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ABSTRACT 

BACKGROUND: Lower extremity injuries are a huge health burden in the United States 

with ankle sprains being one of the most common. Chronic ankle Instability (CAI) is an issue 

that can arise secondary to a moderate ankle sprain if appropriate treatment is not obtained. Vari-

ous rehabilitation exercises have been used to reduce residual symptoms and decreased function 

that are associated with CAI. Research has shown that resistance band and Biomechanical Ankle 

Platform System (BAPS) board programs are effective; however, utilizing both exercises togeth-

er has not been evaluated in the adolescent population. OBJECTIVE: The aim of this study was 

to determine which type of rehabilitation program is most effective for improving measures of 

static balance, functional performance and self-reported levels of function in adolescent patients 

with CAI. METHODOLOGY: Active adolescent patients (n=43) aged 15-18 years were re-

cruited for this study. Three static balance tests (Balance Error Scoring System (BESS) test, 



Time in Balance test and Foot-lift test), three functional performance tests (Star Excursion Bal-

ance Test (SEBT), Side-hop test and Figure-of-8 Hopping test) and four self-reported patient 

questionnaires (Foot and Ankle Ability Measure (FAAM), Ankle Instability Instrument (AII), 

Cumberland Ankle Instability Tool (CAIT) and the Identification of Functional Ankle Instability 

(IdFAI)) were administered to evaluate the effects of three different 4-week rehabilitation pro-

grams. STATISTICAL ANALYSIS: Separate mixed model ANOVAs (a priori α≤0.05), and 

Tukey’s post-hoc for significant interactions were used for analysis. RESULTS: Significant time 

effects were found for the majority of the dependent variables (p<0.05), however significant 

group and interaction effects were only determined for certain dependent variables (p<0.05) but 

not for all (p>0.05). CONCLUSIONS: From this study, we determined that all three of the re-

habilitation interventions significantly improved most dependent variables over time. There was 

not enough evidence to support one intervention being more beneficial over another. This study 

offers insight regarding effectiveness of treatment for active adolescent suffering from CAI. It 

suggests three easily administered rehabilitation interventions that show improvement in both 

static and functional balance in only four weeks. This study offers a step in the right direction for 

tailoring rehabilitation programs for each individual patient. 
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1  REVIEW OF CHRONIC ANKLE INSTABILITY, REHABILITATION 

INTERVENTIONS AND PATIENT REPORTED OUTCOMES 

PURPOSE 

The primary purpose of this literature review is to analyze the current literature and re-

search on ankle instability. Within this review, information regarding the terminology and classi-

fication of chronic ankle instability (CAI) will be discussed along with assessment procedures 

and rehabilitation interventions that are currently being used. Topics in the literature that are 

lacking information regarding CAI and rehabilitation interventions among the adolescent popula-

tion will be highlighted. The secondary purpose of this literature review is to define the appropri-

ate type of rehabilitation intervention that should be utilized for an adolescent patient suffering 

from CAI. Appropriate care for chronic conditions is not consistently properly sought or imple-

mented in the high school athletic setting. This can be due to time constraints of both the patient 

and the athletic trainer as well as a lack of patient education regarding preventative care and re-

habilitation beyond the acute aspect of an injury. 

CHRONIC ANKLE INSTABILITY BACKGROUND 

Ankle Injury in Adolescent Patients 

Lower extremity injuries comprise approximately 47.3% of all emergency room visits in 

the United States, with ankle injuries composing 18.2%.1 Patients aged 10-19 years have the 

highest rates of ankle sprains.2 Approximately 74% of patients with ankle injuries in the general 

population have residual symptoms and high rates of re-injury.3 This information is unknown in 

the adolescent population.  
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Adolescent participation in sports is increasing. With this increase in participation, over-

use injuries are becoming more common. Overuse Injuries affect adolescents (ages 13-17) at a 

higher rate than children (ages 5-12).4 Adolescent patients are at a higher risk for overuse injuries 

due to their multi-sport involvement. They are performing at a higher level with more intense 

training and longer training duration.4 The varying aspects of stress from different sporting activ-

ities combined with an immature skeleton make overuse injuries unavoidable. Adolescent pa-

tients that compete in multiple sports at a time do not allow their developing bodies enough time 

to recover.5–7 These overuse injuries are often times not treated properly, and long-term implica-

tions can be present. Overuse injuries in the adolescent population affect females more than 

males.8 Adolescent patients also suffer more injuries to the lower extremity compared to children 

and often times will not seek medical attention for the injury until their athletic performance on 

the field is compromised.6 

Injury to the ankle or foot is the most common type of injury present among adolescent 

patients.9 These injuries have the highest incidence among ballet, running and gymnastics per 

1000 patients per season and soccer and rugby per 1000 patients per hour.10 Within ankle inju-

ries, ligamentous injuries are the most common in adolescents, while bony injuries are more 

common among children.9,11 Within the adolescent population, the most common sport-related 

injury is an ankle sprain.7 Ankle sprains are more common in basketball and soccer with females 

having a higher rate of injury than males.12 Among high school patients, ankle sprains comprise 

3.13 per 10,000 patient exposures, which account for 15.3% of all injuries.13 Among ankle 

sprains reported, 15.7% are repetitive in nature.13 The highest rates of ankle sprain per 10,000 

patient exposures are reported in boys’ basketball (5.16), girls’ basketball (5.03) and girls’ gym-
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nastics (4.88), and the highest proportions of repetitive ankle sprains are reported in cheerleading 

(20.8%), boys’ basketball (20.1%) and girls’ gymnastics (20.0%).13  

Ankle Instability Terminology 

Functional ankle instability (FAI) was first defined by Freeman in 1965 as the tendency 

of the ankle to “give way” after an injury to the lateral ankle complex.14 This “giving way” sen-

sation was thought to be caused by an actual mechanical issue of the lower leg musculature and 

lateral ankle ligaments and was termed Mechanical instability (MI).14 However, this early work 

also gave light to a functional instability that was not caused by an actual mechanical issue de-

tected during an evaluation; and the true cause of the instability was yet to be determined.14 This 

functional instability includes balance and joint position sense deficits, delayed peroneal muscle 

reaction time, altered nerve function and an overall decrease in strength and range of motion.15 

Further research has evaluated the relationship between both functional and mechanical instabil-

ity.15 There seems to be a close correlation between the two types of instability, however not eve-

ry case will report with both types of instability.15  

Chronic Ankle Instability 

Some patients report functional issues after an ankle sprain and damage to the structures 

of the lateral ankle complex can be diagnosed, while other patients will report functional issues 

after an ankle sprain and no mechanical issues can be detected. As the topic of functional ankle 

instability was further studied, some research supported the separation of both mechanical and 

functional instability,16 so that specific rehabilitation programs could be designed for each type. 

Other research has been supportive of combining the two types of instability and terming the 

overall issue as Chronic Ankle Instability (CAI).17 This combination is known as the Hertel 

Model.17 CAI was termed in order to describe the entire spectrum of issues that can lead to over-
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all instability of the ankle due to some patients reporting functional issues that may or may not 

also be accompanied by mechanical issues. As the paradigm shift for ankle instability continued, 

an evolution of the Hertel Model17 was recommended by Hiller et al.18 This model recommended 

to keep both functional and mechanical instability as separate entities of the model, but to also 

define a new component within the model where both mechanical and functional instability as 

well as recurrent ankle sprain be a new definition for CAI.  

CAI is an issue that can occur after a single or repetitive lateral ankle injury. The signs 

and symptoms present with CAI include: a history of at least 1 ankle sprain that required medical 

intervention, recurrent ankle sprain, along with self-reported pain, weakness, instability, and the 

sensation of “giving way”.19 Changes within the ligaments of the lateral ankle as well as altera-

tions within the postural control system can occur. It is important to remember that the changes 

within the lateral ligament complex are not simply from the initial injury, but from an initial laxi-

ty that occurs post-injury and eventually leads to a hyper laxity of ligaments.20 CAI is a major 

issue because it has negative impacts on both the neuroanatomy and the biomechanics of the an-

kle joint complex as well as activities of daily living.  

Previous research has reported a decreased feed forward voluntary movement of ankle 

eversion and reaction time in the peroneal longus in individuals with CAI compared to control 

patients,21 and a decreased corticospinal excitability of the peroneal longus indicating a decrease 

in neural excitability.22 A decrease in the Hoffman reflex and m-wave ratios in the involved 

leg,23 as well as issues with the spatiotemporal system in regards to lower time to boundary val-

ues in both the anterior to posterior and medial to lateral directions with the removal of the visual 

input system have also been reported in individuals suffering from CAI.24 
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In previous literature comparing CAI patients to healthy controls, earlier activation of the 

lower extremity musculature specifically the peroneal longus has been reported.25 This seems to 

occur in an attempt to “brace” the foot and ankle for ground contact.25 This is dangerous because 

it is a coping mechanism that alters the normal joint mechanics. While this mechanism may as-

sist CAI individuals in completing normal tasks, it decreases the amount of dynamic stability that 

can be achieved due to the earlier shortening of the musculature.25 A bilateral decrease in muscu-

lar activation of the peroneus longus, peroneus brevis and tibialis anterior in individuals with un-

stable ankles compared to healthy controls has also been reported.26 This is an issue because this 

decrease in bilateral muscular activation on the uninvolved side could put the stable ankle at a 

potential increase risk for injury.26 Postural sway deficits and slower reaction times for the pero-

neal longus and peroneal brevis have also been reported in CAI patients compared to healthy 

controls.27 Within these deficits, a greater anteroposterior sway with vision and a greater medi-

olateral sway without vision has been reported.27 

Lower Extremity Muscle Activation 

Changes in balance correction techniques have also been reported among comparisons of 

CAI patients and healthy controls.28 After an external perturbation via tibial nerve stimulation, 

CAI individuals took longer to return to a normal balanced state during a double leg stance.28 

This mechanism gives light to an issue in the sensorimotor system on the organization of stabili-

zation forces after the system is disturbed.28 CAI individuals seem to be less likely to react and 

return to their normal balanced state when disturbed from their stable stance. Decreased activa-

tion of the hip and knee musculature during single leg landing tasks among CAI patients com-

pared to healthy controls have also been reported.29 These alterations not only occur at the ankle 

joint, but also at proximal joints indicating a complete change in landing mechanics and de-
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creased use of the proximal joints.29 This provides insight into the alterations occurring in the 

overall motor control of the lower extremity.  

Physical Activity 

An overall decrease in physical activity has also been previously reported.30 In a study 

measuring daily step counts, CAI patients had an overall lower daily step count and higher levels 

of self-reported instability compared to healthy controls.30 This study provides information on 

the impact that CAI has on the general physical activity of CAI patients. This decrease in physi-

cal activity can lead to an increase in various chronic conditions and diseases including osteoar-

thritis, obesity, diabetes and hypertension, which can be detrimental to the overall health of indi-

viduals. 

EVALUATION AND ASSESSMENT TECHNIQUES 

Patient Self-Reported Questionnaires 

Evaluation and assessment of CAI is very important in the clinical setting, with classifi-

cation of CAI being the first step of the evaluation process. Among the general population, cer-

tain self-reported instability and function questionnaires have been utilized and are recommend-

ed for clinical classification by the International Ankle Consortium (IAC).19 These question-

naires include the Foot and Ankle Ability Measure (FAAM) and the FAAM sports sub-scale 

(FAAM-S), the Ankle Instability Instrument (AII), the Cumberland Ankle Instability Tool 

(CAIT), the Identification of Functional Ankle Instability (IdFAI). While self-reported measures 

may not be the most objective measures to utilize, they are important because they give clini-

cians and researchers a true viewpoint from the patient. Within the current literature, these ques-

tionnaires have not been utilized among the adolescent athletic population. 
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Foot and Ankle Ability Measure 

The Foot and Ankle Ability Measure (FAAM) and the FAAM sports sub-scale (FAAM-

S) is a questionnaire that assesses self-reported levels of function in patients with lower leg, an-

kle and foot musculoskeletal injuries and disorders.31 It is a shortened version of the Foot and 

Ankle Disability Index (FADI).32 Both the FADI and FAAM questionnaires have two subscales 

within them: the activities of daily living subscale and the sport subscale. While the FADI and 

FAAM share a similar instrumentation setup, the FADI possessed five extra items evaluating 

pain and sleep ability.33 Each item in both sections describes an activity and asks the patient to 

describe their level of difficulty. A Likert type scale is utilized from 0-4 (0 – no difficulty, 1 – 

slight difficulty, 2 – moderate difficulty, 3 – extreme difficulty and 4 – unable to do).31 An option 

of N/A can also be utilized if the issue with the activity is occurring in an area other than the foot 

or ankle. The FAAM activities of daily living subscale consists of 21 items that focus on walking 

and stepping on different surfaces (i.e. even ground, uneven ground, stairs) as well as short dura-

tion performance of these tasks (i.e. walking for 5-10 minutes).31 The FAAM sport subscale con-

sists of 8 items that focus on more extensive activities (i.e. running, jumping, and lateral move-

ments).31 Each subscale also includes an overall current level of function question that requests 

the patient to rate their current level of function compared to the level of function possessed prior 

to the injury in a percentage format with 100% indicating their level of function prior to the inju-

ry. Even though the FADI has been shown to be a reliable and sensitive tool in the detection of 

CAI34, the five extra items are not particularly relevant to the categorization of CAI.33 Due to 

this, the FADI is not considered to be one of the best tools to use.33 The IAC cut-off score for the 

FAAM is a score of < 90% for the activities of daily living subscale and a score of < 80% for the 
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sport subscale.19 The FAAM (ADL and sport subscales) has been shown to be a valid question-

naire in the assessment of CAI as detected by self-reported levels of function.35  

Ankle Instability Instrument 

The Ankle Instability Instrument (AII) is a questionnaire that focuses on the self-reported 

level of function of patients with ankle instability.36 It consists of 12 items that can assist a clini-

cian in determining the overall severity of instability in the ankle. Nine of the items are yes/no 

dichotomous questions. The other 3 items are follow-up questions that identify either the severity 

of the patient’s ankle sprain history or the longevity of weight-bearing assistance devices and the 

“giving way” sensation. The IAC cut-off score for this particular questionnaire is an answer of 

“yes” for a minimum of 5 of the yes/no items.19 The AII has been shown to be a valid and relia-

ble questionnaire and can be used as an objective tool to classify individuals with CAI.36 

Cumberland Ankle Instability Tool 

Cumberland Ankle Instability Tool (CAIT) is a questionnaire that focuses on the severity 

of functional issues in patients with ankle instability.37 It consists of 9 items that together are rat-

ed on a 30-point scale. The higher the response score correlates with an overall higher level of 

function. The original cut-off score for CAI classification that was given by Hiller et al37 was a 

total score of ≤ 27. The IAC cut-off score is a total score of ≤ 2419, however recent research has 

shown that the questionnaire should be recalibrated for a cut-off score of ≤ 25.38 The CAIT has 

been shown to be a valid and reliable questionnaire that can be used as a tool to measure the se-

verity of self-reported level of function of CAI.37 

Identification of Functional Ankle Instability Questionnaire 

As self-reported functional ability measures were further studied, Donahue et al pub-

lished research indicating that the use of both the AII and CAIT questionnaires may be beneficial 
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in predicting the overall true presence of CAI as assessed by self-reported functional measures.39 

From this research, an idea for a new questionnaire was developed. The Identification of Func-

tional Ankle Instability (IdFAI) is a questionnaire that is a combination of both the AII and 

CAIT.40 It is a 10-item questionnaire that can be divided in three main sections: history of ankle 

instability, initial ankle sprain information and activity of daily living (ADL) instability infor-

mation. The IAC cut-off score is a total score of ≥ 11.19 The IdFAI has been shown as a valid and 

reliable tool that can be used to categorize individuals suffering from CAI.41 In recent research 

evaluating the overall applicability of the AII, CAIT and IdFAI, support is shown for all three 

questionnaires to be utilized, however the IdFAI may be the most applicable.42 In both the clini-

cal and research environment, the evaluation process may be time sensitive; therefore the IdFAI 

may be more useful since it is a combination of both the AII and CAIT. 

Summary of Patient Self-Reported Questionnaires 

The FAAM, FAAM-S, AII, CAIT and IdFAI have all been used in the literature to identi-

fy individuals with CAI. Cut-off scores for the general population are also available for each of 

these questionnaires. More research is needed, as the specifics on the use of these questionnaires 

are minimal for individuals among the adolescent population suffering from CAI. Within the ad-

olescent patient setting where time for evaluation and assessment is limited, the use of question-

naires for diagnostic criteria can be a time-efficient tool. Among the questionnaires examined in 

this review, all of them are useful, however the IdFAI may be the most efficient as it is a compo-

site of both the AII and CAIT.   
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Balance Measures 

Static Measures 

Balance testing is a functional evaluation that can be used for classification of CAI. It of-

fers a more objective view of classification, which can be helpful when the validity of self-

reported levels of function are not always clear. Within balance testing, both static and functional 

measures can be used. Common static measures in clinical evaluation include: the Balance Error 

Scoring System (BESS) test, the time in balance test, the foot lift test and force plate measures.  

Balance Error Scoring System 

Postural stability was first evaluated by the Romberg test in the mid-19th century.43 It 

consisted of patients standing with their feet together and their arms by their side. The overall 

goal of the test was to evaluate the postural stability ability of the patient when the visual system 

was not present.43 Two testing procedures were conducted using this stance. The first consisted 

of the patients keeping their eyes open and the second with their eyes closed. During the test the 

examiner would evaluate whether or not the patient lost their postural control and began to com-

pensate in order to regain that balance. Modifications and variations to this test have occurred 

over the years that have included a change in hand placement from across the chest to on hips, a 

change in double-leg to single-leg and tandem stances as well as changes in the surfaces on 

which the test is conducted. These changes in the test have led to the development of more valid 

and reliable tests for the detection of CAI.  

The Balance Error Scoring System (BESS) is a variation of the original Romberg test and 

was first defined by Riemann et al43 The test consists of 3 main stances: double-leg, single-leg 

and tandem, and each of these stances are performed on both firm and foam surfaces (six stances 

total).43 The test period for each stance lasts 20 seconds. The test is an objective measure and in-
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volves the researcher evaluating the presence of compensations (errors) that occur during the test 

period.43 The errors that can be observed involve: 1) lifting hands off iliac crests; 2) opening 

eyes; 3) stepping, stumbling, or falling; 4) remaining out of the test position for more than 5 se-

conds; 5) moving the hip into more than 30° of flexion; 6) lifting the forefoot or heel.43 A single 

practice trial for each of the positions is recommended to be conducted prior to each of the test 

trials to allow for subject familiarization.44  

Previous research has shown the BESS test to be a valid and reliable test to detect postur-

al sway deficits43 as well as for detecting postural control deficits in patients suffering from 

CAI.44 Linens et al45 has also determined cut-off scores for the BESS total (≥ 14 errors), the sin-

gle-leg firm (≥ 3 errors), the tandem stance firm (≥ 1 error) and the tandem stance foam (≥ 5 er-

rors) stances of the BESS test in individuals in the general population with CAI who could bene-

fit from rehabilitation. Dobo et al46 also determined cut-off scores for the single leg firm (≥ 4 er-

rors), single-leg foam (≥ 5 errors), and the tandem stance foam (≥ 3 errors) stances of the BESS 

in DI Patients with CAI who could benefit from a rehabilitation intervention for improving pos-

tural stability. The BESS is an easy to administer test and can be utilized in the clinical setting. 

The BESS test has been utilized to determine to be effective at detecting balance changes after a 

neuromuscular-training program in adolescent female patients;47 however, adolescent patients 

with CAI specifically have not been evaluated.   

