ankle sprains before 

considering surgical intervention but a single knee or shoulder trauma (perhaps a single 

recurrence) warrants immediate surgical intervention.  However, our TSK means of 32±9 and 

31±4 for copers and non-copers respectively are almost twice as high as those reported by Kvist 

et al. (17±6)96 in patients who underwent ACL reconstruction.  If our results were based on 

cultural attitudes, then our group means should be much lower than those of individuals who 

suffered an ACL injury.  However, pain and fear are relative and the initial trauma suffered by 

subjects in the current investigation may have been the worst traumatic injury suffered in their 

respective lives.  While unlikely, it is possible that their limited experiences with pain and injury 

are the cause of such high TSK scores.   

It is also possible and more likely that the TSK (in the current form) is not a valid scale for 

subjects with AI.  The TSK was initially developed for patients with low back pain and is 

internally consistent and precise within that patient population.96  However, the terminology used 

in the TSK may have confused the subjects in the current investigation.  For example, “medical 

condition” (question five) is not normally associated with a lateral ankle sprain.  Additionally, 
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many questions referred to the worsening of pain, which copers did not have, and many non-

copers only had pain during activity.  This belief can be confirmed anecdotally, as many subjects 

needed assistance with question interpretation.  Thus the subsequent responses may not have 

been valid.  Future investigations should attempt to modify and validate the TSK for subjects 

with AI so that accurate information may be gathered regarding the psychological response to 

injury between copers and non-copers.   

Reliability 

Test-retest reliability was consistent with previous research findings for all but one scale.  

The FADI was found to have good reliability in the current investigation similar to the findings 

of Hale and Hertel.92  However, the FADI Sport had poor reliability (ICC=.194) in the current 

investigation despite similar group means and standard deviations from day one to day two 

which contradicts previous reports of good reliability (r =.84).92  Our results indicate that the 

SRQAF had fair reliability but no comparisons to previous reports are possible.  Our TSK results 

indicated poor reliability (r=.691) which is consistent with test retest reliability of the TSK in 

acute low back pain patients,108 however the reliability may improve once the scale is validated 

for subjects with ankle instability.  

Performance Based Clinical Tests 

Test results 

Performance based clinical tests assess multiple aspects of the sensorimotor system, and 

are clinically relevant because of their use in rehabilitation and return to play decisions.  

Numerous investigators have used performance based clinical tests in order to determine group 

deficits in pathologic populations with varying results.77-82,85,86  For example, Demeritt et al. 

found no differences in three functional tests in AI subjects when compared to healthy controls.80  

Similarly, Munn et al. found no differences in the triple crossover hop for distance or the timed 
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shuttle run despite self-reported deficits in ankle function as measured by the SRQAF.81  These 

findings are identical (except for performance based clinical tests used) to those of the current 

investigation.  However, Docherty et al. recently found functional deficits with a side to side hop 

test and a figure 8 hop test.79  Functional impairment was believed to be caused by greater stress 

on the lateral structures imposed by these specific tasks.  Group means from the current 

investigation are similar to those reported by Docherty et al.79 in two of three clinical tests used 

in both investigations (Figure 5-1). 

Several methodological differences may explain the contrary findings between the results 

of the current investigation and those of Docherty et al.  The current investigation tested all 

subjects in shoes, to allow for more clinically relevant outcomes, while Docherty et al. tested all 

subjects bare foot.  While speculative, it is possible that shoes provided mechanical support 

effectively masking functional deficits.  Eils et al. indicated that the passive stability of ankle 

braces are greatly dependent on being used with a shoe.109  Similarly, a review by Verhagen et al. 

found that low top shoes (similar to those worn by the subjects in the current investigation) did 

restrict mechanically imposed ankle inversion stress.110  Future investigations are needed to 

determine if functional deficits can be masked by wearing shoes. 

