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Achilles tendinopathy is a pervasive painful condition that impacts the ability 

to be physically active, occupational productivity, and quality of life.28,140 Achilles 

tendinopathy occurs equally in men and women, with highest prevalence occurring in 

middle-aged adults.65 The lifetime incidence is estimated to be 50% among runners 

and 5.9% in the general population.74 Achilles tendinopathy has historically been 

considered a sports injury, however 65% of cases in the general population have no 

association with sports participation.65 The patient population is diverse, ranging from 

elite athletes to older adults with metabolic disease.3,65 Although the hallmark 

symptoms of pain with loading are shared by all, the general health impairments and 

alterations in tendon structure vary widely among those afflicted.99 These impairments 

can be described on a spectrum summarized by the tendon health model.99,133 The 

domains of the tendon health model include symptoms, lower extremity function, 

tendon structure and mechanical properties, psychological factors, and patient-related 

factors.133  

Exercise therapy is the first line of care to address deficits in tendon 

health,90,153 however between 20-40% of patients experience continued symptoms at 

5-year follow-up.43,112 Despite previous studies addressing inadequacies of the current 

one-size-fits-all treatment approach,124,131 no study has prospectively characterized 

who are the patients that respond unfavorably to the standard of care. Comprehensive 

evaluation of each domain of tendon health may be required to identify specific 

barriers to recovery for patients when with exercise therapy alone. After recognizing 
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these barriers, precision treatment approaches can be developed to address these 

individual deficits in tendon health to ensure complete and lasting recovery for all. 

This dissertation work leveraged the tendon health model to identify patient 

subgroups with Achilles tendinopathy and revealed implications of subgroup 

membership for recovery. In the first aim, three latent subgroups among patients with 

Achilles tendinopathy (insertional and midportion) in the general population were 

identified with distinct characteristics and clinical deficits. In the second aim, the 

reproducibility of the subgroups was confirmed in a cohort with only midportion 

Achilles tendinopathy and differences were observed in recovery trajectories of 

symptoms, function, tendon structure, and psychosocial factors following 24 weeks of 

exercise therapy and activity modification. The adolescent population is another group 

contributing to the heterogeneity of the patient population, but is often excluded from 

Achilles tendinopathy studies. Therefore, the final aim of this dissertation determined 

that adolescents with heel pain can present with isolated Achilles tendon pain, heel 

pain related to calcaneal apophysitis, or concurrent injury. Additionally, Aim 3 

determined that treating adolescents with heel pain with exercise therapy and activity 

modification for 12 weeks is appropriate and feasible for conducting a larger clinical 

trial to evaluate treatment effectiveness. Collectively, the findings of this dissertation 

work could drive a shift in treatment from a one-size-fits-all approach to precision 

treatment strategies for patients with Achilles tendinopathy and transform clinical 

perceptions and management strategies for adolescents with heel pain. 
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INTRODUCTION 

1.1 Background 

The Achilles tendon is the strongest tendon in the human body and is essential 

to walking, running and jumping.158 The function of all tendons is to absorb and 

transfer forces between muscles and bones. The Achilles tendon, specifically, is 

capable of withstanding loads 6-12 times body weight.72 Mechanical loading is crucial 

for maintaining tendon health. Regular physical activity and resistance training 

improve the Achilles tendon’s mechanical properties and capacity to absorb and 

transfer forces.26,68,69,88 Conversely, excessive tendon loading or sudden increases in 

tendon loading, coupled with inadequate time for remodeling, can instead lead to the 

development of Achilles tendinopathy. 

Achilles tendinopathy is an overuse injury characterized by pain, symptoms, 

and structural alterations in the Achilles tendon, that limit the ability to be physically 

active.28,87,118 The incidence of Achilles tendinopathy is 2.35 per 1000 adults and the 

condition occurs in both athletic and non-athletic individuals.65 Symptoms often start 

as subtle pain and morning stiffness11 with a slow progression to persistent pain with 

loading and reduced ability to absorb and transfer muscle forces,10,150 leading to 

occupational and recreational disability,74,159 psychological burden,92 and impaired 

quality of life.133 Symptoms are present with physical activities such as walking and 

running and commonly lie dormant when a person avoids such activities. Resting from 
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painful activity is therefore often attempted as an initial treatment strategy but this 

“wait and see” approach is known to be ineffective.119  

While symptoms are often the first perception of tendon injury, Achilles 

tendon pain may be preceded by years of abnormal tendon remodeling.51 Predisposing 

factors for developing Achilles tendon pain vary across the lifespan making it 

challenging to adequately evaluate the evidence of proposed risk factors.105,152 

Changes in tendon structure (i.e., tendon thickening) are predictive of symptom 

development,38,54,63,93 but this has been an inconsistent indicator in the literature 

because structural changes have also been observed in asymptomatic tendons.38,93 

Athletic patients often develop symptoms related to changes in training load and 

inadequate rest between training bouts.3,62,76 However in the general population, 65% 

of Achilles tendinopathy cases are not sport-related.65 Obesity1 and diabetes mellitus2 

also increase the risk of Achilles tendinopathy. Although several studies have been 

conducted in the populations most frequently affected by Achilles tendinopathy such 

as middle-aged and older adults, few studies have investigated whether Achilles 

tendon pathology occurs in adolescent with heel pain.16,65 This observed diversity 

among patients may reflect why rehabilitation is notoriously challenging in clinical 

practice and symptom recurrence occurs in up to 27% of patients.41  

1.2 The Domains of Tendon Health  

Clinical presentation as well as the general health impairments associated with 

Achilles tendinopathy can be characterized on a spectrum, with severity ranging 

widely among patients.99 The tendon health model collectively describes these 

impairments associated with Achilles tendinopathy in domains.133 The tendon health 

domains include symptoms, tendon structure and mechanical properties, lower 
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extremity function, psychological factors, and patient-related factors. These align with 

the health-related core domain outcomes for tendinopathy recently established by 

international consensus to improve uniformity in tendinopathy research reporting.151 

These health-related core domains include the patient’s rating of the overall condition, 

participation, pain on loading or activity, pain over a specified period of time, 

function, psychological factors, physical function capacity, disability, and quality of 

life.151  

The tendon health model promotes a biopsychosocial approach to clinical 

evaluation. The impact of Achilles tendinopathy can be measured in symptoms, 

functional impairments, alterations in tendon structure, and elevated fear of movement 

or re-injury.21,23,135 Recovery of symptoms and function may not occur in parallel,136 

therefore comprehensive assessment of each domain of tendon health may be required 

to ensure no aspect of injury is overlooked throughout the rehabilitation process. 

Altered tendon structure (greater tendon thickening and lower tendon viscosity) has 

been associated with poor calf muscle endurance.23 Similarly, increased tendon 

thickness and color doppler signal on ultrasound have been associated with greater 

pain on palpation and self-reported pain with functional activities during treatment.11 

Psychological factors may also to be an important piece of the clinical puzzle. 

Alghamdi et al9 recently identified that individuals with low kinesiophobia (fear or 

movement or re-injury) at initial evaluation presented with less symptoms and 

reported higher quality of life compared to those with moderate or high kinesiophobia. 

A study by Chimenti et al21 suggests kinesiophobia may influence the ability to 

recover lower extremity function in other musculoskeletal disorders. Patient-related 

factors, such as sex, obesity, and metabolism may also impact the rehabilitation 
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process and partly explain why 10-45% of patients have less favorable outcomes 

following exercise treatment.85,124,137  

1.3 Uncovering Patient Subgroups Using Mixture Modeling: Shifting Focus 
From Standardized Care to Precision Treatment Strategies. 

An increasingly common objective in rehabilitation research is to identify 

significant predictors of outcomes in order to enhance treatment effectiveness. This is 

often done by testing relationships between dependent and independent variables via 

regression model. In Achilles tendinopathy treatment, effectiveness research has 

typically compared individual or combined interventions, such as various forms of 

exercises therapy47,135,144 and shockwave therapy,4,122 in order to determine which 

provides the most benefit for the most patients. Then post-hoc, researchers will 

attempt to identify individual variables that affect clinical outcome, such as tendon 

morphology24 or physical activity level.124 Conversely, no study has tried to a priori 

identify individual's responsiveness to treatment based on their commonalities among 

a number of clinical measures. Mixture modeling (or latent profile analysis) is a 

person-centered statistical method that identifies latent subgroups within a cohort 

using observed data.100,106 After identifying these profiles, we then hypothesize that 

treatment effectiveness may vary based on subgroup membership. This has been 

shown to be beneficial in rehabilitation research in individuals with low back,53 

resulting in the ability to design and test tailored interventions to benefit the 

differential needs of individual patients. Mixture modeling offers the advantage of 

having the ability to identify which patient characteristics collectively might affect 

clinical outcomes a priori, instead of examining variables related to those with known 

successful outcomes post-hoc. The information learned from this may provide 
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valuable insight for determining which subgroups show changes in various clinical 

outcomes over the course of treatment. In context, no previous research has explored 

whether the 10-45% of patients85,124,137 who do not recover from Achilles tendinopathy 

share any commonalties to explain their divergent response to treatment. 

Precision treatment strategies refers tailoring treatment based on the individual 

deficits and characteristics of the patient. Through this approach, all patients benefit 

equally from respectively different treatment approaches for the same disease or 

injury. Defining recovery from Achilles tendinopathy cannot occur without first 

learning what deficits in tendon health are present. In order to understand if there are 

ways to improve treatment outcomes and ensure complete recovery for patients with 

Achilles tendinopathy, an essential first step is to understand if all patients are affected 

the same or are there subgroups that might benefit from precision treatment strategies.  

Aim 1: Identify and categorize latent subgroups of patients with Achilles 

tendinopathy and to compare their measures of tendon health.  

Hypothesis 1.1.: More than one subgroup exists among patients 

diagnosed with Achilles tendinopathy. 

Hypothesis 1.2: Significant differences will be found among 

subgroups’ measures of tendon health. 

1.4 Exercise Therapy: Strengths and Limitations of the Current Standard of 
Care  

Exercise therapy is the treatment with the highest level of evidence47,90,153 for 

Achilles tendinopathy, however, many continue to experience pain and impaired 

function for many months or years.85,124,137 The goals of treatment for Achilles 

tendinopathy pertain to pain resolution, return to activity or pre-injury function, and 
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prevention of symptom recurrence. Prognosis and recovery are commonly defined by 

changes in patient-reported symptoms with activity, as measured by the Victorian 

Institute of Sport Assessment-Achilles (VISA-A).117,136 The tendon health model 

suggests a broadened approach to evaluating recovery. Considering recovery of 

symptoms does not ensure recovery of function,136 addressing of all aspects of injury 

may be necessary to ensure complete recovery and prevent recurrence. In other words, 

no single factor should be determinative of successful recovery and treatment must 

address all deficits in tendon health to ensure complete and lasting recovery.46,136 

There is conflicting literature to support whether tendon structure can be 

modified by treatment.8,23,66,75 A thickened tendon (tendinosis) is historically 

associated with chronic degenerative tendinopathy,28,84 but not all patients with 

Achilles tendinopathy present with an equivalent degree to structural alteration. 

Therefore, structural recovery might be a critical, yet overlooked, recovery component 

for a subgroup of patients with considerable tendon degeneration.23 Tendon tissue may 

require up to 72 hours to respond to a heavy bout of mechanical loading.89 This 

suggests that changes in tendon structure may occur at a slower rate than symptoms 

and function and may not be observed within a 12 week time period.70,154 This 

dissertation work will add to the existing body of knowledge supporting the 

importance of structural recovery from Achilles tendinopathy beyond 12 weeks of 

treatment. 

While many patients recover from exercise therapy alone,43 implementing 

activity modification using the pain monitoring model149 is an effective adjunct to 

exercise therapy for Achilles tendinopathy135 and is also promising for patellar 

tendinopathy.142 This strategy was first popularized for sports-active patients to allow 
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for continued participation with no detrimental effect on recovery.135 Pain-guided 

activity modification may additionally be an effective intervention for individuals with 

elevated kinesiophobia.43 Elevated kinesiophobia negatively influences recovery, 

although the exact mechanism remains unknown.21,29 The prevalence of kinesiophobia 

in patients with Achilles tendinopathy has not been established, however it is reported 

to be present in over 60% of adults with leg pain associated with overuse.80 Using the 

pain monitoring model, patients are educated on how to interpret pain as “safe,” 

“acceptable,” or “high risk” before Achilles tendon-loading exercises are attempted.135 

Whereas traditional loading programs might not provide any pain education or 

alternatively, recommend avoidance of any pain altogether. Therefore patients 

following the pain monitoring model might load their tendons more with treatment 

and expedite recovery.137 In this context, exercise therapy and activity modification 

are the first line of care for patients with Achilles tendinopathy. However, whether 

complete recovery of all tendon health domains is achievable when treated with 

exercise therapy and activity modification has yet to be explored. 

In order to improve treatment outcomes for all patients with Achilles 

tendinopathy, it is essential to understand whether there are patient subgroups who 

respond differently to exercise therapy. By evaluating change over time among patient 

subgroups, precision treatment strategies can be informed and developed to benefit 

those who respond less favorably to treatment.  

Aim 2: Compare recovery trajectories of latent subgroups for symptoms, 

tendon structure and mechanical properties, lower extremity function, 

psychological factors and patient-related factors following 24 weeks of 

exercise therapy and activity modification.  
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Hypothesis 2.1.: Subgroups will differ in their change over time in 

VISA-A scores. 

Hypothesis 2.2.: Subgroups will differ in their change over time in 

heel-rise work. 

Hypothesis 2.3.: Subgroups will differ in their change over time in 

viscosity. 

Hypothesis 2.4: Subgroups will differ in their change over time in 

TSK-17 scores. 

Hypothesis 2.5: Subgroups will differ in their change over time in 

FOAS-QoL scores. 

Hypothesis 2.6.: Likelihood of recovery will differ among subgroups 

at 24 weeks. 

1.5 Exploring Tendon Health in Adolescents with Heel Pain 

Little is known about the development of Achilles tendon pain and pathology 

in childhood and adolescence.96 A potential reason this patient population receives 

little attention may be the assumption that all skeletally immature children who 

complain of insidious heel pain with activity have calcaneal apophysitis.28,82 Diagnosis 

of calcaneal apophysitis is clinical and mirrors the diagnosis of Achilles tendinopathy. 

The chief distinction between the diagnoses of Achilles tendinopathy and calcaneal 

apophysitis is patient age.28 Since adolescents are assumed skeletally immature, heel 

pain is commonly thought to be due to repetitive stress on the apophysis (growth 

plate) and Achilles tendon involvement may not be considered.82  

The discrepancy for differing injury may be related to imbalances in bone, 

tendon, and muscle tissue development throughout the pubescent-adolescent years of 
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life. Habitual participation in sports at young age may lead to imbalanced adaptation 

in muscle and tendon, resulting in increased stress and strain on the weakest 

connective tissue.96 Risk of calcaneal apophyseal injury may increase for a transient 

time in the prepubescent-adolescent years, when the apophysis is the weakest 

compared to muscle and tendon strength and stiffness. Risk of Achilles tendon 

involvement increases with age,57 and might begin following closure of calcaneal 

apophysis, when tendon strain is rampantly increased due to developmental increases 

in muscle forces and longer moment arms, coupled with greater loads placed on the 

tendon from increasing body mass.96  

Diagnostic imaging (X-ray) is considered uninformative because the 

radiographic appearance of the developing calcaneal apophysis appears separated in 

children with and without heel pain.113 B-mode ultrasound is a safe alternative and a 

valuable instrument for visualizing Achilles tendon structural alterations and is the 

preferred imaging instrument for adults with tendon injuries.134,155 However, few 

studies have used B-mode ultrasound imaging when evaluating adolescents with heel 

pain.16,55  

It is widely assumed that calcaneal apophysitis spontaneously resolves after 

skeletal maturity is reached,77,129 but it remains unknown if there are adolescents 

transitioning into adulthood with Achilles tendon pathology. This is critical because 

human tendons develop continually until age 17 and is very limited in adulthood.50 If 

tendinopathic changes are occurring in adolescents and are not restored, it is uncertain 

how this may impact lifelong tendon health. 

Aim 3a: Explore whether Achilles tendon injury occurs in adolescents with 

heel pain. 
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Hypothesis 3a.1.: Achilles tendon injury (pain and/or changes in 

structure) is present in adolescents with heel pain. 

Hypothesis 3a.2.: Alterations in Achilles tendon mechanical properties 

will be observed in adolescents with heel pain. 

 

1.6 Advancing Treatment for Adolescents with Heel Pain 

In clinical practice, treatment options vary widely for adolescents with heel 

pain because there is no consensus for best practice.126 Anecdotal evidence suggests 

that symptoms resolve once the apophyses have fused, yet patients still experience 

symptoms, disability, and reduced quality of life lasting several weeks to as long as 1 

year and recurrence rates are unknown.61 A range of treatment approaches are 

anecdotally supported, ranging from complete immobilization with casting to 

continued activity.59,82,110 Only one randomized clinical trial has been conducted using 

an active treatment approach, finding no difference in outcomes between shoe inserts, 

physical therapy, and no treatment (“wait and see”).157 However the physical therapy 

intervention was not described.  

Exercise therapy, when appropriately prescribed, can promote positive 

adaptation in tendon and bone tissue in adults,68 but this has not been explored in the 

adolescent population. A primary supplement to exercise therapy is the use of pain-

guided activity modification, which has become a cornerstone of successful exercise 

therapy for Achilles tendinopathy135 and has been successfully employed for 

adolescent athletes with patellofemoral pain syndrome.115 In adult individuals with 

Achilles tendinopathy, those who were allowed to continue modified activity during 

treatment experienced similar results to those who were required to avoid all 
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activity.135 Because youth are generally very physically active, complete cessation of 

physical activity can have substantial negative impact on quality life.125 On the other 

hand, unmodified full participation may also be harmful and often leads to worsening 

symptoms and could nullify the benefits of concurrent treatment.77,114 Activity 

modification for adolescents with heel pain could be a superior alternative that 

mitigates the psychosocial and physical consequences of either extreme. There is a 

need to establish high quality evidence for an effective treatment for this patient 

population. Before treatment effectiveness can be evaluated, it is necessary to explore 

the feasibility of conducting a pilot study for adolescents with heel pain.  

Aim 3b Evaluate the feasibility of treating adolescents with heel pain with 12 

weeks of exercise therapy and activity modification. 

Hypothesis 3b.1.: Examine access to potential participants, percentage 

of participants meeting the inclusion criteria, and monthly recruitment 

and retention rates. 

Hypothesis 3b.2.: Examine the compliance and satisfaction of 

participants with treatment, activity modification, and training diaries. 

Hypothesis 3b.3.: Symptom severity, lower extremity function, and 

quality of life will improve significantly. 

1.7 Summary 

Achilles tendinopathy is a common overuse condition that plagues athletes and 

non-athletes alike of all ages. Appraising recovery for patients with Achilles 

tendinopathy remains challenging due to the multifactorial impact of the injury. 

