
 

 

 

THE EPIDEMIOLOGY AND HEALTH ECONOMICS OF ANKLE INJURIES 

 
 
 
 
 
 
 

By 
 
 

Iwona Anna Bielska 
 
 
 
 
 
 

A thesis submitted to the Graduate Program in the Department of Public Health Sciences 

in conformity with the requirements for the  

Degree of Doctor of Philosophy 

 
 
 
 
 
 

Queen’s University 

Kingston, Ontario, Canada 

October, 2016 

 
 

Copyright © Iwona Anna Bielska, 2016



ii 

 

ABSTRACT 

The thesis focuses on a central theme of the epidemiology and health economics of ankle 

sprains to inform health policy and the provision of health services. It describes the burden, 

prognosis, resource utilization, and costs attributed to these injuries. 

The first manuscript systematically reviewed 34 studies on the direct and indirect costs of 

treating ankle and foot injuries. The overall costs per patient ranged from $2,075- $3,799 (2014 

USD) for ankle sprains; $290-$20,132 for ankle fractures; and $6,345-$45,731 for foot fractures, 

reflecting differences in injury severity, treatment methods, and study characteristics. 

 The second manuscript provided an epidemiological and economic profile of non-fracture 

ankle and foot injuries in Ontario using linked databases from the Institute for Clinical 

Evaluative Sciences. The incidence rate of ankle sprains was 16.9/1,000 person-years. Annually, 

ankle and foot injuries cost $21,685,876 (2015 CAD). The mean expenses per case were $99.98 

(95% CI, $99.70-100.26) for any injury. Costs ranged from $133.78-$210.75 for ankle sprains 

and $1,497.12-$1,755.69 for dislocations. 

 The third manuscript explored the impact of body mass index on recovery from 

medically attended grade 1 and 2 ankle sprains using the Foot and Ankle Outcome Score. Data 

came from a randomized controlled trial of a physiotherapy intervention in Kingston, Ontario. At 

six months, the odds ratio of recovery for participants with obesity was 0.60 (0.37-0.97) before 

adjustment and 0.74 (0.43-1.29) after adjustment compared to non-overweight participants. 



iii 

 

 The fourth manuscript used trial data to examine the health-related quality of life among 

ankle sprain patients using the Health Utilities Index version 3 (HUI-3). The greatest 

improvements in scores were seen at one month post-injury (HUI-3: 0.88, 95% CI: 0.86-0.90). 

Individuals with grade 2 sprains had significantly lower ambulation scores than those with grade 

1 sprains (0.70 vs. 0.84; p<0.05).  

 The final manuscript used trial data to describe the financial burden (direct and indirect 

costs) of ankle sprains. The overall mean costs were $1,508 (SD: $1,452) at one month and 

increased to $2,206 (SD: $3,419) at six months. Individuals with more severe injuries at baseline 

had significantly higher (p<0.001) costs compared to individuals with less severe injuries, after 

controlling for confounders. 
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CHAPTER 1 

GENERAL INTRODUCTION 

 

 

1. 1. General Overview 

Ankle sprains are injuries caused by damage in the form of partial or complete tears to 

one or more of the ligaments of the ankle joint, including the anterior talofibular ligament, 

calcaneofibular ligament, and the posterior talofibular ligament.(1) These ligaments are 

commonly injured when the ankle is inverted or in plantar flexion.(1,2)  

Ankle sprains are one of the most prevalent soft-tissue injuries presenting to the 

emergency department, representing up to 5% of all visits in studies conducted in the United 

States, the United Kingdom, and Denmark.(3–5) These injuries are also common among athletes, 

affecting 10% to 30% of sports injuries.(6) The economic consequences of ankle sprains are 

substantial, with medical and physiotherapy treatments accounting for up to $3.65 billion (2003 

USD) annually in the United States.(7,8) Absenteeism from school, work, or sports are major 

indirect sources of economic loss, and previous reports suggest that productivity loss may 

average five to ten days per person.(3,9–11)  

Following the occurrence of an acute ankle sprain, symptoms such as pain, redness, and 

swelling typically last for two days.(12,13) Within the first two weeks, the majority of 

individuals report a decrease in pain.(12,13) Ankle joint stability and a full return to normal 

functioning occur within six weeks to four months in most cases.(3,14,15) However, some 

patients report ankle sprain-related symptoms as much as a year following injury.(15,16) 

Prognosis depends on the injury itself, and is influenced by the number of ligaments involved 



2 

 

and the type(s) of ligaments affected.(13,17,18) The severity of the sprain may affect the 

recovery process, with grade 3 ankle sprains taking longer to recover compared to less severe 

sprains.(3,17) Recovery from an ankle sprain is also affected by the age of the patient with adult 

patients recovering more quickly than younger patients.(19) Although the effects of acute ankle 

sprains rarely become chronic, these injuries typically affect a person’s health-related quality of 

life for a few weeks following the injury.(16,20)  

 

1.2.  Objectives 

The thesis is focused on a central theme of the epidemiology and health economics of 

acute ankle sprains. It has different components that in turn describe the burden, prognosis, 

health resource utilization, and direct and indirect costs attributed to acute ankle injuries. The 

setting and research context for the thesis are adult populations in Canada. The main data sources 

are: (1) administrative data from the province of Ontario from the Institute for Clinical 

Evaluative Sciences (referred to as ICES data), and (2) randomized controlled trial-based data 

from Kingston, Ontario1 (referred to as trial data).  A detailed overview of the data sources is 

found in the thesis chapters and Appendix A. 

The following objectives were addressed in five manuscripts that were linked 

conceptually around the unifying theme of the epidemiology and health economics of acute 

ankle sprains.  

                                                 
1 Principal Co-Investigators: Drs. Robert Brison and Brenda Brouwer, Title: Efficacy of a physical therapy 
intervention for the early treatment of acute ankle sprains identified in the emergency department: a randomized 
controlled trial, Funding Sources: Canadian Institutes of Health Research Grants: MCT-94833 and MOP 394-791 
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1. Systematic Review Objective: To systematically identify the direct and indirect costs of 

treating and diagnosing ankle and foot injuries through a summary and evaluation of the 

available literature, as well as to explore the available data on the cost-effectiveness of 

different treatment strategies for ankle and foot injuries. 

2. Descriptive Study Objective: To describe the epidemiology, health resource utilization, and 

costs of treatment for medically attended ankle and foot sprains treated at primary care 

offices, other specialist physician offices, and emergency department settings in the province 

of Ontario, Canada, using administrative data (ICES data). 

3. Prognostic Objective: To investigate the impact of body mass index as a prognostic factor 

for recovery from medically attended ankle injuries among adults, 16 years of age and older 

(trial data). 

4. Quality of Life Objective: To establish the health-related quality of life among adults with 

ankle sprains and to explore the changes in quality-adjusted life year scores following injury 

(trial data). 

5. Economic Evaluation Objective: To estimate health care utilization up to six months 

following ankle sprains in adults and to determine the associated direct health care system 

and indirect patient costs following these injuries (trial data). 

 

1.3.  Rationale 

 Through the manuscripts, this thesis will address multiple gaps in research related to the 

epidemiology of ankle sprain injuries. In Manuscript 1 (Chapter 3), the literature on the direct 

and indirect costs related to the treatment of ankle and foot sprains and fractures is systematically 
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reviewed and described to provide a compilation of evidence regarding the costs of diagnosing 

and treating ankle and foot injuries.  

 In Manuscript 2 (Chapter 4), Ontario data on the burden of ankle sprains are provided at a 

population-level through an examination of ankle sprain incidence, patterns of health care use, 

and direct health system costs of ankle sprain treatment. Such studies have been conducted 

internationally,(4,21,22) but Canadian data are lacking.  

 In Manuscript 3 (Chapter 5), the impact of BMI on recovery from ankle sprains among 

adults is investigated. Only a few studies have looked at this relationship previously, focusing on 

populations of children or athletes.(23–25)  

 In Manuscript 4 (Chapter 6), the effect of ankle sprains on quality of life is investigated 

along with an examination of the changes in quality of life during the recovery phase post-sprain. 

Although two studies previously investigated the quality of life of ankle sprain patients, they 

included sprains that required immobilization (20) or had a small sample size.(16)  

 Lastly, Manuscript 5 (Chapter 7) addresses the lack of knowledge on the resource 

utilization and treatment costs for ankle sprains through a cost-of-injury analysis of the direct and 

indirect costs for grade 1 and 2 ankle sprains.  

 

1.4.  Thesis Organization 

This thesis is presented in manuscript format following the guidelines published by the 

Queen’s University School of Graduate Studies. The second chapter provides background 

information about acute ankle sprains, including key definitions and a literature review of the 

prevalence of ankle sprains, as well as their risk factors, diagnosis, treatment, recovery process, 
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and consequences, both physically and economically. Chapter 3 contains Manuscript 1, a 

systematic review that summarizes the costs of treatment of foot and ankle injuries. Chapter 4 is 

Manuscript 2, which describes individuals with ankle injuries and the costs of medical care in 

Ontario. Chapter 5 is Manuscript 3, which profiles the effect of adiposity on recovery from ankle 

injuries. Chapter 6 is Manuscript 4, which estimates the quality of life of individuals with ankle 

injuries up to six months post-injury. Chapter 7 is Manuscript 5, which estimates the resource 

utilization and costs of ankle injuries. The final chapter provides a summary of the thesis 

findings, as well as a discussion and conclusion section.  

The relationship between the manuscripts is presented in Figure 1-1. 

 

Figure 1-1: Overview of the thesis manuscripts. 
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Overall, the thesis manuscripts provide a broad clinical overview of the burden of ankle 

sprains including their prevalence, process of recovery, health-related quality of life, health 

resource utilization, and associated direct and indirect costs during the diagnostic and 

rehabilitative processes. The manuscripts also aim to describe ankle sprain injuries at baseline, as 

well as during the recovery time period, up to six months post-injury. The goal of the thesis is to 

explore the epidemiology and health economics of ankle injuries in Ontario. The results may 

provide insight into the recovery process and the impacts of ankle sprains on health-related 

quality of life, help plan for health policy and the provision of health services based on the 

burden of these injuries in health care settings, and inform future studies undertaking economic 

evaluations of the diagnosis and treatment of ankle injuries.  

 Canadian data on the epidemiology of ankle sprains are limited, and a better 

understanding of the etiology, prognosis, health resource utilization, and costs of these injuries, 

both direct and indirect, is needed in order to inform patients, practitioners, and health policy 

makers.
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CHAPTER 2 

BACKGROUND AND LITERATURE REVIEW 

 

The purpose of the background is to: (1) define key terms used in the thesis; (2) discuss 

important risk factors for ankle injuries; (3) provide information about how ankle injuries are 

diagnosed and treated; (4) describe the clinical course of these injuries; and (5) to present 

information about the clinical and other consequences of acute ankle injuries. 