Time in Balance Test 

Time in balance test is a static balance test that is a variation of both the Romberg test 

and BESS (single leg firm) test. The test is performed by the patient standing on their involved 

leg with their hands on their hips and their eyes closed.45,48 During the test, the evaluator will ob-

jectively determine the length of time the patient is able to maintain their balance with their eyes 
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closed without moving their stance leg or touching down on the floor with their opposite leg.45 

The maximum time frame for each trial is 60 seconds. A single practice trial has been recom-

mended in previous literature for subject familiarization.49 A total of 3 trials with are recom-

mended to be collected with a full minute of rest in between each trial.48 The longest trial is rec-

ommended to be used for analysis.48 Previous reports have shown this test to reflect postural con-

trol deficits in individuals with CAI.45,48 Linens et al45 has also determined a cut-off score for the 

time in balance test (≤ 25.89 seconds) in individuals in the general population with CAI who 

could benefit from rehabilitation. This test is easy to administer and has been utilized and shown 

to be valid and reliable in detecting changes after an ankle rehabilitation program in adolescent 

patients suffering from CAI.49 

Foot Lift Test 

Foot lift test is another static balance test that utilizes the same positioning as the time in 

balance test. During this test however, the evaluator is objectively measuring the number of er-

rors that occur. Errors that can occur include: 1) foot lifts (any part of the foot that leaves the 

floor) and 2) touching down on the floor with the contralateral foot with an extra error being 

added for every second the foot remained on the floor.50 A single practice trial has been recom-

mended in previous literature for subject familiarization.49 A total of 3 trials with are recom-

mended to be collected with an average of the three trials to be used for analysis.45,50 Previous 

reports have shown this test to reflect postural control deficits in individuals with CAI.45,50 Lin-

ens et al45 has also determined a cut-off score for the foot lift test (≥ 5 errors) in individuals in the 

general population with CAI who could benefit from rehabilitation. This test is easy to adminis-

ter and has been utilized and shown to be valid and reliable in detecting changes after an ankle 

rehabilitation program in adolescent patients suffering from CAI.49 



 
 

 
 

13 

Force Plate Measures 

Force plate measures are also used in research to determine a patient’s level of stability. 

When these measures are evaluated, both center of pressure (COP) and time to boundary (TTB) 

are evaluated. For COP measurements, the amplitude and variability of the center of pressure are 

commonly evaluated.51 These measurements indicate how well an individual is able to maintain 

their balance under their center of mass. There are eight measurements that are evaluated includ-

ing velocity, standard deviation, range and range used, and they all occur in both the anterior-

posterior (AP) and medial-lateral (ML) directions.51 For TTB measurements, the amount of time 

needed for the COP to reach the boundary of the base of support is evaluated.51 These measure-

ments indicate how well an individual can stay within their boundary of balance without losing 

their balance or falling beyond their boundary. There are six measurements that are evaluated, 

and they occur in both the anterior-posterior (AP) and medial-lateral (ML) directions.51 The test 

is performed by the patient standing on their involved leg with their hands on their hips for 20 

seconds.45 A single practice trial is recommended for subject familiarization.45 A total of 3 test 

trials are recommended to be conducted with a 30 second rest period between each trial.45  

These measures have been utilized in previous literature to detect postural control deficits 

in patients suffering from CAI.51 Linens et al45 has also determined cut-off scores for 3 of the 

force-plate measurements including: center-of-pressure resultant velocity (≥ 1.56 cm/s), medial-

lateral TTB standard deviation (≤ 1.56 seconds) and anterior-posterior TTB standard deviation (≤ 

3.78 seconds) for individuals in the general population with CAI who could benefit from rehabil-

itation. Force plate measurements have been utilized and shown to be valid at detecting deficits 

in patients in the general population suffering from CAI,51 as well as detecting the limits of sta-

bility in healthy adolescent patients.52 However the validity of these measurements to detect 
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changes after a rehabilitation intervention for CAI in adolescent patients has not been evaluated. 

The major negative setback for force plate measures are that the systems are very expensive and 

take up space. This is not always ideal in the clinical setting, especially in the high school setting. 

Due to this, force plate measures are not used very often for clinical diagnostic assessment. 

Summary of Static Balance Measures 

 Static balance measures can be useful tools in the evaluation and assessment of CAI. All 

4 of the static measures discussed in the above review have their benefits and have been used to 

detect changes in individuals with CAI. Within the clinical setting, the BESS, time in balance 

and foot lift tests may be the most clinically applicable as they are all easily administered and do 

not require a lot of time to implement. However, the information gained from force plate 

measures is still very helpful and should be utilized if appropriate.  

Functional Measures 

Common functional measures in clinical evaluation include: the up-down hop test, the 

single hop, the single-limb hopping test, the multiple-hop test, the triple-hop crossover test, the 

timed shuttle run, the side hop test, the figure-of-8 hop test, the Star Excursion Balance Test 

(SEBT) and the Y-balance test. 

Up-Down Hop Test 

The up-down hop test is a functional test that assesses a patient’s functional hopping abil-

ities in a sagittal plane movement. To perform the test, the patient will hop vertically onto and 

down from a 20-cm step as fast as they can for 10 repetitions.53 Each trial is to be recorded to the 

nearest 0.01 second.53 Previous research has recommended that this test be performed twice with 

a 30 second rest in between the trials, and the shorter time is to be used for analysis.53 This test 

has been used in the literature as a functional test to assess hoping ability; however, no correla-



 
 

 
 

15 

tion has been detected between functional hoping abilities and individuals in the general popula-

tion with CAI.53 

Single Hop Test 

The single hop test is another functional test that has been used to assess functional hop-

ping ability in the sagittal plane. To perform this test, the patients will hop in an anterior direc-

tion as far as they can.53 The distance is recorded to the nearest 0.01m from the same position of 

the toes from the starting position to the landing position.53 Previous literature has recommended 

that this test be performed twice with a 30 second rest in between the trials, and the longer dis-

tance is to be used for analysis.53 This test has been used in the literature as a functional test to 

assess hoping ability; however, no correlation has been detected between functional hopping 

abilities and individuals in the general population with CAI.53 

Single-Limb Hopping Test 

The single-limb hopping test is a functional test that can evaluate the multiplanar hopping 

function of the lower extremity. The test consists of 8 squares that have different surface 

slopes.54 To perform the test, the patient will hop through the course as fast as they can, making 

sure to hop on each square and then return back through the course to the start.54 Previous rec-

ommendations have indicated that the time needed to complete the course should be recorded 

with the average of the trials being used for analysis, and a total of 3 practice trials be completed 

to allow for subject familiarization.55 A total of 5 trials should be completed with a minute of rest 

in between each trial. Previous research has utilized this test to assess functional hopping per-

formance; however, no correlation has been detected between healthy and CAI individuals in the 

general population.55 It should be noted that changes have been detected between symptomatic 

and asymptomatic individuals with CAI.55 
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Multiple-Hop Test 

The multiple-hop test is another functional test that evaluates a patient’s hopping and 

overall postural control ability in a multi-planar setting. To perform this test, the patient will hop 

through an 11-marker course.56 Each diagonal tape marker is recommended to be spaced approx-

imately 45% of the patient’s height, and each adjacent tape marker is recommended to be spaced 

approximately 32% of the patient’s height.56 Previous literature has recommended that this test 

be performed three times on each ankle with a 3-minute rest in between each trial.56 A 30-second 

rest period should also be utilized during the transition from the right and left trials.56 Each trial 

should be recorded to the nearest 0.01 second, and an average of the three trials should be used 

for analysis.56 This test has been shown to be a valid and reliable test in determining postural 

control deficits in general population patients with CAI.56,57 A potential setback of this test is the 

time needed to calculate the appropriate distances for the markers to be spaced and actual marker 

set up. Due to this, this test may not be the best option for clinical evaluation measures.  

Triple-Hop Crossover Test 

The triple-hop crossover test is a test that can assess functional hopping ability in the 

frontal and sagittal planes. To perform the test, the patient will stand on their involved leg with 

their arms crossed over their chest and hop in a zigzag pattern.58 During each hop, the patient is 

to clearly cross over a central line which has a 15 cm width.58,59 During the test, the evaluator 

will measure the distance from the start line to where the toe landed for the third hop.58,59 Three 

practice trials of the test on both limbs with a three minute rest in between each trial has been 

recommended for subject familiarization.58 Previous research has recommended that this test be 

performed three times with a 5 minute rest in between the trials, and the average distance is to be 

used for analysis.58 This test has been used in previous literature to assess limb symmetry after 
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an anterior cruciate ligament (ACL) rupture,59 as well as a functional test to detect impairment.58 

However, no correlation has been detected between functional performance abilities and individ-

uals in the general population with CAI.58 

Timed Shuttle Run Test 

The timed shuttle run test is a functional test that can assess the functionality of the ankle 

during a high-speed change of direction action. To perform the test, the patient was instructed to 

sprint back and forth over a 6-meter distance twice. The patient’s start leg was to be the involved 

leg and was to also be same leg used to turn during the direction changes of the test.58,60 The time 

needed to perform the test is to be recorded.58 Three trials of the test on both limbs with a three 

minute rest in between each trial has been recommended for subject familiarization.58 Previous 

literature has recommended that this test be performed three times with a 5 minute rest in be-

tween the trials, and the average distance is to be used for analysis.58 This test has been used in 

previous literature to assess functional limitations after an ACL rupture,60 as well as a functional 

test to detect impairment.58 However, no correlation has been detected between functional per-

formance abilities and individuals in the general population with CAI.58 

Side Hop Test 

The side hop test is a functional test that has been used to assess functional hopping abil-

ity in the frontal and sagittal planes. To perform this test, the patinet will hop over a 30 cm dis-

tance for 10 repetitions as fast as they can.53 The times needed to perform the test is to be record-

ed to the nearest 0.01 second.53 Previous research has recommended that this test be performed 

twice with a 30 second rest in between the trials, and the shorter time is to be used for analysis.53 

A single practice trial has been recommended in previous literature for subject familiarization.49 

Linens et al45 has also determined a cut-off score for the side hop test (≥ 12.88 sec) in individuals 
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in the general population with CAI who could benefit from rehabilitation. This test has been used 

in the literature as a valid and reliable test in assessing changes in the functional abilities of ado-

lescent patients suffering from CAI after a rehabilitation program.49  

Figure-of-Eight Hop Test 

The figure-of-eight hop test is a functional test that has been used to assess functional 

hopping ability in the frontal plane. To perform this test, the patient will hop over a 5 cm dis-

tance in a figure-eight pattern for 2 repetitions as fast as they can.53 The times needed to perform 

the test is to be recorded to the nearest 0.01 second.53 Previous observations have recommended 

that this test be performed twice with a 30 second rest in between the trials, and the shorter time 

is to be used for analysis.53 A single practice trial has been recommended in previous literature 

for subject familiarization.49 Linens et al45 has also determined a cut-off score for the side hop 

test (≥ 17.36 sec) in individuals in the general population with CAI who could benefit from reha-

bilitation. This test has been used in the literature as a valid and reliable test in assessing changes 

in the functional abilities of adolescent patients suffering from CAI after a rehabilitation pro-

gram.49 

Star Excursion Balance Test 

The Star Excursion Balance Test (SEBT) is a functional test that can assess the dynamic 

postural control of the lower extremity through measurable reach distances. The SEBT was ini-

tially created to reflect eight different reach directions (anterior, anteromedial, medial, postero-

medial, posterior, posterolateral, lateral and anterolateral). To perform the test, the patient will 

stand on their involved leg and reach as far as they can in the specified direction while maintain-

ing their balance. Significant reach deficits have been reported when standing on the involved 

leg compared to the uninvolved leg in individuals with CAI.61 Previous research has recom-
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mended three trials be completed in each specified direction with a 10 second rest in between 

each trial.62 Each of the reach distances should be normalized to the patient’s leg length prior to 

analysis.63 The average of the three trials should be used for analysis.62 A total of 4 practice trials 

are recommended for subject familiarization64 with a 5 minute rest occurring prior to the test tri-

als.65 The SEBT has been shown to be a valid and reliable test for assessment of dynamic postur-

al control.65 The recommended use of the anteromedial, medial and posteromedial direction 

reach distances have been previously observed as the most useful directions for detecting reach 

deficits in individuals with CAI with the posteromedial direction being the most predictive fac-

tor.62 Other research has also indicated that the anterior direction in addition to the posteromedial 

direction of the SEBT indicate deficits in individuals with CAI.66  

Y-Balance Test 

Another dynamic balance test is called the Y-balance test. It utilizes components of the 

SEBT including the anterior, posteromedial and posterolateral directions.67 The Y-balance test 

however in its original description requires a specialized apparatus for test administration. This 

apparatus is made up of a specialized platform for the patient to stand on and three poles lying on 

the floor pointed in the anterior, posteromedial and posterolateral directions. During the test, the 

patient is required to push a reach marker box as far as they can. This box will indicate their max 

reach distance during the test. Previous research on the SEBT has utilized these three directions 

to show reach deficits which can predict lower extremity injury in adolescent patients.68 These 

three directions as well as the composite score have been shown to be valid and reliable for as-

sessing overall lower extremity dynamic postural control.67,68 

There seems to be a debate in the literature on which stances are the best detecting defi-

cits in individuals with CAI. While research has supported the use of the anteromedial, medial 
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and posteromedial directions with the posteromedial direction being the most indicative,62 other 

research has misreported this. This issue has led to the recommendation of the anterior, postero-

medial and posterolateral directions being recommended as the best at detecting deficits in indi-

viduals with CAI.69,70  

Linens et al 45 has determined a cutoff score for the posteromedial direction (≤0.91) of the 

SEBT for individuals in the general population with CAI who could benefit from rehabilitation. 

Previous literature has shown the SEBT (lateral, anteromedial, medial and posterior) directions 

to be sensitive to changes of overall lower extremity function in adolescent patients after a neu-

romuscular training program.47 The anteromedial, medial and posteromedial directions have also 

been used in the literature as valid and reliable test directions in assessing changes in the func-

tional reaching abilities of adolescent patients suffering from CAI after a rehabilitation pro-

gram.49 

Summary of Functional Balance Measures 

Functional balance measures can be useful tools in the evaluation and assessment of CAI. 

Within this current literature review the up-down hop test, the single hop test, the single-limb 

hopping test, the multiple-hop test, the triple-hop crossover test, the timed shuttle run, the side 

hop test, the figure-of-eight hop test, the Star Excursion Balance Test (SEBT) and the Y-balance 

test were assessed. Among these tests, the up-down hop test, the single hop test, the triple-hop 

crossover test and the timed shuttle run are not recommended as they offer no correlation be-

tween functional abilities and individuals with CAI. The single-limb hopping test did provide a 

correlation between functional abilities and individuals with CAI, however caution should be 

utilized as this assessment was made between symptomatic and asymptomatic CAI individuals. 

The multiple-hop test did offer a correlation between function and CAI individuals, however it is 
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not a recommended test in the clinical setting as the setup for this test is very difficult and time 

consuming. The side hop, figure-of-eight hop and the SEBT tests are all recommended for clini-

cal assessment as they are each easy to administer and do not require a lot of time to implement. 

They are each sensitive to changes after a rehabilitation intervention. Cut-off scores are also 

available for these three functional measures among the general population suffering from CAI. 

In regards to the Y-balance test, more research is needed as current research only discusses the 3 

directions of the SEBT that are used during the Y-balance test procedures. Caution should be uti-

lized in relating these two tests, as they are both very different even if the specific reach direc-

tions are similar.  

Evaluation and Assessment Technique Recommendations 

Based on the above review of both patient self-reported questionnaires and functional 

measures, the following recommendations should be considered for evaluation techniques among 

adolescent patients with CAI. For inclusion and exclusion criteria for individuals with CAI, the 

IAC recommendations should be utilized. For patient self-reported measures all of the following 

self-reported questionnaires should be utilized as information in the adolescent population is 

minimal: FAAM and FAAM-sport, AII, CAIT, and IdFAI. However, caution should be utilized 

because the cut-off score recommendations in the IAC statement for all patient self-reported 

questionnaires are all defined for the general population only.  

For static balance measures all of the measures would be beneficial to gather, as infor-

mation is limited among adolescent patients. However, the difficulty of setting up force plate 

measures should be recognized. Due to this complexity, the actual applicability of force plate 

measures may not be overly useful in a clinical high school athletic training room. The BESS, 

time in balance and foot lift tests are all easy to administer and have all been shown to be sensi-
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tive to changes in adolescent patients after a rehabilitation intervention. The time in balance and 

foot lift tests have also been shown to be sensitive to changes after a rehabilitation intervention in 

adolescent patients with CAI.  

For functional balance measures only the side hop test, figure-of-8 hop test and SEBT 

should be collected. All three of these tests are easy to administer and have been shown in the 

literature to be sensitive to changes after a rehabilitation intervention in adolescent patients with 

CAI. For the SEBT, the original stance directions recommended by Hertel et al62 to the stance 

directions of the SEBT used during the Y-balance test should be compared to see which are more 

sensitive to revealing deficits among adolescent patients with CAI. While the other dynamic 

functional measures have been used in research previously, there may not be a true clinical ap-

plicability of the tests in a clinical setting dealing with adolescent patients suffering from CAI. 

Among the research for these other tests, there has either been no correlation between healthy 

and CAI individuals for functional ability or the actual set up of the tests is difficult and time 

consuming 

REHABILITATION TECHNIQUES 

Multistation Rehabilitation Techniques 

Rehabilitation is a conservative, progressive and effective way to combat the residual 

symptoms present with CAI. Among rehabilitation interventions being utilized in clinical prac-

tice, the overarching technique is considered a multistation approach. A multistation rehabilita-

tion intervention usually encompasses multiple exercises. These exercises are typically geared 

toward shortening muscle reaction time, increasing muscle activation, and overall postural 

awareness of the ankle joint complex. The effects of multistation rehabilitation interventions 

have been examined in the literature among the general population suffering from CAI as well as 
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among the adolescent population for overall lower extremity injury prevention. In a review con-

ducted by Mattacola et al71 a rehabilitation program comprised of both advanced resistance exer-

cises and balance training was recommended for individuals suffering from CAI. However with-

in this review, a timeframe for the completion of the intervention was not specified. The mut-

listation interventions assessed in the literature among the general population suffering from CAI 

have consisted of 12-18 different exercises and have lasted anywhere from 4 to 6 weeks.72–74  

Eils et al72 evaluated the effects of a 6 week multistation program on individuals with 

CAI. Changes in joint position sense, postural sway and muscle reaction times were assessed be-

tween a rehabilitation group and a control group, both of which suffered from CAI.72 This inter-

vention took about 20 minutes to complete. It consisted of 12 exercises that were performed for 

45 seconds with a 30 second rest period, and each of the exercises were performed once on each 

leg during each session.72 The intensity of each exercise was modified to increase the level of 

difficulty every 2 weeks.72 The exercises utilized consisted of double and single leg balance on 

multiple surfaces.72 Some of the exercises utilized the resistance of exercise bands to train pos-

ture of the overall lower extremity, as well as walking on different unstable surfaces.72 Signifi-

cant improvement in joint position sense, postural control and muscle reaction time were noted 

in the rehabilitation group compared to the control group.72 

Hale et al73 and Lee et al74 both evaluated the effects of 4 week multistation programs on 

individuals with CAI. Changes in both functional abilities as assessed by the Star Excursion Bal-

ance Test (SEBT) and patient reported measures as assessed by the Foot and Ankle Disability 

Index (FADI) and Foot and Ankle Disability Index Sport (FADI-sport) were examined.73,74 

Comparisons between a CAI rehabilitation group and a CAI control group were made.73 Han et 

al73 used both a supervised laboratory program and a home based program were. There were 4 
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supervised laboratory sessions that were completed twice during weeks 1 and 2 and once during 

weeks 3 and 4 and consisted of 18 different exercises, and the home based program was com-

pleted 5 times per week and consisted of 13 exercises.73 Both programs took approximately 30 

minutes to complete and consisted of a mix of double and single limb tasks that focused on range 

of motion, strengthening, balance and functional tasks for the lower extremity and ankle.73 Lee et 

al74 used a supervised program that consisted of a 4 phase rehabilitation intervention that totaled 

to 17 different exercises.74 Phase 1 consisted of range of motion exercises, phase 2 consisted of 

resistance band exercises, phase 3 consisted of isometric and single leg jumping tasks and phase 

4 consisted of single leg balance exercises.74 Each session took approximately 90 to 120 minutes 

to complete.74 Both studies saw significant improvement in both the FADI and FADI-sport ques-

tionnaires for the CAI rehabilitation groups compared to the control groups.73,74 Hale et al73 de-

termined significant improvement for the posteromedial, posterolateral and lateral reach direc-

tions as well as the mean reach for all 8 reach directions of the SEBT, while Lee et al74 deter-

mined improvement in the anteromedial, posterior, posterolateral, lateral and anterolateral reach 

directions of the SEBT for the CAI rehabilitation group compared to the control group.  