Symptom resolution, return to participation, normalization of tendon structure, and 

treatment satisfaction are all important, but individually may not ensure complete 
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recovery for all patients. Therefore no single factor may be determinative of recovery. 

The findings of this dissertation are vital towards broadening our understanding of 

how patients are individually impacted by Achilles tendinopathy and provides the first 

evidence identifying specific patient characteristics that distinguish patients with 

Achilles tendinopathy from one another across a broad spectrum of variables. This is 

valuable to interpreting clinical presentation as well as informing patient expectations 

and treatment decisions. Further, this dissertation aims to establish the clinical 

implications of subgroup membership by concurrently evaluating recovery among the 

subgroups over time by changes in symptoms, tendon structure and mechanical 

properties, lower extremity function, psychological and patient-related factors. For the 

first time, recovery expectations can be estimated and addressed for each domain of 

tendon health based on patient subgroup membership. In Aim 3, we expand the 

research to those under 18 with heel pain who might have Achilles tendon injury. To 

our knowledge, Aim 3 is the first prospective pilot study to evaluate the feasibility and 

effectiveness of exercise therapy and pain-guided activity modification for adolescents 

with heel pain. This is a critical first step in developing evidenced-based treatment for 

this patient population and sets the stage for a larger clinical trial aimed at establishing 

treatment effectiveness for adolescents with heel pain.  

The implications of this dissertation may lead to improved understanding of 

why many patients with Achilles tendinopathy do not fully recover or develop 

recurrent symptoms, as well as provide preliminary evidence for Achilles 

tendinopathy in the adolescent population. This could drive a shift in clinical 

management of adolescents with heel pain from passive treatment and activity 

cessation to active treatment that promotes the physical and mental health benefits of 
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continued exercise with activity modification. Collectively, the findings of this 

dissertation have the potential to broaden the available knowledge that supports a shift 

in treatment from a one-size-fits-all approach to precision treatment strategies for 

patients with Achilles tendinopathy. 
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BEYOND THE DIAGNOSIS: USING THE TENDON HEALTH MODEL AND 
PATIENT CHARACTERISTICS TO IDENTIFY SUBGROUPS OF ACHILLES 

TENDINOPATHY 

2.1 Introduction 

Treatment for Achilles tendinopathy has evolved over the past two decades 

reflected by a growing understanding of pathophysiology.89,141,159 Exercise therapy is 

the current gold standard for treating Achilles tendinopathy, however not all patients 

achieve full recovery.6,34,86,90 Up to 40% of patients continue to report poor outcomes 

following 12 weeks of treatment.7,34,64,108,112,124,131 Recovery remains poorly defined 

for tendinopathy which impedes the ability to measure success in rehabilitation.131 

Symptom resolution, return to participation, and normalization of tendon structure are 

all important, but individually may not ensure complete recovery for all patients.46,136 

Interindividual differences among patients with Achilles tendinopathy are 

poorly understood due to insufficient reporting of patient characteristics.116 Because of 

this paucity, clinicians have limited evidence to inform their treatment plan or 

determine a patient’s propensity and time needed to achieve recovery. All patients 

with Achilles Tendinopathy will continue to be treated the same until we as clinicians 

understand what makes patients different and which factors influence treatment 

outcomes. If patients could be classified into distinct subgroups by their specific 

deficits and other related factors, treatment could shift from a one size fits all 

approach131 to an individualized treatment strategy. In order to understand if there are 

Chapter 2 
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ways to improve treatment strategies for patient-specific recovery, it is important to 

evaluate if all patients diagnosed with Achilles tendinopathy are affected the same or 

are there subgroups that might need additional or modified treatment strategies.  

Mixture modeling is a method for classifying individuals into heterogeneous 

subgroups within a population when the groups are not known a priori.106 This model-

based approach focuses on relationships among individuals, and identifies patterns 

among individuals based on who are more similar and separates those who are less 

similar. Mixture modeling has helped derive targeted treatment approaches for 

disorders that are multifaceted in nature (e.g. low back pain).145 No previous study has 

applied mixture modeling to Achilles tendinopathy. The purpose of this study was 

three-fold; first to identify the number of patient subgroups with Achilles 

tendinopathy, second to describe which patient characteristics and clinical attributes 

define each subgroup, and third to develop a clinical classification model for 

identifying subgroup membership. 

2.2 Methods and Materials 

A cross-sectional study was conducted within two larger longitudinal studies 

for patients with Achilles tendinopathy. Selection criteria were consistent with the 

parent studies; we analyzed baseline data from the parent studies.  

2.2.1 Participants 

Participants were asked to provide informed consent if they were at least 18 

years old and had a clinical diagnosis of Achilles tendinopathy (insertional or 

midportion). The clinical diagnosis was established by 1) pain on palpation at either 

the calcaneal insertion or the midportion of the Achilles tendon 2) reported pain with 



 16 

loading 3) reported impaired function (e.g. reduced ability to participate in 

ADL/work/sport).83,128 Exclusion criteria included previous Achilles tendon rupture, 

diagnosis of bursitis only, or another injury that limited their ability to complete the 

tests. All participants were recruited from local physicians, physical therapy clinics, 

and advertisements. Data were collected between November 2014 and December 

2019. Data extracted from both studies were approved by the Institutional Review 

Board at the University of Delaware. 

2.2.2 Variables 

To be as inclusive as possible, 14 variables were selected on the basis of 1) 

outcome measure in previous tendinopathy studies, 2) clinically meaningful, 3) 

established as associated with Achilles tendinopathy and 4) collected in the parent 

studies (Figure 2.1). These selected variables represent five domains of tendon 

health133 and promotes a biopsychosocial appraisal of the patient suffering from 

tendinopathy. 

2.2.2.1 Symptoms 

The Victorian Institute of Sport Assessment- Achilles117 (VISA-A) and self-

rated pain with hopping evaluated pain and symptoms. The VISA-A is valid and 

reliable measure of symptom severity in patients with Achilles tendinopathy and is 

scored 0-100, where a lower score indicates more pain and symptoms. Participants 

performed 2 trials of 25 single leg hopping. Self-rated pain with hopping was recorded 

using a numerical pain rating scale31 from 0 (no pain) -10 (worst pain imaginable).  
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2.2.2.2 Lower Extremity Function 

Jump performance and calf muscle endurance were measured via a single leg 

countermovement jump (CMJ), drop countermovement jump (Drop CMJ), and a heel-

rise endurance test using MuscleLab® measurement system (Ergotest Innovation, 

Porsgrunn, Norway).132 Participants needed to jump at least 1cm for MuscleLab® to 

register a trial. Participants received a zero for height if they were unable to jump 

≥1cm for a trial. Participants who declined to attempt a jump for any reason were 

assigned no value for that trial. Average jump height for the CMJ and Drop CMJ were 

calculated from up to three attempted trials per test. Total heel-rise work was 

measured in joules (heel-rise height x repetitions x body mass). Physical activity level 

during the past week was assessed using the Physical Activity Scale45 (PAS). The PAS 

is measured on a scale from 1-6, where 1 indicates hardly any physical activity and >5 

indicates vigorous physical activity for several days per week. 

2.2.2.3 Patient-related Factors 

Body Mass Index (BMI) was calculated from measured height and weight. 

Participant age and sex were collected and considered clinically relevant as tendon 

mechanical properties and morphology are different between sexes and change 

throughout the lifespan.73,111 Quality of life was measured with the Foot and Ankle 

Outcome Score – Quality of life120 (FAOS-QoL) and considered to be a patient-related 

factor as it is “an individual’s subjective evaluation of their overall well-being in the 

context of their own experiences.”19 A higher score (0-100) indicates a higher quality 

of life. Self-reported duration of symptoms (number of months) was collected since 

injury duration is proposed to affect nociception and affects quality of life.32 Injury 
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side (unilateral, bilateral) and location (insertional, midportion, both) were also 

recorded.  

2.2.2.4 Psychological Factors 

The Tampa Scale of Kinesiophobia (TSK-17) measured fear of 

movement.39,80,81 A higher TSK-17 score (17-68) indicates greater fear of movement 

and a score of ≥37 indicates high kinesiophobia.39 The Pain Catastrophizing Scale146 

(PCS) measured pain catastrophizing. Participants reflect on past painful experiences 

and indicate the degree to which they experienced catastrophizing thoughts or 

feelings. A higher PCS score (0-52) indicates higher degree of pain catastrophizing.  

2.2.2.5 Tendon Structure and Mechanical Properties 

Achilles tendon structure was assessed using B-mode ultrasound imaging 

(frequency of 10MHz and depth of 3.5 cm) using a GE Logiq e ultrasound scanner 

(GE LOGIQ e, GE Healthcare, Chicago, IL). All images were taken with the 

participant lying prone with the feet hanging off the edge of the table. Measurements 

included tendon thickness, and cross-sectional area (CSA) at the thickest portion using 

previously described reliable procedures.134,161  

Achilles tendon mechanical properties were measured using continuous shear 

wave elastography (cSWE), which has excellent reliability and validity.25,26,148 This 

method is similar to commercial SWE30, however cSWE uses an external actuator to 

generate shear waves and allows for extrapolation of two separate viscoelastic 

properties: shear modulus (i.e. stiffness) and viscosity (rate-dependent stiffness) of the 

tendon.25 
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2.2.3 Statistical Analysis 

Mixture Modeling was used to identify the number of subgroups (best-fitting 

model) using the 14 variables described above (Figure 2.1). Measures for all analyses 

were taken from the most symptomatic limb (self-reported). The limb with the lower 

VISA-A117 score was identified as “most symptomatic” for participants with bilateral 

symptoms. Mixture Modeling was performed in Mplus (Muthén and Muthén, version 

8.3). Missing data were handled using Mplus with a robust maximum likelihood (ML) 

estimator. A summary of missing data is presented in Appendix A.  

Determining the number of subgroups depends on a number of factors in 

addition to fit statistics.42,52,104 Fit statistics included Akaike’s Information Criterion5 

(AIC), Bayesian Information Criterion127 (BIC), and sample-adjusted BIC127 (ABIC); 

all of which have been considered among the strongest indicators among the fit 

statistics of subgroup enumeration.104 The best fitting model should have the lowest 

AIC, BIC, and ABIC values.52 Entropy criterion represents the ability of the model to 

provide well-separated subgroups; a higher value (0-1) indicates the model has both 

strong separation between subgroups and strong cohesion within subgroups.17 The 

Vuong-Lo-Mendell-Rubin (VLMR), sample-adjusted VLMR, and Bootstrap 

Likelihood Ratio (BLR) tests were used to compare statistical significance between 

the current model to one with one less subgroup (e.g. 3 vs. 2).52 Finally, we ensured 

that each subgroup included > 5% of the sample160 and used clinical expertise to 

interpret meaningful differences among subgroups. 

Following subgroup enumeration, all variables were compared across 

subgroups using ANOVAs for continuous variables and chi-square tests for 

categorical variables and Tukey’s post-hoc test using SPSS (Version 26). Sex, BMI, 

symptom duration, injury location, and injury side were used for post-hoc comparison 
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across subgroups. All analyses were 2-sided, where p < .05 was considered 

statistically significant. All results are reported as mean ±SD, unless otherwise stated. 

To help illustrate the group differences visually across domains, variables were 

rescaled to z-scores and adjusted so better performance is indicated by higher positive 

values in Figures 2.2 and 2.3. The clinical classification model (Figure 2.4) was 

developed post-hoc using the results to provide clinicians with a tool to classify 

patients using outcome measures that are accessible in clinical practice.  Initially a 

Regression Tree approach was attempted using the variables included in the mixture 

model, but results were unstable. Instead, a two-step ROC process was employed 

iteratively to differentiate between subgroups by using cut-scores for each variable 

that jointly maximized sensitivity and specificity using Youden’s Index.36 For each 

variable, individuals were scored as having or not having met the criteria.   
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 Domain              Outcome 
 

 

Figure 2.1: Domains and outcomes of tendon health. 

Abbreviations: VISA-A, Victorian Institute of Sport Assessment-Achilles; PAS, Physical Activity 
Scale; CMJ, counter movement jump; BMI, body mass index; FAOS-QoL, Foot and Ankle Outcome 
Score-Quality of Life; TSK, Tampa Scale of Kinesiophobia; PCS, Pain Catastrophizing Scale; CSA, 
cross-sectional area. 
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2.3 Results 

The best-fitting model by information criteria (AIC, BIC, aBIC) identified 

three latent subgroups (Appendix B). The VLMR and aVLMR suggested two 

subgroups, although three was close to significantly better. The bootstrap version 

(BLR) was uninformative, and entropy was good for all models. Ultimately, three 

subgroups were deemed most appropriate. The three patient subgroups were labeled 

Activity-dominant (n=67), Psychosocial-dominant (n=56), and Structure-dominant 

(n=22) (Table 2.1) based on their respective distinguishing clinical features (Figure 

2.2). 
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Table 2.1: Comparison of patient characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Total 

Sample 
n=145a 

Activity 
Dominant 

n=67  
(46%)a 

Psychosocial 
Dominant 

n=56  
(39%)a 

Structure 
Dominant 

n=22 
(15%)a 

ANOVA  
P-value 

 

P-value 
 (AD vs. 

PD)b 

P-value 
(AD vs. 

SD)b 

P-value 
(PD vs. 

SD)b 
Symptoms 
VISA-A Score 53±21 66±16 40±18 47±19 < .001 < .001 < .001 .254 
Pain with 
Hopping, NPRS 2±4 3±2 3±2 0±3 .485 .663 .799 .510 

Lower Extremity Function 
Physical 
Activity Scale 5±2 5±1 3±2 3±2 < .001 < .001 < .001 .999 

CMJ Height, 
cm 6.4±3.6 8.6±3.0 3.5±1.9 4.2±2.1 < .001 < .001 < .001 .701 

Drop CMJ 
Height, cm 6.6±3.5 8.5±3.3 3.2±2.3 3.6±2.9 < .001 < .001 < .001 .949 

Heel-rise  
Work, J 1470±1209 1832±838 1062±1415 336±937 < .001 < .001 < .001 .037 

Heel-rise 
endurance test, 
repetitions 

21±13 28±9 16±14 10±10 < .001 < .001 < .001 .061 

Patient-related Factors 
Age, years 51±14 44±13 55±12 62±8.7 < .001 < .001 < .001 .048 
BMI, kg/m2 27.6±6.74 24.3±3.8 30.7±7.1 30.7±5.9 < .001 < .001 < .001 .999 
Sex, M:F 73:72 c 37:30 c 19:37c 17:5c .001 .087 .042 .001 
Duration of 
Symptoms, 
months 

10.2±25.7 12±25.1 10.3±20.4 8±20.6 .409 .949 .380 .526 
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Table 2.1. continued. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FAOS-QoL 
Score 44±19 54±16 32±15 43±14 < .001 < .001 0.014 .011 

Injury Location MP:100; 
I:36; Both:9 

MP:48; I:16; 
Both: 3 

MP:36; I:16; 
Both: 4 

MP:16; I:4; 
Both: 2 .643 .976 .708 .624 

Bilateral 
Symptoms 
Incidence Rate 

67 (46%) c 34 (51%) c 22 (39%) c 11 (50%) c .420 .418 .998 .672 

Psychological Factors 
Tampa Scale of 
Kinesiophobia 38±5 36±5 41±4 38±5 < .001 < .001 .181 .081 

Pain 
Catastrophizing 
Scale 

5±8 6±8 9±13 5±8 .002 .002 .942 .065 

Tendon Structure 
Achilles 
Tendon CSA, 
cm2 

1.0±0.56 0.77±0.3 0.88±0.31 2.06±0.14 < .001 .158 < .001 < .001 

Achilles 
Tendon 
Thickness, cm 

0.78±0.28 0.65±0.2 0.74±0.24 1.22±0.14 <.001 .052 <.001 < .001 

Shear Modulus, 
KPa 97.76±16.55 97.25±16.26 97.47±15.32 100.24±20.9 .791 .998 .781 .821 

Viscosity, 
KPa*s 52.59±12.6 55.6±11.44 52.86±12.26 41.69±12.11 < .001 .465 < .001 .003 

FAOS-QoL 
Score 44±19 54±16 32±15 43±14 < .001 < .001 0.014 .011 

Injury Location MP:100; 
I:36; Both:9 

MP:48; I:16; 
Both: 3 

MP:36; I:16; 
Both: 4 

MP:16; I:4; 
Both: 2 .643 .976 .708 .624 

Bilateral 
Symptoms 
Incidence Rate 

67 (46%) c 34 (51%) c 22 (39%) c 11 (50%) c .420 .418 .998 .672 
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Table 2.1 continued. 

 

 

 
 
 
 

 

 

Psychological Factors 
Tampa Scale of 
Kinesiophobia 38±5 36±5 41±4 38±5 < .001 < .001 .181 .081 

Pain 
Catastrophizing 
Scale 

5±8 6±8 9±13 5±8 .002 .002 .942 .065 

Tendon Structure 
Achilles 
Tendon CSA, 
cm2 

1.0±0.56 0.77±0.3 0.88±0.31 2.06±0.14 < .001 .158 < .001 < .001 

Achilles 
Tendon 
Thickness, cm 

0.78±0.28 0.65±0.2 0.74±0.24 1.22±0.14 <.001 .052 <.001 < .001 

Shear Modulus, 
KPa 97.76±16.55 97.25±16.26 97.47±15.32 100.24±20.9 .791 .998 .781 .821 

Viscosity, 
KPa*s 52.59±12.6 55.6±11.44 52.86±12.26 41.69±12.11 < .001 .465 < .001 .003 

Psychological Factors 
Tampa Scale of 
Kinesiophobia 38±5 36±5 41±4 38±5 < .001 < .001 .181 .081 

Pain 
Catastrophizing 
Scale 

5±8 6±8 9±13 5±8 .002 .002 .942 .065 

Tendon Structure 
Achilles 
Tendon CSA, 
cm2 

1.0±0.56 0.77±0.3 0.88±0.31 2.06±0.14 < .001 .158 < .001 < .001 

Achilles 
Tendon 
Thickness, cm 

0.78±0.28 0.65±0.2 0.74±0.24 1.22±0.14 <.001 .052 <.001 < .001 
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Table 2.1 Continued. 