 

2.1.  Key Definitions 

The ankle (talocrural joint), a synovial hinge joint, joins the tibia and fibula bones of the 

leg with the talus bone of the foot.(1) The ligaments of the joint are the deltoid ligament (medial 

side) and three lateral ligaments: anterior talofibular, calcaneofibular, and posterior talofibular, 

which are the most frequent sites of ankle sprains (Figure 2-1).(2) The ankle is a common site of 

lower extremity injuries (3,4). Of the ankle injuries presenting to emergency departments, 81% 

are soft-tissue injuries, 10% are fractures, and the 

remaining injuries are tendon ruptures, abrasions, 

lacerations, or contusions.(5)         

 

 

 

 

 

Figure 2-1. Lateral view of the ankle joint (6) 
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An ankle sprain is a soft-tissue injury caused by damage in the form of partial or 

complete tears to one or more of the ankle joint ligaments.(7) Acute ankle sprains have a sudden 

onset and a short duration and do not include injuries caused by degenerative diseases.(8,9) 

Ligamentous sprains at the ankle are the most frequent types of injuries to the joint (81% to 85% 

of all ankle injuries).(5,10) 

Ankle sprains often affect the lateral ligament complex.(8,9) These injuries are known as 

inversion sprains (lateral ankle sprains) as they occur when the ankle is inverted (turned out) or 

in plantar flexion.(11) The anterior talofibular ligament is the weakest ligament of the complex 

and is the most frequent site of inversion sprains, followed by the calcaneofibular ligament and 

the posterior talofibular ligament.(12,13) Other ankle sprains are eversion sprains (medial ankle 

sprains), which affect the deltoid ligament, and high ankle sprains (syndesmotic sprains), which 

occur when the syndesmotic ligaments connecting the tibia and fibula above the ankle joint are 

injured.(14,15) 

Disability is defined as a condition that negatively affects anatomic body parts, 

physiologic and psychological functions, the execution of actions, and participation in life 

situations.(16) Although the effects of acute ankle sprains rarely become chronic, these injuries 

affect a person’s health-related quality of life for a few weeks following the injury.(9,11,17) 

Recovery from injury is an individualized process and is affected by physical, psychological, and 

social factors.(18) In studies of injury, recovery is usually defined as a return to pre-injury 

functioning or being free of symptoms.(19) Although recovery is often described as a subjective 

state (18), objective methods can be used to assess the properties of the ankle joint post-

injury.(20)  



12 

 

The economic effects of ankle sprains can be assessed using cost-of-illness studies, 

which report on the direct costs (costs related to the illness including those covered by the payer, 

such as physician fees, imaging, investigations, hospital operation, as well as by the patient in 

terms of out-of-pocket expenses) and/or indirect costs (productivity loss and caregiver costs).(21) 

Cost-of-injury studies are a subset of cost-of-illness studies that focus on describing the financial 

impacts of injuries.(22) Cost-effectiveness analyses are a type of economic analysis in which the 

incremental cost of a treatment program is compared to the incremental health improvement due 

to the treatment program, measured as natural effects or physical units.(21) The results are 

reported as the cost per physical unit of health (e.g. cost per year of life saved). Cost-utility 

analyses are a type of economic analysis in which the incremental cost of a treatment program is 

compared to the incremental health improvement due to the program. It can be measured as 

quality-adjusted life-years (QALYs) gained.(21) The perspective taken in economic analyses 

describes the viewpoint assumed in the calculations and the cost data which are included.(21) It 

provides information on the payer and the recipients of the services. For example, analysis 

undertaken from the perspective of the health care system (Ministry of Health and Long Term 

Care) allows for the inclusion of direct health care costs.  

 

2.2.  Incidence of Ankle Sprains 

The incidence of ankle sprains varies by sex and age. A meta-analysis of observational 

studies found that females suffered from a higher incidence of ankle sprains when compared to 

males at 13.6/1,000 compared to 6.9/1,000 exposures.(23) However, among sports-related ankle 

sprains, a systematic review indicated that around 80% of the injuries were among male 

patients.(24) In a study of patients presenting to the emergency department in Denmark, Holmer 
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et al. identified a sex difference with the highest incidence rates among females between the ages 

of 10 and 20 years old and among males between 20 and 30 years old.(25) In addition, the 

authors found statistically higher rates among females compared to males after the age of 40 

years old.(25) Nonetheless, data from the United States did not point to a sex difference in ankle 

sprain incidence rates although 15 to 24 year old males had higher rates than females, and 

females older than 30 years old had higher rates than males.(4) Another study of ankle sprain 

patients presenting to the emergency department in the United Kingdom found that the incidence 

rates among men (5.6/1,000) were higher than among women (4.9/1,000) although females aged 

5 to 14 years old and over 40 years old had higher rates than males.(3) No Canadian data are 

available on ankle sprain incidence. 

Incidence of ankle sprains seems to decrease with age. As found in a meta-analysis, 

incidence was higher in children (2.85/1,000) versus adolescents (1.94/1,000) and adults 

(0.72/1,000).(23) Bridgman et al. identified the highest incidence rate to be between the ages of 

10 to 14 years old (11.4/1,000) and 15 to 19 year olds (9.9/1,000) among emergency department 

patients in the United Kingdom.(3) Waterman et al. also found that the highest incidence rates 

were recorded among 15 to 19 years olds presenting to emergency departments in the United 

States (7.2/1,000).(4) Fong et al. identified the mean age of patients with ankle injuries to be 25 

years of age, with the majority of injuries occurring among those less than 30 years old.(24)  

Among sports injuries presenting to emergency departments, ankle injuries account for 

14% of the cases based on a systematic review of studies.(24) Ankle sprains are often associated 

with participation in sports. Over half of ligamentous ankle sprains are sustained in basketball 
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(37%) or soccer (29%).(24) In terms of incidence among players participating in indoor or court 

sports, ankle sprains affect seven individuals per 1,000 players.(23)  

 

2.3.  Risk Factors for Ankle Sprains 

Numerous factors are associated with an increased risk of acute ankle sprains, and these 

can be classified as intrinsic or extrinsic.(26,27) Intrinsic risk factors include demographic 

characteristics of the individual including sex and age, as well as physiological characteristics 

and properties of the ankle joint like range of motion, ligament stability, generalized joint laxity, 

and ankle joint strength.(26–28) Younger age, and an increased height and weight have been 

found to increase the risk of ankle sprains.(26,27) However, there are conflicting findings 

regarding sex as a risk factor.(27) The literature is also divided regarding physiological risk 

factors for ankle sprains, including an increased foot width, limb dominance, muscle strength, 

and muscle-reaction time.(27) Nonetheless, individuals with a history of ankle sprains often have 

subsequent ankle sprains, fractures, or degenerative joint changes, indicating that previous 

sprains are predictive of subsequent sprains.(29–31) One such study found that during the first 

year of assessment following an ankle sprain, close to 20% of the sample reported reinjuring 

their ankle.(30)   

Extrinsic factors involved in ankle sprains include external factors such as the 

environmental conditions present, type of sport, duration and intensity of physical movement, 

and the equipment being used.(26,27) Other examples of extrinsic risk factors include individual 

practices such as the use of ankle bracing or taping during physical activities, which have been 

shown to decrease the risk of ankle sprains, especially among individuals with a positive history 
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of sprains.(26,27) The use of certain shoe types used in sports and other contexts may be 

protective although the findings are conflicting.(27)  

 

2.4.  Medical Attention for Ankle Sprains 

Based on data from the National Ambulatory Medical Care Survey in the United States, a 

third (34%) of individuals with ankle sprains attend hospital emergency departments, while 29% 

seek care at primary care offices, 26% seek care at surgical specialty offices, and 8% attend 

hospital outpatient departments.(32) A survey of 467 ankle sprain patients at a regional primary 

care health system in the United States found that a greater proportion of patients sought medical 

attention from family practitioners (51%), while 44% attended the emergency department.(30) In 

the survey, the majority of individuals had a single physician visit, while 44% had more than one 

visit – 19% reported three to five physician visits and 12% reported over five visits post-

injury.(30) Among the patients, 25% consulted with an orthopedic surgeon and 13% saw a sports 

medicine physician.(30)  

However, not all individuals with ankle sprains seek treatment. A study of elite and 

recreational basketball players found that over half (57%) of those with ankle injuries did not 

receive medical attention, which could lead to improper healing of the affected ligaments.(33) 

 

2.5.  Diagnosis of Ankle Sprains 

Acute ankle sprains are usually diagnosed through a physical examination of the ankle 

together with an assessment of the symptoms.(34) Re-examination of the ankle is recommended 

three to five days after injury if symptoms persist to rule out ligament rupture.(34) Fractures can 
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be excluded through radiography. The need for imaging is usually determined using the Ottawa 

Ankle and Foot Rules.(35)  

Ankle sprain severity can be classified according to a three grade system.(34) The clinical 

grading of ankle sprains is meant to evaluate the degree of tissue damage in the ankle joint 

through an assessment of the injured ankle complex.(2) One scoring system that has been 

developed to evaluate ankle sprain severity is the West Point Ankle Grading System.(36) It 

classifies ankle sprains into three grades (grade 1, grade 2, and grade 3) based on the extent and 

localization of swelling and tenderness, evidence of instability, range of motion, weight bearing 

capability, and the number of suspected soft-tissue anatomic structures involved.(36) A grade 1 

sprain describes a stretched ligament of the ankle joint with 0-50% fiber disruption; a grade 2 

sprain describes a partially torn ligament of the ankle joint with 50-80% fiber disruption; and a 

grade 3 sprain represents a completely ruptured ligament of the ankle joint resulting in severe 

pain and swelling with loss of functional ability.(2,34) 

 

2.6.  Treatment of Ankle Sprains 

The selected treatment for acute ankle sprains is usually based on the patient’s presenting 

symptoms.(34) There is a lack of consensus regarding the most optimal treatment. However, 

ankle sprains are often treated through protection, rest, ice, compression, and elevation (PRICE 

treatment protocol) within the first 24 hours after injury.(34) The patient is advised to protect the 

ankle through taping or bracing,(5,8,11,37,38) and to rest for up to three days with the ankle 

elevated.(34) Cryotherapy (application of ice) is recommended.(34) Compression is effective at 

lessening the swelling and pain, as well as reducing the formation of scar tissue.(39,40) Non-

steroidal anti-inflammatory drugs are often taken to reduce swelling and lower pain.(34) In a 
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study of ankle sprain patients at Hong Kong emergency departments, close to half of the 

individuals received analgesics for their discomfort.(5)  

The majority of ankle sprain patients are discharged home from the emergency 

department with less than a quarter receiving referral to physiotherapy.(5) For grades 1 or 2 

ankle sprains, the injury is often treated with a gradual mobilization program along with external 

supports of the ankle joint, such as ankle bracing and bandaging.(41,42) The ankle joint may be 

immobilized for a short period of time in grade 3 ankle sprains.(41,43) In addition, surgery may 

be indicated for individuals with severe sprains.(34)  