Multistation rehabilitation interventions among the general population can be very broad 

programs. They are composed of multiple exercises, which are all to be completed in a single 

session. These interventions while effective are not easily conducted without appropriate super-

vision and require multiple tools.  The wide-ranging nature of these programs makes them diffi-

cult to implement in clinical practice. This burden becomes even more challenging when dealing 

with the lack of education about proper body biomechanics and patient compliance with rehabili-

tation that is often present with an adolescent population.  
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The mutlistation interventions assessed in the literature among the adolescent population 

have consisted of 6 to 10 exercises and have lasted approximately 18 to 20 weeks.75–77 Most of 

the multistation programs evaluated among the adolescent population are geared toward overall 

injury prevention and detection of injury rates rather than actual rehabilitation interventions for 

specific injuries. Soligard et al75 evaluated the effects of a comprehensive warm up program on 

adolescent female soccer players. The program evaluated the overall incidence of lower extremi-

ty injury during a single sports season and was not an actual rehabilitation intervention.75 Com-

parisons between an intervention group and control group were made.75 The program was com-

pleted before every practice and game over an entire soccer season and focused on strength, 

overall postural awareness and neuromuscular control.75 Exercises in this program included run-

ning drills, planks, eccentric hamstring curls, squats, jumping drills and cutting drills, and the 

program took approximately 20 minutes to complete.75 Both groups still had injuries occur dur-

ing the course of the season; however, the intervention group had a significant decrease in both 

lower extremity injuries overall as well as both acute severe and overuse injuries.75  

Emery et al76 evaluated the effects of an 18 week multistation prevention program that 

was basketball specific in nature on high school basketball patients. The program evaluated both 

injury rates and injury exposures during a single season.76 Comparisons between an intervention 

group and control group were made.76 Both the intervention and control programs were per-

formed 5 times per week.76 For the control program, a 10 minute warm up program focusing on 

both aerobic exercise, and static and dynamic stretching.76 For the intervention group, a 10 mi-

nute warm up focusing on both aerobic exercise and static and dynamic flexibility, a 5 minute 

sport specific balance training component which was completed at practices only, and a 20 mi-

nute home exercise program that utilized a wobble board.76 Progression was reassessed at both 2 
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and 4 weeks, however the specifics of what exercises were completed for each of the compo-

nents was unclear.76 Overall, the study resulted in a reduced rate of acute-onset injuries and re-

duced lower extremity and ankle sprains injury rates; however, it should be noted that there were 

low compliance numbers for this study.76  

Emery et al77 evaluated the effects of a season long multistation prevention program on 

adolescent soccer players. This program evaluated the injury rates during a single season. The 

program was encouraged to be completed for the entire season; however, the specifics of the ac-

tual duration of the program were not clear.77 Comparisons between an intervention group and a 

control group were made.77 Specifics for the repetition of program completion for both the inter-

vention and control programs were unclear.77 For the control group, a standard 15 minute warm 

up program that focused on aerobic exercise and static and dynamic flexibility was completed.77 

For the intervention group, a 15 minute soccer specific neuromuscular program focusing on dy-

namic stretching, eccentric strengthening, agility drills, jumping drills and balance drills were 

completed.77 The intervention group also completed a 15 minute home based wobble board pro-

gram; however, the specifics of what exercises were completed on the wobble board were un-

clear.77 The interventions were reassessed at 3 and 6 weeks but no specifics of intervention pro-

gression were discussed.77 Both programs provided an overall protective factor for acute onset 

injures, and the treatment group had a reduced overall injury rate compared to the control 

group.77  

Summary of Multistation Rehabilitation Techniques  

There are various issues with multistation programs that may cause it to not be the most 

ideal choice in the rehabilitation setting. Each of the programs consists of multiple exercises that 

take up a lot of both the clinician’s and patient’s time. These programs also take up a lot of 
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space, and often times it is unclear which exercises offer the most benefit. Within the adolescent 

setting, a lot of the programs are completed via a team approach and therefore compliance is lim-

ited and not very consistent. These programs can often times seem like more of a cookie cutter 

approach for multiple patients when specific programs may need to be designed depending on 

the patient’s injury history.  

Resistance Band Rehabilitation Techniques 

One type of exercise that is commonly utilized in multistation rehabilitation interventions 

is resistance band training. It offers an open kinetic chain exercise technique that can be progres-

sive in nature. Resistance band training implements strengthening exercises that focus on the 

four main motions of the ankle (dorsiflexion, plantarflexion, inversion and eversion). This type 

of exercise is generally focused on increasing overall strength of the ankle joint complex, reduc-

ing muscle onset latency and increasing ankle joint position sense. The effects of resistance band 

interventions have been examined in the literature mainly in the general population with a history 

of ankle injury as well as in individuals suffering from CAI.78–81 

Docherty et al78 evaluated the effects of a 6 week resistance band program among general 

population patients suffering from FAI. Changes in overall ankle joint strength and joint position 

sense were assessed between a rehabilitation group and a control group.78 The intervention took 

approximately 10 minutes and was completed 3 times a week for 6 weeks.78 It consisted of 3 sets 

of 10 repetitions for the first week of training and 4 sets of 10 repetitions for the second week of 

training in the 4 main motions of the ankle, and the resistance of the band was increased every 2 

weeks by changing to a higher tension band.78 Significant improvement in both strength and joint 

position sense for inversion, dorsiflexion and plantarflexion were noted in the rehabilitation 

group compared to the control group.78 
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Kaminski et al79 evaluated the effects of 6 week resistance band program among general 

population patients suffering from FAI. Changes in isokinetic strength for ankle inversion and 

eversion were assessed at two different speeds.79 These changes were assessed among a strength 

training group, a proprioception training group, a combination group which completed both the 

strength and proprioception training techniques and a control group, all of which suffered from 

FAI.79 Each intervention took approximately 10-20 minutes to complete depending on the group 

allocation and was completed 3 times a week for 6 weeks.79 The strength training intervention 

consisted of 3 sets of 10 repetitions for the first week of training and 4 sets of 10 repetitions for 

the second week of resistance band training in the 4 main motions of the ankle, and the resistance 

of the band was increased every 2 weeks by changing to a higher tension band.79 The propriocep-

tion training intervention consisted of 2 sets of 25 repetitions for resistance band kicks in the 4 

main directions of hip motion (flexion, extension, abduction and adduction).79 To complete this 

intervention, the resistance band was placed above the ankle of the uninvolved leg.79 The patient 

would then stand on their involved leg and oscillate their uninvolved leg in a kicking pattern with 

a specific speed.79 For this intervention, there was not a set progression of intensity.79 However, 

the researchers would increase the band resistance when the patients could complete the exercise 

set without losing their balance.79 The combination training intervention consisted of the comple-

tion of both the strength and proprioception training interventions.79 There were no changes not-

ed for isokinetic strength within any of the rehabilitation groups compared to the control group.79   

Han et al80 evaluated the effects of a 4 week resistance tubing program among general 

population patients with a history of an ankle sprain. Changes in center of pressure indicating 

balance abilities were assessed between a rehabilitation group that suffered from CAI and a 

healthy control group.80 The intervention took approximately 20 minutes and was completed 3 
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times a week for 4 weeks.80 It consisted of 3 sets of 15 repetitions of resistance tubing training 

utilizing a front pull, a back pull, a crossover and a reverse crossover motion at the hip.80 The 

resistance of the tubing was a percentage of the patient’s mass and was increased each week.80 

Significant improvement in balance abilities were noted for the rehabilitation group compared to 

the control group, and in a 4 week follow-up, these improvements were still present.80 It should 

be noted that this study utilized resistance tubing compared to a resistance band. While both tools 

are similar, the tubing may offer a more focused angle of pull from its anchor point whereas the 

band may offer a wider angle of pull. Resistance tubing also does not offer the same coverage 

area as a resistance band due to its small diameter.   

Hall et al81 evaluated the effects of a 6 week resistance band program among general 

population patients suffering from CAI. Changes in various functional performance tests, a dy-

namic balance test isometric strength tests and perceived ankle instability were assessed among a 

resistance band group, a neuromuscular facilitation strength group and a control group, all of 

which suffered from CAI.81 Each intervention took approximately 10 minutes and was complet-

ed 3 times a week for 6 weeks.81 The resistance band intervention consisted of 3 sets of 10 repe-

titions for the first week of training and 4 sets of 10 repetitions for the second week of resistance 

band training in the 4 main motions of the ankle, and the resistance of the band was increased 

every 2 weeks.81 The neuromuscular facilitation intervention consisted of proprioception neuro-

muscular facilitation (PNF) strengthening in both the D1 and D2 patterns of ankle motion.81 

Each week the patients would progress to a higher set and repetition count.81 Significant im-

provements in strength and perceived ankle instability were noted for both rehabilitation groups 

compared to the control group.81 There were no significant improvements in functional perfor-

mance for any of the groups.81 



 
 

 
 

30 

Summary of Resistance Band Rehabilitation Techniques 

In terms of training parameters for resistance band interventions duration, direction, 

weekly session and set repetition counts and progression technique needs to be evaluated. Both 4 

and 6-week duration resistance band interventions have been shown to be successful. Within the 

studies evaluated above, an increase in ankle joint position sense and balance were successful for 

both 4 and 6-week programs, and an increase in ankle strength was only successful for 6-week 

programs. While training in the 4 main directions of the ankle is most commonly used and is 

successful, the use of perturbation training via resistance band pulls may also be a useful tech-

nique. It should also be noted that the use of isometric strengthening in a D1/D2 PNF pattern is 

another useful technique that can offer similar benefits that are see in resistance band training 

interventions. The D1/D2 PNF pattern of training may also offer a more functional training pat-

tern compared to the individual nature of the 4 main directions of ankle motion. Typically PNF 

strengthening resistance is implemented by the clinician, which allows for a constant resistance 

through the diagonal patterns. Unfortunately, the D1/D2 PNF pattern is difficult to achieve with 

the stationary angle of pull that is present with an anchored resistance band. Training 3 times a 

week has been commonly used in the literature and has been a successful training regime for 

weekly sessions. Completing 3 and 4 sets of 10 to 15 repetitions have also been commonly used 

and shown to be successful in the literature. If the clinician desires to increase the intensity of the 

training protocols, utilizing these set and repetition progressions can be beneficial. Lastly, in-

creasing the resistance band intensity throughout the training intervention period has also been 

shown to be successful as a progression technique. As long as the clinician utilizes a specific, 

systematic and consistent approach, using any of the progression techniques in the literature can 

be beneficial.  
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Ankle Disk Rehabilitation Techniques 

Another type of exercise that is commonly utilized in multistation rehabilitation interven-

tions is ankle disk training. It offers a closed kinetic chain exercise technique that can be pro-

gressive in nature. Ankle disk training implements unstable surface strengthening exercises that 

focus on the multiplanar aspect of motion that occurs at the ankle. This type of exercise is gener-

ally focused on reducing muscle onset latency and increasing postural stability and functional 

ability of the ankle joint complex and the lower extremity82–87,49,88,89 A decrease in the number of 

lower extremity injuries has also been reported with the use of ankle disk training.90   

Among the tools utilized for ankle disk training, the wobble board and biomechanical an-

kle platform system (BAPS) board are the most common. Both tools offer a progressive aspect to 

training. This progression is achieved through the interchangeable half-spheres that can be at-

tached to the bottom of the board. The larger the training hemisphere, the greater range of motion 

that can be utilized, and thus a higher intensity level of training can be achieved. Surface EMG 

readings for the muscles of the lower leg during ankle disk training have been previously ob-

served and have revealed an increase in maximal voluntary isometric contraction with an in-

crease is training hemisphere size.91 Similar responses in the tibialis anterior, peroneus longus 

and gastrocnemius have been reported in both healthy and CAI individuals in the general popula-

tion making this an ideal tool for multiple populations.91 The effects of ankle disk interventions 

have been examined in the literature for general and adolescent population patients suffering 

from CAI.82–87,49,88–90  

Osborne et al82 evaluated the effects of an 8 week ankle disk training program among 

general population patients with a non-rehabilitated unilateral inversion ankle sprain. Changes in 

muscle onset latency were assessed using surface EMG readings for the anterior tibialis, posteri-
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or tibialis, peroneus longus, and flexor digitorum muscles during a simulated ankle inversion ep-

isode between a rehabilitation group and a control group.82 The rehabilitation group consisted of 

the involved leg and the control group consisted of the uninvolved leg.82 The intervention took 

approximately 15 minutes and was completed daily for 8 weeks.82 Specifics of the training pro-

tocol were not given.82 Significant decreases in muscle onset latency of the tibialis anterior mus-

cle for both groups were noted.82 This result leads to the potential of a crossover effect that can 

occur during rehabilitation even though training was only completed on one side.82  

Emery et al90 evaluated the effects of a 6-week at home wobble board training program 

on healthy adolescent patients. Changes in static and dynamic balance, functional strength, en-

durance and sport-related injury rates were assessed between a treatment group and a control 

group.90 The intervention took approximately 20 minutes and was completed daily during the 

initial 6 week period and then once a week for the remainder of a 6 month timeframe.90 During 

the 6 week intervention, the patients were tested biweekly on abilities for static and dynamic bal-

ance, functional strength and endurance.90 The patients also filled out a sports participation and 

injury report form 6 months after the intervention was started.90 The specifics on what exercises 

were completed on the wobble board were not mentioned.90 The progression of the program was 

conducted every 2 weeks.90 These progressions included a change from bipedal to unipedal 

stance positioning as well as an increase in the duration of eye-closed elements after week 2, and 

a progression to the second level of the wobble board and the addition of core stabilization after 

week 4.90 The control group did not perform any intervention, but did receive the same biweekly 

testing.90 Significant improvement in overall balance after the 6 week intervention and a decrease 

in the number sport related injuries during the 6 month timeframe were noted in the rehabilita-

tion group compared to the control group.90 
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Wester et al83 evaluated the effects of a 12 week wobble board training program among 

general population patients with a history of an ankle sprain. Changes in edema reduction, levels 

of functional ability and rate of recurrent ankle injury were assessed between a rehabilitation 

group and a control group, both of which suffered from residual symptoms of a previous ankle 

sprain.83 The intervention took approximately 15 minutes and was completed daily for 12 

weeks.83 It consisted of a very specific daily training program; however, only the parameters for 

the first 6 weeks were defined.83 The training program consisted of a single set of various mo-

tions on the board (forward/backward, side to side and rotations) that utilized both double and 

single leg stances as well as an exercise that required the patient to keep the board as level as 

possible for 10 seconds.83 Significant decreases in rates of recurrent ankle sprains and decreased 

levels of functional instability were noted for the rehabilitation group compared to the control 

group.83 No difference in the speed of edema reduction was noted for either group.83  

This same program was utilized by Clark et al;84 however, it was only utilized 3 times a 

week for 4 weeks among general population patients suffering from FAI. Significant improve-

ment in muscle onset latency for both the tibialis anterior and the peroneal longus as well as an 

increase in the perception of ankle stability were noted in the rehabilitation group compared to 

the control group.84 Dinesha et al85 also utilized a similar program defined by Wester et al83 and 

compared the effects of both a 2 and 4 week program among basketball players in the general 

population suffering from recurrent ankle sprains. A significant decrease in muscle onset latency 

for the anterior tibialis, and the peroneus longus muscles during a simulated ankle inversion epi-

sode was noted for the 4 week rehabilitation group compared to the 2 week rehabilitation 

group.85 
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Lee et al86 evaluated the effects of a 12 week BAPS board training program among gen-

eral population patients suffering from FAI. Changes in postural stability, functional joint stabil-

ity and proprioception were assessed within a rehabilitation group.86 The intervention took ap-

proximately 20 minutes and was completed 3 times a week for 12 weeks.86 It consisted of 3 sets 

of 10 repetitions of 5 main exercises.86 These exercises included anterior/posterior cycles, medi-

al/lateral cycles, clockwise rotations, counterclockwise rotations and a 10 second hold for main-

taining a level platform on the board for single leg stability.86 The patients would progress to the 

next level for the 4 motion exercises if they could move the platform in both clockwise and 

counterclockwise rotations and change the direction of rotation on command from the evalua-

tor.86 The patients would progress to the next level for the single leg stability exercise if they 

could keep the platform level for 7 seconds without losing their balance.86 Significant improve-

ments in postural stability, functional joint stability and proprioception were noted in the rehabil-

itation group.86 

Hoffman et al87  evaluated the effects of a 10 week BAPS board training program on a 

healthy adolescent population. Changes in postural sway in both the medial/lateral and anteri-

or/posterior directions were assessed between a treatment group and a control group.87 The inter-

vention took approximately 10 minutes to complete and was completed 3 times a week for 10 

weeks.87 It consisted of 5 forty-second trials of rotations on the BAPS board.87 Every 10 seconds, 

the patient was given a verbal signal to change direction (clockwise to counterclockwise).87 The 

patient would progress to the next level of the BAPS board if during a 20 second trial they could 

change direction on the tester command without losing their balance.87 Significant improvement 

for postural sway in both the medial/lateral and anterior/posterior directions were noted in the 

rehabilitation group compared to the control group.87 
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Cain et al49 utilized a similar program and evaluated the effects of a 4-week BAPS board 

training program among adolescent patients suffering from CAI. Changes in static and functional 

balance measures were assessed between a rehabilitation group and a control group, both of 

which suffered from CAI.49 The intervention parameters were similar to Hoffman et al;87 howev-

er, the patient would progress to the next level of the BAPS board when the evaluator determined 

that the patient could complete clean rotations and transitions in direction while on the board.49 

Typically the progression would occur every 2 to 3 sessions.49 Significant improvement in both 

static and dynamic balance measures were noted in the rehabilitation group compared to the con-

trol group.49 Linens et al88  and Wright et al89 also utilized an intervention similar to Hoffman et 

al;87 however, they both evaluated the effects of a 4-week wobble board training program among 

general population patients suffering from CAI. In both studies the patient would progress to the 

next level of the wobble board when the evaluator determined that the patient could complete 

clean rotations and transitions in direction while on the board.88,89 For both studies, significant 

improvements in both static and dynamic balance measures were noted in the rehabilitation 

groups.88,89 

Summary of Ankle Disk Rehabilitation Techniques  

In terms of training parameters for ankle disk training interventions, the specific tool 

used, duration, weekly session and set repetition counts and progression technique need to be 

evaluated. When comparing the wobble board tool to the BAPS board tool, the effectiveness of 

each can be evaluated within above literature. The main difference between the two tools is the 

wobble board is circular shaped, and the BAPS board is oval shaped. Both tools have similar ef-

fects as long as the specific tool used is progressive in nature. It is important to note that some 

wobble board and ankle disk tools are not actually progressive and utilize a fixed training hemi-
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sphere. No research to date has compared the effectiveness of the ankle disk, wobble and BAPS 

board tools. When assessing duration of the intervention, 2 weeks of training for wobble board 

techniques were not effective whereas a minimum of 4 weeks of training has been effective at 

showing a decrease in symptoms and an increase in functionality for patients suffering from 

CAI. Other ankle disk interventions have included training duration up to 10 to 12 weeks in 

length, which may not be necessary, as other studies utilizing a 4-week timeframe have also 

shown beneficial results. Training 3 times a week has been commonly used in the literature and 

has been shown to be a successful training regime for weekly sessions. Lastly, increasing the 

training hemisphere size throughout the training intervention period has been shown to be suc-

cessful as a progression technique. A technique that incorporates the evaluator’s objective opin-

ion of the patient’s functionality via efficient rotations and transitions may be more reliable than 

the patient’s subjective opinion. As long as the clinician utilizes a specific, systematic and con-

sistent approach, using any of the progression techniques in the literature can be beneficial.  