It is also possible that our smaller sample size (n=24) inhibited our ability to detect group 

differences compared to the previous investigation (n=42).  This possibility is based on the low 

to small effect sizes for the performance based clinical tests (Side to side=.08, Figure 8=.12, 

Triple hop=.07, Single hop=.07).  Additionally, different inclusionary criteria may have led to 

the contrary findings.  While Docherty et al. did include a wide range of AI severity based upon 

their eligibility criteria and assumptions, the number of sprains and recurrent episodes were not 

reported and therefore, comparisons must be made cautiously.  
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Methodological differences may explain differences among studies, but it is entirely 

possible that researchers have been examining variables that are incapable of consistently 

detecting group differences.  For example, the focus on the outcomes of performance based 

clinical tests (i.e. time, distance) in previous investigations has made it difficult to draw 

conclusions because of the multiple degrees of freedom available to subjects.70,101  The capability 

of biological organisms to produce a variety of solutions to a particular task (i.e. different 

strategies) offers flexibility and is a major source of variability in movement patterns.111  For 

example, a healthy person might have motor control pattern Π, while a non-coper has pattern Δ.  

Patterns Π and Δ will have different kinematics, kinetics, muscle activity, etc. but both allow 

subjects to complete (have the same outcome) the required motor skill.  Kowalk et al. 

demonstrated that the biomechanical parameters of an ACL reconstructed knee were altered 

when compared to their contralateral limb and a healthy control during stair climbing.112  More 

importantly, they indicated that these deficits were accommodated by increases in excursion, 

moment, and power at the contralateral ankle.  These findings suggest that performance based 

clinical test outcomes may not be affected despite alterations in performance characteristics.  

Future investigations are needed to examine differences in performance characteristics and their 

impact on joint loads and forces placed upon the ankle after injury. 

Failed trials 

The number of failed trials for each performance based clinical test was collected and 

indicated no differences among groups.  However, while not statistically significant, it appears 

that healthy controls failed more side to side hop tests than copers and non-copers.  While 

surprising, no previous investigations are available to compare our results to or to provide 

possible explanations.  Docherty et al. indicated that 6% (n=10) of their subjects had at least 1 
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unacceptable trial during the up/down or side to side hop test, but did not indicate which subjects 

(healthy or unstable) failed the trial.  In contrast, 55% (n=40) of our subjects had at least 1 failed 

trial during the side to side hop test and 9.7% (n=7) failed at least 1 figure 8 hop test trial.   

It is possible that healthy control subjects, in an attempt to complete the task as fast as 

possible, failed several of the first attempts.  As a result, they may have slowed down in order to 

complete the task.  While speculative as the sequence of failed and successful trials was not 

recorded, the subjective feeling of instability felt in higher numbers of the coper and non-coper 

groups does support this idea. 

Subjective feelings 

The importance of performance characteristics during a motor skill may be vital to future 

diagnosis but self-reported feelings of instability are still the primary method of diagnosing AI.  

Itoh et al.86 indicated that a deficit in at least one of four functional tests used (figure-8, side hop, 

up-down hop, and single hop for distance) could identify 82% of ACL deficient knees.  

However, if performance based clinical test scores are the only source of information and the 

scores do not differ between groups or individuals, clinicians may be placing their patients in 

danger.  In an effort to determine if subjects “perceive instability” even if their objective clinical 

outcome scores were not affected by AI status, Docherty et al. asked the simple question of “Do 

you feel stable?” after each of the above mentioned tasks.79  The authors indicated that 76% of 

AI subjects reported feeling unstable in at least one of the performance based clinical tests but 

may not have had functional deficits in the task in which they felt unstable.79  Similarly, 71% of 

non-copers in the current investigation also reported feeling unstable in at least one of the four 

performance based clinical tests but it is unknown if functional deficits existed.  These results 

suggest that non-copers may have slowed/inhibited themselves while completing the 

performance based clinical tests to avoid injury or sensations of instability.   
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Reliability 

Limited psychometric data were previously available for the performance based clinical 

tests.  Specifically, no data were available for the side to side or figure 8 hop tests.  The results of 

the current investigation indicate that the side to side hop test has fair reliability (r =.77), while 

the figure 8 hop test had excellent reliability (r =.91).  However, previous investigations indicate 

that the triple hop for distance and the single leg hop test have excellent reliable (r =.96).83  Yet 

the results of the current investigation indicate much lower ICC values for both tests.  The triple 

hop for distance had poor reliability (r =.64), while the single leg hop for distance was just short 

of good reliability (r=.79).   