 

2.6.1.  Physical Therapy for Acute Ankle Sprains 

Physical exercise and movement at the ankle joint can be initiated within the first three 

days post-injury.(44) Physical therapy and controlled movement of the injured joint have been 

shown to help in ligament restructuring by aiding the newly formed collagen to properly 

align.(41) Physical therapy is introduced as weight-bearing exercises, which become 

progressively more involved to restore function to the ankle.(11) Physical therapy has been 

shown to improve later ankle mobility and function.(11) In a systematic review of randomized 

controlled trials investigating the effects of exercise therapy versus usual care after ankle sprains, 

exercise therapy was found to be effective in preventing subsequent ankle sprains [2 studies; RR: 

0.37 (95% CI: 0.18-0.74)] and functional instability at the joint [2 studies; RR: 0.38 (95% CI: 

0.23-0.62)].(45) However, exercise therapy was not found to have an effect on postural sway 

among patients with functional instability.(45) 
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Compared to immobilization, functional treatment at the ankle joint has been shown to 

reduce the recovery time of patients.(42,46) Two trials showed that patients could engage is sport 

activities five days earlier (95% CI: 1.5-7.6) and seven trials demonstrated that patients could 

return to occupational activities seven days earlier (95% CI: 5.6-8.7).(42,46) Furthermore, a 

study by Bleakley et al. found that an exercise treatment plan carried out during the first week 

post-ankle sprain could significantly improve ankle function in injured study participants 

compared to individuals who were provided the usual care.(47) In other studies, physical therapy 

was shown to improve later ankle mobility and function, lowering the risk of subsequent ankle 

sprains.(11,29,31) In contrast, intense and non-supervised physical activity during the recovery 

process may impede return to normal functioning. Individuals who were involved in sports 

training for three days or more were more likely to experience residual symptoms at the ankle 

joint compared to those who were less physically active.(48) 

 

2.7.  Clinical Course of Ankle Sprains 

Acute ankle sprain symptoms, including pain, swelling, and redness usually last for two 

days.(34) The majority of individuals with acute ankle sprains report a decrease in pain within 

the first two weeks after injury.(34) Improvement in the stability of the ankle joint and a return to 

normal activity typically occurs within six weeks to four months.(41,49) However, based on 

primate studies, it takes over a year for the ligament to return to its pre-injury strength.(50) 

Recovery from an ankle sprain is affected by the severity of the injury, as well as additional 

factors which affect the healing process, such as the level of activity that the patient is involved 

in post-injury.(49) It is therefore crucial for injured patients to adequately rest before returning to 

pre-injury activities to avoid improper healing, such as elongation of the ligament.(34,49) 
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2.8.  Prognostic Factors 

The prognostic factors for recovery from ankle sprains have been studied 

infrequently,(48) although there is some available research on the effects of patient 

characteristics and injury characteristics on ankle joint prognosis post-injury.   

 

2.8.1.  Patient Characteristics as a Prognostic Factor 

Age affects the recovery time from ankle sprains, with adult patients recovering quicker 

than younger patients.(51) Studies conducted among children and athletes have shown that those 

with overweight or obesity are more likely to take longer to recover from ankle sprains and have 

an increased risk of subsequent sprains.(52,53) A prospective cohort study of American children 

found that those with a BMI in the 85th or greater percentile for age were more likely to have 

persistent symptoms six months following an ankle sprain compared to children with a BMI in 

less than the 85th percentile.(54) Excess weight may negatively affect ankle joint healing post-

injury.(55) In terms of the patient’s past medical history, previous ankle sprains are indicative of 

a worse prognosis.(51)  

 

2.8.2.  Injury Characteristics as a Prognostic Factor 

Based on the available information, prognosis highly depends on the injury itself, 

including its severity, number of ligaments involved, and the type of ligaments affected.(56–59) 

The severity of the ankle sprain may affect the recovery process, with grade 3 sprains taking 

longer to recover compared to grade 1 or 2 sprains.(37,58) One study found that patients with 

grade 3 sprains took almost twice as long (55 versus 28 days) to recover than those with less 

severe injuries.(58) Gerber et al. found that at six weeks following an ankle sprain episode, 61% 
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of 32 army cadet participants with grade 1 sprains had acceptable outcomes.(36) In contrast, only 

32% of the 31 participants with grade 2 or 3 sprains had acceptable outcomes at the assessment 

time point. Participants were re-assessed at six months during which time 63% of the participants 

with grade 1 sprains and 69% of the participants with grade 2 or 3 sprains had acceptable 

outcomes.(36)  

Another study by van Rijn et al. followed 102 individuals with mild and severe ankle 

injuries based on the Ankle Function Score.(60) The authors found that participants with a severe 

ankle sprain fared worse than those with a mild ankle sprain at four weeks on three out of seven 

indicators including pain when walking on flat or rough ground and instability when walking 

over rough ground. However, there was no difference between the participants at eight 

weeks.(60) Lastly, de Bie et al. found that individuals with a higher function score at baseline as 

measured by pain, instability, weight bearing, swelling, and gait pattern had a greater chance of 

recovery at two weeks.(61)  

Moreover, the type of ankle sprain influences recovery time. A study of football players 

showed that those with syndesmotic sprains missed or had limited activity during six practices 

compared to one practice for players with lateral ankle sprains (p<0.001).(57) 

 

2.9.  Consequences of Ankle Sprains 

The consequences of acute ankle sprains can be divided into studies that assess the 

quality of life of patients with the injuries; studies that examine the physical impact of the sprains 

on the patient; and studies that overview the economic burden of the injuries on the patients and 

the health care system. 
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2.9.1.  Quality of Life 

The quality of life of ankle sprain patients has been assessed in two studies using 

standardized quality of life tools.(9,37) One such study sex- and age- matched 19 patients with 

ankle sprains to individuals with upper limb injuries and assessed quality of life using the Short 

Form-36 questionnaire.(9) It found that individuals with ankle sprains had significantly lower 

scores on the general health scale compared to individuals with other injuries (p<0.05).(9) Due to 

the small sample size though, the authors did not further investigate the effect of ankle sprain 

severity on quality of life scores. The second study assessed quality of life as part of a 

randomized controlled trial of supportive treatments for individuals who presented to the 

emergency department following grade 3 sprains.(37) Using the Short Form-12 questionnaire, 

the authors found lower quality of life scores among individuals with ankle sprains at baseline 

compared to the general population. At four weeks, lower scores on the mental health subscale 

were found among those with ankle sprains.(37) 

 

2.9.2.  Physical Consequences 

The physical consequences of acute ankle sprains may remain for months and even years 

after the initial injury, leading to chronic problems. A common difficulty reported by individuals 

with a history of ankle sprains is a subjective feeling of instability at the ankle joint.(48,49) 

Based on six studies, 7 to 42% of individuals had this problem a year post-injury.(48). Moreover, 

9 to 41% of patients reported not having recovered fully.(48) About a third of the individuals 

with ankle sprains have objective mechanical ligamentous laxity (loose ligaments) and 7 to 53% 

experience subjective instability one year post-injury.(48) Furthermore, 5 to 33% of the 

individuals had pain at the site of injury and 3 to 34% had a subsequent ankle sprain within a 
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year.(48) Up to 70% of the patients reported chronic symptoms at the ankle joint with 5 to 25% 

experiencing pain after three years.(48) These symptoms may indicate chronic lateral ligament 

instability, which can lead to degenerative arthritis of the ankle joint.(48) 

 

2.9.3.  Economic Consequences 

The economic consequences of ankle sprains, as summarized through a systematic review 

in this thesis, are discussed in detail in Chapter 3. Briefly, studies conducted in the United 

Kingdom, the United States, and Belgium have shown that the costs of ankle sprain management 

range from $288 to $2,237 per patient (2014 USD), depending on the severity of the sprain and 

the need for surgery (37,62–65). However, for the majority of patients, ankle sprain treatments 

cost under $1,000 (37,62,64). Based on various medical options for severe ankle sprains, the 

costs of treatment range from $318 to $941 per person and are responsible for 3.65 billion (2003 

USD) in health care expenses annually in the United States.(62,66) Ankle sprains can result in 

further indirect costs due to lost productivity, especially for professional athletes if the injuries 

inhibit their return to work.(63,67,68)  

The next chapter will provide an in-depth summary of the direct, indirect, and total costs 

attributable to the diagnosis and treatment of ankle sprains, as well as individual expenses related 

to ankle sprain supports, assistance, and productivity loss. 

 

2.10.  Ankle Sprain Prevention 

 In a systematic review of strategies employed for ankle sprain prevention, Verhagen and 

Bay (69) found that taping, bracing, and training programs were effective measures, particularly 

among individuals who had a history of ankle sprains. Among studies investigating taping, the 
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authors found an ankle sprain rate that was two to four times lower among individuals who used 

taping versus those who did not use taping in four publications. Furthermore, the systematic 

review included three studies investigating the effectiveness of semirigid bracing for ankle sprain 

prevention. These studies concluded that bracing was an effective preventative measure with a 

relative risk of sprains of 0.15 to 0.50.(69) Lastly, the systematic review also assessed fifteen 

publications on neuromuscular, proprioceptive, and balance board training for ankle sprain 

prevention. The majority of the studies found that training programs were protective against 

ankle sprains with relative risks of 0.15 to 0.40 for these injuries.(69)
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CHAPTER 32 

THE COSTS OF TREATING ANKLE AND FOOT SPRAINS AND FRACTURES:  
A SYSTEMATIC REVIEW 

 

3.1.  Abstract 

Background: Ankle and foot sprains and fractures are common injuries affecting many 

individuals, often requiring considerable and costly medical interventions. These injuries can 

have substantial physical and economic consequences for the patient, as well as place an 

extensive burden on the health care system. Therefore, the objective of this paper is to 

systematically review and describe the literature on the direct and indirect costs related to the 

treatment of ankle and foot sprains and fractures. 

Methods: A systematic literature review of Ovid MEDLINE, EMBASE, Cochrane DSR, ACP 

Journal Club, AMED, Ovid Healthstar, and CINAHL was conducted for English-language 

studies on the costs of treating ankle and foot sprains and fractures published from January 1980 

to December 2014. Two reviewers assessed the articles for study quality and abstracted data. 

Results: Among 2,047 identified studies, 34 were selected for analysis. A majority of the studies 

were published in the last decade. The direct costs of ankle sprain management ranged from 

$288 to $2,237 per patient (2014 USD), depending on the injury severity and treatment strategy. 

The direct costs of managing ankle fractures were higher, between $1,882 and $19,285. Foot 

fracture treatment had similar direct costs, ranging from $984 to $21,500. The economic 

evaluations were conducted from the societal or payer’s perspectives.  