Rehabilitation Intervention Recommendations 

While multiple exercises have shown benefit, these programs are not ideal as they take up 

a lot of time space and equipment. It is also difficult to determine which exercises offer the most 

benefit or if certain exercises are even advantageous to the rehabilitation process. Most of the 

multistation interventions are also completed in a home-based or team approach, which does not 

allow for appropriate supervision to ensure the exercises are being performed correctly. For most 

patients, a specific training protocol needs to be designed for them instead of an extensive pro-

gram with multiple exercises as these types of programs may be more appropriate for overall 

lower extremity injury prevention versus a program specifically tailored for a certain injury like 

CAI.  
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There is strong literature suggesting that utilizing a single exercise is effective at decreas-

ing the negative residual symptoms of CAI in both the general and adolescent population. These 

single exercise interventions have also indicated an increase in patient reported outcomes among 

the general population; however, these measures in the adolescent population have not been 

evaluated. In a systematic review by Wortmann et al92 the effectiveness of balance training in 

individuals was evaluated. From this review, moderate evidence also indicated a recommenda-

tion of a four week duration for rehabilitation interventions to produce beneficial effects for stat-

ic and functional balance in individuals with CAI.92 This has also been shown in some of the 

previous literature above.49,88,89  

Wright et al89 also compared the effects of both a 4-week wobble board training program 

and a 4-week resistance band training program among general population patients suffering from 

CAI. Changes in static and functional balance measures and patient self-reported outcomes were 

assessed between a wobble board group and a resistance band group, both of which suffered 

from CAI.89 Both interventions took approximately 10 minutes and were completed 3 times a 

week for 4 weeks.89 The wobble board intervention was similar to methods used by Hoffman et 

al87 and was discussed above. The resistance band intervention consisted of 3 sets of 10 repeti-

tions in the 4 main motions of the ankle, and the resistance of the band was increased every 

week.89 Significant improvements in both static and dynamic balance measures as well as patient 

self-reported outcomes were noted in both of the rehabilitation groups.89 Within this study, lim-

ited evidence indicated that the wobble board intervention offered overall better gains than the 

resistance band intervention; however, it should be noted that both interventions had significant 

improvements.89   
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At the high school level, adolescent patients suffering from CAI and high school athletic 

trainers in their clinical practice can benefit from a simpler rehabilitation program. The use of a 

single rehabilitation tool for a shorter duration may be more clinically applicable for both adoles-

cent patients and athletic trainers in the high school setting. This can be due to the often times 

small spaces that athletic training rooms are in, the small budgets for both having appropriate 

medical personnel on site as well as appropriate rehabilitative equipment. This literature review 

indicates that of the single rehabilitation tools out there, either a BAPS or wobble board that is 

progressive in nature in addition to a resistance band should be utilized as an easy and effective 

treatment for adolescent patients suffering from CAI.  

Significance of Future Research Needed 

Within the current literature, there was a lack of evidence among the adolescent popula-

tion indicating which rehabilitation interventions are the most beneficial and how effective they 

are at decreasing overall ankle re-injury rates in individuals with CAI. Most of the research stud-

ies discussing changes in lower extremity injury risks and rates are for ACL prevention programs 

and not CAI symptom prevention programs. While you cannot cure CAI, you can reduce the in-

tensity of the symptoms that are present. The longevity of changes in self-reported levels func-

tion as well as balance measures also need to be evaluated. The recommended questionnaires and 

balance assessments from the above literature review can be sensitive to changes in overall self-

reported and clinical levels of function. They can thus be used in order to assist clinicians in de-

termining the longevity of the effects of specific rehabilitation interventions. In a study conduct-

ed by Gerber et al93, 6 months after a rehabilitation intervention, 40% of the patients reported the 

presence of residual symptoms. Determining this information in the adolescent population can be 

a helpful step in identifying which type of rehabilitation intervention is the most effective. 
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2 THE EFFECTS OF 4-WEEK ANKLE REHABILITATION PROGRAMS ON 

CLINICAL MEASURES OF FUNCTION IN ADOLESCENT ATHLETES WITH 

CHRONIC ANKLE INSTABILITY 

INTRODUCTION 

Residual symptoms from an initial lateral ankle sprain are identified as chronic ankle in-

stability (CAI). CAI is a combination of both mechanical and functional instability with the pres-

ence of residual ankle sprain symptoms;1,2 pain, swelling, weakness, and instability, and repeated 

episodes of “giving way”.3 These residual issues can lead to a continuum of disability that have 

the potential to affect the entire body system by decreasing overall quality of life.4 CAI is associ-

ated with osteoarthritis of the ankle4–7 as well as decreased physical activity.4,8 CAI and its resid-

ual symptoms can impede young patients from being physically active which can in turn nega-

tively affect overall health and quality of life by leading to obesity and other general health prob-

lems.9 These potential long-term consequences highlight the need to treat these conditions 

properly; particularly in young patients.  

Conservative treatment in the form of rehabilitation is most commonly recommended for 

treating CAI. Among conservative treatment, neuromuscular and proprioception programs have 

demonstrated effectiveness.10–19 The effects of rehabilitation techniques among the adult popula-

tion suffering from CAI have been evaluated, but little is known about adolescent patients suffer-

ing from CAI. Rehabilitation techniques among the adolescents who are physically active suffer-

ing from CAI need to be further examined. If we can improve the care for these young patients, 

we can potentially mitigate the risk of orthopedic disability and osteoarthritis of the ankle.  

A major limitation of current rehabilitation programs, particularly for those with CAI is 

the requirement of time, space and energy. Targeting these patients in the school setting using 
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certified athletic trainers can be effective. Current rehabilitation programs are not ideal in the 

high school setting for either the adolescent patient or the athletic trainer who must implement 

the program. Athletic trainers in this setting do not have enough time or resources to focus on a 

customized rehabilitation program for every patient they encounter during the day. Patients may 

not be receiving the best level of care due to these barriers. The purpose of this study was to 

compare rehabilitation programs in a high school setting for physically active adolescents with 

CAI. The overall goal was to determine which technique(s) offer the most benefit to high school 

athletic patients suffering from CAI. 

METHODOLOGY 

Design 

We performed a single-blinded randomized controlled trial to evaluate the effects of three 

different ankle rehabilitation programs on clinical measures of function for physically active ado-

lescents with CAI.   

Patients 

We performed an a priori sample size calculation using estimated effect sizes from previ-

ously published data and pilot data from our lab, resulting in an estimate of 6-8 patients required 

per group – 24 - 32 total participants – to obtain a power of 0.80 for all dependent variables at 

an19 alpha level of 0.05 (G*Power, 3.1).20 We oversampled to protect against subject attrition.  

Fifty-five adolescent patients (aged 15-18) with CAI were recruited and screened for eli-

gibility from 10 high schools in the Atlanta-metro area. Of those fifty-five, twelve were screened 

as ineligible leaving forty-three eligible for participation (Figure 1).  All patients were similar at 

baseline and group demographics can be found in Table 1. Patient inclusion and exclusion crite-
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ria were based on recommendations from the International Ankle Consortium.3 We also utilized 

a Cumberland Ankle Instability Tool (CAIT) questionnaire score of ≤ 25.21  

Procedures 

Patient age, mass, sex, dominant leg, and CAI leg were recorded. Clinical measures for 

ligament laxity including anterior drawer test for the ankle and talar tilt test were evaluated by a 

certified athletic trainer. Bilateral leg length was recorded from the anterior superior iliac spine 

to the distal aspect of the medial malleolus. Current sport involvement and self-assessment of 

season status were recorded with the options of pre-season, in-season or out of season. All pa-

tients filled out the CAIT questionnaire to assess self-reported levels of foot and ankle function. 

Following collection of demographic data, all patients performed six postural stability tests that 

are described in the next section. We counterbalanced administration of all tests, and all data col-

lection scoring was performed by an investigator blinded to group allocation. 

 

Clinical Assessments 

We used the following postural stability tests to assess any changes as a result of the in-

terventions for ankle function: Balance Error Scoring System (BESS), Time in Balance, Foot 

Lift, Star Excursion Balance Test (SEBT), Side-hop and Figure-of-8 Hop. They each provided a 

clinical assessment of static balance or functional performance.  

Balance Error Scoring System 

Patients completed three different stances – double leg, single leg and tandem – complet-

ed on firm and form surfaces (Figure 2). Each patient stood in the specific stance with their eyes 

closed for a total of 20 seconds. Patients performed the stances in the following order: double leg 

firm, single leg firm, tandem stance firm, double leg foam, single leg foam and tandem stance 
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foam.22 The affected leg was used as the stance leg during the single leg stances as well as the 

back leg during the tandem stances.22 A single practice trial for each of the positions was allowed 

prior to each of the test trials for subject familiarization. A single test trial for each stance was 

conducted. The total number of errors for each stance as well as a composite score of all stances 

was recorded. These methods are consistent with those previously reported.22,23 

Time in Balance Test 

Patient stood face forward in a normal erect stance with hands on hips and eyes closed 

(Figure 3). They patient was instructed to balance on their involved leg while the examiner rec-

orded the time held in seconds. Each trial could last a maximum of 60 seconds. Moving the test 

foot or touching the floor with contralateral foot was not permitted during the test and ended the 

trial. A single practice trial was allowed prior to the test trials for subject familiarization. The test 

was conducted three times, with 30 seconds of rest in between each trial. The longest trial was 

used for analysis. We demonstrated that this test is valid and responsive to rehabilitation within 

our lab, and the inter-tester reliability for the evaluators was excellent (ICC (2,1) = 0.998).19 The 

methods used are consistent with those previously reported.24  

Foot Lift Test 

Patients maintained a single leg stance on their CAI foot, with hands placed on hips, fac-

ing forward in an erect stance and eyes closed (Figure 3). The test was performed for 30 se-

conds, and the number of foot lifts during each trial were recorded. A foot lift was defined as any 

part of the foot leaving the floor. Touching down with the contralateral foot to the floor was also 

recorded as an error. Patients were instructed to refrain from opening their eyes, removing hands 

from their hips, and touching their stance leg with the contralateral foot; however, these were not 

recorded as errors A single practice trial was allowed prior to the test trials for subject familiari-
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zation. Test was conducted three times with 30 seconds of rest in between each trial. The average 

of the three trials was used for analysis. We have demonstrated that this test is valid and respon-

sive to rehabilitation within our lab, and the inter-tester reliability for the evaluators was excel-

lent. (ICC (2,1) = 0.989).19 The methods used are consistent with those previously reported.24 

Star Excursion Balance Test 

Patient stood on involved leg and reached as far as possible in each direction while main-

taining balance. Five reach directions were used: anterior, anteromedial, medial, posteromedial 

and posterolateral (Figure 4). The reach took place over a cloth tape measure that was taped se-

curely to the floor. The distance was measured by the evaluator in centimeters and normalized to 

the patient’s uninvolved leg length. Patient performed four practice trials in each direction with a 

5-minute rest period prior to the actual test sessions.24 The test was conducted three times in each 

direction. The patient was given a 10-second rest period in between each trial. An average of the 

three trials for each direction was used for analysis. Previous research has shown this test to be a 

valid test and responsive to rehabilitation,25 and the inter-tester reliability to be excellent (ICC= 

.81 to .93).26 The methods used are consistent with those previously reported.27  

Side Hop Test 

Patients stood on their involved leg and hopped 30 cm laterally, side to side, for 10 repe-

titions as fast as possible (Figure 5). Time needed to perform the test was recorded using a 

handheld stopwatch (recorded to the nearest .01 second). A single practice trial was allowed pri-

or to the test trials for subject familiarization Test was conducted twice on the involved leg, with 

a 60-second rest in between each trial. The shortest trial was used for analysis. We have demon-

strated that this test is valid and responsive to rehabilitation within our lab, and the inter-tester 
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reliability for the evaluators was excellent. (ICC (2,1) = 0.999).19 The methods used are consistent 

with those previously reported.28  

Figure-of-8 Hop Test  

Patient stood on their involved leg and hopped over a 5-meter distance in a figure-of-

eight pattern (Figure 6). The time to perform the test was recorded using a handheld stopwatch 

and was recorded to the nearest .01 second. A single practice trial was allowed prior to the test 

trials for subject familiarization. Test was conducted twice on the involved leg, with a 60-second 

rest in between each trial. The shortest trial was used for analysis. Previous research has shown 

this test to be a valid test and responsive to rehabilitation for individuals suffering with CAI.19 

The methods used are consistent with those previously reported.28 

 

Rehabilitation Interventions  

Each patient was randomized to one of four rehabilitation groups: Resistance Band, Bio-

mechanical Ankle Platform System (BAPS) Board, Combination or Control. We used a con-

cealed, cluster randomization for each site to allow for blinding the investigator responsible for 

data analysis. Prior to completion of any rehabilitation intervention sessions, specific instruction 

and training was given to the study personnel responsible for administration and supervision at 

each of the clinical sites. This training included verbal instruction with physical demonstration as 

well as written instruction that could be referred to in order to ensure proper application. We held 

periodic meetings with the rehabilitation administrators to ensure consistency in delivery of the 

programs. After completion of all pretest assessments, each patient reported to his or her respec-

tive athletic training facility to complete his or her 12 rehabilitation intervention sessions. The 

patient was required to complete all 12 sessions in 4 to 6 weeks; no less than 2 sessions per week 



 
 

 
 

51 

and no more than 3 sessions per week. A study investigator tracked the patient’s completion and 

documented both progress and setbacks. Each week, the exercises were increased in difficulty. 

Resistance Band Intervention  

Each session, patients completed resistance training using a resistance band in 4 direc-

tions of ankle motion (plantarflexion, dorsiflexion, inversion and eversion) performing 3-sets of 

10-repetitions.  Patients were seated on the floor with their knee extended and instructed to per-

form the movement at the ankle joint without allowing extraneous movement from other joints 

(i.e. hip and knee). A bolster was placed under the heel to lift the foot off the floor. The re-

sistance band was doubled and attached to a hook on the wall (Figure 7).  The training resistance 

was determined using the methods of Kaminski et al.29 by calculating 70% of the resting length 

of the resistance band, then adding this distance to the resting length of the resistance band. Us-

ing this calculated distance, a mark was placed on the floor, to which the resistance band was 

stretched during exercise performance. This distance was maintained regardless of the color (re-

sistance) of the band. Each week, the patient progressed to the next resistance band color level 

(red→green→blue→black). For the set and repetition count, the patient could go at his or her 

own pace; however, they were instructed to move through their entire range of motion for the 

particular direction of the exercise.   

BAPS Board Intervention 

Patients were placed near a wall where they could only use their fingertips against the 

wall for stability (Figure 8).  A one legged stance on their involved limb was performed on the 

BAPS board while clockwise and counterclockwise circles were completed. Training started on 

the lowest progression (level 1 out of 5) of the BAPS board with each level increasing in size. 

Level 1 allowed for the smallest amount of motion at the ankle and as the patient progressed, the 
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range of motion allowed increased and the training volume intensified. The initial rotation of di-

rection was selected by the patient and changed every ten seconds of the 40-second trial. Five 

40-second trials were completed with 1-minute rest intervals in between the trials. Progression 

was determined by the supervising clinician and was based on the patient’s ability to make 

smooth transitions between direction changes and completion of smooth circular rotations in 

both directions. The methods used are consistent with those previously reported.30 

Combination Intervention: 

Patients completing the combination protocol completed both the resistance band and 

BAPS board protocols during each session. The order of exercise completion was counterbal-

anced for each session. Progressions for each protocol remained the same as above.  

Control Intervention: 

Each patient in the control group did not perform any rehabilitation exercises. Over the 

intervention timeframe, the patient was required to check in with a member of the research team 

each week to discuss any changes in their ankle or report any incidence of injury, which was de-

fined as any injury that caused them to miss >1 practice.  

 

Posttest Assessment 

Each rehabilitation group patient reported to his or her respected athletic training facility 

within 3 days of the 12th rehabilitation session to complete post-testing, and the control group 

patients reported within 3 days of the end of the initial 4-week timeframe. This session involved 

completing the same clinical assessments from the pre-test session for static balance and func-

tional performance.  
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Data Analysis and Reduction 

All data points were not normally distributed, but still fit the robust parameters for re-

peated measures analysis of variance (ANOVAs). Separate 2x4 (time: pretest, posttest x group: 

Resistance Band, Biomechanical Ankle Platform System, Combination, Control) mixed model 

ANOVAs were performed for each of the sixteen dependent variables. Post-hoc analyses via 

Tukey’s HSD were performed for pairwise comparisons were evaluated for any significant inter-

action effects. Effect size was calculated using Hedges g and was interpreted as 0.2 = small, 0.5 

= moderate and 0.8 = large. Alpha level was set a priori (α=0.05). SPSS version 24.0 (SPSS Inc, 

Chicago, IL) was used for statistical analysis 

RESULTS 

Insert Means, standard deviations and 95% confidence intervals for all pretest, posttest 

and change score data are reported in Table 2.  Main effects are reported in Table 3.   

Balance Error Scoring System  

No significant interaction effects were determined for any of the stances or composite 

scores (p>0.05). Significant time effects were determined for the tandem stance firm (p=0.013) 

and stance composite scores (p=0.049). No significant group effects determined for any of the 

stances or composite scores (p>0.05).  

Time in Balance Test 

A significant interaction effect was determined (p=0.002), and Tukey HSD post-hoc 

analysis resulted in a minimum significant difference score of 15.33 seconds. All of the interven-

tion groups showed higher scores at posttest compared to the control group, but there was only a 

significant difference in posttest scores showing the resistance band group having a significantly 

higher score compared to the combination group (16.21 seconds) and the control group (22.25 
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seconds).  No statistically significant differences were found for any of the groups at pretest, and 

no significant within group pretest to posttest score differences between the groups were deter-

mined. No significant time or group effects were detected (p>0.05).  

Foot Lift Test 

A significant interaction effect was determined (p=0.026), and Tukey HSD post-hoc 

analysis resulted in a minimum significant difference score of 3 errors. The combination group 

did present with a statistically significant difference at pretest (higher number of errors to start) 

compared to the control group. All of the intervention groups showed improvement at posttest 

compared to the control group, however there were no significant differences between the groups 

at posttest. Overall within group pretest to posttest scores showed the combination group having 

a statistically significant change score overall compared to the other 3 groups. A significant time 

effect (p=0.003) was also detected, however no significant group effect was detected (p>0.05). 

Star Excursion Balance Test 

Significant interaction effects were detected for the medial (p=0.007), posteromedial 

(p=0.021) and posterolateral (p=0.029) reach directions. Tukey HSD post-hoc analyses resulted 

in a minimum significant difference score of 8% for the medial, posteromedial and posterolateral 

reach directions. For medial reach, the resistance band and BAPS groups did present with a sta-

tistically significant difference compared to the control group at pretest (lower percentage of 

reach distance). All of the intervention groups showed improvement at posttest compared to the 

control group, however there were no significant differences between the groups at posttest. 

Overall within group pretest to posttest scores showed the resistance band and BAPS groups hav-

ing a statistically significant within group pretest to posttest score overall compared to the con-

trol and combination groups. For posteromedial reach, the resistance band and combination 
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groups presented with a statistically significant difference compared to the control group at pre-

test (lower percentage of reach distance), however there were no significant differences between 

the groups at posttest. All three intervention groups had a statistically significant within group 

pretest to posttest score overall compared to the control group. For posterolateral reach, the com-

bination group presented with a statistically significant difference at pretest compared to the 3 

other groups (lower percentage of reach distance). All of the intervention groups showed im-

provement at posttest compared to the control group, however there were no significant differ-

ences between the groups at posttest. All three intervention groups had a statistically significant 

within group pretest to posttest scores overall compared to the control group. Significant time 

effects were determined for each of the reach directions (p<0.05) except for the anterior direction 

(p>0.05), and no significant group effects were detected for any of the 5-reach directions 

(p>0.05). 

Side Hop Test 

No significant interaction effects were detected (p>0.05). All of the intervention groups 

showed lower scores at posttest compared to the control group, however these differences were 

not statistically significant. A significant time effect (p<0.000) was detected, however no signifi-

cant group effect was detected (p>0.05).  