 
Shear Modulus, 
KPa 97.76±16.55 97.25±16.26 97.47±15.32 100.24±20.9 .791 .998 .781 .821 

Viscosity, 
KPa*s 52.59±12.6 55.6±11.44 52.86±12.26 41.69±12.11 < .001 .465 < .001 .003 

Abbreviations: AD, Activity Dominant; PD, Psychosocial Dominant; SD, Structure Dominant; VISA-A, Victorian Institute 
of Sport Assessment-Achilles; NPRS, Numerical Pain Rating Scale; CMJ, Countermovement jump; M:F, Male:Female; NT, 
not tested; BMI, body mass index; FAOS-QoL, Foot and Ankle Outcome Score-Quality of Life; MP, Midportion; I: 
Insertional; CSA, cross-sectional area. 
a Values are presented as Mean±SD. Pain with hopping, Physical Activity Scale, heel-rise work, duration of symptoms, and 
Pain Catastrophizing Scale are presented as Median±IQR. 
b Bold values indicate significant post-hoc comparison (p<0.05).  
c Chi Square test was used to compare distribution among subgroups 
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Figure 2.2.  Comparison of subgroup performance on outcome measures separated by 
tendon health domain. 

a Variables were rescaled by standardizing and adjusted so less distance from center represents less 
deficit or better performance. Dotted line represents pooled sample mean. 
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2.3.1 Activity-dominant 

Compared to the other subgroups, Activity-dominant reported the highest PAS, 

VISA-A and FAOS-QOL scores, lowest TSK-17, lowest BMI, and were youngest 

(Table 2.1). CMJ and Drop CMJ heights were significantly higher, and this subgroup 

produced nearly twice and five times the heel-rise work compared to Psychosocial-

dominant and Structure-dominant, respectively (Table 2.1 and Figure 2.3). Achilles 

tendon thickness was significantly less than the other subgroups, and CSA and 

viscosity were significantly better than Structure-dominant. 

2.3.2 Psychosocial-dominant 

Psychosocial-dominant demonstrated the highest psychological factors (TSK-

17, PCS), and lowest FAOS-QoL scores compared to the other subgroups (Table 2.1). 

This subgroup was older than Activity-dominant and significantly worse, although 

similar to Structure-dominant, for the following variables: VISA-A, PAS, CMJ and 

Drop CMJ heights (Figures 2.2 and 2.3). Psychosocial-dominant produced over 3 

times more heel-rise work than Structure-dominant, but significantly less than 

Activity-dominant. Achilles tendon thickness, CSA, and viscosity measures were 

similar to Activity-dominant, but were significantly better than Structure-dominant. 

This subgroup was predominately obese and 66% female.  

2.3.3 Structure-dominant 

Structure-dominant demonstrated the largest Achilles tendon thickness and 

CSA, lowest viscosity, and produced the lowest heel rise work (Table 2.1 and Figure 

2.2). This subgroup was the oldest, were predominately obese, and 77% male. 

Structure-dominant reported similar physical activity levels, but significantly higher 

quality of life compared to the Psychosocial-dominant. 
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Figure 2.3: Comparison of similar and differing performance on outcome measures 
and respective tendon domains. 

a Variables were rescaled by standardizing and adjusted so a higher standardized score indicates less 
deficit or better performance for each variable. 

2.3.4 Clinical Classification 

Only variables with a cut-point ROC AUC >.725 (BMI, TSK-17, Age, PAS, 

FAOS-QoL, Heel-rise work, and VISA-A) were kept in the final model (Figure 2.4). 

The presence of missing data (Appendix A) caused most combinations of potential 

predictors to have too few individuals in the Structure-dominant subgroup using ROC 

curves. Alternatively, multinomial Logistic Regression suggested that CSA > 1.63 

cm2 was be used to accurately classify 86% (18/21) of Structure-dominant participants 

while excluding everyone in the other two subgroups (Figure 2.4). Having 4 or more 

of the 7 criteria accurately classified individuals 85% of the time (105/123). Using 

both these rules successfully classified 85% (123/145) of participants (Figure 2.4). 
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Figure 2.4: Clinical Classification Model. 

Abbreviations: BMI, body mass index; VISA-A, Victorian Institute of Sport Assessment-Achilles; 
FAOS-QoL, Foot and Ankle Outcome Score-Quality of Life; TSK, Tampa Scale of Kinesiophobia; 
PAS, Physical Activity Scale; CSA, cross-sectional area. 
a Formula for estimating heel-rise work (J): heel-rise work (J) = 59.44 x reps + BMI(5.87) - 7.3 

2.4 Discussion 

We identified three subgroups, Activity-dominant, Psychosocial-dominant, and 

Structure-dominant within the general population of patients with Achilles 

tendinopathy using statistical modeling. The subgroups were identified by testing 
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model fit using 14 variables commonly associated with tendinopathy including clinical 

exam findings, patient-reported outcome measures, ultrasound imaging, patient-related 

factors, and lower extremity functional tests.   

Our latent subgroups share parallels with the theoretical continuum model of 

tendon pathology, which proposed clinical heterogeneity among patients based on 

imaging, clinical findings, and histological evidence.22 Consistently, our results 

supports the importance of evaluating all domains of tendinopathy that may impact 

tendon and patient health.151 While our findings cannot inform treatment 

recommendations, the distinguishing features of each subgroup reveals three 

differential patient profiles (Figure 2.2) that may explain the variability observed in 

both clinical practice and research outcomes.24,85,122,124 Using the clinical classification 

model (Figure 2.4), clinicians can prospectively identify a patient’s subgroup 

membership and recognize unique considerations for each subgroup and their potential 

obstacles to recovery. 

Activity-dominant was the majority subgroup. These individuals demonstrated 

minimal performance impairments, suggesting a higher tendon-load capacity than the 

other subgroups. This may be because they have less pathological tendons. Athletes 

with early-onset tendinopathy symptoms have demonstrated slight (25%) increases in 

tendon CSA with unaltered tendon mechanical properties compared to healthy 

controls. However, symptom duration was not a distinguishing factor among 

subgroups. Lower kinesiophobia may explain why Activity-dominant participants 

reported higher quality of life and high activity levels, or vice versa. If tendon 

structure dictates physiological capacity, then symptomatic patients with minimal 

alterations in tendon structure might present with minimal functional impairment.141 
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Future research is needed to explore how Activity-dominant patients respond to 

treatment. Due to the apparent minimal impact on tendon health, Activity-dominant 

individuals may represent the majority of patients who achieve good-excellent results 

following 12 weeks of treatment.13,109,112,130 

Psychosocial-dominant demonstrated minimal tendon structure and mechanical 

properties alterations, similar to Activity-dominant, yet this subgroup performed 

significantly worse on the functional test battery and averaged nearly 20 points lower 

on VISA-A (Table 2.1). The higher degree of psychological impact reported by 

Psychosocial-dominant may provide some explanation. Kinesiophobic patients may 

avoid excessive loading due to fear of pain making their condition worse. Fear-

avoidance behaviors are associated with pain intensity27,91 and could affect loading test 

performance (premature test cessation or suppressing maximal jump height).43,79 

Future research is needed to determine how psychological factors influence recovery 

times for patients with Achilles tendinopathy treated with exercise.85,124 Loading the 

Achilles tendon through tolerable pain is safe and non-detrimental135 to recovery. 

Future research should evaluate if Psychosocial-dominant patients are more reluctant 

to load their tendon due to kinesiophobia, and explore potential implications for 

rehabilitation compliance and progress.  

Structure-dominant was the minority subgroup. This subgroup had the greatest 

degree of tendon alteration demonstrated by measures of tendon thickness, CSA, and 

decreased tendon viscosity (Figure 2.2). Accordingly, 32% of Structure-dominant 

were unable to perform one heel-rise repetition, which may have indirect effects on 

other aspects of tendon health.  Consistently, Corrigan et al23 reported greater tendon 

thickening and lower viscosity was associated with worse calf muscle endurance. 
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Some of the differences observed between Structure-dominant and the other 

subgroups might also be due to body mass and age. In this subgroup, 86% were obese 

(BMI >30) which can increase Achilles tensile load to 6-10 times for every 1lb of 

excess weight.1,40,107 From a general health viewpoint, this subgroup’s patient-related 

factors raise concerns for comorbidities (e.g. metabolic disease, sarcopenia, 

menopause) which could negatively affect tendon healing and lengthen the recovery 

timeline.2,124 The extent to which tendon structural changes are reversible in response 

to non-surgical and surgical treatment remains debated.8,66 Evidence supports the 

possibility of recovery of mechanical properties associate with ageing.102 Animal 

studies suggest that there is no decline in tendon synthesis capacity with aging, 

therefore it is possible that detectable changes in tendon structure may require greater 

length of time than previous studies have captured.88 Because symptomatic recovery is 

achievable without functional recovery136 and we considered Structure-dominant to 

have the greatest impairments in tendon health. Further research is warranted to 

determine if this subgroup’s propensity for recurrent injury differs compared to the 

general population. Further study is needed to determine how Structure-dominant 

patients respond to exercise therapy and if tendon structural adaptations are achievable 

for these patients. 

2.4.1 Limitations and Future Directions 

It is possible for patients to fit into more than one subgroup in clinical practice 

and clinical expertise should not be superseded by any model. The clinical 

classification model was developed without cross validation using another sample. 

Therefore, further validation studies are needed. We acknowledge that additional 

subgroups might exist in youth and elite athletes or other unrepresented cohorts. 
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Although we tried to be as exhaustive as reasonably possible, we were limited to the 

variables included in both parent studies. Differences in sex distribution among 

subgroups was an interesting and unexpected result and merits future research. Future 

prospective studies are needed to determine how subgroups respond to standardized 

treatment and to investigate the effectiveness of patient-centered treatment based on 

tendon health deficits.  

2.5 Conclusion 

The purpose of this study was to identify unobserved heterogeneity among 

patients with Achilles tendinopathy. We conclude that Achilles tendinopathy 

subgroups exist among the general population that are distinct in their patient 

characteristics and clinical attributes.  
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ACHILLES TENDINOPATHY SUBGROUPS REVEAL DISPARITIES IN 
RECOVERY OF TENDON HEALTH 

3.1 Introduction 

The persistent symptoms and loss of function128 caused by Achilles 

tendinopathy impact quality of life and interferes with social roles and occupational 

productivity.140 Achilles tendinopathy occurs equally in men and women, with highest 

prevalence between age 35-56.65 Most cases are associated with overuse, with a 

lifetime incidence of 50% among runners, although 65% of cases in the general 

population are not sport-related.65,74 The general health impairments and alterations in 

tendon structure associated with Achilles tendinopathy can be characterized on a 

spectrum, with severity ranging widely among patients.99 Collectively, these 

impairments can be described across domains of tendon health,133 consisting of 

symptoms, tendon structure, lower extremity function, psychological factors, and 

patient-related factors.  

Recently, subgroups were identified within the general population with 

Achilles tendinopathy (insertional and midportion).48 These subgroups demonstrated 

that the impact of Achilles tendinopathy can be statistically characterized by distinct 

clinical presentations of tendon health: Activity-Dominant patients (highly physically 

active young-adults with symptoms and minimal-to-no disturbance in all other tendon 

health domains); Psychosocial-Dominant patients (middle-aged females with severe 

symptoms, high kinesiophobia (fear of movement) and poor quality of life, with 

Chapter 3 
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minimal-to-no tendon damage); Structure-Dominant patients (older males with 

significant alterations in tendon structure and severe lower extremity function 

impairment). This cohort also demonstrated the diversity of the patient population by 

including various ages and activity levels, individuals with bilateral symptoms, 

comorbidities, and those who have taken statins, fluoroquinolones, or steroid drugs. 

The next step toward developing targeted treatments for the subgroups is to determine 

whether the subgroups recover differently over time if they are all provided the same 

treatment.  

A prerequisite challenge to evaluating recovery among the subgroups is that 

31% of the original cohort had insertional Achilles tendinopathy.48 This becomes 

problematic because insertional and midportion Achilles tendinopathy have differing 

treatment considerations. Despite exercise therapy having the highest level of evidence 

for Achilles tendinopathy,47,121,133,135,153 previous studies report divergent outcomes, 

with insertional patients having less favorable outcomes.12,34 

Another challenge to evaluating recovery is the large assortment of available 

outcome measures used to assess treatment effectiveness for Achilles 

tendinopathy.44,151 Defining prognosis and recovery have historically been heavily 

weighed by patient-reported outcome measures for symptoms and function, as 

measured by the Victorian Institute of Sport Assessment-Achilles (VISA-A),58 but 

symptomatic recovery has been shown to not ensure functional recovery and this 

might explain the high recurrence rates.23,136  More recently, alterations in tendon 

structure and mechanical properties have shown to moderate patient-reported 

symptoms and function.46 This supports appraising each tendon health domain is vital 

to ensuring complete recovery. 23,85  
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This study served to accomplish two crucial steps before treatment 

recommendations can be proposed: first to evaluate the reproducibility of the 

subgroups through replication in a sample of only midportion Achilles tendinopathy, 

and second to evaluate whether the subgroups recovered differently within the 

domains of tendon health when treated with the same treatment protocol. 

3.2 Materials and Methods 

3.2.1 Participants 

To be included, participants needed be 18-65 years old, with a chief complaint 

of pain located within the midportion (2-6 cm above the calcaneus) of the Achilles 

tendon, have pain with palpation, and experience pain with loading.83 Exclusion 

criteria included previous Achilles tendon rupture, or a diagnosis of only insertional 

Achilles tendinopathy or bursitis, or any other injury that limited the ability to perform 

exercises on the injured limb. Participants were recruited through our collaborators at 

First State Orthopaedics and Delaware Orthopaedic Specialists, University of 

Delaware physical therapy clinic, and social media advertisements. Baseline data from 

61 participants with midportion Achilles tendinopathy were included from the 

previous cohort.48 

3.2.2 Study Design 

This was a prospective single cohort study conducted within a larger 

longitudinal study (Clinicaltrials.gov ID: NCT03523325) for participants with 

midportion Achilles tendinopathy. All participants received standardized treatment of 

exercise therapy from a licensed physical therapist and completed evaluations every 8 

weeks for 24 weeks. Time points of baseline, 8-, 16-, and 24-weeks were used for 
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analysis. Data were collected between August 2018 and November 2021. This study 

received approval by the University of Delaware Institutional Review Board 

(ID:1063764-12) 

3.2.3 Exercise Therapy Intervention 

All participants received the same comprehensive treatment consisting of 

Achilles tendon-loading strengthening exercises, pain-guided activity modifications 

using the pain-monitoring model,149 and use of training diaries.133,135 The treatment 

protocol and criteria for progression are described in detail by Silbernagel et al in a 

randomized controlled trial.135 We repeated our data collection every 8 weeks while 

treatment was ongoing.  

All participants were treated by a licensed physical therapist who was trained 

to provide the treatment intervention. The frequency of supervised treatment visits and 

progression was determined at the discretion of the treating clinician. Participants 

were asked to complete training diaries daily, documenting their exercises performed, 

any physical activity, and symptoms/pain level (morning, highest and lowest). 

Training diaries were reviewed weekly to monitor and progress treatment. The pain-

monitoring model was used to adjust the exercise load and physical activity guided by 

pain response.135,149 Load progression comprised of increasing range of motion, 

repetitions, and adding external load (e.g., backpack, weight vest or weight machine). 

3.2.4 Outcome Measures 

All outcome measures along with their definition and recovery criterion are 

summarized in Table 3.1. Patient demographics and medical history were collected at 

baseline following ICON 2020 recommendations.116 Consistent with the tendon health 
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model,133 recovery at 24 weeks was operationally defined among the domains of 

tendon health including symptomatic, functional, structural, and psychosocial recovery 

at 24 weeks. Additionally, differences in recovery trajectories were assessed by 

determining when subgroups achieved a clinically meaningful change in primary and 

secondary outcome measures using previously established scores representing a 

minimal clinically important difference (MCID). 

Symptomatic recovery was appraised by the Victorian Institute of Sport 

Assessment-Achilles (VISA-A)117 and self-reported pain with hopping. Participants 

completed two trials of 25 single leg hops132 (similar cadence to jumping rope) and to 

rate their Achilles tendon pain with hopping. Participants completed the VISA-A for 

both limbs. In cases where participants reported bilateral symptoms, the respective 

limb with a lower VISA-A score was used as the most symptomatic limb for data 

analysis. In addition the recovery definitions described in Table 3.1, trajectories of 

symptomatic recovery were also assessed by comparing when each subgroup achieved 

an MCID of 14 points on VISA-A by 16 weeks.78  

Lower extremity function was assessed using a functional test battery which 

has been described in detail by Silbernagel et al.132 The functional test battery 

consisted of the countermovement jump (CMJ), drop countermovement jump (Drop 

CMJ), and the heel-rise endurance test using a MuscleLab® measurement system 

(Ergotest Innovation, Porsgrunn, Norway).  

We assessed Achilles tendon morphology using B-mode ultrasound imaging 

(linear transducer, frequency of 10 MHz and depth of 3.5 cm) on a LOGIQ e 

ultrasound scanner (General Electric Company, Boston, MA). All images were taken 

with the participant lying prone with their feet hanging off the edge of the table. 
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Measurements included degree of tendon thickening, Achilles tendon thickness and 

cross-sectional area (CSA) at the thickest portion, using established reliable 

procedures.134,162 Tendon thickening was measured as a within-limb estimate of 

tendon structural alteration using a validated measure, by subtracting the thickness of 

healthy tendon from the thickest portion of the injured tendon (between Achilles 

osteotendinous junction and soleus musculotendinous junction).24 We measured 

tendon mechanical properties using continuous shear wave elastography (cSWE). 

cSWE is a valid and stable method for monitoring changes in injured tendon.25,26 

cSWE allows for calculation of two tendon mechanical properties: shear modulus (i.e. 

stiffness) and viscosity (i.e. rate-dependent stiffness).26 A SonixMDP Q+ ultrasound 

scanner (Ultrasonix, Vancouver, Canada) with a L14-5/38 probe, a 128-channel data 

acquisition unit, and an external actuator which generate shear waves was used to 

record cSWE data and the methods are described in detail by Cortes et al26 and 

Corrigan et al.25 

We assessed the psychosocial aspects of tendon health through the Foot and 

Ankle Outcomes Score Quality of Life Subscore (FAOS-QoL),120 the Tampa Scale of 

Kinesiophobia (TSK-17),9,39,80 select subscales from the Patient Reported Outcomes 

Information Systems-29 (PROMIS 29),18 and the Global Rating of Change (GROC).95 
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Table 3.1: Summary of outcome measures 

Outcome 
Variable 

Evaluation 
Method Definition/Description 

Recovery 
Definition 

Symptomatic 
Recovery 

VISA-A 
questionnaire* 

• Scored 0-100, lower scores 
indicate more pain and 
symptoms117 

• MCID of 14 
points by 16 
weeks78 

• Score ≥ 90 
points at 24 
weeks 136 

Pain with hopping 

• Self-rated Achilles tendon pain 
with single-leg hopping (25 
hops).132 

• Numerical pain rating scale from 
0-10 (no pain-worst pain 
imaginable). 

• Represents tendon loading 
tolerance  

• ≤ 2/10 pain 
with 
hopping 

• MCID of 2 
points35  

Functional 
Recovery 

Functional test 
battery consisting 
of the heel-rise 
endurance test* and 
2 jump tests 

• The heel-rise test evaluates calf 
muscle endurance. Total work is 
expressed in joules (heel-rise 
height x repetitions x body mass). 
132 

• Jump tests include the 
countermovement jump (CMJ) 
and drop countermovement jump 
(Drop CMJ).  