While differences in motor ability, lower extremity strength, and experience may have 

played a part in determining the group means and ICC values, neither previous or our 

investigation collected such information.  More likely, the lower ICC values of the current 

investigation are the result of data reduction differences.  Bolga and Keskula83 determined ICC 

values from a three trial average on day one and day two.  However, the current investigation 

took the best score from a two trial test on each day.  It is also possible that our ICC values were 

affected by the apparent learning effect that took place as scores for all four performance based 

clinical tests improved during the second test session (Table 4.8).  However, we are confident 

that fatigue as a result of testing order was not a factor because of the Latin square design used 

during the investigation.  Future research should focus on establishing a standardized method of 

calculating and reporting ICC values for performance based clinical tests as well as determining 

how many practice trials are needed to remove a learning effect. 
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Secondary Outcomes 

Structural Adaptations 

Joint Stiffness 

Few investigations have examined joint stiffness in an AI group.24  A previous 

investigation by Wikstrom et al. revealed no differences between a healthy control group (11.8 ± 

1.9) and those with AI (12.8 ± 3.8), which is contrary to the findings of the current 

investigation.24  The current findings of increased joint stiffness in the coper and non-coper 

group compared to the healthy control group suggest that this structural adaptation occurs after 

the initial injury and is not related to AI.   

The exact reason for the increased stiffness in our study sample is unknown but believed to 

be caused by improper healing (i.e. fibrosis, residual edema) of the lateral ligaments.  The 

increased stiffness seen in both the coper and non-coper group may be the result of improper 

acute treatment and/or long immobilization times (time of immobilization was the same for 

copers and non-copers).  A systematic review indicated that functional treatments are more 

effective than immobilization for the acute care of lateral ankle sprains.115  This review is 

supported by a recent prospective investigation indicating that ankle braces are more effective at 

decreasing pain and swelling than ace wraps (a form of immobilization).116  However, it is 

possible that increased joint stiffness is a positive adaptation, but future investigations are needed 

to ascertain how and why this would be a positive adaptation. 

While few investigations have examined passive joint stiffness, ankle joint laxity has been 

well studied.  Hubbard et al. noted that AI subjects had greater displacement compared to their 

contralateral limb and a healthy control group.44  In another investigation, Hubbard et al. found 

increased ankle joint laxity in both the involved and uninvolved limb of AI subjects when 

compared to healthy controls.55  Similarly, Hubbard et al. indicated that both inversion and 
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anterior laxity were significant predictors of AI status.113  Most recently, Hubbard compared the 

mechanical joint laxity of a coper and non-coper group.114  The results indicated that the non-

coper group had significantly greater anterior laxity and inversion rotation when compared to 

copers and healthy controls.  Hubbard suggests that the increased laxity may be why subjects 

develop AI.  While speculative, it is possible that there is a very precise acute treatment needed 

for ankle sprains.  Excessive immobilization may result in increased stiffness, while limited 

immobilization may result in increased laxity.   