Figure-of-8 Hop Test 

Significant interaction effect was detected (p=0.009), and  Tukey HSD post-hoc analysis 

resulted in a minimum significant difference score of 1.58 seconds. The combination group pre-

sented with a statistically significant difference at pretest (longer time to complete the test). All 

of the intervention groups showed improvement at posttest compared to the control group, how-

ever there were no significant differences between the groups at posttest. Overall within group 
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pretest to posttest scores showed the combination group having a statistically significant within 

group pretest to posttest score overall compared to the other three groups. A significant time ef-

fect (p<0.000) was both detected, but a significant group effect was not (p>0.05). 

DISCUSSION 

The purpose of this research project was to evaluate two common rehabilitation interven-

tions used in high school settings and determine whether a single or dual technique offers the 

most benefit to adolescent athletic patients suffering from CAI. Each of the tests we included in 

our study have been used in previous research in the adult population24 and are sensitive to 

change over a period of time with the implementation of rehabilitation in both adult30 and ado-

lescent populations.19 Data on the sensitivity to change after a rehabilitation intervention for the 

Balance Error Scoring System (BESS) test was also collected as it is recommended for use as a 

clinically applicable measurement to determine postural control deficits in an adult population 

with CAI.22,31 The most important observation in our study was that all three rehabilitation inter-

vention groups showed improvements across the dependent variables compared to the control 

group. Each of the interventions also utilized minimum equipment and allowed for minimal cli-

nician supervision, which is often needed in high volume settings like a high school athletic 

training facility.  

Static Balance Assessments 

 The BESS, time in balance test and foot lift test were each used in this study to assess 

static balance abilities. Each evaluated the capabilities of the patient to maintain center of gravi-

ty. There were only significant time effects for the tandem stance firm and composite scores of 

the BESS. Improvements in error scores did occur in the majority of stances for each of the in-

tervention groups however there was no consistency across the measures for each of the groups. 
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The tandem stance position is not a sport specific position for the population we evaluated, and 

therefore changes in stability of this position could be due to general beneficial training effects 

attained from rehabilitation. There were no significant group or interaction effects found for any 

of the BESS stances or composite score. Due to the lack of time effects for the majority of the 

BESS stances, a difference between the groups across the stances was difficult to detect. The 

lack of group effects provides evidence that each of the groups regardless of the intervention, 

performed at a similar level at both pre and post tests as the control group. 

Significant interaction effects were determined for both the time in balance and foot lift 

tests. There was a significant time effect for the foot lift test, but there was not for the time in 

balance test. Each of the rehabilitation groups showed improved scores with medium to large 

effect sizes (0.21 – 0.84) for the time in balance test and small to large effect sizes (0.19 – 1.36) 

for the foot lift test compared to the control group. This provides evidence to support the benefit 

of rehabilitation for improvements in static balance. Each of the three rehabilitation interventions 

provided beneficial alterations to the motor control system to maintain a more efficient center of 

gravity, which is required at different levels as the patient progresses through both the different 

stances and surfaces of the BESS as well as a single leg stance on the involved leg for the time in 

balance and foot lift tests. Previous research has also reported CAI patients adopting a hip strate-

gy for balance instead of utilizing the ankle musculature.32,33 This method is due to patients feel-

ing more comfortable with balancing higher up the kinetic chain. A hip strategy also allows for 

more balance to come from the larger muscle groups of the knee and hip. The significant time 

effects in our results are likely due to the patient decreasing their hip angle and adapting to an 

ankle strategy over a hip strategy during a single leg stance position. This correction in balance 

strategy allows for a decrease in the amount of postural sway that occurs, which would either 
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cause them to lose their balance or commit a compensatory pattern. The effects of the rehabilita-

tion interventions used in this study allow for an increase in the patient’s postural control abili-

ties from an increase in muscle activation and a decrease in muscle reaction time. These muscle 

activation, muscle reaction and balance strategy pattern changes are supported by medium to 

large effect sizes for each of the dependent variables with a significant time interaction. Similar 

results have been determined in previous research evaluating these tests after a 4-week interven-

tion in both the general18,30 and adolescent populations.19 There were no significant group effects 

for either the time in balance or foot lift tests.  

It is interesting that there was not a significant time effect for the BESS single leg firm 

stance or the time in balance test when there was for the foot lift test. This could be due to the 

differing nature of the BESS test overall in that it has multiple stances on 2 different surfaces 

compared to the same single leg stance on a stable surface that is found in both the time in bal-

ance and foot lift assessments. The time for evaluation of the three tests could be another factor. 

The BESS test only evaluated the patient’s static balance in the single leg position for 20 se-

conds, whereas the time in balance could last up to 60 seconds and the foot lift test would last for 

30 seconds. It should also be noted that certain patients were also able to maintain their balance 

for the full 60 seconds of the time in balance test during the pretest session, and therefore any 

beneficial changes at posttest were not determined due to a ceiling effect. A final reason for the 

lack of consistency among the 3 static balance tests could be that the foot lift test utilized an av-

erage of the 3 trials and the time in balance test utilized a best attempt of the 3 trials for analysis. 

Even though the patient was given time to familiarize themselves with the BESS test, the pres-

ence of multiple trials may have allowed for a “best effort” attempt, which may not be detected 

in the BESS due to the use of a single trial for analysis for each of the stances.  
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Functional Balance Assessments 

The use of the SEBT, side hop and figure-of-eight hop tests were to assess the different 

aspects of the patient’s functional balance abilities. Each evaluated the capabilities of the patient 

to maintain their center of gravity in an efficient manner while either reaching with the opposite 

foot or reacting to perturbations present with landing and takeoff tasks. The significant time ef-

fects and lack of significant group effects for each of the three tests provide feedback regarding 

the beneficial effects of performing rehabilitation over a 4-week period compared to not com-

pleting any rehabilitation. Each of the three rehabilitation interventions provided increases in 

postural stability, which is required at different levels as the patient progresses through the reach 

directions of the SEBT as well as the side hop and figure-of-eight hop tests.  

For the SEBT, the significant time effects are likely due to the increase in postural stabil-

ity in a single leg stance as well as an increase in activation of the gluteus muscles to maintain an 

appropriate stance while reaching in a specific direction with the opposite leg.34–36 All three re-

habilitation interventions seemed to increase the overall activation of the ankle musculature and 

assisted in encouraging the patient to utilize an ankle strategy over a hip strategy during a single 

leg balance task. This is further utilized during the SEBT tasks as it allows the patient to main-

tain an appropriate hip level and utilize gluteus medius strength to prevent the opposite hip from 

dropping during the different reach tasks. Training on the BAPS board encourages this balance 

mechanism change because patients must complete rotations while maintaining a single leg bal-

ance and not dropping the opposite hip. Training on the resistance band intervention enabled in-

creases in strength of the ankle musculature, which reversed the need for a complete hip strategy 

during single leg balance combined with reach tasks. It should be noted that a significant time 

effect was not determined in the anterior reach direction. Even though an increase in stability of 
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rotation within dorsiflexion may have been achieved with the use of BAPS training, increasing 

dorsiflexion range of motion specifically was not the primary action of each of the rehabilitation 

interventions nor was it measured during our study.  

There were significant interaction effects for the medial, posteromedial and posterolateral 

reach directions of the SEBT. Each of the rehabilitation groups showed improved scores to the 

control group and are supported by large effect sizes (1.03-1.36) for the medial reach direction, 

large effect sizes (0.85-1.25) for the posteromedial reach direction, and moderate to large effect 

sizes (0.49-1.32) for the posterolateral reach direction. These changes in reach distance offer in-

sight to the beneficial changes in functional balance that can be attained from rehabilitation com-

pared to a similar control group. These changes allow the patient to be more functional during a 

single leg stance that is accompanied by multiplanar reaches which is a commonly present during 

athletic activity.  

For the side hop and figure-of-eight hop tests, the significant time effects are likely due to 

a beneficial influence of rehabilitation on mechanoreceptor function13,16 which is utilized during 

the frontal plane landing reaction/take off patterns and sagittal/rotational hopping stability re-

quired to complete the two hopping tasks.28 These changes in mechanoreceptor function poten-

tially include decreases in muscle reaction time upon landing which are negatively altered in pa-

tients with CAI.37 There was also not a significant interaction effect for the side hop test, but 

there was for the figure-of-eight hop test. For the figure-of-8 hop test, each of the intervention 

groups performed better compared to the control group. These changes were supported by mod-

erate to large effect sizes (0.70 – 1.30).  

The lack of group effects for all of the dependent variables was an interesting result. Pre-

vious research in our lab that focused on a 4-week BAPS program on active adolescent patients 
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with CAI also reported similar effect sizes to the results of our current study.19 Previous research 

evaluating the effects between both an isolated resistance band and wobble board training pro-

grams for individuals in the adult population with CAI also had similar effect sizes to our 

study.18 These comparisons demonstrate that a dual task program for this population does not 

offer more improvement for balance compared to a single task intervention.  

Previous Rehabilitation Programs 

Previous research has supported the use of multistation rehabilitation programs for pa-

tients suffering from ankle instability in both the adult38–41 and active adolescent patient popula-

tions.42–44 While these types of programs are often utilized for both acute and chronic ankle reha-

bilitation, the effectiveness of this type of training is less than adequate due to the high patient 

volume present in a high school athletic training facility. It is unknown which exercises are nec-

essary and offer positive adaptations to biomechanical function and which exercises provide no 

benefit. Due to the high volume of patients seen in a high school athletic training facility on a 

daily basis, athletic trainers often do not have enough time to properly monitor the patients per-

forming the rehabilitation programs. Therefore, determining an intervention that does not require 

a lot of equipment or clinician supervision can be helpful. Overall, benefit as determined by both 

static and functional balance measures for each of the rehabilitation groups in this study was 

supported by medium to large effect sizes for each of the dependent variables with significant 

time effects. Similar results were determined in previous research evaluating these tests after a 4-

week intervention.18,19,30 

Limitations 

Overall, there were a few limitations to the study design that led to issues of internal va-

lidity for the study. While researcher blinding to group allocation was present, patient blinding to 
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treatment was impossible. One limitation for the combination intervention is that 4-weeks may 

be too short of a time frame for benefits to be achieved due to the high level of training load pre-

sent with completing both an open and closed chain progressive exercise during each session. 

For our study, when we compared the patients between the BAPS and combination groups, 70% 

of the patients in the BAPS group progressed to level 5 during the 4-weeks compared to 40% of 

the patients in the combination group. Previous literature has shown the effectiveness of a 4-

week intervention in adults for both singular resistance band and balance board interventions. 

However, 6-8 weeks may be a better time frame to see actual changes as this will give more time 

for adolescent vestibular and motor control systems to adapt within the higher volume of training 

of the combination group. Most of the multistation research in the literature for adolescent pa-

tients utilizes 18-20 weeks for 6-10 exercises42–44 and compared to our study may be too long for 

only 2 exercises. While the effects of resistance band rehabilitation has not been evaluated in the 

adolescent population with CAI, a time frame of 6-weeks has been supported in its use on indi-

viduals in the general population with CAI.29,45,46 Patients in this study also anecdotally reported 

a high level of difficulty performing the resistance band intervention with the black band. This 

difficulty was reported due to fatigue for the combination group and therefore could have been 

another reason for the lack of support for the combination intervention being more beneficial 

over a singular rehabilitation intervention. One final limitation to the rehabilitation supervision is 

that while patients in this study reported the BAPS program to be more motivating, the patients 

would tend to revert to bad mechanics when the clinician was not providing constant feedback. 

While the goal of this study was to determine an intervention that required minimal clinician su-

pervision, for this age group, more supervision may be necessary to ensure appropriate mechan-

ics for beneficial outcomes. 
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CONCLUSIONS 

From this study, we determined that all three of the rehabilitation interventions signifi-

cantly improved most dependent variables over time. However, there was not enough evidence 

to support one intervention being more beneficial over another. This study offers insight into ac-

tive adolescent patients suffering from CAI. It offers three easily administered rehabilitation in-

terventions that show improvement in both static and functional balance in only four weeks. This 

study offers a step in the right direction for tailoring rehabilitation programs for each individual 

patient. A certified athletic trainer can take into account their patient’s specific type of instability 

and the specific demands of their sport along with the time, space and resources of both the ath-

lete, and the clinician administering the rehabilitation. Over a 4-week period, either of the singu-

lar interventions or the combination intervention can be utilized to combat the residual static and 

functional deficits that plague adolescent patients suffering from CAI. 
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Table 1. Patient Demographics 

Group Height (cm) Mass (kg) Age (years) Test Foot Anterior Drawer (+) Talar Tilt (+) 
Control 

(n=11, 4 male, 7 female) 
166.96±14.20 67.17±22.94 16.45±1.04 R = 7, L = 4 11 11 

       
Combination 

(n=10, 3 male, 7 female) 
170.69±12.14 67.99±16.49 16.20±1.14 R = 5, L = 5 10 10 

       
Resistance Band 

(n=12, 5 male, 7 female) 
171.24±10.13 65.75±11.16 16.42±1.00 R = 7, L = 5 12 12 

       
Biomechanical Ankle 

Platform System 
(n=10, 8 male, 2 female) 

178.69±9.87 77.57±21.54 16.40±0.97 R = 5, L = 5 10 10 

Mean ± Standard Deviation 
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Table 2.1 Clinical Measures Study Dependent Variables Descriptive Statistics 
Variable Resistance Band Biomechanical Ankle Platform  

System 
Combination Control 

 Pre Post Change Pre Post Change Pre Post Change Pre Post Change 
BESS 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
DL Firm (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) (0.00,0.00) 
             
BESS 1.83±2.82 1.83±1.85 0.00±2.56 3.60±4.06 2.40±2.27 1.20±3.33 2.20±1.75 0.90±1.29 1.30±1.95 2.45±2.84 2.64±3.14 -0.18±2.36 
SL Firm (0.10, 3.57) (0.52, 3.15) (-1.63, 1.63) (1.70, 5.50) (0.96, 3.84) (-1.18, 3.58) (0.30, 4.10) (-0.54, 2.34) (-0.09, 2-69) (0.64, 4.27) (1.26, 4.01) (-1.77, 1.40) 
             
BESS 1.42±1.31 1.00±1.41 0.42±1.17 2.10±1.73 1.30±1.42 0.80±1.32 1.60±1.27 0.80±1.03 0.80±1.03 1.18±1.25 1.36±1.50 0.18±1.08 
TS Firm (0.60, 2.23) (0.21, 1.80) (-0.32, 1.16) (1.21, 2.99) (0.43, 2.17) (-0.14, 1.74) (0.71, 2.49) (-0.07, 1.67) (0.06, 1.54) (0.33, 2.03) (0.53, 2.19) (-0.91, 0.54) 
             
BESS 0.00±0.00 0.00±0.00 0.00±0.00 0.30±0.95 0.10±0.32 0.20±0.63 0.00±0.00 0.00±0.00 0.00±0.00 0.36±1.21 0.09±0.30 0.27±0.91 
DL Foam (-0.45, 0.45) (-0.13, 0.13) (0.00, 0.00) (-0.19, 0.79) (-0.04, 0.24) (-0.25, 0.65) (-0.49, 0.49) (-0.14, 0.14) (0.00, 0.00) (-0.10, 0.83) (-0.04, 0.22) (-0.33, 0.88) 
             
BESS 7.08±2.35 5.42±2.28 1.67±3.50 8.20±2.44 7.70±2.63 0.50±2.37 7.00±2.67 7.70±3.40 -0.70±3.27 6.45±3.48 7.55±2.77 -1.09±4.16 
SL Foam (5.47, 8.70) (3.80, 7.04) (-0.56, 3.89) (6.43, 9.97) (5.93, 9.47) (-1.19, 2.19) (5.23, 8.77) (5.93, 9.47) (-3.04, 1.64) (4.77, 8.14) (5.85, 9.24) (-0.388, 1.70) 
             
BESS 4.08±2.23 2.58±1.38 1.50±2.11 5.10±3.51 3.80±3.68 1.30±1.42 2.50±3.10 2.60±2.80 -0.10±4.43 2.91±2.70 3.64±2.96 -0.73±2.45 
TS Foam (2.40, 5.77) (0.89, 4.28) (0.16, 2.84) (3.25, 6.95) (1.94, 5.66) (0.29, 2.31) (0.65, 4.35) (0.74, 4.46) (-3.27, 3.07) (1.15, 4.67) (1.86, 5.41) (-2.38, 0.92) 
             
BESS 14.42±6.64 10.83±5.39 3.58±5.92 19.30±10.81 15.30±8.58 4.00±4.52 13.30±5.87 12.00±7.12 1.30±5.85 13.36±9.66 15.27±8.87 -1.91±5.92 
Composite (9.49, 19.35) (6.42, 15.24) (-0.18, 7.34) (13.90, 24.70) (10.47, 20.13) (0.77, 7.23) (7.90, 18.70) (7.17, 16.83) (-2.89, 5.49) (8.22, 18.51) (10.67, 19.88) (-5.89, 2.07) 
BESS – Balance Error Scoring System 
Mean ± Standard Deviation 
(95% Confidence Interval) 
 
 
 
 
Table 2.2 Clinical Measures Study Dependent Variables Descriptive Statistics 
Variable Resistance Band Biomechanical Ankle Platform  

System 
Combination Control 

 Pre Post Change Pre Post Change Pre Post Change Pre Post Change 
Time In Balance 29.03±23.63 40.84±23.80 11.81±15.33 29.86±22.61 28.33±23.61 -1.53±20.07 21.15±21.12 24.63±17.25 3.48±10.19 33.80±20.71 18.59±12.20 -15.21±15.62 
 (16.13, 

41.93) 
(29.23, 
52.45) 

(2.07, 
21.55) 

(15.73, 
43.99) 

(15.61, 
41.05) 

(-15.89, 
12.82) 

(7.01, 35.28) (11.92, 
37.35) 

(-3.80, 
10.77) 

(20.33, 
47.28) 

(6.47, 30.72) (-25.71, -
4.72) 

             
Foot Lift 7.42±4.38 6.42±4.40 1.00±2.92 7.60±4.70 7.10±4.93 0.50±2.37 8.90±2.89 5.60±2.32 3.30±2.00 5.64±3.14 5.64±2.69 0.00±2.57 
 (5.16, 9.67) (4.22, 8.62) (-0.86, 2.86) (5.13, 10.07) (4.69, 9.51) (-1.19, 2.19) (6.43, 11.37) (3.19, 8.01) (1.87, 4.73) (3.28, 7.99) (3.34, 7.93) (-1.73, 1.73) 
             
Side Hop 14.94±5.82 10.94±2.47 3.99±5.09 11.70±4.46 8.41±1.45 3.29±4.01 12.43±3.64 9.63±1.09 2.81±3.39 10.84±2.78 11.01±3.27 -0.17±1.45 
 (12.38, 

17.49) 
(9.61, 12.28) (0.76, 7.23) (8.90, 14.50) (6.94, 9.87) (0.43, 6.20) (9.63, 15.23) (8.16, 11.09) (0.39, 5.23) (8.17, 13.51) (9.62, 12.41) (-1.14, 0.80) 

             
Figure of 8 14.59±2.92 13.02±1.85 1.57±1.64 13.42±1.58 12.09±1.61 1.33±0.76 16.27±3.26 13.20±1.82 3.07±2.42 14.17±2.70 13.65±1.77 0.52±1.20 
 (13.08, 

16.10) 
(11.98, 
14.05) 

(0.53, 2.61) (11.76, 
15.08) 

(10.95, 
13.22) 

(0.79, 1.88) (14.61, 
17.92) 

(12.07, 
14.33) 

(1.34, 4.80) (12.59, 
15.75) 

(12.57, 
14.73) 

(-0.28, 1.32) 

Mean ± Standard Deviation 
(95% Confidence Interval) 
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Table 2.3 Clinical Measures Study Dependent Variables Descriptive Statistics 
Variable Resistance Band Biomechanical Ankle Platform  