• Average height measured in cm 
from three trials for each jump 
test.132 

• Limb 
Symmetry 
Index (LSI) 
> 90% at 24 
weeks. (most 
symptomatic 
limb/least 
symptomatic 
limb x100). 
136 

Structural 
Recovery 

Tendon 
morphology: 
Degree of tendon 
thickening*, 
Achilles tendon 
thickness, and 
cross-sectional area 
(CSA) 

• Measured using B-mode 
ultrasound imaging 

• Tendon thickening in mm 
describes tendon structural 
abnormality (difference between 
healthy tendon thickness and the 
maximum thickness on the injured 
tendon).  

• 2mm thickening or more is 
pathologic.75 

• Maximum Achilles thickness 
measured in cm and CSA in 
cm2.134,162  

• LSI values 
100 ±10% at 
24 weeks for 
Achilles 
thickness, 
CSA, shear 
modulus, 
viscosity. 

Tendon mechanical 
properties: 
viscosity* and 
shear modulus 

• Viscosity measured in Pa*s and 
Shear modulus measured in kPa 
are calculated using continuous 
Shear Wave Elastography (cSWE) 
25,26 
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Table 3.1. continued 

Psychosocial 
Recovery 

FAOS-QoL* 
• Scored 0-100, with 100 being 

highest quality of life. 120 
• Score ≥ 90 

points at 24 
weeks. 

TSK-17* 

• Evaluates fear of movement 
scored 17-68. Higher scores mean 
more fear; scores ≥37 indicate 
high kinesiophobia. 9,39,80 

• Score < 37 
points at 24 
weeks 

PROMIS-29 
Subscales 

• PROMIS-29 Subscales including 
Social roles and Activities 
(PROMIS-SRA), Pain 
interference with functioning 
(PROMIS-PI), Anxiety 
(PROMIS-ANX). T-scores 
calculated for each, higher scores 
indicate greater presence of the 
concept being measured.18 

• T-scores of 
50 ±10 points 

GROC 

• Represents change in overall 
status on a Likert scale ranging -5 
- +5 (“very much worse” to 
“completely recovered”). 95 

• Reported 
descriptively 

Abbreviations: VISA-A, Victorian Institute of Sport Assessment- Achilles; MCID, Minimally 
Clinically Important Change; TSK-17, Tampa Scale of Kinesiophobia-17 item; FAOS-QoL, Foot 
and Ankle Outcome Score- Quality of Life; PROMIS-29, Patient Reported Outcomes Measurement 
Information Systems-29; GROC, Global Rating of Change. 
* Primary Outcome Measures 

 

3.2.5 Statistical Analysis 

The appropriate number of subgroups were identified using Mixture Modeling 

as described in Aim 1. We sought to confirm the subgroups described in the previous 

study by replicating the statistical analysis but only including individuals with 

midportion Achilles tendinopathy.48 In the previous study, following subgroup 

enumeration, differences among subgroups were compared at baseline using one-way 

Analysis of Variance and 𝜒𝜒2 tests. In the current study, a Linear Mixed Model 

assessed the changes of the subgroups over time for the following outcomes: VISA-A, 

heel-rise work LSI, viscosity LSI, degree of tendon thickening, FAOS-QoL and TSK-

17. Group and time (baseline, 8-, 16- and 24-weeks) and their interaction were 
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included as fixed effects. A compound symmetric covariance matrix was used to 

model the correlation among residuals. Mixed models garner estimates in the presence 

of missing data without listwise deletion, allowing for participants with incomplete 

data to be included.71 To test the assumption of normality and to screen for outliers, 

residuals were tested using Shapiro-Wilk tests. If the effect of time or group was 

significant, pairwise comparisons were tested post-hoc using Bonferroni correction. 

3.3 Results 

One-hundred fourteen participants were included in this study. The best-fitting 

mixture model (Appendix C) identified four distinct subgroups: Activity-Dominant 

(n=34), Function-Dominant (n=38), Psychosocial-Dominant (n=27), and Structure-

Dominant (n=15) (Figure 3.1).  
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Figure 3.1: Comparison of subgroup baseline characteristics, separated by tendon 
health domain.  

a Less distance from center represents less deficit or better performance. The dotted line represents the 
pooled sample mean.  

3.3.1 Baseline Characteristics of Subgroups 

Baseline patient characteristics are presented in Table 3.2. Activity-Dominant 

participants were youngest (37 years) compared to the Function-Dominant (50 years), 

Psychosocial-Dominant (50 years), and Structure-Dominant (58 years) and there was 

no significant difference in symptom duration among the subgroups. The majority of 

the Function-Dominant and Activity-Dominant were runners (68.4% and 67.6%, 
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respectively) compared to 29.6% in the Psychosocial-Dominant and zero runners in 

the Structure-Dominant subgroups. The Psychosocial-Dominant reported the lowest 

physical activity. The Function-Dominant consisted of the most participants with 

bilateral symptoms (52.6%) compared to Activity-Dominant (50%), Psychosocial-

Dominant (33.3%), and Structure-Dominant (20%). The Psychosocial-Dominant and 

Structure-Dominant shared similar anthropometrics (BMI 31.5 and 31.6, respectively), 

compared to the Activity-Dominant (25.7) and Function-Dominant (28.0). All 

subgroups, except the Activity-Dominant, contained individuals with a previous 

history of Achilles tendinopathy (Function-Dominant: 21%; Psychosocial-Dominant: 

14.8%; Structure-Dominant: 20%). Differences in marginal means of outcome 

measures are presented in Appendix D. Significant effects of group were observed 

among subgroups for all primary and secondary outcomes (Appendix D). 
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Table 3.2: Summary of subgroup demographics and baseline characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pooled Sample 

(n=114) 

Activity 
Dominant 

(n=34, 30%) 

Function 
Dominant 

(n=38, 33%) 

Psychosocial 
Dominant 

(n=27, 24%) 

Structure 
Dominant 

(n=15, 13%) P-value 
Age, years 47±12 (45-49) 37±10 (33-41) 50±10 (47-53) 50±11 (45-55) 58±6 (54-61) <.001 
Height, cm 171.7±8.6 

(170.1-173.3) 
174.3±8.2 

(171.5-177.2) 
170.4±8.5 

(167.6-173.2) 
167.3±6.4 

(164.8-169.9) 
176.9±9.0 

(171.9-181.9) <.001 

Body mass, kg 84.4±19.2 
(80.7-88.0) 

78.1±11.2 
(74.2-82.0) 

81.8±24.0 
(74.0-89.7) 

88.1±16.3 
(81.7-94.6) 

98.7±17.5 
(89.1-108.4) <.001 

BMI 
 

28.6±6.1 
 (27.4-29.7) 

25.7±3.2 
(24.6-26.7) 

28.0±7.3 
(25.6-30.4) 

31.6±6.0 
(29.2-33.9) 

31.5±4.9 
(28.6-34.2) <.001 

Sex, F 57 (50%) 9 (26.5%) 20 (52.6%) 23 (85%) 5 (33%) <.001* 
Symptom duration, 
months, median [IQR] 10.2 [29.1] 15.2 [42.4] 23.5 [31.1] 7.1 [31.6] 5.5 [16] .800 

Previous history of 
Achilles tendinopathy, n 
(%n) 

20 (17.5%) 0  8 (21%) 4 (14.8%) 3 (20%) .857* 

Comorbidities, n (%n) 
Diabetes Mellitus 
Rheumatological 
Thyroid 

 
1 (.8%) 
2 (1.8%) 
9 (7.9%) 

 
0 
0 

1 (2.9%) 

 
0 

1 (2.6%) 
3 (7.8%) 

 
1 (3.7%) 
1 (3.7%) 

4 (14.8%) 

0 
0 

1 (6.6%) 

.355* 

.650* 

.398* 
Medications, n (%n) 

FQN 
Steroid 
Statins 

 
7 (6.1%) 
4 (3.5%) 

11 (9.6%) 

 
2 (5.8 %) 

0 
1 (2.9%) 

 
1 (2.6%) 
1 (2.6%) 
3 (7.8%) 

 
3 (11.1%) 
3 (11.1%) 
3 (11.1%) 

 
1 (6.6%) 

0 
4 (26.7%) 

 
.576* 
.091* 
.074* 

Identify as a runner, n 
(%n) 57 (50%) 23 (67.6%) 26 (68.4%) 8 (29.6%) 0 <.001* 

Bilateral symptoms, n 
(%n) 49 (43%) 17 (50%) 20 (52.6%) 9 (33.3%) 3 (20%) .060* 

Physical Activity Scale, 
median [IQR] 5 [2] (4-5) 5 [1] (5-5) 5 [1] (5-5) 3 [2] (3-4) 5 [2] (4-5) <.001 

VISA-A 51±18 (47-54) 55±15 (49-60) 58±15 (53-62) 38±17 (31-45) 46±20 (35-56) <.001 
Heel-rise work LSI 91.9 ±30.2% 102.6 ±18.0% 94.9 ±19.8% 85.0 ±39.5% 71.0 ±44.1 .005 
Tendon thickening, mm 2.38 ±1.93 1.53 ±1.21 2.11 ±1.57 2.16 ±1.51 5.36 ±2.09 <.001 
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Table 3.2. Continued 

 
 
 
 
 
 
  

Viscosity LSI 98.0 ±34.1% 92.3 ±23.2% 96.4 ±90.1% 112.7 ±49.9% 92.6 ±30.2% .158 
FAOS-QoL 40±18 (37-43) 39±18 (33-45) 47±15 (43-52) 31±16 (24-38) 40±22 (37-52) .004 
TSK-17 38±5 (37-39) 39±5 (37-41) 35±5 (34-37) 41±5 (39-43) 39±5 (36-42) <.001 
Abbreviations: FQN, Fluroquinolone; VISA-A, Victorian Institute of Sport Assessment-Achilles; TSK-17, Tampa 
Scale of Kinesiophobia; FAOS-QoL, Foot and Ankle Outcomes Score-Quality of Life. 
Note: Data are presented as Mean ±SD (95% CI) unless otherwise specified. *Chi-square test. 
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3.3.2 Change Over Time Among Subgroups 

Appendix D reports the marginal means for each time point. There was a 

significant effect of time and interaction effect (both p < .001) for tendon thickening 

(Figure 3.2D). No significant change in tendon thickening was observed between 

baseline and 24 weeks in the Activity-Dominant (1.53 ±1.21mm to 1.54 ±0.89mm, 

p=.320) or Function-Dominant (2.11 ±1.57mm to 2.22 ±1.66mm, p=.853), however 

the Psychosocial-Dominant had a change in tendon thickening (2.16 ±1.51mm to 2.28 

±1.47mm, p =.032) and the Structure-Dominant had a significant reduction (5.36 

±2.09mm to 3.75 ±1.94mm, p <.001). VISA-A, heel-rise work, FAOS-QoL, and TSK-

17 (Figure 3.2A-F) each had a significant main effect of time and no significant 

interaction effect, indicating no statistical difference in change over time in response 

to exercise therapy among the subgroups. Marginal means for all secondary outcome 

measures are summarized in Appendix D. A summary of recovery status at 24 weeks 

for the subgroups is presented in Table 3.3. 

All groups met or exceeded the MCID for VISA-A by 8-weeks except the 

Structure-Dominant, who did not reach the MCID until 16 weeks (Table 3.3). The 

intervention yielded different responses for heel-rise work for all subgroups. Heel-rise 

work improved 5.3 % for Activity-Dominant, 10.4% for Function-Dominant, 12.5% 

for Psychosocial-Dominant, and 15.8% for Structure-Dominant (Appendix D) 

between baseline and 24 weeks. Psychosocial recovery was similar across all 

subgroups (Figure 3.2E-F). By 16 weeks, all subgroups had scored below the TSK-17 

cutoff score (37 points) for no kinesiophobia, however he Structure-Dominant 

reported elevated kinesiophobia at 24 weeks. At 24 weeks there were no differences in 

FAOS-QoL scores. 
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Figure 3.2: Recovery trajectories among subgroups primary outcome measures. 

Abbreviations: VISA-A, Victorian Institute of Sport Assessment- Achilles; FAOS-QoL, Foot and Ankle Outcome Score- Quality of Life. 
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Table  3.3: Recovery Status Within the Domains of Tendon Health at 24-week follow-up. 

 Pooled 
Sample 

Activity 
Dominant 

Function 
Dominant 

Psychosocial 
Dominant 

Structure 
Dominant 

Symptomatic Recovery  
VISA-A score* 
 

 
72 ±20 

13/71 (18.3%) 

 
81 ±18 

4/17 (23.5%) 

 
80 ±14 

7/25 (28.0%) 

 
60 ±18 

1/16 (6.3%) 

 
62 ±25 

1/13 (7.7%) 
Functional Recovery 
Heel-rise work LSI† 
 
 
CMJ height LSI† 
 
 
Drop CMJ height LSI† 

 
95.7 ±29.6% 

34/58 (58.6%) 
 

99.9 ±32.9% 
17/57 (29.8%) 

 
88.1 ±40.6%  

18/54 (33.3%) 

 
104.1 ±20.9% 

9/15 (60%) 
 

104.5 ±21.3% 
4/15 (26.7%) 

 
104.5 ±21.3% 
7/15 (46.7%) 

 
105 ±13.8%  

13/19 (68.4%) 
 

105.8 ±25.6% 
6/19 (31.6%) 

 
95.8 ±25.6% 
8/19 (42.1%) 

 
87.0 ±30.0% 
7/11 (63.6%) 

 
86.4±49.6% 
4/11 (36.4%) 

 
86.4 ±49.7% 

0/9 (0%) 

 
76.4 ±48.1  

4/11 (36.4%) 
 

99.1±40.1% 
2/10 (20%) 

 
99.1 ±40.1% 
2/9 (22.2%) 

Structural Recovery 
Tendon Thickening (mm)  
 
Viscosity LSI‡ 
 

 
2.33 ±1.70 

 
97.8 ±22.7% 

22/53 (41.5%)‡ 

 
1.54 ±0.89 

 
99.4 ±25.6% 
5/12 (41.7%) 

 
2.22 ±1.66 

 
99.4 ±25.6% 
8/18 (44.4%) 

 
2.28 ±1.47 

 
102.4 ±25.9% 
4/12 (33.3%) 

 
3.75 ±1.94 

 
87.1 ±18.3% 
5/11 (45.5%) 

Psychosocial Recovery 
TSK-17 score§ 
 
FAOS-QoL score|| 

 
34.1 ±5.6 

 
68.0 ±9.7 

 
34.1 ±6.4 

 
70.2 ±16.6 

 
32.3 ±6.4 

 
72.4 ±17.5 

 
34.5 ±6.4 

 
61.3 ±20.6 

 
37.2 ±4.6 

 
65.4 ±25.2 

Abbreviations: CMJ, countermovement jump; TSK-17, Tampa Scale of Kinesiophobia; FAOS-QoL, Foot and Ankle Outcomes 
Score- Quality of Life. 
All values presented as Mean±SD, n recovered/n (%). Recovery criteria: *VISA-A score >90 points. †LSI >90%, ‡LSI 100 ±10%, 
§TSK-17 score <37 points, ||FAOS-QoL score >90 points. 
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3.4 Discussion 

The objectives of this study were to evaluate the reproducibility of the Achilles 

tendinopathy subgroups through replication in a sample of only midportion Achilles 

tendinopathy and to evaluate whether the subgroups recovered differently when 

treated with the same treatment protocol. We successfully confirmed the existence of 

the previously established48 Achilles tendinopathy subgroups in the present study and 

have discovered that these subgroups recover differently within the domains of tendon 

health following 24 weeks of standardized treatment.  

3.4.1 Reproducibility of the Subgroups 

We identified four subgroups (Activity-Dominant, Function-Dominant, 

Psychosocial-Dominant, Structure-Dominant) among patients diagnosed with 

midportion Achilles tendinopathy in this study that are akin to the subgroups 

established previously (Appendix E). The previous study48 included 24.8% insertional, 

68.9% midportion Achilles tendinopathy and 6.2% with both diagnoses, however 

distribution was similar among each subgroup. Therefore the exclusion of insertional 

Achilles tendinopathy in the previous did not impact subgroup membership. The 

defining characteristics of the former Activity-Dominant subgroup appears to have 

been divided into Activity-Dominant and Function Dominant. The most apparent 

difference between the Function-Dominant compared to the Activity-Dominant was 

increased participant age, higher BMI, and the presence of functional deficits not 

observed in the Activity-Dominant. This division also reflects changes in eligibility 

criterion and recruitment. The current study included younger, athletic participants, 

resulting in the final model to divide the former Activity Dominant subgroup. In the 
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present study, inclusion age was limited to 65 years compared to no age limit in the 

previous study. The patient characteristics that defined the Psychosocial-Dominant 

and Structure-Dominant were consistent with the previous study.48 In the present 

study, the Psychosocial-Dominant reported the worst symptoms and quality of life, 

highest kinesiophobia, and lowest functional performance of all and were primarily 

obese (51.9%) and female (85%). The Structure-Dominant were again the minority 

subgroup, were the oldest, the majority were obese (66.7%) and male (77%) and were 

defined by having the largest alterations in tendon structure and mechanical properties.  

We also evaluated the robustness of the clinical classification model proposed 

in the previous study48 and its clinical utility for accurately subgrouping participants 

against the model in the present study. Using this clinical tool to classify participants, 

73.5% of the Activity-Dominant and 65.8% of the Function-Dominant were classified 

to the former Activity-Dominant subgroup; 81.5% of the Psychosocial-Dominant and 

53.3% of the Structure-Dominant were classified to their respective former subgroup. 

Although this model shows promising stability, future studies are required to 

investigate external validity prior to subgrouping patients with midportion Achilles 

tendinopathy in clinical practice. 

3.4.2 Informing Precision Treatment Strategies for Subgroups 

Identification of the subgroups revealed the longitudinal benefits and 

consequences to subgroup membership. The majority of participants in our study were 

classified into Activity- and Function-Dominant. Both shared minimal tendon health 

deficits with similar recovery trajectories for all tendon health domains. This further 

demonstrates how some patients may be more inclined to favorable outcomes than 

those with greater degrees of deficits in tendon health.85,143 At 24 weeks, remaining 
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deficits were only observed in VISA-A and FAOS-QoL scores, therefore prescribing 

exercise therapy and activity modification for at least 24 weeks appears most 

appropriate for individuals classified as for Function-Dominant while Activity 

Dominant may require attention to their physical activity behaviors. It is possible that 

symptoms remained elevated for this subgroup at 24 weeks due to unchanged physical 

activity levels during the study, as reported by PAS scores. Future research would 

benefit from use of more objective measures of physical activity, such as step count, to 

determine whether excessive activity might explain whether these individuals require 

additional considerations to promote limiting their activities in order to prevent 

nullifying the benefits of this intervention. The remaining deficits of the Function-

Dominant at 24 weeks (symptoms, function, and foot and ankle-related quality of life) 

prompt future research questions to explore whether this subgroup may further benefit 

from an adjunct intervention to address functional deficits. 