Fibula position 

Altered distal fibular position relative to the tibia is believed to limit accessory motions 

causing a cascade of events ultimately leading to ankle joint dysfunction (AI).48  However, 

limited research has been done in the area until very recently.13,14,16-18   

Mavi et al.17 showed an anteriorly positioned fibula in the injured subjects with a mean 

distance for the male control group (n=75) of 14.3 mm, and 11.8 mm for the injured group 

(n=18) (a smaller distance indicates anterior position, as shown in Figure 3-3).  Hubbard et al. 

also found significant differences between the involved ankle of an AI group (14.3±3.1) 

compared to the contralateral ankle (16.7±3.4) and to the matched limb of the control group 

(16.1±4.6).15  The group means of the current investigation illustrate a much more anteriorly 

positioned fibula for the involved limb of the non-copers (12.4±3.8), uninvolved limb of the 

copers (13.2±4.6), and the matched limb of the healthy control group (12.9±3.8) when compared 

to the results of Hubbard et al.   

The lack of statistically significant differences may be the result of a smaller sample size 

(n=24) compared to Hubbard et al. (n=30)15 or the injury demographics of subjects used in the 

investigations.  This is speculation as no previous investigation regarding fibular position has 

reported injury demographic data.  Our results do indicate that 41.6%(n=10) of non-copers 
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demonstrated and anteriorly positioned fibula relative to the tibia.  This finding is similar to 

Hubbard et al.15 56.6%(n=17) and Kavanagh16 33% (n=2) and does support the original 

hypothesis proposed by Mulligan.53  However, 41.6% (n=10) of copers also had an anteriorly 

positioned fibula, suggesting that if a positional fault of the fibula occurs, it would do so after the 

initial trauma and would not be related to AI.  Supporting this idea is the recent investigation by 

Hubbard and Hertel, who found an anterior positioned fibula after sub-acute lateral ankle sprains.  

Specifically, the injured limb (14.2±3.4) was more anterior than the contralateral limb (17.0±3.2) 

and a matched control limb (16.8±2.3).117  In addition, they found a strong positive correlation 

between an anterior position of the fibula and the amount of swelling (measured by the figure-8 

method), which supports one of two proposed mechanisms for positional fault (Figure 2.3).   

The lack of a standardized procedure to measure fibula position has always been a 

limitation.  For example, Mavi et al.17 and Hubbard et al.15 examined the position of the fibula in 

direct relation to the tibia in the sagittal plane.  However, Berkowitz and Kim13, Eren et al.14, and 

Scranton et al.18 measured the relationship in a transverse plane at the talocrural joint.  As a 

result of these methodological differences two normalization techniques were developed in order 

to standardize the measurement technique.  The first technique expressed fibular position as a 

percentage of tibia width (tibia width did not differ among groups).  The technique was chosen to 

reduce the possibility of masked positional faults due to differences in tibia size.  The second 

technique created a ratio of symmetry between the limbs of each subject (healthy = non-

dominant: dominant, copers and non-copers= injured: uninjured).  Despite the novelty of these 

techniques and their potential clinical relevance, no differences were revealed.  Although we 

failed to detect group differences, relatively little empirical data exists and the magnitude of a 

clinically meaningful difference remains unknown.  Based on our group means and standard 
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deviations, we believe that the first normalization technique may be the most clinically useful 

because of its medium effect size (.36) as compared to the original calculation technique (.10) 

and the ratio normalization technique (.09).  However future research is needed to further explore 

possible normalization techniques available for fibula position. 

Reliability 

Reliability characteristics of the original fibular position calculation ranged from good to 

excellent in the current investigation.  Specifically, test-retest reliability ranged from r =.88 - .90 

depending on the tester (KN or EW).  Similarly, intertester reliability was found to be excellent 

(r = .97 - .98) on two separate occasions.  These values are consistent with previous reports of 

reliability regarding fibula position calculations by Hubbard et al.15  Hubbard et al. reported test-

retest reliability to be r =.98 while intratester reliability was r =.92.  These findings support the 

previously established notion that sagittal measurements of the fibula position are reliable but 

validity parameters still need to be established.   