System 
Combination Control 

 Pre Post Change Pre Post Change Pre Post Change Pre Post Change 
SEBT- anterior 0.78±0.05 0.80±0.06 0.03±0.06 0.75±0.06 0.76±0.06 0.01±0.03 0.77±0.08 0.80±0.06 0.03±0.52 0.78±0.07 0.78±0.06 -0.01±0.06 
 (0.74, 0.81) (0.77, 0.84) (-0.01, 0.07) (0.71, 0.79) (0.72, 0.80) (-0.02, 0.02) (0.73, 0.81) (0.76, 0.84) (-0.01, 0.07) (0.75, 0.82) (0.75, 0.82) (-0.04, 0.04) 
             
SEBT- anteromedial 0.80±0.06 0.85±0.05 0.05±0.07 0.80±0.07 0.84±0.06 0.04±0.05 0.80±0.08 0.83±0.06 0.04±0.05 0.84±0.07 0.84±0.07 0.01±0.05 
 (0.76, 0.84) (0.81, 0.88) (0.01, 0.09) (0.76, 0.84) (0.80, 0.87) (0.01, 0.07) (0.75, 0.84) (0.80, 0.87) (0.01, 0.07) (0.80, 0.88) (0.81, 0.88) (-0.03, 0.04) 
             
SEBT - medial 0.81±0.09 0.90±0.10 0.09±0.08 0.81±0.06 0.90±0.08 0.09±0.08 0.79±0.09 0.85±0.07 0.06±0.07 0.89±0.09 0.88±0.09 -0.01±0.07 
 (0.76, 0.86) (0.85, 0.95) (0.04, 0.14) (0.76, 0.86) (0.85, 0.96) (0.03, 0.15) (0.74, 0.85) (0.80, 0.91) (0.01, 0.12) (0.84, 0.94) (0.83, 0.93) (-0.06, 0.03) 
             
SEBT- posteromedial 0.82±0.09 0.94±0.10 0.012±0.08 0.86±0.09 0.94±0.10 0.09±0.09 0.80±0.12 0.90±0.10 0.10±0.08 0.91±0.13 0.93±0.12 0.01±0.08 
 (0.76, 0.89) (0.88, 1.00) (0.07, 0.16) (0.79, 0.93) (0.88, 1.01) (0.02, 0.15) (0.73, 0.87) (0.83, 0.97) (0.05, 0.16) (0.85, 0.98) (0.86, 0.99) (-0.04, 0.07) 
             
SEBT- posterolateral 0.75±0.12 0.86±0.12 0.11±0.08 0.77±0.13 0.85±0.09 0.07±0.09 0.67±0.11 0.81±0.09 0.13±0.06 0.79±0.12 0.82±0.09 0.03±0.08 
 (0.67, 0.82) (0.80, 0.92) (0.06, 0.17) (0.69, 0.85) (0.78, 0.91) (0.01, 0.14) (0.60, 0.75) (0.74, 0.87) (0.09, 0.18) (0.71, 0.86) (0.76, 0.88) (-0.02, 0.09) 
SEBT – Star Excursion Balance Test 
Mean ± Standard Deviation 
(95% Confidence Interval) 
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Table 3.1 Clinical Measures Study Dependent Variables Main Effects and Interactions 
Variable ME for Time ME for Group Interaction 
BESS N/A N/A N/A 
DL Firm    
    
BESS F(1,39)  = 2.14, P = 0.151 F(3,39)  = 0.86, P = 0.472 F(3,39)  = 0.96, P = 0.420 
SL Firm    
    
BESS F(1,39)  = 6.78, P = 0.013* F(3,39)  = 0.37, P = 0.774 F(3,39)  = 1.72, P = 0.179 
TS Firm    
    
BESS F(1,39)  = 1.98, P = 0.168 F(3,39)  = 0.70, P = 0.560 F(3,39)  = 0.70, P = 0.556 
DL Foam    
    
BESS F(1,39)  = 0.03, P = 0.858 F(3,39)  = 1.16, P = 0.336 F(3,39)  = 1.52, P = 0.225 
SL Foam    
    
BESS F(1,39)  = 1.33, P 0.255 F(3,39)  = 0.96, P = 0.423 F(3,39)  = 1.65, P = 0.194 
TS Foam    
    
BESS F(1,39)  = 4.13, P = 0.049* F(3,39)  = 0.89, P = 0.064 F(3,39)  = 2.54, P = 0.070 
Composite    
BESS – Balance Error Scoring System 
*Statistically Significant at P≤0.05 
 
Table 3.2 Clinical Measures Study Dependent Variables Main Effects and Interactions 
Variable ME for Time ME for Group Interaction 
Time In Balance F(1,39)  = 0.02, P = 0.881 F(3,39)  = 0.77, P = 0.520 F(3,39)  = 5.92, P 0.002* 
    
Foot Lift F(1,39)  = 9.74, P = 0.003* F(3,39)  = 0.52, P = 0.674 F(3,39)  = 3.44, P = 0.026* 
    
Side Hop F(1,39)  = 18.53, P < 0.000* F(3,39)  = 1.93, P = 0.141 F(3,39)  = 2.64, P = 0.063 
    
Figure of 8 F(1,39)  = 43.09, P < 0.000* F(3,39)  = 1.54, P = 0.219 F(3,39)  = 4.48, P 0.009* 
*Statistically Significant at P≤0.05 
 
Table 3.3 Clinical Measures Study Dependent Variables Main Effects and Interactions 
Variable ME for Time ME for Group Interaction 
SEBT- F(1,39)  = 2.81, P = 0.102 F(3,39)  = 0.76, P = 0.523 F(3,39)  = 1.01, P = 0.400 
anterior    
    
SEBT- F(1,39)  = 14.79, P < 0.000* F(3,39)  = 0.34, P = 0.794 F(3,39)  = 1.42, P = 0.250 
anteromedial    
    
SEBT - F(1,39)  = 25.98, P < 0.000* F(3,39)  = 1.10, P = 0.360 F(3,39)  = 4.74, P = 0.007* 
medial    
    
SEBT- F(1,39)  = 40.47, P < 0.000* F(3,39)  = 0.95, P = 0.425 F(3,39)  = 3.64, P = 0.021* 
posteromedial    
    
SEBT- F(1,39)  = 51.23, P < 0.000* F(3,39)  = 0.93, P = 0.438 F(3,39)  = 3.35, P = 0.029* 
posterolateral    
SEBT – Star Excursion Balance Test 
*Statistically Significant at P≤0.05 
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Double Leg Firm        Single Leg Firm             Tandem Stance Firm 
 
 

     

Double Leg Foam        Single Leg Foam            Tandem Stance Foam 
 
Figure 2. Balance Error Scoring System (BESS) Stances 
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        Figure 3. Time in Balance and Foot Lift Tests Stance 
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Anterior                                      Anteromedial                                   Medial 
 
 

   

Posteromedial                                  Posterolateral 
 
Figure 4. Star Excursion Balance Test Stances 
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                                Figure 5. Side Hop Test Stance 
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Figure 6. Figure-of-8 Hop Test Stance 
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       Figure 7. Resistance Band Placement 
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          Figure 8. Biomechanical Ankle Platform System Placement 
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3  THE EFFECTS OF 4-WEEK ANKLE REHABILITATION PROGRAMS ON 

PATIENT REPORTED OUTCOMES FOR ADOLESCENT ATHLETES WITH 

CHRONIC ANKLE INSTABILITY 

INTRODUCTION 

Chronic ankle instability (CAI) is an issue that is identified as residual symptoms present 

after a lateral ankle sprain. These residual symptoms affect approximately 74% of people with a 

history of a lateral ankle sprain injury.1 Symptoms present with CAI include chronic pain, weak-

ness and self-reported episodes of “giving-way”.2 CAI not only inhibits an individual’s ability to 

participate in athletic activities, but can also cause a continuum of disability that can affect the 

entire human body system.3 CAI is linked to decreases in overall physical activity levels3,4 which 

can increase the likelihood of various other comorbidities and chronic health conditions.5 

Rehabilitation interventions are utilized to combat the residual symptoms associated with 

CAI. The benefit of these interventions is commonly assessed via functional task assessment. 

However the examination of patient reported outcomes (PROs) is not as commonly assessed. Pa-

tient’s perception of function assessment includes clinical questionnaires filled out by the patient. 

While these tools are used in research studies to identify patients in the adult population with 

CAI,2,6–9 their use for patient self-reported rehabilitation benefit has not been commonly evaluat-

ed. As the clinical setting moves toward a patient-reported deficit model, their use is becoming 

more imperative. The duration of benefit from rehabilitation has also not been commonly as-

sessed in rehabilitation studies and is commonly recorded as a study limitation due to difficulty 

in patient follow-up.  

The use of patient-reported questionnaires has the potential for important application in 

the clinical setting. They offer a patient specific report of current level of function and level of 
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difficulty with specific athletic activities. Among the adult population, certain self-reported in-

stability and function questionnaires have been utilized and are recommended for clinical classi-

fication by the International Ankle Consortium (IAC).2 While self-reported measures may not be 

the most objective measures to utilize, they are important because they give clinicians and re-

searchers a true viewpoint from the patient. Within the current body of literature, these question-

naires have not been utilized among the adolescent athletic population. The first purpose of this 

study was to evaluate the effects of two of the most common types of rehabilitation exercises 

used in the high school setting on PROs. The second purpose was to determine the longevity of 

benefit of the interventions as determined by PROs over an 8-week timeframe. 

METHODOLOGY 

Design 

We performed a single-blinded randomized controlled trial to evaluate the effects of three 

different ankle rehabilitation programs on PRO measures of function for physically active ado-

lescents suffering from CAI.   

Patients 

We performed an a priori sample size calculation using estimated effect sizes from previ-

ously published data and pilot data from our lab, resulting in an estimate of 6-8 patients required 

per group – 24 - 32 total participants – to obtain a power of 0.80 for all dependent variables at 

an10 alpha level of 0.05 (G*Power, 3.1).11 We oversampled to protect against subject attrition. 

Fifty-five high school patients (aged 15-18) with CAI were recruited and screened for el-

igibility from 10 identified high schools. Of those fifty-five, twelve were screened as ineligible 

leaving forty-three eligible for participation (Figure 1).  Group demographics are reported in 
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Table 1. Patient inclusion and exclusion criteria were based on recommendations from the Inter-

national Ankle Consortium.2 We also utilized a CAIT score of ≤ 25.12 

Procedures 

Patient age, mass, sex, dominant leg, and CAI leg were recorded. Measures for ligament 

laxity including anterior drawer test for the ankle and talar tilt test were evaluated by the primary 

investigator, Certified Athletic Trainer. Current sport involvement and self-assessment of season 

status were recorded with the options of pre-season, in-season or out of season. All patients filled 

out four questionnaires that captured PROs: the Foot and Ankle Ability Measure (FAAM), the 

Ankle Instability Instrument (AII), the Cumberland Ankle Instability Tool (CAIT), the Identifi-

cation of Functional Ankle Instability (IdFAI).  

Clinical Assessments 

Foot and Ankle Ability Measure 

The FAAM assesses general self-reported levels of function in patients with lower leg, 

ankle and foot musculoskeletal injuries and disorders.13 The FAAM questionnaire has two sub-

scales within it: the activities of daily living (ADL) subscale and the sport subscale. The FAAM 

activities of daily living subscale consists of 21 items that focus on walking and stepping on dif-

ferent surfaces (i.e. even ground, uneven ground, stairs) as well as short duration performance of 

these tasks (i.e. walking for 5-10 minutes).13 The FAAM sport subscale consists of 8 items that 

focus on more sport specific activities (i.e. running, jumping, and lateral movements).13 Each 

item in both sections describes an activity and asks the patient to describe their level of difficul-

ty. A Likert type scale is utilized from 0-4 (0 – no difficulty, 1 – slight difficulty, 2 – moderate 

difficulty, 3 – extreme difficulty and 4 – unable to do).13 Each subscale also includes an overall 

current level of function question that requests the patient to rate their current level of function 
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compared to the level of function possessed prior to the injury in a percentage format with 100% 

indicating their level of function prior to the injury.  

The FAAM (ADL and sport subscales) is a valid questionnaire in the assessment of CAI 

as detected by self-reported levels of function.6 We split the FAAM questionnaire into 4 different 

variables – FAAM activities of daily living subscale (FAAM_ADL), FAAM activities of daily 

living subscale level of function percentage (FAAM_ADL_%), FAAM sport subscale 

(FAAM_Sport) and FAAM sport subscale level of function percentage (FAAM_Sport_%) – to 

allow for a separation of the two subscales and a better overall description of both ADL and 

sport activities function in this population.  

Ankle Instability Instrument 

The AII focuses on ankle injury history and self-reported level of function of patients 

with ankle instability.7 It consists of 12 items that can assist a clinician in determining the overall 

severity of instability in the ankle. Nine of the items are yes/no dichotomous questions. The other 

three items are follow-up questions that identify either the severity of the patient’s ankle sprain 

history or the longevity of weight-bearing assistance device use and the “giving way” sensation. 

The AII is a valid and reliable questionnaire and can be used as an objective tool to classify indi-

viduals with CAI.7 

Cumberland Ankle Instability Tool 

The CAIT focuses on the severity of functional issues in patients with ankle instability.8 

It consists of nine items that together are rated on a 30-point scale. The higher the response score 

the higher level of overall function. The CAIT is a valid and reliable questionnaire that can be 

used as a tool to measure the severity of self-reported level of function of CAI.8 

 



 
 

 
 

83 

Identification of Function Ankle Instability Questionnaire 

The IdFAI is a combination of both the AII and CAIT and consists of a 10-item question-

naire that can be divided into three main sections: history of ankle instability, initial ankle sprain 

information and activity of daily living (ADL) instability information.14 The IdFAI is a valid and 

reliable tool that can be used to categorize individuals suffering from CAI.9  

 

 

Rehabilitation Interventions  

Each patient was randomized to one of four rehabilitation groups: Resistance Band, Bio-

mechanical Ankle Platform System (BAPS) Board, Combination or Control. We used a con-

cealed, cluster randomization for each site to allow for blinding the investigator responsible for 

data analysis. Prior to completion of any rehabilitation intervention sessions, specific instruction 

and training was given to the study personnel responsible for administration and supervision at 

each of the clinical sites. This training included verbal instruction with physical demonstration as 

well as written instruction that could be referred to in order to ensure proper application. We held 

periodic meetings with the rehabilitation administrators to ensure consistency in delivery of the 

programs. After completion of all pretest assessments, each patient reported to his or her respec-

tive athletic training facility to complete his or her 12 rehabilitation intervention sessions. The 

patient was required to complete all 12 sessions in 4 to 6 weeks; no less than 2 sessions per week 

and no more than 3 sessions per week. A study investigator tracked the patient’s completion and 

documented both progress and setbacks. Each week, the exercises were increased in difficulty. 
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Resistance Band Intervention  

Each session, patients completed resistance training using a resistance band in 4 direc-

tions of ankle motion (plantarflexion, dorsiflexion, inversion and eversion) performing 3-sets of 

10-repetitions.  Patients were seated on the floor with their knee extended and instructed to per-

form the movement at the ankle joint without allowing extraneous movement from other joints 

(i.e. hip and knee). A bolster was placed under the heel to lift the foot off the floor. The re-

sistance band was doubled and attached to a hook on the wall (Figure 2).  The training resistance 

was determined using the methods of Kaminski et al.15 by calculating 70% of the resting length 

of the resistance band, then adding this distance to the resting length of the resistance band. Us-

ing this calculated distance, a mark was placed on the floor, to which the resistance band was 

stretched during exercise performance. This distance was maintained regardless of the color (re-

sistance) of the band. Each week, the patient progressed to the next resistance band color level 

(red→green→blue→black). For the set and repetition count, the patient could go at his or her 

own pace; however, they were instructed to move through their entire range of motion for the 

particular direction of the exercise.   

BAPS Board Intervention 

Patients were placed near a wall where they could only use their fingertips against the 

wall for stability (Figure 3).  A one legged stance on their involved limb was performed on the 

BAPS board while clockwise and counterclockwise circles were completed. Training started on 

the lowest progression (level 1 out of 5) of the BAPS board with each level increasing in size. 

Level 1 allowed for the smallest amount of motion at the ankle and as the patient progressed, the 

range of motion allowed increased and the training volume intensified. The initial rotation of di-

rection was selected by the patient and changed every ten seconds of the 40-second trial. Five 
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40-second trials were completed with 1-minute rest intervals in between the trials. Progression 

was determined by the supervising clinician and was based on the patient’s ability to make 

smooth transitions between direction changes and completion of smooth circular rotations in 

both directions. The methods used are consistent with those previously reported.16 

Combination Intervention: 

Patients completing the combination protocol completed both the resistance band and 

BAPS board protocols during each session. The order of exercise completion was counterbal-

anced for each session. Progressions for each protocol remained the same as above.  

Control Intervention: 

Each patient in the control group did not perform any rehabilitation exercises. Over the 

intervention timeframe, the patient was required to check in with a member of the research team 

each week to discuss any changes in their ankle or report any incidence of injury, which was de-

fined as any injury that caused them to miss >1 practice. 

Posttest Assessments 

Each patient reported to their respective Athletic Training facility within three days of 

their final rehabilitation session to complete their posttest assessment. Each of the patients filled 

out the same four questionnaires that were completed during the pretest assessment.  

Follow-up Assessments 

 Each of the patients also reported back to a member of the research team at four-week 

and eight-week time points after their posttest assessment. During this time, each patient filled 

out both the CAIT and FAAM questionnaires to assess retention of benefits of rehabilitation.   
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Data Analysis and Reduction 

All data points were not normally distributed, but still fit the robust parameters for re-

peated measures analysis of variance (ANOVAs). Separate 2x4 (time: pretest, posttest x group: 

Resistance Band, Biomechanical Ankle Platform System, Combination, Control) mixed model 

ANOVAs were performed for each of the seven dependent variables. Separate 4x4 (time: pretest, 

posttest, 4-week follow-up, 8-week follow-up x group: Resistance Band, Biomechanical Ankle 

Platform System, Combination, Control) mixed model ANOVAs were run for each of the five 

dependent variables. Post-hoc analyses via Tukey’s HSD were performed for pairwise compari-

sons for any significant interaction effects. Effect size was calculated using Hedges g and was 

interpreted as 0.2 = small, 0.5 = moderate and 0.8 = large. Alpha level was set a priori (α=0.05). 

SPSS version 24.0 (SPSS Inc, Chicago, IL) was used for statistical analysis. 

RESULTS 

Means, standard deviations and 95% confidence intervals for all pretest, posttest 4-week 

follow-up and 8-week follow-up score data are reported in Table 2. Pretest to posttest within 

group changes are reported in Table 3. Main effects are reported in Table 4. Within group 

changes from posttest to both 4-week and 8-week follow-up are reported in Table 5. Main ef-

fects are reported in Table 6.  

Pretest to Posttest Comparison 

Foot and Ankle Ability Measure  

When evaluating the Foot and Ankle Ability Measure variables, significant time main ef-

fects were detected for each of the four variables: FAAM_ADL (p=0.009), FAAM_ADL_% 

(p=0.001), FAAM_Sport (p<0.001) and FAAM_Sport_% (p<0.001). For each aspect of the 

FAAM questionnaire, the three rehabilitation groups all revealed an improvement in question-
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naire score from pretest to posttest. The control group also revealed very small improvement 

scores for each of the four sections of the FAAM questionnaire. No significant group or interac-

tion effects were determined for any portion of the FAAM questionnaire (p>0.05).  

Ankle Instability Instrument 

When evaluating the Ankle Instability Instrument a significant time main effect was de-

tected (p=0.037), but no significant group or interaction effects were determined. For the rehabil-

itation groups, the BAPS and combination groups both revealed improved scores. The resistance 

band group reported a very small increase in ‘yes’ responses and the control group did not report 

any change from pretest to posttest.  

Cumberland Ankle Instability Tool 

When evaluating the CAIT a significant time main effect (p<0.001) and interaction effect 

(p=0.017) were detected, however a significant group main effect was not determined (p>0.05). 

No differences were observed for groups at pretest. The BAPS group had a significant improve-

ment from pretest to posttest. At posttest the BAPS and combination groups had improved scores 

compared to the control group.  