                                                 
2 This manuscript has been formatted for submission to the peer-reviewed journal, The Foot. 
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Conclusion: The costs of treating ankle and foot sprains and fractures varied among the studies, 

mostly due to differences in injury severity and the study characteristics. Future studies 

undertaking economic evaluations should ensure that their methods are transparent and 

understandable so as to yield accurate interpretation for assistance in forthcoming economic 

evaluations and policy decision-making. 
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3.2.  Introduction 

Ankle sprains are common injuries with an incidence of 206 to 215 per 100,000 people 

per year based on administrative data in the United States [1,2]. These injuries account for 1.1 

million emergency room visits annually and make up 4% of all injury-related visits in the 

country [3]. The ankle joint is also the most fractured part of the lower extremity, representing 

close to a quarter of fractures to the lower limb [4]. The incidence of ankle fractures is lower 

than that of ankle sprains at 49 to 148 per 100,000 people per year based on literature from the 

United States and the United Kingdom [2,5,6]. Foot fractures have a similar incidence with 121 

to 137 fractures per 100,000 in the United Kingdom [5,6]. Ankle and foot injuries contribute to a 

significant number of days lost from work among employed individuals, especially for fractures 

which take longer to heal [7–10].  

Depending on the severity and type of injury, ankle and foot sprains and fractures can 

have significant economic consequences for the affected individual resulting in both direct and 

indirect costs. Direct health system costs include the costs covered by the payer (health care 

system or insurer) including remuneration for physician services, diagnostic imaging, and 

hospital use [11]. Out-of-pocket and indirect costs encompass money spent on services that are 

not covered by the payer, including the costs of travel, out-of-pocket patient expenses, and 

productivity loss – both paid and unpaid labour [11]. 

Although ankle sprains and fractures affect a substantial proportion of the population per 

year [1–3,5,6], little information is known about the direct and indirect costs of treating ankle 

injuries, as well as the cost-effectiveness of various treatment strategies for ankle and foot 

injuries. A systematic review published in 2013 by Lin et al. [12] provided a synthesis of the 
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economic literature on lateral ankle sprains only. However, due to the small number of studies 

included dealing with the treatment of these injuries (n=4), the ability of the current literature to 

provide meaningful evidence regarding the costs of a variety of diagnostic treatments for ankle 

and foot injuries, including sprains and fractures, is incomplete [12].  

The objectives of the systematic review are to collect, assess, and summarize the current 

evidence from economic evaluations regarding ankle and foot injuries (sprains and fractures) for 

the planning of sustainable health care resource utilization and informing health policy. The 

following questions will be answered:  

1. What available studies have evaluated the economics of treating ankle and foot injuries and 

what methods have been used? 

2. What are the direct and indirect costs of treating ankle and foot injuries? 

3. Have full economic analyses of different treatment strategies been conducted for ankle and 

foot injuries and what were the results? 

 

3.3.  Materials and Methods 

3.3.1.  Search Strategy 

A systematic literature review was undertaken to identify publications on the costs of 

treating ankle and foot injuries. The Cochrane Handbook for Systematic Reviews of 

Interventions was used to guide the review process [13]. Publications were searched from 

January 1, 1980 (or later if the database was not available) up to December 31, 2014 through the 

following databases: Ovid MEDLINE (1980-2014), Ovid Healthstar (1980-2014), Embase 

(1980-2014), CINAHL (Cumulative Index to Nursing and Allied Health Literature, 1981-2014), 
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AMED (Allied and Complementary Medicine, 1985-2014), Cochrane DSR (Cochrane Database 

of Systematic Reviews, 2005-2014), and ACP Journal Club (American College of Physicians 

Journal Club, 1991-2014). The search strategy for OVID Medline was: [[[“exp Ankle Joint/ or 

exp Ankle/” or “exp Foot/ or exp Foot Bones/ or exp Foot Joints/”] and [“exp Sprains and 

Strains/” or “exp Fractures, Bone/” or “(injur$ or fractur$ or strain$ or sprain$).mp”]] or [“exp 

Ankle Injuries/ or exp Ankle Fractures/” or “exp Foot Injuries/”]] and [“cost of illness/” or 

“economics/” or “cost.mp”]. A similar database-specific search strategy was used for the other 

databases as described in Appendix B. 

 

3.3.2. Inclusion and Exclusion Criteria 

Published observational studies and trials in the English language, which reported on the 

costs of treating injuries to the ankle or foot joint, such as sprains and fractures, were included. 

Studies dealing solely with preventing or diagnosing ankle or foot injuries or regarding injuries 

to other parts of the lower limb were excluded. All reviews, protocols, technical reports, 

commentaries, and letters were also excluded. The inclusion and exclusion criteria were applied 

to the titles and abstracts of the studies. Two independent reviewers screened the abstracts. A 

consensus was reached if any discrepancies existed.  

 

3.3.3.  Data Extraction and Compilation 

After screening the abstracts, the full-text articles were retrieved and reviewed 

independently. The reference lists were hand searched for any relevant studies. Both reviewers 

independently abstracted data using a predetermined form. Data were abstracted on the study 
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characteristics, the economic methodology used, and the direct and indirect cost data reported. 

To assess the quality of the studies, criteria from the British Medical Journal Checklist for 

Authors and Peer Reviewers of Economic Submissions [14] and the CHEC List for Assessment 

of Methodological Quality of Economic Evaluations [15] were used as recommended in the 

Cochrane Handbook [13]. Data quality items included the inclusion of the study perspective for 

the cost data (i.e. who the payer was – health care system, society, etc.), stating the form of 

economic analysis used, appropriately valuing the costs and outcomes, recording the currency 

and price data, using discounting if applicable, indicating the presence of a sensitivity analysis, 

and providing a conclusion appropriate to the data presented. If the perspective was not stated 

directly in the publication, it was deduced from the presented costs for the purpose of this 

review. Table 3-1 provides definitions for commonly used economic terms. 

The costs reported in the articles were divided into direct health system costs, out-of-

pocket and indirect costs, and overall costs per patient, if available. The sources for the costs 

were also abstracted. All costs were converted to United States dollars (USD) using the average 

yearly currency exchange rates [16]. If a date was not provided for when the costs were valued, 

the year of article submission for review was used. All values were adjusted for inflation using 

the Consumer Price Index data and are reported in 2014 USD [17]. The PRISMA (Preferred 

Reporting Items for Systematic reviews and Meta-Analyses) Checklist was used to report the 

systematic review results [18]. The protocol for this review has not been previously published. 
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3.4.  Results 

3.4.1.  Literature Search Results 

The search results are presented in Figure 3-1. The literature search identified 2,047 

studies of which 1,562 remained after the removal of duplicates. Of these studies, 141 were kept 

after the application of the inclusion and exclusion criteria to the abstracts. After screening the 

abstracts, 65 full-text articles were selected and reviewed. Out of these, 31 articles were excluded 

due to not being economic analyses, having outcomes that were not costs, investigating the 

prevention of ankle injuries, or being a review, protocol, or technical report. No additional papers 

were identified through hand searching of reference lists. Overall, 34 studies were selected for 

analysis.  

 

3.4.2.  Question 1 – Which available studies have evaluated the economics of treating ankle 

and foot injuries and what methods have been used? 

Of the identified papers, five dealt with ankle sprains [8,19–22], twenty four with ankle 

fractures [21,23–45], nine with foot fractures [9,10,21,28,31,33,41,44,46], and five with ankle or 

foot injuries [20,31,47–49] (Table 3-2). Some studies dealt with multiple injury types. Among 

the ankle fracture studies, the majority dealt with displaced or unstable fractures requiring 

operative fixation. The follow-up time for collection of treatment costs ranged from three months 

to five years and was stated in sixteen papers. Nineteen studies were database or chart reviews, 

four were prospective cohort studies, two studies incorporated a database review and a 

prospective study, three were randomized controlled trials, four studies modeled costs, one was a 

case series, and one was a case control study.  
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Sample size varied among the papers (sample size reported is based on the number of 

individuals with ankle or foot injuries within the studies, not the total sample size if authors also 

included other injuries). Nine studies had a sample size of less than 100 participants, ten had 

between 100 and 250 participants, and eleven had over 250 participants with two studies having 

over 100,000 cases. Four studies did not provide a sample size. With the exception of one study 

looking at children [27] and five studies including participants who were 50 years of age or older 

[29,32,33,39,43], the papers mostly investigated adults or mixed adolescent (14 years of age and 

older) and adult cases. A majority of the studies (71%) were published in the last decade with 

five studies published in 2014. Thirteen studies were conducted in the United States, six were 

from the Netherlands, and four were from the United Kingdom. Canada contributed four studies 

while Finland contributed three. Belgium provided two studies. Single studies came from 

Norway and Taiwan.  

Seven of the selected papers were full economic evaluations: two cost minimization 

analyses, two cost-effectiveness analyses, and three cost-utility analyses [9,19,22,26,27,37,45]. 

The remainder of the studies described the costs of treatment associated with ankle or foot 

injuries. Twenty-three studies were conducted from the payer’s perspective with the remainder 

of the studies including both the payer’s and societal perspectives (Table 3-3). Discounting was 

undertaken in three of the studies with two additional studies providing a rationale for not using 

discounting. Six studies undertook a sensitivity analysis.  

Each publication reported the direct health system costs for the treatment of ankle injuries 

(Table 3-4). These costs most commonly included: inpatient physician fees (31 studies out of 34 

studies: 31/34), hospital fees (31/34), medication (31/34), operative costs and hospital stay 
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(30/34), and diagnostic tests such as radiography and other imaging (29/34). Less commonly, 

they dealt with supportive medical devices such as crutches and tape (4/34), over-the-counter 

medications (3/34), or transportation costs (1/34). Thirty three studies stated the source of the 

direct health system costs, which was governmental health insurance, administrative data, or 

hospital data among 28 of the studies. Out-of-pocket and indirect costs were assessed in thirteen 

studies of which all looked at lost productivity. The sources of out-of-pocket and indirect cost 

data were reported in eleven studies and often consisted of hourly wage information from 

governmental statistics and surveys (8/11).  

 

3.4.3. Question 2 – What are the direct and indirect costs of treating ankle and foot injuries? 

The direct and indirect cost results are summarized in Table 3-4 and have been assessed 

by injury type: ankle sprains, ankle fractures, foot fractures, and ankle and foot injuries 

combined. 

 

3.4.3.1. Ankle Sprains 

Among the five studies addressing ankle sprains [8,19–22], the direct health system cost 

of treating the injuries ranged from an average of $288 to $2,237, with costs as high as $4,000 

among sprains requiring hospital admissions. Cooke et al. and Soboroff et al. investigated 

nonoperative treatments for sprains, including wrapping and casting, among patients with severe 

ankle sprains [19,22]. Cooke et al.’s research included 551 participants from the United 

Kingdom who could not bear weight (proxy for grade 2 and 3 ankle sprains) while Soboroff et 

al. did a modeling study and included American patients whose injury was severe with no 

evidence of a fracture on radiography [19,22]. The remaining studies used administrative data to 
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track the costs of ankle sprain treatment. Audenaert et al. described 200 individuals with 

occupational ankle sprains from a Belgian insurance database, while Cumps et al. used insurance 

statistics from Belgium to evaluate the costs among injured athletes [8,20]. De Boer et al. looked 

at over 100,000 emergency room attendees since 1986 in the Netherlands and provided costs for 

individuals who were discharged as well as those who were admitted to the hospital [21]. 