Functional Adaptations 

Static postural control 

Group x limb interactions were not relevant findings because the of the interaction 

location, between limbs of the healthy control group.  However, the limb main effects did 

indicate that the previously injured limb had decreased area A and AP range during a single leg 

stance when compared to the uninjured limb.  No previous investigation regarding AI has 

reported AP range, and no investigation has performed bilateral comparisons of area A.  

Matsusaka et al. reported that that AI subjects had a significantly larger rectangular area 

(16.0±3.4cm2) when compared to healthy controls (9.6±1.7cm2).60  These means are significantly 

smaller than those seen in the current investigation for both non-copers (26.1±11.1 cm2) and 

healthy controls (28.9±11.8 cm2).  Methodological differences exist between the investigations 
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and may explain the large differences between the reported means.  For example, Matsusaka et 

al. did not report the number of recurrent sprains or episodes of giving way but did require all 

subjects to have two recurrent sprains within six months of testing.  In addition, Matsusaka et al. 

tested subjects bare foot and took a three trial average (as opposed to two in the current 

investigation).  However, it is unknown how these methodological differences could create large 

differences in group means.   

Our results are contrary to other investigations that have illustrated impaired static postural 

control in subjects with AI.26,42,43,51,58  However, several studies have failed to reveal group 

differences.70,89,99  Ross and Guskiewicz and Michell et al. found no differences in AP or ML 

mean sway, but reported values similar to the findings of our investigation (Figure 5-2).70,99  

Similarly, Rozzi et al. reported no static postural control differences, however it must be noted 

that they used a Biodex Stability System and not a force plate during their investigation.89  

Although the values generated by the Biodex Stability System correlate well to data from static 

force plates, a direct comparison should be made with great caution.118   

Despite the lack of group differences, the non-coper group presented lower group means in 

the rectangular area A, and AP range.  Furthermore, it was noted that copers and non-copers 

presented lower group means with regards to AP sway, and overall path length when compared 

to the healthy controls.  The decreased range and sway suggest that those with AI or at least 

history of an ankle injury are either concerned or unable to approach their stability boundaries 

for some unknown reason.  Ross and Guskiewicz70 proposed that AI subjects had higher 

dynamic postural stability scores because they allow themselves to approach their stability 

boundaries, which is contradicted by our results.   

72 



 

The results of the current investigation do appear to suggest that those with AI limit or 

have their postural sway limited as a result of injury.  Recent research in nonlinear dynamics (a 

dynamical system that has a sensitive dependence on its initial conditions) also known as the 

chaos theory, has challenged the traditional perspectives that associate high variability with 

decreased performance and pathology.119  The argument stems from the capability of biological 

organisms to produce a variety of solutions to a particular task (i.e. different landing strategies 

[degrees of freedom problem]).111  This variability is suggested as being the cornerstone of 

healthy and adaptable physiological systems.120  Other investigators, however, suggest that both 

an increase or decrease in variability may be the result of disease depending on the specific 

dynamics being investigated.121  A recent review indicates the need for further research but 

strongly suggests that higher variability in postural control is a sign of a more stable 

individual.119  If this is the case, then it is possible that our non-coper group possess impaired 

static postural control, however further research is needed.  In addition, the traditional postural 

sway variables may be inappropriate measures given the information from these recent 

investigations.  It is entirely possible that we should be focusing on the complexity of postural 

sway and not the magnitude of sway.  A more appropriate variable to study might be 

approximate entropy, which is a nonlinear dynamic approach for evaluating postural control.122-

124 

Dynamic postural control 

Both the copers and non-copers had worse (higher) NAPSI scores when compared to the 

healthy control group.  However, the healthy controls had significantly worse (higher) NVSI 

scores when compared to the coper group.  This is contrary to Wikstrom et al. who indicated that 

the NAPSI scores of AI subjects did not differ from healthy controls.103  However, the same 

jump landing protocol has identified sagittal plane (NAPSI equivalent) deficits using the time to 
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stabilization measure in previous investigations.21,24,69,70,125  Furthermore, Wikstrom et al. 