Identification of Functional Ankle Instability Questionnaire 

When evaluating the Identification of Functional Ankle Instability questionnaire a signif-

icant time main effect was detected (p<0.001). There was an improvement in score from pretest 

to posttest regardless of group. No significant group (p>0.05) or interaction (p>0.05) effects 

were determined.  

Follow-up Assessment Comparison 

This analysis evaluated PROs at posttest, 4-weeks and 8-weeks after completing rehabili-

tation.  
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Foot and Ankle Ability Measure 

When evaluating the Foot and Ankle Ability Measure variables, significant time main ef-

fects were detected for each of the four variables: FAAM_ADL (p<0.001), FAAM_ADL_% 

(p<0.001), FAAM_Sport (p<0.0001) and FAAM_Sport_% (p<0.001). No significant group or 

interaction effects were determined for any of the variables (p>0.05). The three rehabilitation 

groups continued to improve even after the rehabilitation period ended. While the resistance 

band and combination groups continued to improve during follow-up, the BAPS group revealed 

a washout of benefit after the 4-week follow-up mark. The control group continued to show vari-

ations between improvements and worsening scores during the follow-up period, however these 

fluctuations were minimal. For the FAAM_ADL_%, all three rehabilitation groups improved 

from posttest to 4-week follow-up. Overall the three rehabilitation groups continued to improve 

after the 4-week rehabilitation program ended, however for both the BAPS and combination 

groups, a worsening of score became apparent. The control group reported a decrease in function 

score. 

For the FAAM_Sport, all three rehabilitation groups improved from posttest to 4-week 

follow-up. Each of the three rehabilitation groups continued to improve during the follow-up pe-

riod. While the control group reported an initial decrease in score between posttest and 4-week 

follow-up, the average group score increased slightly between the 4-week and 8-week time 

points. For the FAAM_Sport_%, all four groups improved from posttest to 4-week follow-up. 

Overall the three rehabilitation groups continued to improve after the 4-week rehabilitation pro-

gram ended, with the BAPS group reporting a slight decrease between the 4-week and 8-week 

follow-up. Throughout the follow-up process, the control group continued to have an increase in 

sport specific function score.   
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Cumberland Ankle Instability Tool 

When evaluating the Cumberland Ankle Instability Tool a significant time main effect 

was detected (p<0.001), however no significant group or interaction effects were determined 

(p>0.05). All four groups improved from posttest to 4-week follow-up. In general, the three re-

habilitation groups continued to improve after the 4-week rehabilitation intervention ended. 

While the control group also revealed increases in CAIT score over the entire 12-week period, 

the overall score was smaller than the three rehabilitation groups 

DISCUSSION 

For our study, we only determined a significant interaction effect for the CAIT question-

naire across the pretest to posttest comparison. All three of the rehabilitation groups reported an 

improvement in score, and the control group revealed a negative score indicating a higher severi-

ty of functional problem at posttest compared to pretest scores.  This finding suggests that reha-

bilitation is effective at improving PROs as assessed by the CAIT. The significant interaction 

effect however was not carried over into the follow-up comparison. This indicates an overall de-

crease in retention of benefit after the cessation of rehabilitation. 

Pretest to Posttest Comparison 

There were significant time effects for each questionnaire at pretest and posttest compari-

son. For the majority of variables, the rehabilitation interventions provided an overall benefit in 

terms of self-reported function as shown by improvement in questionnaire score. An improve-

ment in score was also determined for the control group for a few of the questionnaires, however 

this improvement was minimal. This is an interesting find, as the control group did not perform 

any rehabilitation during the four weeks.  
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No significant group or interaction effects were determined except for the CAIT ques-

tionnaire. Improvements assessed by the FAAM and IdFAI questionnaires were detected for 

each group and improvement scores across the rehabilitation groups were similar. This finding 

made group and interaction effects difficult to determine. For the AII and the CAIT question-

naires, improvements were not detected for the control group. Small improvements were detect-

ed by the AII for the rehabilitation groups making group main and interaction effects difficult to 

determine. Similar improvements were detected by the CAIT for each rehabilitation groups 

compared to the control group, thus making a significant group main effect difficult to deter-

mine. 

Follow-up Assessment Comparison 

No significant interaction or group main effects were determined for either the FAAM or 

CAIT questionnaires, however significant time effects were detected. Each rehabilitation group 

revealed continued improvement in questionnaire score from posttest to both 4-week and 8-week 

follow-up. The control group also reported a decent amount of variability over both the 4-week 

and 8-week follow-up periods. Improvements revealed by the FAAM and the CAIT question-

naires were detected for each of the groups. Improvement scores across the three rehabilitation 

groups were small and very similar to each other and support for a superior intervention could 

not be determined. Further study into the appropriateness of these questionnaires for the adoles-

cent population needs to be evaluated.  

Only the FAAM and CAIT questionnaires were used for the follow-up assessment as 

they each offered more options for both ADL and sport specific activities compared to the AII 

and IdFAI. While the AII and IdFAI are recommended for use in clinical research for their focus 

on presence of ankle instability, they also evaluate the initial ankle sprain injury and the use of 
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assistive devices both of which the answers would not change after an intervention. Another rea-

son we decided to utilize the FAAM and CAIT only for the follow-up assessment was the larger 

number of focused questions regarding level of difficulty quantification of severity of dysfunc-

tion that can be found in both the FAAM and CAIT. We also used the FAAM because of the lev-

el of activity percentage question, which is recommended for clinical use for inclusion by the 

IAC. The types of questions found in both the FAAM and CAIT allow the patient to examine 

how he/she was feeling in that particular moment (i.e. 4-week or 8-week follow-up). Based on 

this, we felt having the two different subscales and overall percentage of function questions pre-

sent in the FAAM and the specific ankle activity questions of the CAIT were more appropriate to 

use for follow-up assessment. 

Previous studies have utilized both the FAAM17–21 and CAIT21–23 questionnaires and 

found score improvements post rehabilitation intervention. While our study did not find signifi-

cant group or interaction effects for any of the questionnaires at any of the retest timeframes, 

significant improvements for time were detected. Wright et al21 detected outcome improvements 

using both the FAAM and CAIT questionnaires after a single task 4-week rehabilitation inter-

vention, however this study did not utilize a control group for comparison and focused on an 

adult population. While our results are consistent with Wright et al21 in terms of effect of a single 

task intervention study, the variability of the control group and the differences in patient popula-

tion should also be noted.  

Overall Effectiveness 

The results of the PROs can be further compared to previously published improvement 

score data. The IAC published recommendations that present inclusion scores for controlled re-

search and offer further comparison of instability.2 It should be noted that these values are specif-
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ic to the adult population and any comparisons to our study need to be interpreted with care as 

we utilized an adolescent population.  

For the FAAM, an inclusion score of <90% for the ADL activity subscale and a score of 

<80% for the sport activity subscale is recommended for use.2 All four rehabilitation groups 

started at or below the inclusion value, and completed the 4-week rehabilitation program with a 

FAAM_ADL_% score >90% and a FAAM_Sport_% score >80%. The increase in scores on the 

FAAM activity scales that were detected at posttest remained steady through the 8-week follow-

up time point. These results indicate that the beneficial effects of a 4-week rehabilitation pro-

gram have the potential to last a minimum of 8-weeks after the cessation of the intervention. 

However score increases were also detected for the control group.   

For the AII, an inclusion score of 5 “yes” responses to the dichotomous questions are 

recommended for use.2 All four of the groups reported a minimum of 6 yes responses and fin-

ished the study with the same results. Of the 9 dichotomous questions, 4 of them relate to ankle 

sprain history and therefore would not change from pretest to posttest. The other 5 dichotomous 

questions pertain to presence of instability with particular activities. The BAPS and combination 

groups did report an average of 1 less yes response to the dichotomous questions, however this 

decrease did not allow them to surpass the cutoff score. The resistance band and combination 

group both remained constant with their overall score on the questionnaire. While the patients in 

the study were instructed to fill out the posttest questionnaires for how they were currently feel-

ing, they may have answered the questions from a historical perspective 

For the CAIT, an inclusion score of ≤24 points has been recommended by the IAC2, and 

a recalibrated inclusion score of ≤25 has also been recommended by Wright et al.12 All four 

groups began with average scores below 19 points. Each of the rehabilitation groups increased 
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their average score at posttest to over 20 points with the BAPS group reporting the highest score 

of 22.10 points. The control group had a decrease in score from pretest to posttest. At the 8-week 

follow-up, all four groups reported an increase in CAIT questionnaire scores compared to post-

test indicating continued improvement for each of the groups even after the intervention con-

cluded. None of the rehabilitation groups reported scores that surpassed the recommended inclu-

sion score, thus a calibration study for the CAIT is recommended for this particular population. 

For the IdFAI, an inclusion score of ≥11 points is recommended for use.2 All 4 groups 

started with scores above 21 points. This is a huge score to begin with and highlights the overall 

rates of instability found in this particular sample. Each of the rehabilitation groups reported a 

decrease in average score at posttest, however the decrease was not enough to surpass the inclu-

sion score. The control group’s average score remained constant. Similarly to the AII question-

naire, three of the 10 questions of the IdFAI were related to ankle injury history and therefore 

major changes in the responses to these questions were not likely to occur. Due to this, changes 

in self-reported overall ankle function may have been difficult to detect using this particular 

questionnaire.  

Intervention Comparison 

A specific trend indicating one rehabilitation program being superior to the others could 

not be determined in this study. Improvement scores were very similar for each rehabilitation 

group. The control group even revealed improvement scores and a decent amount of variability 

across the different time points. These results were very interesting and made specific trends for 

improvement of PROs and presence of a washout period very difficult to detect.  
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Limitations 

Overall, there were few limitations that led to any internal validity violations of this study 

design. While the researcher responsible for data collection was blind to patient group allocation, 

the patient was not blind to their specific rehabilitation intervention. Unfortunately, a few prob-

lems were detected in regards to questionnaire comparisons across the 4 groups. While the PRO 

questionnaires we included are valid and reliable for use in the adult population, their use in the 

adolescent population may be limited due to development changes and adolescent awkward-

ness.24 More concrete details indicating a superior rehabilitation intervention may have been dif-

ficult to determined due to a few limitations in unintentional questionnaire bias. While improve-

ments were detected for the rehabilitation groups, the control group also reported score im-

provements in the absence of rehabilitation. This improvement could be due to an association of 

function improvement to questionnaire familiarity and respondent learning.25 While the 4 ques-

tionnaires were used to collect as much data as possible, the overlapping and similar questions 

among the 4 assessments may have caused confusion due to the slight differences in presentation 

of answer choices. Another problem we detected regarded improvement score comparison. We 

were able to compare the scores of our participants to the improvement scores validated in the 

adult population, however there is no literature regarding specific improvement score compari-

son for an adolescent population. Both of these should be addressed in future research studies. 

CONCLUSIONS 

The purpose of this research study was to evaluate the effects of two of the most common 

types of rehabilitation exercises used in the high school setting on PROs. All four PRO question-

naires were used to assess self-reported levels of ankle function. Each questionnaire evaluated 

history of injury, current pain level, instability, and overall ankle function. The goal was to de-
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termine whether a single or dual task intervention offered more benefit on PROs in active ado-

lescent patients suffering from CAI, including longevity of benefit of the interventions as deter-

mined over an 8-week timeframe. While our study could not determine whether a single or dual 

task intervention offered more beneficial effect on PROs, it did provide evidence that any of the 

three intervention options can be utilized in a high school athletic training facility. Each interven-

tion utilized minimal time, space, equipment and clinician supervision, which can be beneficial 

in a small spaced and high volume high school athletic training facility. This study offers a gate-

way into the area of PROs and begins the process for encouraging the use of these questionnaires 

in clinical practice. All three of the interventions produced an improvement in patient reported 

function as assessed by the FAAM and CAIT questionnaires. These beneficial changes indicate 

that the effects of a 4-week rehabilitation program have the potential to last a minimum of 8-

weeks after the cessation of the intervention. 

REFERENCES 

1. Anandacoomarasamy A, Barnsley L. Long term outcome of inversion ankle injuries. Br J 
Sports Med. 2005;39(14):doi:10.1136/bjsm.2004.011676. 

2. Gribble PA, Delahunt E, Bleakley C, et al. Selection criteria for patients with chronic ankle 
instability in controlled research: a position statement of the international ankle consortium. J 
Orthop Sports Phys Ther. 2013;43(8):585-591. 

3. Wikstrom EA, Hubbard-Turner T, McKeon PO. Understanding and Treating Lateral Ankle 
Sprains and Their Consequences. Sports Med. 2013;43(6):385-393. 

4. Verhagen RA, de Keizer G, Van Dijk CN. Long-term Follow-up of Inversion Trauma of The 
Ankle. Archchives Orthop Trauma Surg. 1995:92-96. 

5. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks. 
Geneva: World Health Organization; 2012. 

6. Carcia CR, Martin RL, Drouin JM. Validity of the Foot and Ankle Ability Measure in Ath-
letes with Chronic Ankle Instability. J Athl Train. 2008;43(2):179-183. 

7. Docherty CL, Gansneder BM, Arnold BL, Hurwitz SR. Development and Reliability of The 
Ankle Ability Instrument. J Athl Train. 2006;41(2):154-158. 



 
 

 
 

96 

8. Hiller CE, Refshauge KM, Bundy AC, Herbert RD, Kilbreath SL. The Cumberland Ankle 
Instability Tool: A Report of Validity and Reliability Testing. Arch Phys Med Rehabil. 
2006;87(9):1235-1241. 

9. Donahue M, Simon J, Docherty C. Reliability and Validity of a New Questionnaire Created 
to Establish the Presence of Functional Ankle Instability: The IdFAI. Athl Train Sports 
Health Care. 2013;5(1):38-43. 

10. Cain MS, Garceau SW, Linens SW. Effects of A Four Week Biomechanical Ankle Platform 
System on Balance in High School Athletes with Chronic Ankle Instability. J Sport Rehabil. 
26(1):1-7. doi:http://dx.doi.org./10.1123/jsr.2015-0045 

11. Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analysis using G*Power 3.1: 
Tests for correlation and regression analyses. Behav Res Methods. 2009;41(4):1149-1160. 

12. Wright CJ, Arnold BL, Ross SE, Linens SW. Recalibration and Validation of the Cumber-
land Ankle Instability Tool Cutoff Score for Individuals With Chronic Ankle Instability. 
Arch Phys Med Rehabil. 2014;95(10):1853-1859. 

13. Martin RL, Irrgang JJ, Burdett RG, Conti SF, Swearingen JM. Evidence of Validity for The 
Foot and Ankle Ability Measure (FAAM). Foot Ankle Int. 2005;26(11):968-983. 

14. Simon J, Donahue M, Docherty C. Development of the Identification of Functional Ankle 
Instability (IdFAI). Foot Ankle Int. 2012;33(9):755-763. 

15. Kaminski TW, Buckley BD, Powers ME, Hubbard TJ, Ortix C. Effect of strength and pro-
prioception training on eversion to inversion strength ratios in subjects with unilateral func-
tional ankle instability. Br J Sports Med. 2003;37(5):410-415. 

16. Linens SW, Ross SE, Arnold BL. Wobble board rehabilitation for improving balance in an-
kles with chronic instability. Clin Biomech. 2016;26(1):76-82. 

17. Hale SA, Hertel J, Olmsted-Kramer LC. The effect of a 4-week comprehensive rehabilitation 
program on postural control and lower extremity function in individuals with chronic ankle 
instability. J Orthop Sports Phys Ther. 2007;37(6):303-311. 

18. McKeon PO, Ingersoll CD, Kerrigan DC, Saliba E, Bennett BC, Hertel J. Balance Training 
Improves Function and Postural Control in Those with Chronic Ankle Instability. Med Sci 
Sports Exerc. 2008;40(10):1810-1819. 

19. De Ridder R, Willems TM, Vanrenterghem J, Rooseb P. Effect of a home-based balance 
training protocol on dynamic postural control in subjects with chronic ankle instability. Int J 
Sports Med. 2015;36(7):596-602. 

20. Schaefer JL, Sandrey MA. Effects of a 4-Week Dynamic-Balance Training Program Sup-
plemented With Graston Instrument Assisted Soft-Tissue Mobilization for Chronic Ankle In-
stability. J Sport Rehabil. 2012;21(4):313-326. 

21. Wright C, Linens S, Cain MS. A Randomized Controlled Trial Comparing Rehabilitation 
Efficacy in Chronic Ankle Instability. J Sport Rehabil. 2017;26(4):238-249. d 

22. Cruz-Diaz D, Lomas-Vega R, Osuna-Perez MC, Contreras FH, Martinez-Amat A. Effects of 
6 Weeks of Balance Training on Chronic Ankle Instability in Athletes: A Randomized Con-
trolled Trial. Int J Sports Med. 2015;36(9):754-760. 



 
 

 
 

97 

23. Kim KJ, Kim YE, Jun HJ, et al. Which Treatment is More Effective for Functional Ankle 
Instability: Strengthening or Combined Muscle Strengthening and Proprioceptive Exercises? 
J Phys Ther Sci. 2014;26(3):385-388. 

24. Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno MV, Hewett TE. A systematic re-
view of sensorimotor function during adolescence: a developmental stage of increased motor 
awkwardness? Br. J Sports Med. 2012;46(9):649-655. 