The Psychosocial-Dominant demonstrated improvements in all measures of 

tendon health but responded less favorably to the intervention overall compared to the 

Activity- and Function-Dominant. Considering that activity modification using the 

pain-monitoring model might address fear of pain, it is plausible that this intervention 

alone may also be appropriate with more time, however the potential benefit of pain-

neuroscience education warrants future study for this subgroup.  

The Structure-Dominant demonstrated concerns to address beyond 

symptomatic recovery at 24 weeks, including altered tendon structure and mechanical 

properties, physical deconditioning, and fear of movement. Interestingly, tendon 

thickening reduced by 30% in the Structure-Dominant, while the other subgroups 

experienced minimal changes (Figure 3.2D). This finding evokes a debate in the 
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literature as to whether tendon structure can improve with treatment.8,109 Differing 

proportions of patients who would be classified Structure Dominant may have been 

included in previous treatment studies, which might explain discrepancies in reporting 

change109 or no change8 in tendon thickness. The Structure-Dominant required an 

additional 8 weeks to achieve an MCID for VISA-A compared to the others and 

displayed continued deficits in all domains of tendon health at 24 weeks (Table 3.3). 

Comparing these subgroup’s results to the pooled sample further demonstrates the 

value in recognizing subgroup membership. Particularly, interpreting the results of the 

pooled sample alone would potentially miss the divergent outcomes for symptoms and 

tendon structure observed in the Structure-Dominant. Based on these results, 

Structure-Dominant individuals did benefit from this intervention, however additional 

considerations to address tendon healing, such as shockwave therapy, may provide 

greater benefit along. Future research should also investigate whether individuals in 

this subgroup have metabolic considerations that could influence recovery. 

Collectively, our results demonstrate the clinical validity of the subgroups and 

provides strong evidence that recovery differs among them. The next step towards 

precision rehabilitation for patients with Achilles tendinopathy is to improve the 

understanding of how each subgroup recovers within each domain so that recovery 

can be achieved for all. Based on our findings, development of individualized 

treatments for each subgroup is warranted. Our results also affirm that clinicians 

should advocate expected recovery timelines to require at least 6 months and should 

educate patients accordingly at initial evaluation irrespective of subgroup membership.  
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3.4.3 Limitations and Future Directions 

Our future work will explore how the Activity-Dominant and Function-

Dominant subgroups recover from the current treatment approach, however they may 

require more than 24 weeks of treatment. We will explore whether the Psychosocial-

Dominant respond favorably to supplemental pain neuroscience education with 

exercise therapy. We will also explore whether the Structure-Dominant respond 

favorably to addressing factors early in the rehabilitation process related to improving 

tendon healing and physical activity, and weight management, while also extending 

recovery expectations beyond 24 weeks. Our interpretation of the results might have 

been different if the recovery criteria were evaluated differently. We identified 

heterogeneity among the participants and in their response to treatment, therefore it is 

reasonable that recovery definitions might need to be scaled appropriately for different 

subgroups. For example, the magnitude of change over time in VISA-A scores was 

similar among groups, but lower baseline scores might explain why Psychosocial-

Dominant individuals did not meet the predefined criteria for symptomatic recovery, 

despite GROC scores suggesting that many achieved an acceptable state of their 

condition. Development of the VISA-A for non-athletic patients or scaling scores to 

omit questions related to sports participation may be necessary for future studies. If 

sports participation questions were omitted, a score of 80 points would indicative of 

symptomatic recovery for more sedentary individuals.19 Similar scaling should be 

considered for all outcomes to improved recovery definitions and align closer with 

satisfactory levels of symptoms, function, and quality of life.. 

Previous studies have suggested that complete recovery from Achilles 

tendinopathy may require between 6 months to one year,135 therefore our 

interpretation of the results may have been different if outcomes were evaluated at one 
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year. Our study was also limited to individuals 18-65 years old in the general 

population and therefore additional subgroups may exist that were underrepresented in 

this study such as adolescents and elite athletes. The generalizability of the subgroups 

could be limited due to several factors. The subgroups were formed from the selected 

14 outcomes collected in Aim 1, which if interchanged for other outcomes, may yield 

different results. The cohort from Aims 1 and 2 represent the general population, 

however 61 participants were included in both studies (Appendix E), therefore 

replication in a new set of participants should be performed to validate the subgroups. 

Despite our efforts, those who do not have equitable access to healthcare may have 

been prevented from participation due to transportation means. Due the COVID-19 

pandemic, we were unable to collect clinical measures for enrolled participants 

between May and July 2020 although participants did continue to complete patient 

reported outcome measures online. 

3.5 Conclusion 

The four subgroups with midportion Achilles tendinopathy were confirmed 

that are akin to the previously established subgroups. Following 24 weeks of exercise 

therapy and activity modification, recovery trajectories of symptoms, function, tendon 

structure, and psychosocial factors were different among the subgroups. These 

findings substantiate the important clinical implications of recognizing subgroup 

membership for patients at baseline. Members of the Function-Dominant had the 

highest proportion of achieving symptomatic recovery. Only the Psychosocial-

Dominant and Structure-Dominant had remaining functional deficits at 24 weeks. 

Structural recovery may not be a concern for Activity-Dominant or Function-

Dominant patients and more than 24 weeks of treatment may be required for the 
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Structure-Dominant. Psychosocial improvement was similar for all subgroups. Our 

results support that recovery considerations should be individually tailored for each 

subgroup.  
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EXERCISE THERAPY AND ACTIVITY MODIFICATION FOR 
ADOLESCENTS WITH HEEL PAIN: A PILOT AND FEASIBILITY STUDY 

4.1 Introduction 

Adolescents with insidious posterior heel pain are commonly diagnosed with 

calcaneal apophysitis.156 Calcaneal apophysitis is caused by repeated pull and strain at 

the developing cartilaginous growth plate where the Achilles tendon inserts.16 The 

condition affects 3.7 per 1000 adolescents156 with the highest prevalence in boys age 

8-15 and girls 7-13.98 In adults, the same symptoms are clinically diagnosed as 

Achilles tendinopathy, which is defined by Achilles tendon pain with loading and loss 

of function.128 Little is known regarding involvement of Achilles tendon during 

adolescence and development of Achilles tendon pain or pathology in adolescents has 

been minimally studied.15 As such, calcaneal apophysitis may be the most common 

diagnosis for heel pain in adolescents because evidence is lacking to support 

appreciation of Achilles tendon involvement or the tendon structural alterations 

(tendon thickening, altered mechanical properties) related to Achilles tendon overuse 

in adults.33,139  

Calcaneal apophysitis is a clinical diagnosis which relies on the patient history 

of gradual onset of heel pain with activity and the patient‘s age (<18 years old) 

relative to skeletal maturity.76,82 Radiograph are rarely used for confirming the 

diagnosis because it is considered uninformative due to the appearance of a separated 

apophyseal plate (sclerosis) seen in all skeletally immature children.113 The main 

Chapter 4 
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distinction between a diagnosis of calcaneal apophysitis or Achilles tendon pain is 

therefore primarily based on pain location and patient age. Considering chronological 

age and biological development are not equivalent,67 it is conceivable that Achilles 

tendon pathology masquerades as calcaneal apophysitis in some adolescents. The lack 

of description regarding pain location in studies may also contribute to the historic 

disregard of Achilles tendon involvement in adolescents.97 Diagnostic ultrasound is 

frequently used for confirming tendon pathology in adults,134,161 however few studies 

have used ultrasound imaging when evaluating adolescent patients with heel pain.16,55  

Determining the presence of Achilles tendon pain and/or altered tendon 

structure in adolescents diagnosed with calcaneal apophysitis is a critical interest 

considering injury to either structure may prompt different treatment approaches. 

Irrespective of whether symptoms are from injury to either structure, a range of 

management recommendations are anecdotally supported for treating all adolescents 

with heel pain, from complete immobilization, which may inadvertently promote 

sedentary habits, to continued activity which risks progressing pathology and may 

nullify any therapeutic intervention.60,82,110 Only one randomized clinical trial has been 

conducted using an active treatment, finding no difference in outcomes between shoe 

inserts, physical therapy, and no treatment (“wait and see”), although little description 

of the physical therapy intervention was provided.157 Exercise therapy has the highest 

evidence for the treatment of Achilles tendinopathy in adults.68,90,135 Furthermore, 

exercise therapy, when combined with pain-guided activity modification, is non-

detrimental to recovery.135 Although numerous research studies have examined the 

efficacy of exercise therapy for Achilles tendon pain in adults, this approach has never 

been evaluated for adolescents with heel pain.6,47,122 
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Since this active treatment approach has never been evaluated for adolescents, 

the purpose of this study was to determine the feasibility of treating adolescents with 

heel pain with 12 weeks of exercise therapy and pain-guided activity modification and 

to describe the feasibility of recruitment, enrollment, retention, and compliance for the 

intervention. We also explored whether outcome measures commonly used for 

Achilles tendinopathy could capture changes in symptoms severity, tendon structure 

and mechanical properties, muscle-tendon function, and psychosocial factors in 

response to an intervention consisting of exercise therapy, pain-guided activity 

modification, and load management. Additionally, we aimed to provide preliminary 

evidence whether Achilles tendon pain and/or altered tendon structure occurs in the 

adolescent population. 

4.2 Materials and Methods 

4.2.1 Study Design 

This was a pilot and feasibility study of a single cohort of adolescents with 

posterior heel pain. This study was approved by the University of Delaware 

Institutional Review Board (ID:1652996-3) and is registered with clinicaltrials.gov 

(ID:1652996). Written parental permission and child assent was required for all 

participants before enrollment. One parent was also invited to consent to participate in 

the study by completing surveys. Participation was voluntary and participants could 

withdraw from the study at any time. Receiving other treatment for the injury was 

discouraged during the study. 

Participants were evaluated at baseline and 4-, 8-, and 12-weeks (Figure 4.2). 

Data collection and supervised treatment occurred on the same day. Participants 
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completed daily exercises using a standardized treatment protocol (Appendix F) and 

were instructed to modify their activity as recommended using the pain-monitoring 

model.135,149 Additionally, participants were asked to record all activities in a training 

diary.43,135,137 Virtual treatment sessions occurred every two weeks following each in-

person visit to review the progress between the in-person visits (Figure 4.2). Both in-

person and virtual visits included patient education, supervised treatment and 

instruction, review of training diaries, and home exercise program prescription. If a 

parent consented to participate, they were asked to complete surveys at both in-person 

and virtual visits. All supervised treatments and evaluation sessions were completed at 

the University of Delaware Health Sciences Complex in Newark, DE. The same 

clinician obtained informed consent and assent, and conducted enrollment, evaluation, 

and treatment precluding blinding. A physician reviewed all ultrasound imaging and 

was blinded from participant data except for participant age. All data for this study 

were recorded and stored using Research Electronic Data Capture (REDCap) 

(Vanderbilt University, Nashville, TN).49 The Standard Protocol Items: 

Recommendations for Interventional Trials (SPIRIT) 2013 checklist was used to 

ensure our protocol’s adherence to standardized reporting.20 

4.2.2 Participants 

Criteria for enrollment are shown in Table 4.1. 
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Table 4.1: Study inclusion and exclusion criteria. 

Inclusion Criteria Exclusion Criteria 

1. 7-17 years old 
2. Insidious onset of posterior heel pain 

with running and jumping activities 
 

1. Any other injury that limits the ability to 
participate in treatment and/or muscle-
tendon function testing 

2. Any lower extremity surgery or injection 
within with past 6 months 

3. Any underlying predisposing heel pain 
(spina bifida, inflammatory 
spondyloarthropathy) 

Potential participants were recruited through our collaborators at local 

orthopedic/podiatry offices, the University of Delaware Physical Therapy Clinic, as 

well as through local pediatricians, athletic trainers and nurses who work in middle 

schools and high schools using flyers. Social media advertisements were also used. An 

online screening questionnaire was accessible for any interested individuals to 

complete a preliminary eligibility assessment and request to be contacted. After 

completion of the screening questionnaire, a member of the research team contacted 

potential participants to clarify responses and schedule an in-person screening and 

obtain informed consent. Access to potential participants and results of eligibility 

screening, recruitment sources, and reasoning for ineligibility or declined participation 

were recorded in REDCap.49 

Table 4.2. Schedule of enrollment, intervention, and assessments. 

  STUDY PERIOD 
 Recruitment Enrollment Post-enrollment Close-

Out 
Timepoint (week)  0 2 4 6 8 10 12 

 
ENROLLMENT: 

         

Telephone screen X        
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Table 4.2. Continued. 

In-person screening 
  X       

Informed consent  X       

 

INTERVENTION:         

Injury education  X       

Exercise prescription   X X X X X X  

Activity modification 
instruction  X X X X X X  

Training diary review   X X X X X  

Exercise adherence   X X X X X  

 

ASSESSMENTS:         

Demographics  X       

Medical and 
procedure history  X       

Medication  X       

Sports Participation 
History  X       

Physical Activity 
before injury   X       

VISA-A Questionnaire  X X X X X X X 

Foot and Ankle 
Outcome Survey  X X X X X X X 

PROMIS Pediatric 
Physical Activity   X X X X X X X 

PROMIS Pediatric 
Pain Interference  X X X X X X X 

PROMIS Pediatric 
Global Health  X X X X X X X 

Fear of Pain 
Questionnaire- Child  X X X X X X X 

Parent Surveys  X X X X X X X 

Clinical Examination  X X X X X X X 

Muscle-tendon 
function outcomes  X X X X X X X 

Ultrasound imaging 
outcomes  X  X  X  X 

Tendon mechanical 
properties outcomes  X  X  X  X 

Global rating of 
change  X X X X X X X 
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Table 4.1. Continued. 

Compliance with 
activity modification    X X X X X X 

Adverse events   X X X X X X 

Access to potential 
participants        X 

Enrollment and 
recruitment rates        X 

Safety        X 

 

4.2.3 Clinical Evaluation 

Following enrollment, participants completed a past medical history 

questionnaire related to their current symptoms and any previous lower extremity 

injuries. Self-reported location of symptoms with activity were documented. Height, 

weight, shoe size, and ankle dorsiflexion range of motion was recorded at each in-

person visit. Ankle range of motion was measured in weight bearing positions with a 

goniometer in full knee extension and in knee flexion.  

A clinical exam was conducted which included a discriminatory palpation 

exam and special tests. The purpose to the clinical exam was to document the 

frequency of participants with symptoms focal to the Achilles tendon (henceforth 

called “Achilles tendon pain”), the calcaneal apophyseal plate (henceforth called “heel 

pain”), or symptoms from both structures (henceforth called “concurrent injury”). 

Participants were asked to “rate pain on a scale from 0-10, with 0 being no pain and 10 

being the worst pain imaginable” at the Achilles tendon osteotendinous insertion, the 

medial and lateral aspects of the retrocalcaneal bursa, and squeezing along the 

midportion of the Achilles tendon (2-6cm proximal to the calcaneus). Special tests 

included the Heel Squeeze test, Royal London Hospital test, and Arc Sign test.56,114 

The Heel Squeeze test is a pain provocation test in which the examiner squeezes the 
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medial and lateral aspects of the calcaneus, confirming calcaneal apophysitis.114 Both 

the Royal London Hospital test and Arc Sign test are sensitive and specific for 

diagnosis of midportion Achilles tendinopathy.56 Distinguishing between Achilles 

tendon pain, heel pain, or concurrent injury is summarized in Figure 4.1.  

 

Figure 4.1.  Criteria for clinical diagnosis of isolated heel pain, Achilles tendon pain, 
and concurrent injury. 

4.2.4 Ultrasound Examination 

B-mode ultrasound was used to record any abnormal findings. The presence or 

absence of hypoechoic regions in the Achilles tendon, tendon thickening (tendinosis), 

bursitis, intratendinous calcifications, and neovascularization (intratendinous or at the 
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growth plate) was recorded. When observable, the appearance of bony fragmentation 

and the status of the secondary ossification site of the calcaneal apophyseal growth 

plate (open or closed) was recorded. All findings were reviewed by a physician who 

holds a Registered in Musculoskeletal (RMSK) sonography certification.  

4.2.4.1 Examination of Achilles Tendon Structure 

Achilles tendon morphology was measured using the same methods described 

in Aim 1 and 2. Measurements included maximal Achilles tendon thickness, tendon 

CSA, and degree of tendon thickening. Additionally, Achilles CSA was measured at 

10%, 20%, and 30% length proximal to the calcaneal insertion of the Achilles tendon 

to identify changes in tendon morphology to account for varying tendon shape during 

development.14 Images were measured using Osirix MD imaging software (Pixmeo, 

Geneva, Switzerland). All images and measurements were reviewed by the same 

physician. 

4.2.4.2 Achilles Tendon Mechanical Properties 

Continuous Shear Wave Elastography (cSWE) was used to calculate the 

Achilles tendon mechanical properties (shear modulus and viscosity), as described in 

Aim 1. The region of interest was marked at 20% length mark along the free tendon, 

proximal to the osteotendinous junction. LSI values were calculated for shear modulus 

and viscosity, as described in Aim 2, to evaluate interlimb differences in tendon 

mechanical properties. 
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4.2.5 Patient Reported Outcome Measures 

4.2.5.1 Symptom Severity 

Symptom severity was measured using the VISA-A, as described in Aim 1, 

and the Foot and Ankle Outcome Score Symptom subscore (FAOS-Symptom). The 

FAOS-Symptom is scored from 0-100, where 100 indicates absence of any foot and 

ankle-related symptoms, stiffness, and pain over a 7-day period.120 The Patient-

Reported Outcomes Measurement Information System (PROMIS) Pediatric Pain 

Interference Scale measured the extent to which pain interferes with functioning.147 

All included PROMIS subscores use a T-score metric in which 50 is the mean of the 

relevant reference population and 10 is the standard deviation of that population. 

Reporting a higher score represents more of the concept being measured (more pain 

interference).147 Parents were asked to complete the PROMIS Parent Proxy Pain 

Intensity and Pain Interference questionnaires as a secondary measure of symptom 

severity from the parent’s perspective.147 

4.2.5.2 Treatment Satisfaction and Self-reported Improvement 

Self-reported treatment satisfaction was measured on a scale of 0-10, ranging 

from “not satisfied” to “very satisfied.” Perceived improvement was measured using a 

7-point Likert global rating of change (GROC) scale, ranging from “much worse” to 

“much improved”. The GROC has been used in previous trials with adolescents.115 

4.2.5.3 Fear-Avoidance Behaviors 

The Fear of Pain Questionnaire- Child (FOPQ-C) was used to evaluate fear of 

pain and avoidance of activities due to pain has been validated for children with 

chronic pain with good reliability (test-retest: r = 0.74) and stability.138 FOPQ-C 
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scores range from 0 to 96, with a higher score indicating more fear of pain and activity 

avoidance. Parents were asked to complete the FOPQ-Parent as a secondary measure 

of the parent’s perspective on their child’s fears related to pain and activity. 