revealed that AI subjects had worse (higher) NVSI and NDPSI scores than healthy controls.103   

Ross and Guskiewicz speculated that the damage caused by lateral ankle sprains and 

subsequent AI is responsible for the increased (worse) dynamic postural stability scores seen in 

their investigation.70  They theorized that people with AI take longer to decelerate their center of 

mass oscillations because they allow their center of mass to approach the limits of stability 

causing large external moments that act to destabilize the body.  If true, the idea would explain 

the larger NAPSI scores seen in the current investigation.  However, it is unknown if the 

increased NAPSI scores are caused by AI symptoms (i.e. self-reported weakness) or because 

different landing strategies are used to improve stabilization time as suggested by Ross and 

Guskiewicz.70 

Based on the results of our investigation, it appears that different landing strategies are 

used, however we don’t know if the different strategies are the result of changes in motor 

programming after injury.  Previously Caulfield and Garrett noted that subjects with unilateral AI 

possessed different biomechanical parameters during a jump landing task (both groups 

completed the motor skill).23  Similarly, previous investigations regarding limb dominance 

showed no bilateral deficits in dynamic postural stability.70,126  However, differences in 

kinematic and kinetic variables were revealed suggesting multiple motor control strategies in a 

healthy population.70   

The current investigation illustrates that regardless of group, subjects were able to 

successfully complete the jump landing task (with similar failure rates) despite different dynamic 

postural stability scores.  These results support the idea that different motor control programs 

exist in subjects with a history of ankle sprains.  Further supporting this idea is the fact that we 
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may not be able to state whether one group had significantly worse dynamic postural stability 

because of the recent research in nonlinear dynamics discussed earlier. 

Tertiary Outcomes 

Correlations 

Correlation analyses indicated that subsets of highly related variables exist within our data 

set.  Specifically, the data can be separated into four subsets: 1) injury demographic data 

(including the AJFAT) and the self-report questionnaires of ankle disability, 2) the performance 

based clinical tests, 3) fibula position and dynamic postural stability variables, and 4) static 

postural control variables.  These subsets also represent our MANOVA statistic groups, which 

supports the use of the MANOVA (highly correlated variables make a MANOVA appropriate) 

in our statistical analysis of the data.102   

Subset one suggests that there is a direct link between the number of sprains and episodes 

of giving way and an increase in disability (Table 4.4).  Further investigation of the specific 

disabilities reported and their relation with the inclusionary criteria of this investigation may lead 

to more appropriate testing methods and protocols.  Subset two (performance based clinical tests) 

was expected, as all clinical tests are related to the subjects’ motor ability/abilities.  However, 

because of the lack of relationships with the inclusionary criteria and self-reported disability, 

these tasks may not be appropriate to use on subjects with a history of ankle sprains (i.e. copers 

or non-copers).   

Subset three (fibular position and dynamic postural stability) was an unexpected result.  

Specifically, it was unexpected to have both sets of variables fall within the same subset.  

However, the lack of relationships between the inclusionary criteria and self-reported disability 

to the variables in subset three suggest that these variables may not be appropriate to consider 

when attempting to minimize symptomatic response to injury.  Yet strong relationships between 
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these two sets of variables suggest that as the position of the fibula becomes more posterior, 

dynamic postural stability scores increase.  Further research is needed to explore this relationship 

and determine the significance of these results.  The correlation between fibular position and 

dynamic postural stability may affect the biomechanical parameters of jump landing and/or the 

force that the lower extremity (specifically the lower leg) can produce.  McKinely and Pedotti 

reported that greater preparatory muscle activity provides a better dynamic defense mechanism, 

thus minimizing dynamic postural stability scores.128  In addition, previous investigations have 

indicated that dynamic control of the ankle results from an interaction between central 

programming and peripheral feedback129 but to our knowledge no investigation has examined 

how bony alignment may affect force production in the lower leg.   