25. Choi BCK, Pak AWP. A catalog of biases in questionnaires. Prev Chronic Dis. 
2015;2(1):A13. 



 98 

Table 4. Outcomes Study Dependent Variables Descriptive Statistics 
Group Time Point FAAM_ADL FAAM_ADL_% FAAM_Sport FAAM_Sport_% AII CAIT IdFAI 
Resistance Band Pretest 73.42±6.78 

(68.74, 78.10) 
84.08±14.79 

(77.46, 90.71) 
22.08±3.75 

(19.52, 24.65) 
76.58±14.34 

(71.36, 87.81) 
6.42±1.40 

(5.60, 7.25) 
16.08±4.68 

(13.54, 18.62) 
23.58±5.04 

(21.98, 30.35) 
 Posttest 75.33±7.76 

(70.85, 79.82) 
90.58±13.53 

(84.86, 96.31) 
26.00±3.93 

(22.96, 29.04) 
84.75±10.15 

(81.08, 94.42) 
6.50±1.57 

(5.51, 7.49) 
20.50±2.61 

(17.85, 23.15) 
20.17±5.25 

(16.60, 23.73) 
 4-week 77.83±6.37 

(73.58, 82.09) 
93.50±8.14 

(88.85, 98.16) 
26.67±5.57 

(23.16, 30.17) 
91.67±10.99 

(84.00, 99.33) 
N/A 21.25±5.90 

(17.82, 24.68) 
N/A 

 8-week 80.50±3.21 
(76.06, 84.94) 

96.58±3.20 
(91.25, 101.92) 

28.42±3.12 
(25.29, 31.55) 

94.50±5.65 
(87.87, 101.13) 

N/A 22.58±5.35 
(18.88, 26.29) 

N/A 

Biomechanical  
Ankle Platform 
System 

Pretest 75.10±7.05 
(69.97, 80.23) 

92.00±7.89 
(84.74, 99.26) 

24.80±4.24 
(21.99, 27.61) 

85.10±11.24 
(76.09, 94.11) 

6.30±1.50 
(5.39, 7.21) 

16.30±4.79 
(13.52, 19.08) 

21.80±6.61 
(20.62, 29.78) 

 Posttest 78.00±7.65 
(73.09, 82.91) 

94.70±5.25 
(88.42, 100.98) 

27.00±4.78 
(23.67, 30.33) 

93.90±5.22 
(86.60, 101.20) 

5.40±1.51 
(4.32, 6.48) 

22.10±4.58 
(19.20, 25.00) 

18.50±6.42 
(14.60, 22.40) 

 4-week 80.40±3.95 
(75.74, 85.06) 

99.10±1.60 
(94.00, 104.20) 

28.60±3.57 
(24.76, 32.44) 

96.40±5.06 
(88.01, 104.80) 

N/A 23.40±3.17 
(19.64, 27.16) 

N/A 

 8-week 79.50±7.62 
(74.64, 84.36) 

98.00±9.24 
(92.15, 103.85) 

29.30±2.26 
(25.87, 32.73) 

96.20±3.88 
(88.94, 103.46) 

N/A 23.60±4.50 
(19.54, 27.66) 

N/A 

Combination Pretest 71.70±9.59 
(66.57, 76.83) 

83.80±10.54 
(76.54, 91.06) 

23.70±4.62 
(20.89, 26.51) 

76.00±17.61 
(66.99, 85.01) 

6.50±1.43 
(5.59, 7.41) 

18.40±3.20 
(15.62, 21.18) 

22.80±5.39 
(21.12, 30.28) 

 Posttest 76.70±7.39 
(71.79, 81.61) 

93.10±6.57 
(86.82. 99.38) 

27.10±5.51 
(23.77, 30.43) 

85.40±14.51 
(78.10, 92.70) 

5.20±1.81 
(4.12, 6.28) 

21.40±5.13 
(18.50, 24.30) 

19.80±6.25 
(15.90, 23.70) 

 4-week 78.00±7.06 
(73.34, 82.66) 

95.10±7.84 
(90.00, 100.20) 

27.60±6.31 
(23.76, 31.44) 

91.30±14.97 
(82.91, 99.70) 

N/A 21.70±6.83 
(17.94, 25.46) 

N/A 

 8-week 79.80±7.38 
(74.94, 84.66) 

95.10±7.92 
(89.25, 100.95) 

28.30±6.06 
(24.87, 31.73) 

92.30±15.63 
(85.04, 99.56) 

N/A 23.10±7.52 
(19.04, 27.16) 

N/A 

Control Pretest 74.82±8.52 
(69.93, 79.71) 

91.27±10.36 
(84.35, 98.19) 

22.73±4.96 
(20.04, 25.41) 

80.00±12.45 
(71.41, 88.59) 

6.09±1.38 
(5.23, 6.96) 

17.45±4.46 
(14.80, 20.12) 

21.55±6.25 
(20.90, 29.64) 

 Posttest 76.45±7.88 
(71.77, 81.14) 

92.27±10.50 
(86.30, 98.26) 

24.64±6.38 
(21.46, 27.81) 

81.82±13.47 
(74.85, 88.78) 

6.09±1.87 
(5.06, 7.12) 

16.64±5.50 
(13.87, 19.40) 

21.27±6.53 
(17.55, 24.99) 

 4-week 76.36±10.18 
(71.92, 80.81) 

92.82±10.83 
(87.96, 97.68) 

24.36±7.69 
(20.70, 28.02) 

85.91±17.72 
(77.91, 93.91) 

N/A 19.45±6.74 
(15.87, 23.04) 

N/A 

 8-week 76.45±10.62 
(71.82, 81.09) 

90.64±15.77 
(85.06, 96.21) 

25.36±7.99 
(22.09, 28.63) 

88.82±15.63 
(81.90, 95.74) 

N/A 21.64±7.53 
(17.76, 25.51) 

N/A 

Mean ± Standard Deviation 
(95% Confidence Interval)
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Table 5. Pretest to Posttest Assessment Change Scores 
 Group 
 
Questionnaire 

 
Resistance Band 

Biomechanical Ankle 
Platform System 

 
Combination 

 
Control 

FAAM_ADL 1.92±6.24 
(-2.05, 5.88) 

2.90±5.53 
(-1.05, 6.85) 

5.00±3.92 
(2.20, 7.80) 

1.64±9.80 
(-4.95, 8.22) 

FAAM_ADL_% 6.50±8.10 
(1.36, 11.64) 

2.70±5.08 
(-0.93, 6.33) 

9.30±7.26 
(4.11, 14.49) 

1.00±12.02 
(-7.07, 9.07) 

FAAM_Sport 3.92±4.36 
(1.15, 6.69) 

2.20±3.49 
(-0.30, 4.70) 

3.40±3.89 
(0.62, 6.18) 

1.91±4.55 
(-1.15, 4.96) 

FAAM_Sport_% 8.17±8.72 
(2.63, 13.70) 

8.80±6.89 
(3.87, 13.73) 

9.40±13.59 
(-0.32, 19.12) 

1.82±8.45 
(-3.86, 7.49) 

AII -0.08±1.78 
(-1.22, 1.05) 

0.90±1.60 
(-0.24, 2.04) 

1.30±1.42 
(0.29, 2.31) 

0.00±1.55 
(-1.04, 1.04) 

CAIT 4.42±4.36 
(1.65, 7.19) 

5.80±3.43 
(3.35, 8.25) 

3.00±4.55 
(-0.25, 6.25) 

-0.82±6.27 
(-5.03, 3.40) 

IdFAI 3.42±2.35 
(1.92, 4.91) 

3.30±2.75 
(1.33, 5.27) 

3.00±3.77 
(0.30, 5.70) 

0.27±6.17 
(-3.87, 4.42) 

Mean ± Standard Deviation 
(95% Confidence Interval) 
FAAM_ADL – Foot and Ankle Ability Measure activities of daily living subscale 
FAAM_ADL_% – Foot and Ankle Ability Measure activities of daily living subscale level of function percentage 
FAAM_Sport – Foot and Ankle Ability Measure sport subscale 
FAAM_Sport_% – Foot and Ankle Ability Measure sport subscale level of function percentage 
AII – Ankle Instability Instrument 
CAIT – Cumberland Ankle Instability Tool 
IdFAI – Identification of Functional Ankle Instability Questionnaire 
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Table 6: Dependent Variables Main Effects and Interactions for Pretest and Posttest Assessment Comparison 
Variable Time Group Interaction 
FAAM_ADL F(1,39) = 7.58, P = 0.009* F(3,39) = 0.26, P = 0.857 F(1,39) = 0.53, P = 0.668 
FAAM_ADL_% F(1,39) = 13.80, P = 0.001* F(3,39) = 0.91, P = 0.448 F(1,39) = 1.99, P = 0.131 
FAAM_Sport F(1,39) = 20.56, P = 0.000* F(3,39) = 0.63, P = 0.599 F(1,39) = 0.60, P = 0.618 
FAAM_Sport_% F(1,39) = 22.75, P = 0.000* F(3,39) = 1.21, P = 0.319 F(1,39) = 1.44, P = 0.247 
AII F(1,39)  = 4.67, P = 0.037*  F(3,39)  = 0.51, P = 0.675 F(3,39)  = 1.93, P = 0.141 
CAIT F(1,39) = 17.92,  P = 0.000* F(3,39)  = 1.14, P = 0.343 F(1,39)  = 3.82, P = 0.017* 
IdFAI F(1,39)  = 16.32, P = 0.000*  F(3,39)  = 0.180, P = 0.909 F(3,39)  = 1.50, P = 0.230  
*Statistically Significant at P≤0.05 
FAAM_ADL – Foot and Ankle Ability Measure activities of daily living subscale 
FAAM_ADL_% – Foot and Ankle Ability Measure activities of daily living subscale level of function percentage 
FAAM_Sport – Foot and Ankle Ability Measure sport subscale 
FAAM_Sport_% – Foot and Ankle Ability Measure sport subscale level of function percentage 
AII – Ankle Instability Instrument 
CAIT – Cumberland Ankle Instability Tool 
IdFAI – Identification of Functional Ankle Instability Questionnaire 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

101 

Table 7. Follow-up Assessment Change Scores 
 Group 
 
Posttest_FU1 Change 

 
Resistance Band 

Biomechanical Ankle  
Platform System 

 
Combination 

 
Control 

FAAM_ADL 2.50±5.04 
(-0.70, 5.70) 

2.40±4.55 
(-0.86, 5.66) 

1.30±3.33 
(-1.09, 3.69) 

-0.09±5.54 
(-3.81, 3.63) 

FAAM_ADL_% 2.92±10.11 
(-3.51, 9.34) 

4.40±5.36 
(0.57, 8.23) 

2.00±9.52 
(-4.81, 8.81) 

0.55±4.44 
(-2.43, 3.53) 

FAAM_Sport 0.67±4.94 
(-2.47, 3.81) 

1.60±3.75 
(-1.08, 4.28) 

0.50±1.84 
(-0.82, 1.82) 

-0.27±4.20 
(-3.09, 2.55) 

FAAM_Sport_% 3.92±14.06 
(-5.02, 12.85) 

2.50±3.47 
(0.02, 4.98) 

5.90±6.17 
(1.48, 10.32) 

4.09±10.91 
(-3.24, 11.42) 

CAIT 0.75±4.47 
(-2.09, 3.59) 

1.30±3.43 
(-1.16, 3.76) 

0.30±2.83 
(-1.72, 2.32) 

2.82±4.83 
(-0.43, 6.07) 

Posttest_FU2 Change     
FAAM_ADL 5.17±7.08 

(0.67, 9.67) 
1.50±2.92 
(-0.59, 3.59) 

3.10±4.98 
(-0.46, 6.66) 

0.00±6.54 
(-4.40, 4.40) 

FAAM_ADL_% 6.00±12.05 
(-1.65, 13.65) 

3.30±5.25 
(-0.46, 7.06) 

2.00±8.88 
(-4.35, 8.35) 

-1.64±10.94 
(-8.99, 5.71) 

FAAM_Sport 2.42±4.06 
(-0.16, 4.99) 

2.30±4.03 
(-0.58, 5.18) 

1.20±1.69 
(-0.01, 2.41) 

0.73±4.10 
(-2.03, 3.48) 

FAAM_Sport_% 6.75±10.82 
(-0.13, 13.63) 

2.30±4.30 
(-0.77, 5.37) 

6.90±6.90 
(1.96, 11.84) 

7.00±7.81 
(1.75, 12.25) 

CAIT 2.08±5.20 
(-1.22, 5.38) 

1.50±2.84 
(-0.53, 3.53) 

1.70±4.88 
(-1.79, 5.19) 

5.00±6.10 
(0.90, 9.10) 

FU1_FU2 Change     
FAAM_ADL 2.67±4.23 

(0.02, 5.35) 
-0.90±4.89 
(-4.40, 2.60) 

1.80±2.90 
(-0.27, 3.87) 

0.09±2.98 
(-1.91, 2.09) 

FAAM_ADL_% 3.08±6.19 
(-0.85, 7.01) 

-1.10±2.08 
(-2.59, 0.39) 

0.00±2.26 
(-1.62, 1.62) 

-2.18±7.92 
(-7.50, 3.14) 

FAAM_Sport 1.75±3.96 
(-0.76, 4.26) 

0.70±2.11 
(-0.81, 2.21) 

0.70±1.16 
(-0.13, 1.53) 

1.00±2.76 
(-0.85, 2.85) 

FAAM_Sport_% 2.83±6.15 
(-1.07, 6.74) 

-0.20±4.08 
(-3.12, 2.72) 

1.00±2.21 
(-0.58, 2.58) 

2.91±8.13 
(-2.55, 8.37) 

CAIT 1.33±4.50 
(-1.53, 4.19) 

0.20±2.94 
(-1.90, 2.30) 

1.40±3.53 
(-1.13, 3.93) 

2.18±5.72 
(-1.66, 6.03) 

Mean ± Standard Deviation 
(95% Confidence Interval)  
FAAM_ADL – Foot and Ankle Ability Measure activities of daily living subscale 
FAAM_ADL_% – Foot and Ankle Ability Measure activities of daily living subscale level of function percentage 
FAAM_Sport – Foot and Ankle Ability Measure sport subscale 
FAAM_Sport_% – Foot and Ankle Ability Measure sport subscale level of function percentage 
CAIT – Cumberland Ankle Instability Tool 
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Table 8: Dependent Variables Main Effects and Interactions For Follow-up Analysis 
Variable Time Group Interaction 
FAAM_ADL F(3,117) = 10.29, P = 0.000* F(3,39)  = 0.22, P = 0.879 F(9,117)  = 0.966, P = 0.472 
FAAM_ADL_% F(3,117)  = 11.60, P = 0.000* F(3,39)  = 0.84, P = 0.482  F(9,117)  = 1.79, P = 0.078 
FAAM_Sport F(3,117)  = 17.18, P = 0.000* F(3,39)  = 0.93, P = 0.434  F(9,117)  = 0.64, P = 0.764  
FAAM_Sport_% F(3,117)  = 24.75, P = 0.000* F(3,39)  = 1.26, P = 0.302  F(9,117)  = 0.77, P = 0.643  
CAIT F(3,117)  = 19.41, P = 0.000* F(3,39)  = 0.77, P = 0.517  F(9,117)  = 1.35, P = 0.219  
*Statistically Significant at P≤0.05 
FAAM_ADL – Foot and Ankle Ability Measure activities of daily living subscale 
FAAM_ADL_% – Foot and Ankle Ability Measure activities of daily living subscale level of function percentage 
FAAM_Sport – Foot and Ankle Ability Measure sport subscale 
FAAM_Sport_% – Foot and Ankle Ability Measure sport subscale level of function percentage 
CAIT – Cumberland Ankle Instability Tool  
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APPENDICES 

Foot and Ankle Ability Measure (FAAM) 
Activities of Daily Living Subscale 

 
Please Answer every question with one response that most closely describes your condition within the past week. 
If the activity in question is limited by something other than your foot or ankle mark “Not Applicable” (N/A). 
 
 No Difficul-

ty 
Slight Difficulty Moderate 

Difficulty 
Extreme Diffi-
culty 

Unable to do N/A 

Standing □ □ □ □ □ □ 
Walking on even 
ground 

□ □ □ □ □ □ 

Walking on even 
ground without shoes 

□ □ □ □ □ □ 

Walking up hills □ □ □ □ □ □ 
Walking down hills □ □ □ □ □ □ 
Going up stairs □ □ □ □ □ □ 
Going down stairs □ □ □ □ □ □ 
Walking on uneven 
ground 

□ □ □ □ □ □ 

Stepping up and down 
curbs 

□ □ □ □ □ □ 

Squatting □ □ □ □ □ □ 
Coming up on your 
toes 

□ □ □ □ □ □ 

Walking initially □ □ □ □ □ □ 
Walking 5 minutes or 
less 

□ □ □ □ □ □ 

Walking approximate-
ly 10 minutes 

□ □ □ □ □ □ 

Walking 15 minutes or 
greater 

□ □ □ □ □ □ 

	
Because of your foot and ankle how much difficulty do you have with: 
 
 No Difficul-

ty 
Slight Difficulty Moderate 

Difficulty 
Extreme Diffi-
culty 

Unable to do N/A 

Home responsibilities □ □ □ □ □ □ 
Activities of daily liv-
ing 

□ □ □ □ □ □ 

Personal care □ □ □ □ □ □ 
Light to moderate 
work (standing, walk-
ing) 

□ □ □ □ □ □ 

Heavy work 
(push/pulling, climb-
ing, carrying) 

□ □ □ □ □ □ 

Recreational activities □ □ □ □ □ □ 
 
How would you rate your current level of function during you usual activities of daily living from 0 to 100 with 100 
being your level of function prior to your foot or ankle problem and 0 being the inability to perform any of your 
usual daily activities. 
 _________ % 
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Foot and Ankle Ability Measure (FAAM) 
Sport Subscale 

 
Because of your foot and ankle how much difficulty do you have with: 
 
 No Difficul-

ty 
Slight Difficulty Moderate 

Difficulty 
Extreme Diffi-
culty 

Unable to do N/A 

Running □ □ □ □ □ □ 
Jumping □ □ □ □ □ □ 
Landing □ □ □ □ □ □ 
Starting and stopping 
quickly 

□ □ □ □ □ □ 

Cutting/lateral move-
ments 

□ □ □ □ □ □ 

Ability to perform 
activity with your 
normal technique 

□ □ □ □ □ □ 

Ability to participate in 
your desired sport as 
long as you like 

□ □ □ □ □ □ 

 
How would you rate your current level of function during you usual activities of daily living from 0 to 100 with 100 
being your level of function prior to your foot or ankle problem and 0 being the inability to perform any of your 
usual daily activities. 
_________ % 
 
Overall, how would you rate your current level of function? 
 
 Normal Nearly Normal Abnormal Severely Ab-

normal 
  

 □ □ □ □   
       
Adapted From: Martin, R; Irrgang, J; Burdett, R; Conti, S; VanSwearingen, J: Evidence of Validity for the Foot 
and Ankle Ability Measure. Foot and Ankle International. Vol.26, No.11: 968-983, 2005. 
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Ankle Instability Instrument 
Instructions  
This form will be used to categorize your ankle instability. A separate form should be used for the right and left 
ankles. Please fill out the form completely. If you have any questions, please ask the administrator of the survey. 
Thank you for your participation.  
 
1. Have you ever sprained your ankle?      Yes      No  
2. Have you ever seen a doctor for an ankle sprain?      Yes      No  
 
If yes,  
2a. How did the doctor categorize your most serious ankle sprain?  
    Mild (grade 1)        Moderate (grade 2)        Severe (grade 3)  
3. Did you ever use a device (such as crutches) because you could not bear weight due 
to an ankle sprain?  

    Yes      No  

 
If yes,  
3a. In the most serious case, how long did you need to use the device?  
    1-3 days         4-7 days         1-2 weeks         2-3 weeks         >3 weeks  
4. Have you ever experienced a sensation of your ankle “giving way”?      Yes      No  
 
If yes,  
4a. When was the last time the ankle “gave way”?  
    <1 months      1-6 months ago      6-12 months ago      1-2 years ago      >2 years  
5. Does your ankle ever feel unstable while walking on a flat surface?      Yes      No  
6. Does your ankle ever feel unstable while walking on uneven ground?      Yes      No  
7. Does your ankle ever feel unstable during recreational or sport activity?      Yes      No  
8. Does your ankle ever feel unstable while going up stairs?      Yes      No  
9. Does your ankle ever feel unstable while going down stairs?      Yes      No  
Adapted From: Docherty C, Gansneder B, Arnold B and Hurwitz S. Development and Reliability of the Ankle Insta-
bility Instrument. J Athl Train. 2006;41(2):154-158. 
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The CAIT Questionnaire 
 
Please pick the ONE statement in EACH question that BEST describes your ankles. 
 LEFT RIGHT SCORE 
1. I have pain in my ankle    
 Never   5 
 During sport   4 
 Running on uneven surfaces   3 
 Running on level surfaces   2 
 Walking on uneven surfaces   1 
 Walking on level surfaces   0 
2. My ankle feels UNSTABLE    
 Never   4 
 Sometimes during sport (not every time)   3 
 Frequently during sport (every time)   2 
 Sometimes during daily activity   1 
 Frequently during daily activity   0 
3. When I make SHARP turns, my ankle feels UNSTABLE    
 Never   3 
 Sometimes when running   2 
 Often when running   1 
 When walking   0 
4. When going down the stairs, my ankle feels UNSTABLE    
 Never   3 
 If I go fast   2 
 Occasionally   1 
 Always   0 
5. My ankle feels UNSTABLE when standing on ONE leg    
 Never   2 
 On the ball of my foot   1 
 With my foot flat   0 
6. My ankle feels UNSTABLE when    
 Never   3 
 I hop from side to side   2 
 I hop on the spot   1 
 When I jump   0 
7. My ankle feels UNSTABLE when    
 Never   4 
 I run on uneven surfaces   3 
 I jog on uneven surfaces   2 
 I walk on uneven surfaces   1 
 I walk on a flat surface   0 
8. TYPICALLY, when I start to roll over (or “twist”) on my ankle, I can 
stop it 

   

 Immediately   3 
 Often   2 
 Sometimes   1 
 Never   0 
 I have never rolled over on my ankle   3 
9. After a TYPICAL incident of my ankle rolling over, my ankle returns to 
“normal” 

   

 Almost immediately   3 
 Less than one day   2 
 1–2 days   1 
 More than 2 days   0 
 I have never rolled over on my ankle   3 
 
Adapted From: Hiller, C.E., Refshauge, K.M., Bundy, A.C., Herbert, R.D., Kilbreath, S.L. The Cumberland Ankle 
Instability Tool: A Report of Validity and Reliability Testing. Arch Phys Med Rehabil. 2006;87(9):1235-1241. 
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Adapted From: Donahue, M., Simon, J., Docherty, C.L. Reliability and Validity of a New Questionnaire Created to Establish the 
Presence of Functional Ankle Instability: The IdFAI.  N Am J Med Sci. 2014;6(10): 516–518. 
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