4.2.5.4 Quality of Life 

The PROMIS Pediatric Global Health questionnaire was used to assess self-

reported impact of injury on mental and physical health.37 The FAOS Quality of life 

(FAOS-QoL) subscore was used to measure foot and ankle-related quality of life, 

scoring is as described in Aim 1 and 2.120 Parents were asked to complete the 

PROMIS Parent Proxy Global Health questionnaire as a secondary measure of the 

parent’s perspective on the participant’s mental and physical health.147 

4.2.5.5 Physical Activity 

The PROMIS Pediatric Physical Activity Short Form questionnaire and the 

Parent Proxy form were used to assess self-reported capability of physical activities 

over a 7-day period.147 Parents were asked to complete the PROMIS Parent Proxy 

Physical Activity form. This was used as a secondary measure of physical activity 

from the parent’s perspective. 

4.2.6 Muscle-Tendon Function 

The CMJ, drop CMJ, and heel-rise endurance test were used to measure lower 

extremity function, as described in Aim 1.132 The FAOS Sports and Recreation 

(FAOS-Sports) was used to subjectively assess the degree of difficulty with higher 

level functional activities (sports and recreational activities).120 The FAOS-Sports is 

scored from 0-100, where 100 indicates no difficulties with higher level activities. 
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4.2.7 Feasibility Measures 

4.2.7.1 Compliance, Retention, and Safety 

Participants were given a training diary to document the exercises performed, 

other activities, and their symptoms/pain level daily. This training diary has 

successfully been used in our previous study135 and clinical practice. Each day, 

participants were asked to rate their heel/Achilles pain in the morning and the lowest 

and highest pain experienced that day, record their completed treatment exercises, any 

other physical activity, and whether they participated in any running or jumping 

activities. Training diaries were reviewed at each in-person visit. Participants who 

performed the heel-rise exercises two times or more per week were considered 

compliant with the exercise treatment program. For each week, the frequency of days 

participants completed treatment exercises, days the training diary was filled out 

completely, days of running or jumping activity were performed, and days in 

compliance with activity modification and pain monitoring were recorded. Any missed 

follow-up visits, drop-outs, and adverse events were recorded. Any adverse event, 

occurring during a visit or reported outside of a visit, that potentially affected a 

participant’s ability to participate in the study was recorded.  

4.2.8 Treatment Protocol 

All participants were treated with a standardized treatment protocol consisting 

of Achilles tendon-loading strengthening exercises, as described in Aim 2, for 12 

weeks (Appendix F). Participants received standardized education and were prescribed 

activity modification recommendations using the pain-monitoring model, as described 

in Aim 2.135 Additionally, participants were provided with an educational handout at 

baseline as an aid to educate them on appropriate progression to return to full 
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participation. Exercises were prescribed once per day and the volume and intensity 

was based on the participant’s status using the pain-monitoring model. Progression 

consisted of increasing the number of repetitions, resistance, speed, and progression 

from standing on flat ground to standing on a step or incline (if tolerable) when 

performing the exercises. Participants were instructed to perform the exercises even if 

they experienced pain and were instructed to stop if the pain became intolerable. The 

pain-monitoring model was used to adjust the exercise load consistent with previous 

studies.135,137 External loading (using a backpack, weighted vest, or weight machine) 

was incorporated when a participant could complete all bodyweight exercises with 

minor pain. In phase 2-3, participants were prescribed to complete weighted exercises 

2-3 times per week and bodyweight exercises for all other days.  

4.2.9 Patient Education 

Education for the participant and parent was standardized to address the 

following topics: (1) understanding of their injury, (2) how to use the pain-monitoring 

model (Figure 4.3), (3) rationale for treatment, (4) how to use the treatment diary (5) 

proper exercise instruction, (6) questions from the patient or the parent. Participants 

received educational information both in-person and in written form (Appendix G. 

4.2.10 Statistical Analysis 

The results of Aim 3a. were reported descriptively as frequencies of 

participants having isolated Achilles tendon pain or heel pain, or concurrent injury. 

Presence or absence of Achilles tendinosis, visible calcaneal fragmentations, a visible 

open secondary ossification site, bursitis, neovascularization, and calcifications were 

reported descriptively. The results of Aim 3b were reported descriptively Feasibility 
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outcomes of recruitment and retention, compliance with activity modification, and 

patient satisfaction were reported descriptively. Linear Mixed Models were used to 

evaluate the main effect of time (treatment) on symptom severity, muscle-tendon 

function, and quality of life from baseline to 4- 8- and 12-weeks. A compound 

symmetric covariance matrix was used to model the correlation among residuals. 

4.3 Results 

4.3.1 Recruitment 

Potential participants were actively recruited from August 2020 to March 

2022. A total of 15 individuals consented to be contacted. Of these, three potential 

participants were deemed ineligible (Figure 4.2).  
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Figure 4.2: Summary of study enrollment. 

4.3.2 Participants 

Eleven individuals met the inclusion criteria and 10 parents agreed to enroll 

along with their child. Participant demographics are summarized in Table 4.3. 
  

 

Screening 

Follow-up 

Enrollment 

Screened for eligibility (n = 15) 

Phone screening (n=15) 1 excluded: 
plantar heel pain – n=1 

Assessed for eligibility 
(n = 13) 

2 excluded: 
Another diagnosis- n=2 

 

Adolescents with posterior 
heel pain 
(n = 11) 

 

Virtual Visit #1 (n =9) 
4-week follow-up (n =8) 
Virtual Visit #2 (n =7) 

8-week follow-up (n = 7) 
Virtual Visit #3 (n =6) 

12-week follow-up (n=7) 

Lost to follow up: 
Between baseline and virtual 
visit #1- n=1 
After 4-week follow-up- n=2 
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Table 4.3: Participant demographics and medical history. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable  Mean ±SD (min-max) 
n proportion (%) 

Age, years 11.3 ±2.6 (8-15) 

Sex, F 4 (36.4%) 

Height, cm 154.2 ±16.1 (128.9 -188.6) 

Weight, kg 53.9 ±17.2 (28.6-80.0) 

BMI 22.5 ±2.1 (16.7-32.3) 

Ethnicity 

Hispanic/Latinx  

Not Hispanic/Latinx 

Prefer not to say 

 

2/11 (18.2%)  

7/11 (63.6%)  

2/11 (18.2%)  

Race Identity 

Native American/ American 
Indian/Alaska Native  

African American/Black 

Hispanic/Latinx 

Caucasian/White 

Prefer not to say 

 

2/11 (18.2%)  

 

1/11 (9.1%)  

1/11 (9.1%)  

6/11 (54.5%)  

1/11 (9.1%)  

Symptom duration*, months  8.4 ±17.4 (0.7- 68.0) 

Bilateral symptoms, Y/N 7/11 (54%) 

Annual sports participation 
0-3 months or 1 sport season 
3-6 months or 2 sport seasons 
6-9 months or 3 sports seasons 
> 9 months or year-round sports 

 
1/11 (9.1%) 
1/11 (9.1%) 
1/11 (9.1%) 
8/11 (72.7%) 

Previous history of heel pain, Y/N 1/11 (9.1)  

Activity changes due to symptoms, 
Y/N 

8/11 (72.7%) 

Comorbidities 
Diabetes 
Thyroid 
Scoliosis 

 
0/11 (0%) 
0/11 (0%) 
2/11 (18.2%) 

*Symptom duration reported as Median±IQR. 
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4.3.3 Feasibility Outcomes 

4.3.3.1 Treatment Compliance, Retention, and Safety 

Compliance with treatment, and compliance with activity modification are 

summarized in Table 4.4. One participant was lost to follow-up after their baseline 

evaluation and failed to attend their first virtual visit. Another participant was lost to 

follow-up who missed their first virtual visit and did not attend their 4-week 

evaluation, however they did complete their 4-week questionnaires prior to cancelling 

their evaluation and did not reschedule. One participant was lost to follow-up after 

their 4-week evaluation stating the study commitment was too difficult to attend in-

person appointments while navigating challenges related to the COVID-19 pandemic 

causing school closures. There were two adverse events during the course of the study. 

One participant sustained a lateral ankle sprain while participating in a baseball game 

and was prescribed complete rest by their primary care physician for 20 days and no 

additional treatment. This occurred between the 8-week evaluation and final virtual 

visit. This participant was able to complete the study. Another participant incurred a 

contusion on their foot (less symptomatic side) during a soccer game one week after 

enrollment in the study and was unable to fully bear weight for several days. 

Following pain resolution, they did continue with their exercises and no study 

timepoints were lost. 
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Table 4.4: Participants compliance with treatment and activity modification. 

Outcome Mean (SD) 
Median (IQR) 

Proportion of participants compliant with 
treatment (%) 

91.3 (28.4) 
100 (0) 

Days compliant with activity modification per 
week (days/week) 

5.1 (2.6) 
7.0 (4.2) 

Days participating in running/jumping activities 
per week (days/week) 

5.6 (0.9) 
5.8 (1.0) 

4.3.4 Summary of Ultrasound Examination Findings 

Ultrasound examination findings are summarized in Figure 4.3. Upon clinical 

evaluation, four participants (all unilateral) presented with signs and symptoms of 

isolated Achilles tendon symptoms, one of which presented with concurrent symptoms 

on the contralateral limb; eight participants (4 bilateral) presented with signs and 

symptoms suggesting concurrent injury, and two participants (both bilateral) presented 

with isolated calcaneal apophysitis. 
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Figure 4.3: Summary of ultrasound examination findings.
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4.3.5 Responsiveness to Clinical Outcomes 

Marginal means and pairwise comparisons for all clinical outcomes are summarized in 

Table 4.5. There were significant improvements in observed in VISA-A scores, pain 

with hopping, heel-rise work, FAOS-QoL scores, FAOS-Sports scores, and FOPQ-

Child scores between baseline and 12 weeks. No other statistically significant change 

over time was noted among clinical outcomes. GROC scores suggested the treatment 

improved the overall status of all participants at 12 weeks. All participants reported 

very high satisfaction with treatment at each time point (Figure 4.4). 

 

Figure 4.4.  Summary of Global Rating of Change (GROC) scores and satisfaction 
with treatment.  

Abbreviations: VV, virtual visit. 
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Table 4.5.  Marginal means and pairwise comparisons of participant clinical outcomes 

 Baseline 4 weeksa 8 weeksb 12 weeksa p-values 
 M (SE) M (SE) M (SE) M (SE) Base to 

4 weeks 
Base to 
8 weeks 

4 to 8 
weeks 

8 to 12 
weeks 

Base to 
12 weeks 

VISA-A 63.0 (4.7) 65.2 (5.2) 80.1 (5.7) 81.6 (5.7) 1.00 .057 .150 1.00 .031 
Palpation pain- 
Achilles 
Midportion, 
NPRS 

4.6 (0.9) 2.7 (1.0) 2.0 (1.0) 0.1 (1.0) NT NT NT NT NT 

Palpation pain, 
Achilles 
Insertion, 
NPRS 

2.6 (0.6) 1.4 (0.7) 0.9 (0.7) 0.1 (0.7) NT NT NT NT NT 

PROMIS- Peds-
Pain 
Interference, t-
score 

53.6 (2.7) 52.2 (2.8.) 48.2 (2.9) 49.3 (2.9) 1.00 .089 .400 1.00 .291 

Pain with 
Hopping, NPRS 2.3 (0.6) 1.1 (0.7) 1.2 (0.7) 0.0 (0.7) .710 .996 1.00 .665 .028 

FAOS- 
Symptoms 73.1 (4.1) 78.0 (4.5) 84.6 (5.0) 87.1 (5.0) 1.00 .285 1.00 1.00 .106 

CMJ Height, 
cm 8.0 (1.0) 8.6 (1.1) 9.1 (1.1) 9.0 (1.1) 1.00 .774 1.00 1.00 1.00 

Drop CMJ 
Height, cm 8.4 (1.1) 8.6 (1.2) 8.4 (1.2) 9.2 (1.2) 1.00 1.00 1.00 1.00 1.00 

Heel-rise work, 
J 924.1 (251.8) 1188.4 (267.3) 1529.8 (267.3) 1461.5 (267.3) .820 .011 .363 1.00 .029 

Heel-rise work 
LSI 87.7 (10.2) 96.0 (11.1) 117.4 (11.1) 99.7 (11.1) NT NT NT NT NT 
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Table 4.5 continued 

PROMIS-
Peds-GH, t-
score 

41.3 (2.4) 36.9 (2.7) 42.5 (3.0) 41.8 (3.0) 1.00 1.00 1.00 1.00 1.00 

FAOS-QoL 56.3 (5.4) 56.9 (5.4) 66.9 (6.4) 77.6 (6.4) 1.00 .650 .838 .763 .016 
FOPQ-Child 25.5 (4.3) 19.3 (5.8) 16.3 (4.7) 11.3 (4.7) .423 .102 1.00 1.00 .004 
FAOS- Sports 66.4 (5.5) 64.5 (6.1) 77.3 (6.8) 91.6 (6.8) 1.00 1.00 .880 .764 .026 
PROMIS- 
Peds-Physical 
Activity 

54.0 (2.4) 53.9 (2.6) 58.7 (3.0) 57.4 (3.0) 1.00 1.00 1.00 1.00 1.00 

Achilles 
Tendon 
Thickness, cm 

0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) NT NT NT NT NT 

Degree of 
Tendon 
Thickening, 
mm 

2.1 (0.1) 2.1 (0.1) 2.1 (0.1) 2.1 (0.1) NT NT NT NT NT 

Achilles 
tendon CSA 
(10% length), 
cm2 

0.7 (0.1) 0.6 (0.1) 0.7 (0.1) 0.7 (0.1) NT NT NT NT NT 

Achilles 
tendon CSA 
LSI (10% 
length) 

100.5 (4.1) 96.5 (5.4) 96.5 (5.1) 99.5 (5.1) NT NT NT NT NT 

Achilles 
tendon CSA 
(20% length), 
cm2 

0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) NT NT NT NT NT 

Achilles 
tendon CSA 
LSI (20% 
length) 

97.3 (3.6) 100.0 (4.3) 97.7 (4.3) 99.6 (4.3) NT NT NT NT NT 

Achilles 
tendon CSA 0.5 (0.1) 0.5 (0.1) 0.6 (0.1) 0.6 (0.1) NT NT NT NT NT 
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(30% length), 
cm2 
Achilles 
tendon CSA 
LSI (30% 
length) 

99.3 (2.4) 95.8 (3.2) 100.3 (3.0) 99.6 (3.0) NT NT NT NT NT 

Shear 
Modulus, KPa 98.5 (5.0) 102.1 (5.6) 91.6 (6.1) 96.1 (5.6) 1.00 1.00 1.00 1.00 1.00 

Shear Modulus 
LSI 98.0 (6.9) 89.3 (7.9) 100.5 (8.5) 104.2 (7.8) 1.00 1.00 1.00 1.00 .097 

Viscosity, 
KPa*s 52.8 (6.5) 53.8 (3.8) 53.9 (4.0) 51.9 (3.8) 1.00 1.00 1.00 1.00 1.00 

Viscosity LSI 109.3 (7.0) 104.7 (8.0) 101.2 (8.6) 106.8 (8.0) 1.00 1.00 1.00 1.00 1.00 
Abbreviations: NPRS, Numerical Pain Rating Scale; VISA-A, Victorian Institute of Sport Assessment-Achilles; PROMIS; Patient Reported 
Outcome Measurement Systems; FAOS, Foot and Ankle Outcomes Score; CMJ, Countermovement, QoL, Quality of Life; FOPQ, Fear of 
Pain Questionnaire; CSA, Cross-sectional area; LSI, Limb Symmetry Index.  
a n=7 for all measures at 4 weeks and 12 weeks 
b n=8 for all patient reported outcomes at 8 weeks. n=7 for all clinical measures. 

. 
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4.3.6 Parent Perceptions 

There was a significant reduction in pain interference observed by parents based on 

PROMIS- pain interference parent proxy t-scores. There was no significant main 

effect of time for any other parent proxy survey. Marginal means and pairwise 

comparisons for parent proxy surveys are summarized in Table 4.6. 
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Table 4.6.  Summary of marginal means and pairwise comparisons of parent proxy surveys 

Outcome Baseline 4 weeks 8 weeks 12 weeks p-values 
 M (SE) M (SE) M (SE) M (SE) Base to 

4 weeks 
Base to 
8 weeks 

4 to 8 
weeks 

8 to 12 
weeks 

Base to 
12 weeks 

PROMIS-Pain 
Interference, 
Parent Proxy, t-
score 

55.7 (1.6) 54.6 (1.6) 51.8 (1.7) 50.8 (1.7) 1.00 .230 1.00 1.00 .037 

PROMIS-Physical 
Activity, Parent 
Proxy, t-score 

52.4 (2.2) 53.6 (2.3) 57.9 (2.6) 54.7 (2.6) 1.00 1.00 1.00 1.00 1.00 

PROMIS-Global 
Health, Parent 
Proxy, t-score 

46.8 (1.8) 48.4 (1.9) 49.8 (2.0) 50.3 (2.0) 1.00 1.00 1.00 1.00 1.00 

FOPQ- Parent 
score 23.0 (4.3) 25.4 (4.4) 11.2 (4.8) 17.1 (4.8) 1.00 .285 .080 1.00 1.00 

Abbreviations: PROMIS; Patient Reported Outcome Measurement Systems; FOPQ, Fear of Pain Questionnaire; Base, Baseline. 
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4.4 Discussion 

The aims of this study were to establish preliminary evidence whether Achilles 

tendon pain and/or structural alterations exist in the adolescent population and to 

determine the feasibility of treating adolescents with heel pain with 12 weeks of 

exercise therapy and pain-guided activity modification and to report on recruitment, 

enrollment, retention, and compliance associated with the treatment intervention. 

Additionally, we aimed to evaluate whether outcome measures commonly used for 

Achilles tendinopathy could capture changes in symptoms severity, tendon structure 

and mechanical properties, muscle-tendon function, and psychosocial factors in 

response to the treatment intervention. Based on our findings, Achilles tendon pain 

was present in isolation and concurrently in adolescents with heel pain. We 

determined that exercise therapy and activity modification is appropriate intervention, 

and a future clinical trial is justified using similar methods.  

A total of 15 potential participants were screened and 11 individuals were 

enrolled. Retention was challenging, with four participants lost to follow up by the 

first in-person follow-up visit. Among the remaining seven, only one virtual visit was 

missed. Compliance with treatment was excellent (91.3%), however compliance with 

activity modifications was more variable (about 5 days/ week compliant). A common 

theme was also noted among the enrolled participants portraying high fidelity for 

sports participation and physical activity. Noncompliance with activity modification 

was frequently associated with multiple day sport tournaments (reported in training 

diaries). As suggested by baseline PROMIS-Pediatric Physical Activity t-scores 

(Table 4.5), all participants were physically active and the majority (8/11) participated 

in sports year-round (Table 4.3). 



 

 84 

4.4.1 Compliance, Recruitment, and Retention in the COVID-19 Pandemic 

It’s important to note that our results were influenced by the COVID-19 

pandemic. The rate of recruitment was sporadic throughout the recruitment window. A 

summary of recruitment by month is depicted in Appendix H. We began recruiting in 

the same month that schools reopened during the COVID-19 pandemic. Eight months 

passed before the first potential participants contacted the study team in March 2021. 