Subset four (static postural control variables) was an expected result because all of the 

variables were derived from the same ground reaction force data.  However, much like subset 

two and three, there was no relationship to the inclusionary criteria, which suggests that these 

variables provide limited information regarding ankle instability status.  Similarly, the lack of 

significant relationships with the self-report questionnaires of disability implies that static 

postural control variables will not aid clinicians in their quest to improve symptomatic response 

to ankle injury and instability. 

The TSK and joint stiffness did not correlate strongly to any other variable.  This suggests 

that neither of these variables give a unique perspective that may be beneficial or that these 

variables should not be included in future investigations.  The TSK, does give a unique 

perspective but the strongest correlation was with the NDPSI (-.225).  Unfortunately this 

relationship indicates that as fear of injury increases, dynamic postural stability scores also 

decrease (improve) which implies that subjects focus more on the landing, perhaps in an effort to 
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reduce the risk of injury.  It was anticipated that joint stiffness would relate to other structural 

adaptation variables, yet only a very weak relationship was displayed.  The reason for this is still 

not understood but could have something to do with the inconsistent reporting of mechanical 

instabilities in subjects with ankle instability. 

Predictions 

As Table 4.5 suggests, few of the primary or secondary outcome variables used in this 

investigation should be considered for use as inclusionary criteria in future investigations.  The 

figure 8 hop test, FADI Sport, and normalized fibula position (ratio) all predicted one of five 

inclusionary criteria.  Furthermore, only the normalized fibula position (ratio) predicted an 

inclusionary criteria with any strength (r2 change = .247).  However, the SRQAF predicted all 

five of the current investigation’s inclusionary criteria.  In addition, two of those predictions 

explained more than 30% of the variance (# of times injured with the past 12/6 months, and 

AJFAT).  To the best of our knowledge no previous investigation has examined if their selected 

outcome variables could predict their inclusionary criteria, but the results of our investigation 

suggest that the SRQAF could be used as inclusionary criteria for future investigations. 

Conclusions 

Based on the results of our investigation, it is apparent that symptomatic response of ankle 

disability is increased in non-copers (those with ankle instability) based on the consistent group 

differences across three different self-report questionnaires.  Furthermore, performance based 

clinical tests and the number of failed performance based clinical test trials do not differ based on 

ankle instability status despite larger numbers of copers and non-copers feeling unstable while 

completing the tests when compared to healthy controls.   

Ligament stiffness does differ among the groups and appears to occur as a result of the 

initial trauma (increased stiffness in copers and non-copers).  A positional fault (fibula position) 
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does not differ across groups but appears to occur in some but not all individuals who have 

suffered an initial trauma (based on the frequency of an anteriorly positioned fibula in copers and 

non-copers).  Limited and mixed findings in static and dynamic postural stability in conjunction 

with recent nonlinear dynamics insights suggest that further research is needed before a 

conclusion can be drawn about the current variables being used and the results those variables 

have given.   

Symptomatic response and injury demographic data are strongly correlated.  Furthermore, 

the SRQAF should be considered as an inclusionary criterion for future investigations because of 

its ability to predict ankle instability status.  None of the clinical tests or secondary variables 

correlated to the inclusionary criteria or self-report symptoms of disability.   
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Figure 5-1. Study comparison of clinical test group means.79  Side to side and figure 8 values are 
expressed in seconds, while single hop values are expressed in meters. 
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Figure 5-2. Study comparison of AP and ML mean sway group means.70,99  Values are expressed 
in cm. 
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APPENDIX D 
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APPENDIX E 
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APPENDIX F 
METHODOLOGY CHANGE 

As suggested at the proposal-  A functional adaptation may be the alteration of the postural 
control strategy.1  Since it was hypothesized that copers function as if their ligaments were not 
damaged, it was thought that copers will maintain proper postural control strategies (i.e., ankle 
strategy), which previous research has shown does not occur in individuals with ankle instability 
(non-copers).1   