Out-of-pocket and indirect costs associated with ankle sprains were assessed in two 

publications and ranged from an average of $1,777 to $3,127 per person, raising the overall cost 

of treatment (direct and indirect costs) to between $2,075 and $3,799 [8,19]. Audenaert et al. 

found that the mean unemployment period lasted 29 days (S.D.: 33) and was significantly higher 

(38 days, S.D.: 40, p<0.01) among those who were prescribed immobilization, adjuvant therapy, 

or surgery compared to those who did not receive this (15 days, S.D.: 9) [8]. In contrast, Cooke 

et al. found that participants who reported being employed missed an average of 7 to 10 days off 

from work depending on the treatment group [19].  

 

3.4.3.2. Ankle Fractures 

The costs of ankle fracture management were addressed in 24 papers [21,23–45]. The 

direct health system costs ranged from $78 to $19,285 (2014 USD) per patient, which was 

reflective of the type and severity of fracture, various treatment strategies, need for 

hospitalization, and length of follow-up. Two American studies that investigated severe ankle 

fractures (both closed and open fractures with and without complications [23] or open grade IIIB 

fractures [44]) had much higher direct health system costs between $60,538 and $104,910. Open 

grade IIIB ankle or talus fractures were assessed in a paper by Sanders et al, outlining a series of 

11 cases [44]. The authors followed the patients for up to 85 months and assessed the direct 
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health system costs of treating the fractures. The mean hospital stay was 62 days long [44]. 

Avilucea et al. analyzed the cost of treatment for 56 open and closed ankle fractures including 

any complications that arose during the course of treatment [23]. 

Direct health system costs of diagnosing and treating undisplaced or stable ankle 

fractures ranged between $78 and $265 [27,36]. Boutis et al. conducted a randomized controlled 

trial among 104 children aged 5 to 18 years with undisplaced distal fibular types I and II Salter-

Harris fractures and avulsion fractures of distal fibula or fibular epiphysis treated with an Aircast 

Air-stirrup ankle brace or below-knee fiberglass walking cast [27]. This study also considered 

lost productivity of the parents related to attending physician visits with their children and 

calculated it to be $104 to $128 per patient. The second study done by Jain et al. included 

retrospective and prospective audits of 111 adult patients with stable ankle fractures, defined as 

AO classification type A1.2, A1.3 and B1.1 fractures [36]. The patients were treated with an 

AirLoc brace or below-knee plaster cast.  

Ankle fractures requiring operative management were assessed by twelve studies of 

unstable ankle fractures (Weber type B) [24,34,45], a case mix of displaced unimalleolar, 

bimalleolar, or trimalleolar fractures of the ankle [25,26,37,38,42], and unspecified ankle 

fractures [30,31,35,40]. Among these studies, the direct health system costs of management 

ranged from $2,820 to $19,285 with four studies including both the direct and indirect costs and 

raising the overall costs associated with ankle fractures to between $8,568 and $19,282 

[25,26,35,37]. The direct health system costs among patients who were 50 years of age or older 

ranged from $4,015 to $ 14,916 [29,32,33,39,43]. One study found that there was no significant 
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difference in costs between those younger than 50 years old or those who were 50 years of age 

and older [35]. 

Among the studies investigating Weber type B ankle fractures, the direct health system 

costs ranged between $2,820 and $6,867. A study by Bhandari et al. carried out a prospective 

cohort study of 30 patients who were followed for up to 12 months[24]. The patients received 

lateral one-third semi-tubular plate and interfragmentary screw fixation and 25 cases had medial 

malleolar screw fixation. Another study done on 35 patients with a Weber type B lateral 

malleolar facture in the United States used a retrospective chart review to evaluate the costs 

associated with treatment with open reduction and internal fixation with the Sidewinder plate or 

with interfragmentary screw and one-third tubular neutralization plate [34]. Slobogean et al. 

looked at 81 patients with undisplaced, isolated, lateral malleolus fractures (Weber type B) in 

Canada treated with open reduction and internal fixation or nonoperative management (cast or 

brace) [45].  

For operative treatment of ankle fractures, five studies examined displaced unimalleolar, 

bimalleolar, or trimalleolar fractures with costs increasing with injury severity. Bostman 

conducted two retrospective database reviews of 888 cases and 1,886 cases of ankle fractures 

treated with absorbable implants (polyglycolide, lactide-glycolide copolymer, polylactide) or 

conventional metallic screws and plates or Kirschner wires in Finland [25,26]. Another 

publication from Finland by Juutilainen et al. was a prospective cohort study of 140 individuals 

who were treated operatively with self-reinforced polyglycolide acid screws, self-reinforced 

poly-L-lactide acid screws, or metallic implants [37]. Kheir et al. did a retrospective review of 85 

patients in the United Kingdom who received open reduction and internal fixation within 24 
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hours of admission, plaster cast, or the application of a temporary external fixation [38]. The 

costs were collected for up to 25 days. Ankle fractures treated with open reduction and internal 

fixation or external fixation were studied among 264 patients in the United Kingdom who were 

followed for a minimum of six months [42]. 

The remainder of the studies did not specify the type of ankle fracture requiring operative 

care. Hoiness et al. included 191 cases treated with open reduction and internal fixation [35]. The 

patients were followed for a mean of 30 months and costs of treatment and disability benefit 

payments were captured within a year of the operation. Ganesh et al. analyzed data from the 

Nationwide Inpatient Sample database in the United States and identified 160,598 adult 

hospitalizations for ankle fractures requiring operative treatment between 1988 and 2000 [30]. 

The average cost of ankle fracture hospitalization was higher among patients with diabetes 

compared to those without diabetes ($15,635 versus $13,084). Grimm and Fallat identified three 

cases of ankle fractures requiring surgery in an occupational clinic [31]. Lastly, eight studies 

identified different types of ankle fractures receiving operative or nonoperative 

treatment.[21,28,29,32,33,39,41,43] Five of the studies were reviews of clinical or national 

databases with one study involving a large database of more than 100,000 injuries from the 

Netherlands [21]. The remainder of the studies were a chart review [31], a prospective study of 

patients with fractures [29], and a modelling study [41]. 

 

3.4.3.3. Foot Fractures 

The direct health system costs of treating foot fractures ranged from $984 to $10,549 

(2014 USD) for nine studies [9,10,21,28,31,33,41,44,46]. Out-of-pocket and indirect costs 

related to foot fracture treatment were assessed in two studies [9,10]. Brauer et al. undertook a 
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modelling study based on Canadian data [9]. The authors found that the out-of-pocket and 

indirect costs due to missed time from work over a period of four years differed by injury 

severity with the costs being $19,280 to $72,089. Another study of 48 patients with calcaneal 

fractures occurring in an occupational setting found that the out-of-pocket and indirect costs 

ranged from $2,080 to $11,234 and patients took an average of 18 weeks off from work [10]. 

Two studies looked at severe, limb-threatening foot fractures where the direct health system 

costs were greater than $86,003 [44,46]. One of the studies was previously described as it 

included ankle fractures in addition to talus fractures [44]. The other study described the two 

year costs of treatment for 44 patients undergoing reconstruction for hindfoot or midfoot injuries 

in the United States [46]. The remaining five studies which assessed the costs related to foot 

fracture treatment have been previously described as they also included ankle fractures 

[21,28,31,33,41].  

 

3.4.3.4. Other Ankle or Foot Injuries 

Ankle or foot injuries were found in five studies [20,31,47–49]. Mroz et al. evaluated the 

costs associated with the treatment of 8,559 ankle injuries and 6,398 foot injuries from a 

workers’ compensation database in the United States [48]. The authors found that the direct 

health system costs from non-zero compensation claims associated with ankle injuries were 

$2,098, costs for foot injuries were $1,876, while costs for toe injuries were less at between $618 

and $706. The out-of-pocket and indirect costs among the nonzero compensation claims were 

$8,578 for ankle injuries, $8,496 for foot injuries, and between $2,067 and $3,141 for toe 

injuries. Another study included sport-related injuries from Belgian data [20]. Overall, the 

authors found that the direct health system costs of treating ankle injuries was $227, foot injuries 
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was $77, and toe injuries was $92. Nikken et al. examined 196 ankle injuries which required 

radiography [49]. The direct health system costs ranged from $406 to $456 while the out-of-

pcoket and indirect costs were $1,209 to $1,233 among the patients. The next included paper was 

a retrospective study of 245 cases of ankle or foot injuries reported in an occupational medicine 

clinic done by Grimm and Fallat [31]. The authors stated that 47% of the injuries affected the 

ankle joint while 53% affected the foot joint. The most common injuries were ankle sprains 

(41% of the injuries), while fractures constituted 19% of the injuries. The costs of treatment for 

injuries not requiring surgery were on average $1,213 (range: $151 to $9,678). Lastly, Yang et 

al. assessed various joint dislocations from a database in Taiwan, including 121 ankle 

dislocations [47]. The authors found that these injuries accounted for an average of $1,417 in 

direct costs to the payer. 

 

3.4.4. Question 3 – Have full economic analyses of different treatment strategies been 

conducted for ankle and foot injuries and what were the results? 

Seven papers conducted full economic evaluations. There were two cost minimization 

analyses [26,37], two cost-effectiveness analyses [22,27], and three cost-utility analyses 

[9,19,45]. Among ankle sprain treatments, Cooke et al. did a cost-utility analysis comparing 

three interventions (below the knee cast, Aircast, and Bledsoe boot) to the tubular bandage [19]. 

The findings indicated that the most cost-effective supports were the Aircast brace ($664/QALY 

gained) and the below the knee cast ($748/QALY gained) compared to the tubular bandage. 

Soboroff et al. also investigated ankle sprain treatments by looking at the cost-effectiveness of 

five strategies [22]. The authors concluded that the stress film strategy and the wrap strategy 

were more cost-effective than wrapping the ankle immediately. 
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Boutis et al. followed 104 children aged 5 to 18 years with undisplaced distal fibular 

types I and II Salter-Harris fractures and avulsion fractures of distal fibula or fibular epiphysis 

[27]. The children were randomized to the Aircast Air-stirrup ankle brace or the below-knee 

fiberglass walking cast. The authors found that the brace was more cost-effective than the cast 

[27]. Among ankle fracture management strategies, two studies compared operative versus 

nonoperative treatment. Slobogean et al. conducted a cost-utility analysis among 81 patients 

receiving open reduction and internal fixation or nonoperative treatment [45]. The authors 

concluded that for a one year horizon, the nonoperative treatment was favored however at 

$212,764/QALY gained. When the authors modelled the lifetime horizon, open reduction and 

internal fixation was favored with an ICER of $17,018/QALY if it reduced ankle arthrosis 

incidence by 3% or more [45]. Another cost-utility analysis based on 102 patients from Canada 

was conducted to examine nonoperative to operative treatment for displaced intra-articular 

calcaneal fractures [9]. The authors found that the incremental cost-utility ratio was 

$33,530/QALY when comparing operative to nonoperative treatment.  