Recruitment spiked between March and June 2021, which was consistent with the 

timing of one available COVID-19 vaccine becoming available and FDA approved for 

children aged 12 and older (May 2021). Our most successful recruitment strategy (in 

order) was flyers (n=7) around the community, followed by word-of-mouth referral 

(n=4), referral from local healthcare providers (n=2), social media (n=1), and search 

engine advertising (n=1). To determine the effectiveness of the treatment intervention 

in a future clinical trial, we would need to recruit a minimum of 48 participants to be 

adequately powered to detect a minimally clinically important difference between 6.5 

and 14 points78,94 (based on observed mean change in VISA-A (18.6 points), with a 

medium effect size (partial ƞ2 =0.06), alpha set to 0.05 and 80% power). Based on our 

recruitment rate from the first recruit to the following 12 months, it would take 

approximately 2 years to recruit all participants. Recruitment rates are expected to be 

increased in a future clinical trial. In the state of Delaware, alone, there are 84 middle 

schools and 26 high-schools serving over 28,500 youth athletes.103 According to the 

Delaware Department of Public Health, 64.2% of all state residents age 12-17 have 

received at least one dose of the COVID-19 vaccine as of March 2022.101 
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4.4.2 Barriers and Facilitators to Study Implementation 

Although the reported incidence rate of calcaneal apophysitis156 is larger than 

Achilles tendinopathy,65 it is probable that the younger population are more reluctant 

to seek medical attention or report their symptoms to their parent until symptoms are 

severe enough to cause limping. This is supported by reports of pressures from 

parents, coaches, and potential college recruitment attributing to 42% of adolescent 

athletes stating they have hidden or minimized injury during a game so they can 

continue playing sports.123 

Another challenge to study implementation was the study design requiring 

completion of home exercises. The later stages of the treatment protocol required 

external loads for the exercises ranging from 35lb to over 100lbs. The youngest 

participant in the study (8 years old) could perform 55lb seated calf raises by week 4. 

Therefore, considerations for access to weight training equipment will be important 

for planning a future clinical trial. 

4.4.3 Responsiveness to Clinical Outcomes 

It was of interest to determine whether the proposed outcome measures were 

sensitive to change over time during the intervention to ensure all aspects of injury are 

appraised in a future nonrandomized clinical trial. Significant differences were 

observed between baseline and 12 weeks for VISA-A scores and pain with hopping, 

heel-rise work, FAOS-Sport and FAOS-QoL subscores, FOPQ-Child and FOPQ-

Parent scores, and PROMIS-Pain Interference Parent Proxy t-scores, indicating an 

appreciable improvement in symptoms, muscle-tendon function, foot and ankle-

related capability and quality of life, and fear of pain. Jump measures (CMJ and Drop 

CMJ) appeared to be uninformative for measuring change, although baseline 
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evaluation may be useful for assessing interlimb deficits. The PROMIS subscores 

(global health and physical activity) may also be uninformative in a future study, 

considering t-scores at all time points suggested normal levels of each construct 

compared to the reference population. All participants were highly satisfied with the 

intervention and using the GROC was useful for maintaining treatment alliance with 

participants. There were no interlimb differences found in any measures of tendon 

structure or mechanical properties. The small sample size may have influenced these 

findings. The lack change in tendon structure and mechanical properties over time was 

expected, as these measures are reported to require several months to observe change 

in adults with Achilles tendinopathy.23 

4.4.4 Achilles Tendon Involvement in Adolescents  

While this study was not adequately powered to form robust conclusions, nine 

of the 11 participants presented at baseline with Achilles tendon pain and symptoms 

consistent with presentation of Achilles tendinopathy in adults (either isolated or 

concurrent with heel pain). Among the participants with Achilles tendon pain, 

intratendinous neovascularization was found for one participant. There were no other 

structural alterations observed via ultrasound exam. This provides preliminary 

evidence to support Achilles tendon involvement being a part of differential diagnosis 

in patients younger than 18 years old. Our findings support the need for further study 

to determine prevalence of Achilles tendon pain in the adolescent population.  

4.4.5 Future Research 

A future clinical trial is justified based on the results of this pilot and feasibility 

study. Future work should investigate whether individuals with isolated calcaneal 
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apophysitis respond differently to this treatment intervention compared to those with 

Achilles tendon involvement to determine if both injuries respond similarly to 

treatment or differing treatment approaches are warranted. Removal of surveys at 

virtual visits should be considered for a future trial. The purpose of the additional 

surveys was to evaluate the earliest meaningful change in patient-reported outcome 

measures. However, no appreciable change was observed by between in-person and 

virtual visits, and this may also reduce the potential for survey fatigue. The parent 

proxy surveys may be unnecessary in a future clinical trial, as scores were similar 

between the child and parent.  

4.4.6 Limitations 

The feasibility outcomes of this study were impacted by the COVID-19 

pandemic. Recruitment began in August 2020, at which time all states within 

reasonable driving distance to our research facilities were declared in a state of 

emergency with stay-at-home orders. We observed the highest interest in our study 

shortly after the COVID-19 vaccine began rollout in the state of Delaware. Due to the 

small sample size, the observed responsiveness for clinical measures should be 

interpreted with caution. The same evaluator carried out all treatment sessions, which 

may have introduced bias for data collections. Since this was a pilot and feasibility 

study, it was not possible to keep the evaluator blinded. Another limitation was the use 

of paper training diaries. For any participant who ceased all communication, we were 

unable to access training diaries beyond their last visit. From an implementation 

standpoint, adolescent participants may also be more compliant with completing 

training diaries if they were app-based and would allow the researcher to set 

reminders. Attention to participant retention may benefit a future trial. Specifically for 
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parents with multiple children in sports and those with time conflicts with school and 

work schedules. Future work would also benefit from collaboration with experts in 

pediatric research to ensure the patient education and interpretation of pain are 

appropriate for the adolescent population.  

4.5 Conclusion 

Exercise therapy and activity modification appears to be an appropriate 

intervention for Adolescents with heel pain. Although the proposed outcome measures 

appear appropriate, a randomized controlled trial with a larger sample is needed to 

assess the effectiveness of this intervention. These preliminary findings suggest that 

Achilles tendon involvement is present in adolescents with heel pain. 
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CONCLUSION 

Achilles tendinopathy causes pain and symptoms affecting the ability to be 

physically active.128 This impacts quality of life and interferes with social roles and 

occupational productivity.140 Achilles tendinopathy occurs equally in men and 

women65 with unknown prevalence in adolescents.82 Most cases are associated with 

overuse, with a lifetime incidence of 50% among runners and 5.9% in the general 

population74 and 65% of cases in the general population having no association with 

sports participation.65 The general health impairments and alterations in tendon 

structure associated with Achilles tendinopathy can be characterized on a spectrum, 

with severity ranging widely among patients.99 Collectively, these impairments 

associated with Achilles tendinopathy can be described across domains of tendon 

health,133 consisting of symptoms, lower extremity function, tendon structure and 

mechanical properties, psychological factors, and patient-related factors. Exercise 

therapy has the highest level of evidence for treatment of Achilles 

tendinopathy.85,124,137 However many do not recover7,34,86,90 and symptom recurrence is 

common (27%).41 Therefore, the objectives of this dissertation were to identify patient 

subgroups among the general population diagnosed with Achilles tendinopathy, to 

determine whether the subgroups respond differently to exercise therapy, and to 

determine whether exercise therapy is a feasible intervention for the adolescent 

population with heel pain. The impact of this work can inform new precision treatment 

strategies to improve outcomes for all patients who suffer from Achilles tendon pain. 

Chapter 5 
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5.1 Aim 1: Identify and categorize latent subgroups among patients with 
Achilles tendinopathy and compare their tendon health measures. 

The purpose of this aim was to identify latent subgroups among the general 

population diagnosed with Achilles tendinopathy and to compare respective clinical 

findings and patient characteristics. A holistic understanding of how Achilles 

tendinopathy differentially affects patients and their tendon health is lacking and limits 

the ability to develop precision treatment strategies. Using mixture modeling, a 

person-centered statistical method that recovers hidden groups from observed data, 

may be a first step toward identifying subgroups among individuals with Achilles 

tendinopathy.106 This approach is most appropriate for categorizing patients when the 

subgroups are not known a priori and people sharing the same diagnosis are widely 

diverse. Specifically, using the tendon health model to identify subgroups among 

patients with Achilles tendinopathy is a biopsychosocial approach to identify what 

patient characteristics and clinical findings distinguish patients from one another. In 

order to understand if there are ways to improve treatment outcomes and ensure 

complete recovery, it is important to understand if all patients diagnosed with Achilles 

tendinopathy are affected the same or are there subgroups that might need additional 

or modified treatment strategies.  

5.1.1 Hypothesis 1.1: More than one subgroup exists among patients diagnosed 
with Achilles tendinopathy. 

This hypothesis was supported. We identified three latent subgroups, Activity-

dominant, Psychosocial-dominant, and Structure-dominant within the general 

population of patients with Achilles tendinopathy. 
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5.1.2 Hypothesis 1.2: Significant differences will be found among subgroups’ 
measures of tendon health. 

This hypothesis was supported. Activity-dominant demonstrated minimal 

impairments in tendon health. Psychosocial-dominant demonstrated minimal tendon 

structure and mechanical properties alterations, similar to Activity-dominant, yet this 

subgroup performed significantly worse on the functional test battery and had the most 

severe psychological factors. Structure-dominant had the greatest degree of tendon 

alteration demonstrated by measures of tendon thickness, CSA, and decreased tendon 

viscosity. 

5.2 Aim 2: Compare recovery trajectories of latent subgroups for symptoms, 
tendon structure and mechanical properties, lower extremity function, 
psychological factors and patient-related factors following 24 weeks of 
exercise therapy and activity modification. 

The purpose of this study was to determine how Achilles tendinopathy 

subgroups respond to standardized treatment in all aspects of tendon health over 24 

weeks by comparing recovery trajectories for symptoms, function, tendon structure, 

and psychosocial factors. Exercise therapy is considered the current gold standard for 

treatment of Achilles tendinopathy,90 however 10-45% of patients do not respond 

favorably and many continue to experience pain and impaired function for many 

months or years.85,124,137 This variable response demonstrates an outstanding need to 

develop a patient-centered approach to management of Achilles tendinopathy. One 

key barrier to improved management is that recovery remains poorly defined for 

Achilles tendinopathy.131 Symptom resolution, return to participation, or normalization 

of tendon structure are all important, but individually may not ensure complete 

recovery for all patients.46,136 Considering symptomatic recovery does not ensure full 

functional recovery,136 each domain of tendon health may require differing amounts of 
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time and possibly different treatment approaches to ensure complete recovery of 

tendon health. Improved treatment outcomes can be achieved if all aspects of injury 

affecting the patient are identified and addressed. Identifying how latent subgroups 

among patients respond to exercise therapy could elucidate who are the best 

candidates for the current treatment protocol, and who might need modified or 

additional interventions.  

5.2.1 Hypothesis 2.1.: Subgroups will differ in their change over time in VISA-
A scores. 

This hypothesis was supported. The Structure-Dominant achieved the VISA-A 

MCID at 16-week follow up, while all other subgroups achieved the MCID at 8-week 

follow-up. At 24 weeks, the Function-Dominant had the highest proportion of 

individuals to achieve symptomatic recovery. 

5.2.2 Hypothesis 2.2.: Subgroups will differ in their change over time in heel-
rise work. 

This hypothesis was partially supported. There was no significant effect of 

time for heel-rise work. The Activity- and Function-Dominant subgroups 

demonstrated no deficits in heel-rise work at baseline and no significant change over 

24 weeks. Psychosocial-Dominant and Structure-Dominant individuals improved 

12.5% and 15.8% over 24 weeks, respectively. 

5.2.3 Hypothesis 2.3.: Subgroups will differ in their change over time in 
viscosity. 

This hypothesis was not supported. There was a significant effect of group, 

indicating differences in baseline viscosity measures. There was no significant effect 

of time for viscosity. 
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5.2.4 Hypothesis 2.4: Subgroups will differ in their change over time in TSK-17 
scores. 

This hypothesis was partially supported. There was a significant effect of 

group and time, indicating significant differences in baseline TSK-17 scores and 

similar improvement over time. At 24 weeks, Structural-dominant patients reported 

elevated kinesiophobia compared to the other subgroups. 

5.2.5 Hypothesis 2.5: Subgroups will differ in their change over time in FAOS-
QoL scores. 

This hypothesis was partially supported. There was a significant effect of 

group and time, indicating different baseline FAOS-QoL scores and similar 

improvement over time among the subgroups. 

5.2.6 Hypothesis 2.6.: Likelihood of recovery will differ among subgroups at 24 
weeks. 

This hypothesis was partially supported. Function-Dominant individuals had 

the highest proportion (28%) to achieve symptomatic recovery. Structure-Dominant 

individuals had the smallest proportion (36.4%) to achieve functional recovery and 

were the only subgroup to not achieve structural recovery. All subgroups achieved 

psychosocial recovery. No subgroup achieved complete recovery of tendon health at 

24 weeks. 

5.3 Aim 3: Evaluate whether Achilles tendon injury occurs in adolescents with 
heel pain (Aim 3a) and to evaluate the feasibility of treating adolescents 
with heel pain with 12 weeks of exercise therapy and activity modification 
(Aim 3b). 

The purpose of this study was to determine the feasibility of recruitment, 

enrollment, retention, and compliance for prescribing exercise therapy and pain-

guided activity modification over 12 weeks for adolescents with heel pain. We 



 

 94 

explored whether outcome measures commonly used for Achilles tendinopathy were 

able to capture changes in symptoms severity, tendon structure and mechanical 

properties, muscle-tendon function, and quality of life in response to an intervention 

consisting of exercise therapy, pain-guided activity modification, and load 

management. Additionally, we provided preliminary evidence whether Achilles 

tendon pain or pathology exists in the adolescent population. Calcaneal apophysitis is 

a clinical diagnosis which relies on the patient history of gradual onset of heel pain 

with activity and the patient‘s age (<18 years old).76,82 In adults age 18 and older, the 

same injury mechanism is clinically diagnosed as Achilles tendinopathy which is 

defined by Achilles tendon pain with loading and loss of function.128 Achilles tendon 

involvement is understudied in the adolescent population and is therefore rarely 

considered until adulthood.33,139 Determining the presence of Achilles tendon pain 

and/or altered tendon structure in adolescents diagnosed with calcaneal apophysitis is 

a critical concern since this affects prognosis and may warrant different treatment 

approaches. Although numerous research studies have examined treatment efficacy of 

Achilles tendon pain in adults, only one randomized controlled trial has been 

published in the past decade on treatment for heel pain in the adolescent population.157 

5.3.1 Hypothesis 3a.1.: Achilles tendon pain and pathology occurs in 
adolescents with heel pain. 

This hypothesis was partially supported. Among the 11 participants enrolled, 

nine (81.8%) presented with isolated (4 participants) or concurrent Achilles tendon 

pain. Among those with Achilles tendon or concurrent injury, one participant 

presented with neovascularization at the Achilles tendon insertion. No participants 
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presented with tendinosis, hypoechoic presentation, or appreciable increase in tendon 

thickness or CSA compared to the uninvolved limb upon ultrasound examination.  

5.3.2 Hypothesis 3a.2.: Alterations in Achilles tendon mechanical properties will 
be observed in adolescents with heel pain 

This hypothesis was not supported. LSI values indicated normal symmetry 

between limbs for shear modulus (98.0 (6.9 KPa)) and viscosity (109.3 (7.0 KPa*s)). 

5.3.3 Hypothesis 3b.1.: Examine access to potential participants, percentage of 
participants meeting the inclusion criteria, and monthly recruitment and 
retention rates. 

Over the span of the recruitment period, 15 potential participants requested to 

be enrolled. Of these 15 potential participants, 11 met the eligibility criteria and were 

enrolled. Among the 11 enrolled, seven participants completed the study. The highest 

monthly recruitment rate was 4 participants per month.  

5.3.4 Hypothesis 3b.2.: Examine the compliance and satisfaction of participants 
with treatment, activity modification, and training diaries. 

Compliance with treatment was high, with 91.3% of participants considered 

compliant. On average, participants were compliant with activity modification 5.6 

days per week. Treatment satisfaction was excellent at all time points. 

5.3.5 Hypothesis 3b.3.: Symptom severity, lower extremity function, and quality 
of life will improve significantly. 

Due to limitations in sample size, effect of time was analyzed for the cohort to 

determine whether any change occurred in the selected outcomes. VISA-A scores 

significantly improved between baseline and 12 weeks (mean difference =18.6 points). 

Lower extremity function improved for Heel-rise work improved between baseline 
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and 8 weeks (mean difference 537.4 J). No change was observed in CMJ and Drop 

CMJ jump heights. Foot and ankle-related quality of life significantly improved as 

measured by the FAOS-QoL between baseline and 12 weeks  

5.4 Limitations 

In Aims 1 and 2, the variables selected to represent tendon health were limited 

to those selected for the studies a priori, therefore it is important to note that use of 

different outcome measures representing tendon health might have produced different 

results regarding subgroup distribution. Furthermore, there may be other domains of 

tendon health that have not yet been explored, such as metabolic factors. Finally, 

further improvements may be observed among the individuals in Aim 2 because the 

participants are a part of a larger clinical trial evaluating recovery over one year. The 

primary limitation of Aim 3 work was the small sample size. Recruitment and 

retention were negatively affected by the COVID-19 pandemic. As a result, it is 

expected that recruitment will be higher in a future clinical trial. 

5.5  Conclusions and Clinical Significance 

Recovery from Achilles tendinopathy has been impeded by a lack of 

appreciation for the various biopsychosocial components of the disease. The condition 

does not affect all individuals equally, and recovery has been historically defined by 

pain and symptoms.131 The first aim of this dissertation demonstrated that there are 

distinct subgroups among patients diagnosed with Achilles tendinopathy. These 

subgroups differ in their degree of clinical deficits as well as in sex distribution, body 

anthropometrics, and psychosocial factors. In the second aim, the subgroups did not 

experience the same recovery trajectories in terms of symptoms, function, tendon 
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structure, and psychosocial factors. Together Aims 1 and 2 affirm there is a critical 

need to develop precision treatment strategies based on subgroup membership. 

Finally, the third aim investigated a potentially overlooked subgroup in the adolescent 

population. This study revealed that there are adolescents who develop Achille tendon 

pain and symptoms consistent with Achilles tendinopathy in the absence of signs and 

symptoms of calcaneal apophysitis. Furthermore, this study built a practical 

framework for a successful future clinical trial to investigate the effects of exercise 

therapy and activity modification for adolescents with Achilles tendon and/or heel 

pain. This may revolutionize active treatment for adolescents with heel pain, with the 

potential to mitigate any potential long-term consequence of injury during the years of 

growth and development. 