The planned methodology was:  First subjects will complete two trials of a 30 second single leg 
static stance on a force plate according to Karlsson and Persson, and Karlsson and 
Lanshammer.2,3  The strategy will be calculated based on the vertical, anterior/posterior (A/P), 
and medial/lateral (M/L) ground reaction force (GRF) measured at a frequency of 25-Hz.3  Data 
will be exported as a comma delimited (.CSV) files and be reduced using QuickBasic 
subroutines (version 4.5, Microsoft Corporation, Redmond, WA).  The subroutine will be used to 
calculate the postural control strategy used by the subjects.  This will be determined using the 
formulas introduced by Karlsson.2,3  The extent to which the subject acted as an inverted 
pendulum will be quantified. 

 However, the formulas provided did not function as indicated.  The formulas were 
checked for errors numerous times and modifications were made to correct the formula.  
However after multiple attempts to correct the formula and multiple failed attempts to contact the 
authors, an alternative approach4 to calculating the static postural control strategy using only 
force plate data was adopted for this investigation with the approval of the Chair and Co-chair.   

At this time, the methodology was changed to the following:  First, subjects will complete two 
trials of a 30 second single leg static stance on a force plate according to Karlsson and Persson, 
and Karlsson and Lanshammer.2,3  However, calculation of the static postural control was 
conducted according to Colobert et al.4   

Static Postural Control Strategy- A Bertec tri-axial force plate (Bertec Corporation, Columbus, 
Ohio) was used to help analyze the static postural control strategy of the subjects.  The postural 
control strategy was based on the use of a double inverted pendulum model and is proposed to be 
more robust than previous techniques.4  The model is based on the vertical, anterior/posterior 
(A/P), and medial/lateral (M/L) ground reaction forces (GRF) and some anthropometric data4 
sampled at a frequency of 25-Hz.2,3  Data were exported as comma delimited (.CSV) files and 
were reduced using a custom made Matlab (The MathWorks, Natick, Massachusetts) program in 
the Laboratoire de Physiologie et Biomécanique de l’Exercise Musculaire in Rennes, France.  
The program implemented two operations: calculation of hip and ankle angles and an 
optimization of the position of the Center of Mass.4  From this information a strategy index (Φ = 
λ1 / λ2) was generated based on the covariance between hip and ankle angles to quantify the 
postural control strategy used by the subjects.  A larger Φ indicates a hip strategy while a lower 
Φ indicates an ankle strategy.4   

However, Armel Crétual (corresponding author) who agreed to help with data reduction 
(because of the optimization process) encountered difficulties with his formula’s algorithm.  
Specifically, their formula was designed for bipedal stance and the algorithm was not appropriate 
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for a unipedal stance (and the increased ML force production).  Armel continues to design an 
algorithm that will work for a single limb stance with the data I provided and his own pilot work.  
When completed we will be able to use the algorithm in the future (time of the future is TBD).  
However, time constraints did not allow me to wait on Armel and with the approval of my Chair 
and Co-chair, new static postural control variables were selected for use in the current 
investigation.  These variables and the methodology to reduce them can be seen in Chapter 3. 

1. Pinstaar A, Brynhildsen J, Troop H.  Postural corrections after standardized 
perturbations of single limb stance; effect of training and orthotic devices in patients 
with ankle instability.  Br J Sports Med  1996;30: 151-155. 

2. Karlsson A, Persson T.  The ankle strategy for postural control- a comparison between 
a model-based and a marker based method.  Comp Meth Prog Biomech  1997; 52: 165-
173. 

3. Karlsson A, Lanshammar H.  Analysis of postural sway strategies using an inverted 
pendulum model and force plate data.  Gait Posture  1997; 5: 198-203. 

4. Colobert B, Crétual A, Allard P, Delamarche P.  Force-plate based computation of 
ankle and hip strategies from double-inverted pendulum model.  Clin Biomech  2006; 
21: 427-434. 
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