In terms of operative treatments for ankle fracture, Bostman compared two open 

reduction and internal fixation implants (absorbable versus metallic) for the treatment of 

displaced ankle fractures in a cost-minimization study [26]. The results indicated that the use of 

absorbable implants was less costly compared to metallic fixation with hardware removal. 

Another cost-minimization study compared self-reinforced polyglycolide acid screws, self-

reinforced poly-L-lactide acid screws, and metallic implants in a study conducted among 140 

patients with ankle fractures [37]. The study found that absorbable implants were more 

economical than metallic fixation.  
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3.5.  Discussion 

This systematic review identified thirty four studies, including twenty four on ankle 

fractures, nine on foot fractures, five on ankle sprains, and five examining injuries to the ankle 

and foot, including ankle sprains and fractures. The overall costs of ankle sprain treatment 

ranged from $2,075 to $3,799 (2014 USD) with combined direct and indirect costs. Direct health 

system costs alone were found to be between $288 and $2,237 with higher costs among 

hospitalized patients ($4,000). The out-of-pocket and indirect costs associated with ankle sprains 

were assessed as being $1,777 to $3,127. The costs of treating ankle fractures were evaluated in 

twenty-four studies. The overall costs (combining direct and indirect costs) ranged from $290 to 

$20,132 (2014 USD) per patient, which was indicative of the variety of fractures present in the 

studies. Direct health system costs ranged from $1,882 to $19,285. However, direct health 

system costs were pointedly higher for severe, limb-threatening fractures ($60,538 and 

$104,910). Out-of-pocket and indirect costs were estimated to be between $3,630 and $29,250. 

For foot fractures, overall costs were reported to range between $6,345 for extra-articular 

fractures and $45,731 for fractures requiring operative treatment.  

The results greatly varied between studies depending on the methodology used, the 

severity of injury assessed, and whether productivity loss was included. Close to half of the 

studies reported the follow-up time period of participants, which ranged from three months to 

five years. It is important to capture the full recovery time after injury to get a clear estimate of 

costs related to disability and lost productivity. A number of the studies included in the review 

did not report economic information, including the sources of the direct and indirect costs, as 

suggested in the guidelines [14,15]. The perspective used in the analysis was also missing in 

many of the studies and it was determined based on the costs provided. Only six studies 
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undertook a sensitivity analysis which is required whenever there are uncertainties regarding cost 

data as in the case of data obtained from other sources. 

The present systematic review is the most comprehensive review to include economic 

analyses of both foot and ankle injury treatments. In addition, the methodology used to conduct 

the literature search, evaluate the articles, abstract the data, and the use of two reviewers 

throughout ensures that the methodology is transparent and follows accepted guidelines for 

systematic reviews. In addition, the cost results of the studies have been adjusted for inflation to 

ensure that they are current. No other reviews of ankle or foot treatment costs could be identified 

to compare the results of this systematic review. Although Lin et al. conducted a systematic 

review that included four studies investigating the treatment costs of ankle sprains, it did not 

compare the costs of treatment among studies [12].  

One of the limitations of this systematic review is the heterogeneity of the ankle and foot 

injuries, as well as the different methods of data collection and presentation used in the studies. 

Nonetheless, the review provides insight into the expenses related to foot and ankle injury 

management. Another limitation of the review is the presentation of costs from a wide range of 

dates, including six studies published before 2000. To account for this, the costs for all studies 

have been adjusted for inflation and converted to 2014 United States dollars. However, the 

treatment methods may have changed and the current guidelines for the management of ankle 

sprains and fractures may differ from the older studies. Lastly, many of the included studies 

evaluated different types of fractures which may limit the comparability between the results. In 

addition, trials with negative findings such as those with treatment strategies that were not cost-
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effective may have been less likely to be published, and as such, would not have been included 

in this review. 

The findings of this systematic review have multiple implications. Firstly, the review 

overviews the economic analyses of studies investigating numerous treatment options for ankle 

and foot management and provides a summary of the methods deemed to be most effective in 

terms of immobilization and surgery. Furthermore, the systematic review indicates that the 

injuries, especially complicated fractures, are costly to treat. This information, in addition to 

injury prevalence, may provide physicians and policy makers with guidance on the allocation of 

resources. Lastly, the implications for patients with foot and ankle injuries, in terms of out-of-

pocket and indirect costs, should be considered when informing them about the recovery process 

and its costs, particularly in terms of productivity loss. 

This systematic review highlights possible directions for future studies investigating 

ankle and foot injury management. These studies, especially randomized controlled trials, should 

incorporate economic analyses in the form of cost-effectiveness or cost-utility analyses in their 

methodology. Future economic evaluations should ensure that the study perspective for the cost 

data is included, the form of economic analysis used is stated, appropriate valuing of the costs 

and outcomes is undertaken, the currency and price data are recorded, discounting is used if 

applicable, sensitivity analyses are presented if applicable, and a conclusion appropriate to the 

data is presented. In addition, future studies undertaking economic evaluations should follow the 

available economic guidelines and ensure that their cost collection methods are transparent and 

understandable for readers.  Moreover, these studies may also consider analyzing data from 
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health insurance databases to gain insight into the direct costs of ankle sprains and fractures and 

to clarify uncertainties about the burden of ankle injuries on the health care system.   

In conclusion, ankle and foot sprains and fractures are costly injuries both in terms of 

direct and indirect costs. There is a lack of information on the costs of their management and 

therefore, limited information to guide health care providers and policy makers on the most cost-

effective methods of treating these injuries. Future studies should incorporate health economics 

into their methodology to ensure that these data are collected and available for the planning of 

the provision of health services and allocation of health funds.  
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Table 3-1: Definitions of Commonly Used Economic Terminology 
 

Term Definition 

Direct health 
system costs 

Costs covered by the payer, for example the health care system, including physician remuneration, costs of 
investigations and hospital fees [11] 

Out-of-pocket and 
indirect costs 

Costs of services not covered by the payer, including out-of-pocket expenses and productivity loss [11] 

Perspective Describes the viewpoint assumed in the calculations and provides information on the payer and the recipients 
of the services [11] 

Cost-
minimization 
analysis 

Type of economic analysis in which the treatments being compared are reported to have the same 
effectiveness, thereby comparing the costs of the alternatives [11] 

Cost-
effectiveness 
analysis 

Type of economic analysis in which the incremental cost of a treatment program is compared to the 
incremental health improvement due to an alternative treatment program, measured as natural effects or 
physical units [11] 

Cost-utilization 
analysis 

Type of economic analysis in which the incremental cost of a treatment program is compared to the 
incremental health improvement due to the alternative program. It can be measured as quality-adjusted life-
years (QALYs) gained [11] 
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Table 3-2: Characteristics of Studies 

  

 

AUTHORS 

LOCATION  

(STUDY 

YEARS) 

 

SAMPLE 

SIZE 

 

SEX 

AGE 

RANGE 

(YEARS) 

 

STUDY 

DESIGN 

 

ECONOMIC 

ANALYSIS 

 

TYPE OF  

INJURY 

 

TREATMENT 

 

TREATMENT 

ALTERNATIVES 

FOLLOW-

UP 

PERIOD 

Audenaert 
A et 
al.(2010) 

Belgium  
(2005-2007) 

200 M: 71%, 
F: 29% 

Mean: 35±11 Retrospective 
database 
review 

Cost 
description 

Ankle sprain – 
grades 1, 2, 3 

Any treatment for injury None Not stated 

Avilucea FR 
et al.(2014) 

Nashville, 
TN, USA 
(2000-2010) 

56 M: 46%, 
F: 54% 

Mean: 44±15 
(cases), 45±14 
(controls) 

Case control 
study 

Cost 
description 

Isolated ankle 
fractures: open 
and closed 

Any treatment for injury 
among cases (individuals 
with fracture 
complications) and 
controls 

None Not stated 

Bhandari M 
et al.(2004) 

Hamilton, 
ON, Canada 
(1999) 

30 M: 57%,  
F: 43% 

18-81 (mean: 
52)  

Prospective 
cohort study 

Cost 
description 

Unstable ankle 
fracture (Weber 
Type B) 

Lateral one-third semi-
tubular plate and 
interfragmentary screw 
fixation; medial malleolar 
screw fixation (n=25) 

None 12 months 

Bostman O 
(1994) 

Helsinki, 

Finland 

(1985-1991) 

888 Not stated Not stated Retrospective 

database 

review 

Cost 

description 

Unimalleolar, 

bimalleolar, and 

trimalleolar 

(severe) ankle 

fractures 

a. Open reduction and 

internal fixation using 

absorbable polymer pins 

or screws 

b. Open reduction and 

internal fixation using 

metallic implants 

Not stated 

Bostman 
OM (1996) 

Helsinki, 
Finland 
(1985-1993) 

1,886 Not stated a. 18-70 
(mean: 39)  
b. 17-78 
(mean: 41) 

Retrospective 
database 
review  

Cost 
minimization 
analysis 

Displaced 
unimalleolar and 
trimalleolar ankle 
fractures  

a. Open reduction and 
internal fixation using 
absorbable implants 
(polyglycolide, lactide-
glycolide copolymer, 
polylactide) 

b. Open reduction and 
internal fixation using 
conventional metallic 
screws and plates or 
Kirschner wires 

Not stated 

Boutis K et 
al.(2007) 

Toronto, ON, 
Canada 
(2003-2005) 

104 Not stated 5-18 Randomized 
controlled 
trial 

Cost-
effectiveness 
analysis 

Undisplaced distal 
fibular types I and 
II Salter-Harris 
fractures, avulsion 
fractures of distal 
fibula or fibular 
epiphysis 

Aircast Air-stirrup ankle 
brace 

Below-knee fiberglass 
walking cast 

3 months 

Brauer CA 
et al.(2005) 

Calgary, AB, 
Canada 
(date not 
provided) 
 

102 (with 
cost data) 

 

M: 94%, 
F: 6% 

 

Mean: 40 
 

Modelling  Cost-utility 
analysis 
 

Displaced intra-
articular calcaneal 
fracture 
 

a. Nonoperative treatment 
(n=73) 
 

b. Operative treatment 
(n=69) 
 

4 years 
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Cooke MW 
et al.(2009) 

United 
Kingdom  
(2003-2005) 

551 (318 in 
cost-utility 
analysis) 