5.6 Future Directions 

The findings from this dissertation have motivated the next steps in precision 

treatment strategies for patients with Achilles tendinopathy across the lifespan. The 

discovery of the patient subgroups and the associated differences in recovery have 

revealed the need for additional or adjunctive treatment for some patient groups who 

would otherwise not respond to standard treatment alone. To determine how to ensure 

complete and lasting recovery for all individuals, precision treatment strategies should 

be designed and tested against the standard of care for the subgroups. The results of 

Aim 3 justify conducting a future clinical trial using similar methods to determine the 

effectiveness of exercise therapy and activity modification for adolescents. This has 

potential to shift clinical practice in the treatment of adolescents with heel pain. More 

broadly, the results of Aim 3 suggest questioning the lower age limit for clinical trials 

to include individuals under 18 years old with Achilles tendon pain. 
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SUMMARY OF MISSING DATA IN AIM 1 

Variable N 

Total 
Missing 
(count) 

Missing from 
Activity-
dominant 
(count) 

Missing from 
Psychosocial-
dominant 
(count) 

Missing from 
Structure-
dominant 
(count) 

BMI 144 1 0 1 0 
CMJ Jump 109 36 7 19 10 
Tendon CSA 143 2 1 0 1 
Drop CMJ Jump 90 55 10 30 15 
FAOS-QoL 144 1 1 0 0 
Pain with 
Hopping 77 68 21 32 15 

Heel-rise Work 139 6 1 3 2 
Physical Activity 
Scale 144 1 1 0 0 

Pain 
Catastrophizing 
Scale 

142 3 2 1 0 

Shear Modulus 125 20 6 10 4 
Symptom 
Duration 138 7 4 2 1 

Tendon Thickness 144 1 1 0 0 
Tampa Scale of 
Kinesiophobia 134 11 3 4 4 

VISA-A  138 7 2 1 4 
Viscosity 125 20 6 10 4 
Age 145 0 0 0 0 
Sex 145 0 0 0 0 
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SUMMARY OF FIT STATISTICS INDICATING A 3-SUBGROUP MODEL IS 
BEST-FITTING IN AIM 1  

 

Fit Statistic 
2-subgroup  
model 

3-subgroup  
model 

4-subgroup 
model 

AIC 12736.371 11736.4 12586.82 
BIC 12873.3 11909.05 12819.01 

ABIC 12727.74 11725.516 12572.19 
Entropy 0.916 0.899 0.889 
VLMR Test p < 0.001 p = 0.16 p = 0.63 
AVLMR 
Test p < 0.001 p = 0.16 p = 0.62 

BLR Test p <0.001 p <0.001 p <0.001 
 
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; ABIC, 
Sample-adjusted Bayesian Information Criteria; VLMR, Vuong-Lo-Mendell Rubin; AVLMR, Sample-
adjusted Vuong-Lo-Mendell Rubin; BLR, Bootstrap Likelihood Ratio. 
  

Appendix B 



 

 117 

SUMMARY OF FIT STATISTICS INDICATING A 4-SUBGROUP MODEL IS 
BEST-FITTING IN AIM 2 

Fit Statistic 
2-subgroup 
model 

3-subgroup 
model 

4-subgroup 
model 

5-subrgroup 
model 

AIC 9824.187 9734.258 9661.881 9616.175 

BIC 9941.843 9898.958 9861.624 9856.961 

ABIC 9805.935 9709.639 9630.895 9578.822 

Entropy 0.874 0.887 0.911 0.931 

VLMR  
Test p = 0.11 p = 0.24 p = 0.86 p = 0.09 

AVLMR 
Test p = 0.11 p = 0.25 p = 0.86 p = 0.09 

BLR Test p <0.001 p <0.001 p <0.001 p <0.001 

Subgroup 
membership 
size 

1: n = 54 
2: n = 60 

1: n = 40 
2: n = 44 
3: n = 30 

1: n = 38 
2: n = 34 
3: n =27 
4: n = 15 

1: n = 24 
2: n = 32 
3: n = 15 
4: n =38 
5: n = 5 

 
 
 
   
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; ABIC, 
Sample-adjusted Bayesian Information Criteria; VLMR, Vuong-Lo-Mendell Rubin; AVLMR, Sample-
adjusted Vuong-Lo-Mendell Rubin; BLR, Bootstrap Likelihood Ratio. 
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 MARGINAL MEANS AND MAIN EFFECTS FROM AIM 2 

Appendix D 

 
 

Outcome Measures 
Activity 

Dominant 
Function 
Dominant 

Psychosocial 
Dominant 

Structural 
Dominant Group Time Group × Time 

F p F p F p 
Primary Outcome Measures 
VISA-A 

Baseline 
8 weeks 
16 weeks 
24 weeks 

55 ±15 
73 ±15 
76 ±14 
81 ±12 

58 ±15 
72 ±13 
71 ±17 
80 ±13 

38 ±17 
52 ±17 
58 ±20 
60 ±18 

46 ±20 
53 ±16 
66 ±17 
62 ±25 

14.718 <.001 55.090 <.001 1.247 2.67 

Heel-Rise Work LSI 
Baseline 
8 weeks 
16 weeks 
24 weeks 

 
102.6 ±18.0 
102.2 ±13.0 
106.2 ±25.5 
104.0 ±20.9 

 
94.9 ±19.8 

100.4 ±13.0 
104.8 ±14.3 
105.4 ±13.8 

 
85.0 ±39.5 
90.7 ±39.9 
99.8 ±26.8 
87.0 ±30.0 

 
71.0 ±44.1 
89.1 ±40.8 
89.7 ±46.6 
76.4 ±48.1 

NT NT NT NT NT NT 

Degree of tendon 
Thickening, mm 

Baseline 
8 weeks 
16 weeks 
24 weeks 

1.53 ±1.21 
1.30 ±1.16 
1.47 ±1.46 
1.54 ±0.89 

 
 

2.11 ±1.57 
2.40 ±1.92 
2.10 ±1.60 
2.22 ±1.66 

2.16 ±1.51 
1.68 ±1.61 
1.34 ±1.55 
2.28 ±1.47 

5.36 ±2.09 
4.07 ±2.05 
4.32 ±1.95 
3.75 ±1.94 

22.002 <.001 6.824 <.001 3.224 .001 
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Viscosity LSI 
Baseline 
8 weeks 
16 weeks 
24 weeks 

 
92.3 ±23.2 

108.6 ±32.9 
87.2 ±14.3 

101.0 ±23.0 

 
96.4 ±90.1 

99.3 ±108.6 
90.1 ±18.9 
93.0 ±20.0 

 
112.7 ±49.9 
107.6 ±33.2 
107.3 ±27.5 
102.4 ±25.9 

 
92.6 ±30.2 
85.7 ±20.5 
85.8 ±25.2 
87.1 ±18.3 

NT NT NT NT NT NT 

FAOS-QoL 
Baseline 
8 weeks 
16 weeks 
24 weeks 

39.0 ±17.9 
54.4 ±18.2 
65.8 ±21.7 
70.2 ±16.6 

47.4 ±14.9 
58.5 ±15.3 
64.7 ±17.3 
72.4 ±17.5 

31.0 ±16.7 
45.1 ±17.8 
56.0 ±17.6 
61.3 ±20.6  

39.6 ±22.4 
52.7 ±17.5 
63.4 ±15.9 
65.4 ±25.2 

3.881 .011 79.357 <.001 .675 .731 

TSK-17 
Baseline 
8 weeks 
16 weeks 
24 weeks 

39.0 ±5.3 
36.2 ±5.4 
35.4 ±6.6 
34.1 ±6.4 

35.1 ±4.6 
34.4 ±4.0 
33.0 ±4.4 
32.3 ±6.4 

41.1 ±5.1 
37.7 ±6.0 
35.9 ±5.3 
34.5 ±6.4 

39.0 ±5.2 
39.4 ±4.4 
35.1 ±5.0 
37.2 ±4.6 

5.503 <.001 22.080 <.001 1.739 .081 

Secondary Outcome Measures 
Hopping Pain, 
NPRS 

Baseline 
8 weeks 
16 weeks 
24 weeks 

3.1 ±2.5 
2.0 ±2.0 
1.4 ±1.9 
0.7 ±0.9 

2.9 ± 2.4 
2.0 ±2.3 
1.4 ±1.7 
0.9 ±1.4 

3.3 ±2.3 
2.4 ±2.0 
1.8 ±2.1 
2.7 ±2.6 

2.8 ±2.9 
1.9 ±2.4 
.5 ±0.9 

1.4 ±2.5 

2.025 .115 19.443 <.001 .923 .506 

Heel-rise Work, J 
Baseline 
8 weeks 
16 weeks 
24 weeks 

2260 ±662 
2209 ±624 
2378 ±775 
2387 ±562 

1721 ±624 
1873 ±552 
2059 ±643 
 1921±562 

1115 ±675 
1382 ±934 
1375 ±583 
1254 ±574 

1057 ±810 
1416 ±728 
1405 ±881 
1255 ±891 

14.477 <.001 7.769 <.001 1.752 .079 

CMJ Height, cm 
Baseline 
8 weeks 
16 weeks 
24 weeks 

10.9 ±2.1 
10.7 ±2.1 
11.5 ±2.3 
11.1 ±2.9 

6.2 ±1.5 
5.6 ±1.9 
6.1 ±1.8 
5.7 ±2.5 

2.7 ±1.4 
3.3 ±1.8 
3.7 ±1.7 
2.4 ±1.5 

3.8 ±1.8 
4.1 ±2.5 
4.8 ±2.5 
4.6 ±3.0 

106.439 <.001 2.525 .059 .941 .491 

Drop CMJ Height, 
cm 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

10.5 ±2.4 
9.9 ±2.1 

 10.5±2.4 
10.1 ±2.3 

 
 

5.7 ±1.7 
5.7 ±2.5 
6.0 ±1.9 
5.8 ±2.5 

 
 

1.7 ±1.7 
2.8 ±2.5 
3.9 ±2.3 
1.8 ±1.7 

 
 

3.1 ±2.7 
4.0 ±3.2 
5.6 ±3.8 
4.6 ±3.0 

77.831 <.001 5.118 .002 1.544 .135 
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Physical Activity 
Scale 

Baseline 
8 weeks 
16 weeks 
24 weeks 

5 ±1 
4 ±1 
5 ±1 
5 ±1 

5 ±1 
5 ±1 
5 ±1 
5 ±1 

3 ±1 
4 ±1 
3 ±1 
3 ±1 

4 ±1 
4 ±1 
4 ±1 
4 ±1 

NT NT NT NT NT NT 

Achilles Thickness, 
cm 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

0.62 ±.15 
0.59 ±.15 
0.62 ±.18 
0.61 ±.14 

 
 

0.74 ±.19 
0.74 ±.21 
0.72 ±.18 
0.72 ±.21 

 
 

0.66 ±.16 
0.65 ±.19 
0.64 ±.21 
0.67 ±.18 

 
 

1.19 ±.13 
1.18 ±.15 
1.19 ±.17 
1.14 ±.16 

40.083 <.001 1.904 .130 .617 .782 

Achilles CSA, cm2 
Baseline 
8 weeks 
16 weeks 
24 weeks 

0.72 ±.21 
0.66 ±.20 
0.73 ±.24 
0.68 ±.21 

0.85 ±.26 
0.87 ±.33 
0.92 ±.34 
0.86 ±.30 

0.77 ±.26 
0.72 ±.24 
0.79 ±.30 
0.82 ±.27 

1.72 ±.32 
1.76 ±.46 
1.90 ±.52 
1.77 ±.38 

73.051 <.001 2.494 .061 .643 .760 

Viscosity, KPa*s* 
Baseline 
8 weeks 
16 weeks 
24 weeks 

50.6 ±9.4 
56.1 ±12.0 
53.0 ±9.2 

54.6 ±14.7 

52.9 ±9.2 
53.6 ±12.8 
49.6 ±7.9 
51.6 ±9.7 

53.5 ±11.1 
53.7 ±11.6 
55.6 ±10.7 
50.0 ±8.2 

45.5 ±11.3 
43.9 ±10.8 
42.8 ±8.9 
39.7 ±10.0 

6.368 <.001 .662 .576 .821 .598 

Shear Modulus, KPa 
Baseline 
8 weeks 
16 weeks 
24 weeks 

92.7 ±22.1 
98.9±16.6 
106.6±20.1 
95.4 ±14.0 

101.0 ±17.8 
97.3±19.0 

108.8 ±22.7 
100.6 ±21.3 

99.5 ±16.8 
92.0 ±21.7 

103.1 ±25.4 
96.4 ±27.7 

113.9 ±22.4 
107.9 ±24.2 
115.1 ±18.4 
114.5 ±17.6 

3.972 .010 2.926 .035 .560 .829 

PROMIS Social 
Roles & Activities,  
t-score 

Baseline 
8 weeks 
16 weeks 
24 weeks 

56.0 ±6.6 
57.4 ±6.4 
59.0 ±5.7 
61.5 ±5.3 

57.5 ±7.7 
60.0 ±7.4 
59.9 ±5.7 
59.7 ±6.3 

49.8 ±8.9 
53.0 ±7.5 
55.2 ±6.1 
58.1 ±8.0 

56.0 ±9.5 
57.2 ±6.9 
58.9 ±6.1  
58.3 ±7.0 

3.692 .014 9.814 <.001 1.303 .235 
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PROMIS Pain 
Interference, t-score 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

52.7 ±6.9 
47.0 ±5.4 
46.7 ±5.3 
43.7 ±4.9 

 
 

51.7 ±6.6 
47.0 ±5.5 
46.7 ±5.3 
44.4 ±5.1 

 
 

58.8 ±6.9 
52.8 ±6.0 
52.9 ±8.1 
51.1 ±6.8 

 
 

54.3 ±8.3 
50.1 ±6.0 
48.3 ±7.1 
47.7 ±7.2 

10.728 <.001 36.803 <.001 .232 .990 

PROMIS Anxiety, t-
score 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

46.5 ±7.8  
44.8 ±6.8 
45.3 ±6.6 
43.4 ±6.5  

 
 

45.6 ±7.2  
45.5 ±6.9  
43.7 ±5.7 
45.0 ±6.1  

 
 

48.8 ±10.3  
46.8 ±7.9 

46.9 ±10.9 
44.0 ±7.3  

 
 

45.5 ±7.2 
44.6 ±6.8 
43.7 ±6.9 
45.0 ±8.0 

.396 .756 1.456 .227 .669 .737 

GROC 
8 weeks 
16 weeks 
24 weeks 

 
2.0 ±1.0 
2.5 ±1.6 
3.8 ±2.1 

 
1.7 ±1.3 
2.2 ±1.6  
3.1 ±1.3 

 
1.8 ±1.4 
2.1 ±1.6 
2.5 ±1.1 

 
2.3 ±1.1 
1.7 ±1.5 
2.9 ±1.3 

1.004 .394 1.780 .153 2.486 .011 

CMJ Height LSI 
Baseline 
8 weeks 
16 weeks 
24 weeks 

 
104.7 ±16.1 
122.4 ±59.7 
104.0 ±20.4 
104.6 ±21.3 

 
102.4 ±26.2 
102.9 ±30.3 
102.3 ±37.1 
105.8 ±25.6 

 
88.3 ±44.0 
91.8 ±38.0 
97.6 ±36.9 
86.4 ±49.7 

 
90.7 ±43.2 
95.0 ±42.7 
98.6 ±31.7 
99.1 ±40.1 

NT NT NT NT NT NT 

Drop CMJ Height 
LSI 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

101.9 ±16.1 
97.5 ±30.1 

103.3 ±27.7 
92.8 ±35.9 

 
 

87.6 ±27.1 
85.5 ±37.6  

102.3 ±34.9 
102.4 ±27.1 

 
 

71.2 ±83.5 
76.4 ±58.7 
93.4 ±47.6 
70.3 ±62.4 

 
 

70.7 ±44.2 
99.9 ±98.3 
83.0 ±44.4 
74.4 ±42.5 

NT NT NT NT NT NT 

Shear Modulus LSI 
Baseline 
8 weeks 
16 weeks 
24 weeks 

 
98.7 ±26.1 

104.0 ±27.4 
115.7 ±24.6 
92.6 ±16.0 

 
104.7 ±25.9 
97.6 ±24.9 

108.3 ±22.9 
97.4 ±18.4 

 
105.8 ±19.6 
94.1 ±25.3 

109.4 ±32.5 
94.1 ±16.7 

 
113.2 ±38.9 
106.2 ±24.8 
109.2 ±33.1 
115.7 ±35.8 

NT NT NT NT NT NT 

Achilles Thickness 
LSI 

Baseline 
8 weeks 
16 weeks 
24 weeks 

 
 

106.3 ±16.4 
109.7 ±20.4 
108.1 ±16.5 
106.0 ±13.1 

 
 

120.7 ±33.2 
120.3 ±31.3 
121.2 ±30.8 
116.1 ±27.0  

 
 

125.0 ±33.6 
116.3 ±26.0 
113.9 ±34.2 
124.1 ±33.2 

 
 

175.4 ±58.8 
178.2 ±64.0 
171.9 ±60.2 
170.8 ±66.9 

NT NT NT NT NT NT 
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Achilles CSA LSI 
Baseline 
8 weeks 
16 weeks 
24 weeks 

 
109.5 ±18.7 
108.3 ±22.0 
112.3 ±22.7 
103.3 ±23.9 

 
117.6 ±33.8 
125.6 ±44.6 
133.8 ±48.0 
123.3 ±41.0 

 
129.9 ±39.1 
114.5 ±40.8 
129.0 ±41.9 
139.6 ±47.9 

 
209.3 ±77.1 

218.7 ±104.9 
234.1 ±126.8 
216.1 ±121.1 

NT NT NT NT NT NT 
` 

Abbreviations: VISA-A, Victorian Institute of Sport Assessment-Achilles; LSI, Limb Symmetry Index; FAOS-QoL, Foot and Ankle 
Outcomes Score-Quality of Life, TSK-17, Tampa Scale of Kinesiophobia 17-item; CMJ, countermovement jump; CSA, cross-sectional 
area; PROMIS, Patient Reported Outcome Measurement System, GROC, Global Rating of Change. 
Note: All values presented as Mean±SD. 
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REALLOCATION OF SUBGROUP MEMBERSHIP FROM AIM 1 TO AIM 2 

 AIM 1 
Subgroup 
Membership 
(n =61) 

 AIM 2 Subgroup Membership 

Activity 
Dominant 

Function 
Dominant 

Psychosocial 
Dominant 

Structure 
Dominant 

Activity 
Dominant 30 14 16 0 0 

Psychosocial 
Dominant 24 1 4 16 3 

Structure 
Dominant 7 0 0 0 7 

Appendix E 
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TREATMENT PROTOCOL FROM USED IN AIM 3  

 

 

Appendix F 
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PATIENT EDUCATION HANDOUT 
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SUMMARY OF RECRUITMENT BY MONTH FROM AIM 3 
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IRB APPROVAL FOR AIMS 1 AND 2 

 
  

Appendix I 
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IRB APPROVAL FOR AIM 3 

 

Appendix J 
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