M: 58%, 
F: 42% 

Mean: 
30±10.8 

Randomized 
controlled 
trial 

Cost-utility 
analysis 

Severe ankle 
sprain (grade II or 
III) 

a. Tubular bandage b. Below knee cast 
c. Aircast ankle brace 
d. Bledsoe boot 

9 months 

Coughlin 
MJ (2000) 

Idaho, USA  
(1992-1994) 
 

48 
 

M: 88%, 
F: 12% 

17-62 (mean: 
39) 
22-60 (mean: 
44) 

Retrospective 
database 
review 

Cost 
description 
 

Non-displaced 
extra-articular 
calcaneal fracture 
(n=18), displaced 
intra-articular 
calcaneal fracture 
(n=30) 

Nonoperative treatment, 
open reduction and 
internal fixation 
 
 

None 
 

Not stated 
 

Cumps E et 
al.(2008) 

Flanders, 
Belgium  
(2003) 

Not stated 
by injury 

Not stated Not stated Retrospective 
database 
review 

Cost 
description 

Acute sport-
related injuries to 
the ankle 
(including ankle 
sprains), foot, or 
toe, among other 
sport-related 
injuries 

Any treatment for injury 
 

None Not stated 

De Boer AS 
et al.(2014) 

Netherlands  
(2010) 

108,167 
 

M: 51%, 
F: 49% 

 

All ages 
 

Retrospective 
database 
review 

Cost 
description 

Osseous foot 
injury (ICD-10 
S920-3, S925, 
S929, S931, 
S933); 
ligamentous foot 
injury (S935-6); 
osseous ankle 
injuries (S824-6, 
S828, S930); 
ligamentous ankle 
injuries (S934) 

Any treatment for injury 
 

None 
 

Not stated 
 

Dischinger 
PC et 
al.(2004) 

Maryland, 
USA 
(2000-2001) 
 

Ankle: 204, 
Foot: 98 

 

Not stated 
 

Mean: 33 
(single lower-
extremity 
injury) 

Retrospective 
database 
review 
 

Cost 
description 
 

Ankle fracture 
(including uni-, 
bi- trimalleolar), 
foot fracture 
(calcaneus, talus, 
metatarsal or 
tarsal) 

Any treatment for injury  
 

None 
 

Not stated  

Eekman DA 
et al.(2014) 

Netherlands  
(2007-2008) 

10 M: 44%, 
F: 56% 

≥50 (mean: 

65±9) 

Prospective 
cohort study 

Cost 
description 

Low trauma ankle 
fracture 
 
 
 
 

Any treatment for injury  
 

None 12 months 
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Ganesh SP 
et al.(2005) 

USA  
(1988-2000) 

160,598 M: 40%, 
F: 60% 

Not stated Retrospective 
database 
review 

Cost 
description 

Ankle fracture 
(ICD-9 CM 
824.0-824.9, 
837.0-837.1) 
requiring surgery 

Operative treatment None Not stated 

Grimm DJ 
& Fallat L 
(1999) 

Dearborn, MI, 
USA (1996) 

245 M: 64%, 
F: 36% 

≥20 (mean: 
37±9)  
 

Retrospective 
chart review 

Cost 
description 

Ankle injuries 
(47%), foot 
injuries (53%); 
Sprains (41%), 
fractures (19%) 

Any treatment for injury 
including surgery (open 
reduction and internal 
fixation) 

None Not stated 

Hartholt KA 
et al.(2011) 

Netherlands  
(2003-2007) 
 

Ankle: 
2,000, 

Foot/toe: 
1,500 

 

Whole 
cohort: M: 

24% 
F: 76% 

 

≥65 (whole 
cohort mean: 
79) 
 

Retrospective 
database 
review  

Cost 
description 
 

Ankle fracture 
and foot/toe 
fracture among 
other fall-related 
injuries 

Any treatment for injury  None 
 

Not stated 
 

Hartholt KA 
et al.(2012) 

Netherlands  
(2007-2009) 
 

2,257 M: 21%, 
F: 79% 

 

≥65  
 

Retrospective 
database 
review  

Cost 
description 
 

Ankle fracture 
among other fall-
related injuries 

Any treatment for injury  None 
 

Not stated 
 

Hewitt J et 
al.(2011) 

Durham, NC, 
USA  
(2006-2008) 

35 a. M: 
40%, F: 

60% 
b. M: 

20%, F: 
80% 

a. 18-61 
(mean: 37) 
b. 21-88 
(mean: 52) 

Retrospective 
chart review  

Cost 
description 

Displaced lateral 
malleolus fracture 
(Weber Type B) 

a. Open reduction and 
internal fixation with 
TriMed Sidewinder plate  

b. Open reduction and 
internal fixation with 
interfragmentary screw 
and one-third tubular 
neutralization plate  

Not stated 

Hoiness P et 
al.(2002) 

Oslo, Norway  
(1995, 1998) 

191 M: 38%, 
F: 62% 

Mean: 51.3 
(SD 17.5) 

Retrospective 
chart review, 
prospective 
cohort study 

Cost 
description 

Closed ankle 
fracture 

Open reduction and 
internal fixation  

None 3 to 63 
months 
(mean 30.1 
months) 

Jain N et 
al.(2008) 

United 
Kingdom  
(2004, 2005) 

111 a. M: 
49%, F: 

51% 
b. M: 

44%, F: 
56% 

a. Mean: 46 
b. Mean:  51 

Retrospective 
chart review, 
prospective 
cohort study 

Cost 
description 

Stable ankle 
fracture (AO Type 
A1.2, A1.3, B1.1) 

Airloc brace or below-
knee walking cast 

None Not stated 

Juutilainen 
T et 
al.(1997) 

Helsinki, 
Finland 
(1989-1992) 

140 a. M: 
63%, F: 

37%,  
b. M: 

50%, F: 
50%, 
c. M: 

50%, F: 
50% 

a. 15-73 
(mean: 39),  
b. 18-63 
(mean: 38), 
c. 18-72 
(mean: 47) 

Prospective 
cohort study 

Cost 
minimization 
analysis 

Ankle fracture 
(unimalleolar, 
bimalleolar, and 
trimalleolar 
fractures) 
requiring 
operative 
treatment 

a. Self-reinforced 
polyglycolide acid (SR-
PGA) screws 

b. Self-reinforced poly-
L-lactide acid (SR-
PLLA) screws 
c. Metallic implants 

Not stated 
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Kheir E et 
al.(2012) 

Leeds, 
England, 
United 
Kingdom  
(2007-2009) 

85 M: 39%, 
F: 61% 

16-84 (mean: 
46) 

Retrospective 
database 
review 

Cost 
description 

Isolated, 
unilateral, closed, 
and displaced 
ankle fracture, 
with or without 
dislocation 

a. Early open reduction 
and internal fixation 
(ORIF) 

b. Plaster cast (back 
slab) and application of 
ice 
c. Application of 
temporary external 
fixation, elevation and 
ice packs 

a. 2-8 days 
(mean: 6) 
b. 5-15 days 
(mean: 10) 
c. 6-25 days 
(mean: 14 
days) 

Kilgore ML 
et al.(2009) 

50 States and 
Washington 
D.C., USA  
(1999-2005) 

Ankle 
fracture: 
13,454 

Not stated Age≥65 
 

Retrospective 
database 
review 

Cost 
description 

Ankle fracture 
(medial or lateral 
malleolus, talus) 
among other 
fractures 

Any treatment for injury None 6 months 

Kleweno CP 
et al.(2014) 

Maryland, 
USA  
(2008-2012) 

208 Not stated Age≥18 Retrospective 
database 
review 

Cost 
description, 
profitability 
analysis 

Ankle fracture 
(ICD-9 CM 824.0, 
824.2, 824.4, 
824.6) among 
other injuries 

Hospitalization, treated 
with internal fixation 

None Not stated 

MacKenzie 
EJ et 
al.(2007) 

USA  
(1994-1997) 

44 Whole 
cohort: M: 

77% 
F: 23% 

Whole cohort: 
72% patients 
between 20-
45 

Prospective 
cohort study 

Cost 
description 

Unilateral limb-
threatening foot 
fracture (severe 
hindfoot or 
midfoot injury) 
among other 
injuries 

Any treatment for injury None 24 months 

Meerding et 
al.(2006) 

Netherlands 
(1997) 

Not stated Not stated Not stated Modelling Cost 
description 

Ankle fracture 
(ICD-9 824), 
foot/toe fracture 
(825, 826) among 
other injuries 

Any treatment for injury None Lifetime 
costs 

Mroz TM et 
al.(2014) 

Maryland, 
USA 
(1998-2008) 

Ankle: 
8,559, Foot: 

6,398 

Ankle 
injury: M: 
59%, F: 

41%, foot 
injury: M: 
65%, F: 

35% 

Ankle injury: 
37±12, foot 
injury: 38±12 

Retrospective 
database 
review 

Cost 
description 

Ankle injury, foot 
injury among 
other occupational 
injuries 

Any treatment for injury None Not stated 

Murray AM 
et al.(2011) 

Belfast, 
Northern 
Ireland, UK 
(2007-2008) 

264 M: 49%, 
F: 51% 

14-90 (mean: 
46) 

Retrospective 
review of 
clinical 
records 

Cost 
description 

Ankle fracture 
(lateral malleolar, 
bimalleolar, 
trimalleolar) 
requiring 
operative 
stabilization 

Open reduction and 
internal fixation or 
external fixation 

None Minimum of 
6 months 
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Nikken JJ et 
al.(2005) 

Rotterdam, 
Netherlands 
(1999-2001) 

Ankle 
injury: 196 

M: 59%, 
F: 41%  

12-85 (mean: 
35) 

Randomized 
controlled 
trial 

Cost 
description 

Ankle injury 
requiring 
radiography (part 
of trial that also 
studied wrist and 
knee injuries) 

a. Radiography alone  b. Radiography 
followed by short 
magnetic resonance 
imaging examination 

6 months 

Roudsari BS 
et al.(2005) 

USA  
(1998) 

Not stated 
 

 

Not stated Age≥65 years Retrospective 
database 
review 

Cost 
description 

Ankle fracture 
(ICD-9 824.0)  

Any treatment for fracture None Not stated 

Sanders R et 
al.(1992) 

Tampa, FL, 
USA (1983-
1989) 

11 M: 73%,  
F: 27% 

18-60 (mean: 
40) 

Case series Cost 
description 

Open grade IIIB 
fractures of ankle 
or talus  

Operative treatment None Up to 85 
months 

           

Slobogean 
GP et 
al.(2012) 
 
 

Canada  
(date not 
provided) 
 

81 Not stated 18-65 (mean: 
41) 

Modelling Cost-utility 
analysis 

Unstable, isolated, 
lateral malleolus 
fracture (Weber 
Type B) 

a. Open reduction and 
internal fixation (ORIF) 

b. Nonoperative 
management (cast or 
brace) 

12 months, 
lifetime 

Soboroff SH 
et al.(1984) 

USA  
(date not 
provided) 
 

Not stated Not stated Not stated Modelling Cost-
effectiveness 
analysis 

Severe ankle 
sprain 

a. Wrapping ankle 
immediately 

b. Casting ankle 
c. Stress films followed 
by appropriate 
treatment 
d. Arthrograms 
followed by appropriate 
treatment 
e. Stress films followed 
by arthrograms and then 
appropriate treatment 

Not stated 

Yang N-P et 
al.(2011) 

Taiwan  
(2000-2005) 

Ankle 
dislocation: 

121 

Whole 
cohort: M: 

62% 
F: 38% 

All ages Retrospective 
database 
review 

Cost 
description 

Dislocation of 
ankle (ICD-9 CM 
837.X) including 
fracture-
dislocations (52% 
of cases) among 
other dislocations 
studied 

Any treatment for 
dislocation including 
surgery 

None 5 years 



62 

 

Table 3-3: Cost Information and Data Sources 
 

 

 

AUTHORS 

 

 

PERSPECTIVE 

 

 

DISCOUNTING 

SENSITIVITY 

ANALYSIS 

UNDERTAKEN 

 

DIRECT COSTS 

CONSIDERED 

SOURCE OF 

DIRECT 

COST DATA 

INDIRECT 

COSTS 

CONSIDERED 

SOURCE OF 

INDIRECT 

COST DATA 

Audenaert A et al.(2010) Payer, Societal Not stated No 1,3,7,8,11 C 14,15 C 

Avilucea FR et al.(2014) Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable 

Bhandari M et al.(2004) Payer Not stated No 1-8,10 A,B Not assessed Not applicable 

Bostman O (1994) Payer, Societal Not stated No 1-4,6-8 A,B 14 F 

Bostman OM (1996) Payer, Societal Not stated No 1-4,6-8  A,B 14 F 

Boutis K et al.(2007) Payer, Societal Not stated No 2,6-8,12 A,D,E 14,16,17 F,G 

Brauer CA et al.(2005) Payer, Societal Yes (3, 5, 7%) Yes 1-8 A,B 14 F,G 

Cooke MW et al.(2005) Payer, Societal No Yes 1-9,11-13 A,B,E 14 F 

Coughlin MJ (2000) Payer Not stated  No 1-4,6-8 H 14,15 H 

Cumps E et al.(2008) Payer, Societal Not stated No 1-9,11,13,16 C Not assessed Not applicable 

De Boer AS et al.(2014) Payer  Not stated No 1-13 B,G Not assessed Not applicable 

Dischinger PC et al.(2004) Payer Not stated  No  1,3,4 B Not assessed Not applicable 

Eekman DA et al.(2014) Payer, Societal No Yes 1-8,11,13 B,G 14 F 

Ganesh SP et al.(2005) Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable 

Grimm DJ & Fallat L (1999) Payer Not stated No 1-4 B Not assessed Not applicable 

Hartholt KA et al.(2011) Payer Not stated No 1-8,10,11 B Not assessed Not applicable 

Hartholt KA et al.(2012) Payer Not stated No 1-8,10,11 B Not assessed Not applicable 

Hewitt J et al.(2011) Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable 

Hoiness P et al.(2002) Payer, Societal Not stated No 1-4,6-8,11 B 14,15 F 

Jain N et al.(2008) Payer Not stated No 2,5-8 B Not assessed Not applicable 

Juutilainen T et al.(1997) Payer, Societal Not stated No 1-4, 6-8 B 14,15 Not stated 

Kheir E et al.(2012) Payer Not stated No 1,3,4,7,8,11 B Not assessed Not applicable 

Kilgore ML et al.(2009) Payer Not stated No 1-4,6,8,10 B Not assessed Not applicable 

Kleweno CP et al.(2014) Payer Not stated No 1,3,4,8  B Not assessed Not applicable 

MacKenzie EJ et al.(2007) Payer Not stated No 1-4,6-8,11 A,B,C Not assessed Not applicable 

Meerding et al.(2006) Payer Not stated No 1-8,10,11 A,B Not assessed Not applicable 

Mroz TM et al.(2014) Payer Not stated No Not specified* H 14,15 H 

Murray AM et al.(2011) Payer Not stated No 1,3,4,7,8 A,B Not assessed Not applicable 

Nikken JJ et al.(2005) Payer, Societal Yes (3%) Yes 1-4,6-8,11 A,B 14,16 F 

Roudsari BS et al.(2005) Payer Not stated No 1-8,13 B,C Not assessed Not applicable 

Sanders R et al.(1992) Payer Not stated No 1,3,4,7,8 Not stated Not assessed Not applicable 
Slobogean GP et al.(2012) Payer Yes (3%) Yes 1,3,4,7,8 A,B Not assessed Not applicable 
Soboroff SH et al.(1984) Payer Not stated Yes 1-9,11 B 14 Not stated 
Yang N-P et al.(2011) Payer Not stated No 1-8 B Not assessed Not applicable 

*The categories of medical care costs which were included in direct costs were not specified. 
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Description of costs and sources of cost data for Table 3-3: 
 

Costs considered: 1. inpatient physician fees; 2. outpatient physician fees; 3. hospital fees; 4. operative costs and hospital stay; 5. 
emergency department fees; 6. outpatient clinic/visit fees; 7. diagnostic tests (radiography and other imaging); 8. medical devices, 
treatment costs and inpatient medication; 9. supportive medical devices (crutches, tapes, etc.); 10. home care or long-term care fees; 
11. physical therapy and rehabilitation, occupational therapy; 12. over-the-counter medications; 13. prescription medications; 14. lost 
productivity; 15. disability benefits; 16. travel costs; 17. child care costs 
 
Source of cost data: A. Schedule of benefits for health care professional fees and procedures; B. governmental health insurance, 
administrative or hospital data; C. private insurance data; D. schedule of pharmaceutical benefits, survey of pharmacies; E. 
manufacturer’s information; F. hourly wage information (governmental statistics and surveys); G. self-reported costs; H. workers’ 
compensation 
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Table 3-4: Cost Results (2014 US Dollars) and Study Conclusions 
 

 

 

AUTHORS 

REPORTED 

CURRENCY 

YEAR OF 

COSTS 

DIRECT COSTS PER 

PATIENT 

INDIRECT COSTS 

PER PATIENT 

OVERALL COSTS 

PER PATIENT1 

 

CONCLUSIONS 

Audenaert A et 
al.(2010) 

Euro 2007 Average: 672 
No adjuvant therapy: 323 
Adjuvant therapy: 915 

Average: 3,127 
No adjuvant therapy: 
1,461 
Adjuvant therapy: 
4,283 

Average: 3,799 
No adjuvant therapy: 
1,784 
Adjuvant therapy: 5,198 

The average cost for patients prescribed immobilization, 
adjuvant support or physical therapy was $5,198 
compared to $1,784 among those without adjuvant 
therapy.  

Avilucea FR et 
al.(2014) 

U.S. Dollar Not stated Controls (median, IQR): 
overall costs: 60,538 (40,606-
98,484); professional costs 
(operative, radiology, 
evaluation, management): 
8,269 (6,554-11,063); 
technical costs (diagnostic, 
hospital stay, materials, 
pharmacy): 36,630 (31,093-
57,418); Cases (median, 
IQR): overall costs: 84,980 
(53,254-139,950); 
professional costs: 16,454 
(13,497-26,648); technical 
costs: 69,162 (39,849-
112,153) 

Not assessed 
 

Not applicable The cost of treating ankle fractures without complications 
was $60,538. The treatment of individuals with 
complications was higher at $84,980 with the most 
expensive complication being an infection followed by 
hardware pain. 

Bhandari M et 
al.(2004) 

U.S. Dollar 2002 Total cost: 2,820 (inpatient: 
2,370, outpatient: 438) 
 

Not assessed 
 

Not applicable The average cost of treating the ankle fractures was 
$2,820 per patient. 

Bostman O 
(1994) 

Finnish 
Markka 
 

1991 
 

a. Uni/bimalleolar: 5,226, 
trimalleolar: 6,135  
b. Uni/bimalleolar: 6,989, 
trimalleolar: 7,839 

Uni/bimalleolar: 
9,015, trimalleolar: 
29,250 

a. Uni/bimalleolar: 
14,241, trimalleolar: 
15,150 
b. Uni/bimalleolar: 
19,282, trimalleolar: 
20,132 

In general, using absorbable pins and screws for internal 
fixation of ankle fractures was less costly than metallic 
implants for all fracture types. 
 

Bostman OM 
(1996) 

U.S. Dollar 1993 Not stated Not stated a. Unimalleolar: 9,565, 
trimalleolar: 13,955 
b. Unimalleolar: 11,044, 
trimalleolar: 15,041 

The use of absorbable implants was less costly compared 
to metallic fixation (with hardware removal) of ankle 
fractures. 

Boutis K et 
al.(2007) 

Canadian 
Dollar 

Not stated Brace: 78±4 
Cast: 134±9 

Brace: 128±41 (lost 
productivity), 37±8 
Cast: 104±15 (lost 
productivity), 34±5 

Brace: 290±43 
Cast: 336±29 

The brace was cost-effective compared to the cast. 
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Brauer CA et 
al.(2005) 

Canadian 
Dollar 
 

2002 
 

a. Year 1: 1,677 (IQR:1,509), 
with complications: 3,353 
(IQR:5,532); year 2-4: 830 
(IQR:0), with complications: 
1,509 (IQR:2,431);  
b. Year 1: 3,772 (IQR:2,431), 
with complications: 3,269 
(IQR:1,425); year 2-4: 478 
(IQR:0), with complications: 
2,515 (IQR:2,599);  
Arthrodesis after treatment: 
Year 1: 2,481, 2,934 (with 
complications); year 2-4: 
2,247, 3,605 (with 
complications) 

a. 31,015 
(IQR:25,147),  
b. 19,280 
(IQR:11,736), 
Arthrodesis after 
treatment: 72,089 
(IQR:51,971) 

Not applicable After the inclusion of direct and indirect costs, operative 
treatment cost $15,927 less compared to nonoperative 
treatment. The incremental cost-utility ratio was 
$33,530/QALY when comparing operative to 
nonoperative treatment of displaced intra-articular 
calcaneal fractures. 
 
 

Cooke MW et 
al.(2005) 

Pound 
Sterling 

2005 a. 298; b. 376; c. 367; d. 805 a. 1,777; b. 2,020; c. 
2,533; d. 1,815 

Total cost - mean 
(median): a. 2,075 
(271); b. 2,396 (250), c. 
2,900 (274), d. 2,620 
(568) 

The most cost-effective supports were the Aircast brace 
($664/QALY) and the below knee cast ($748/QALY) 
compared to the other ankle supports – Bledsoe boot 
($4,669/QALY) and the referent treatment, tubular 
bandage. 
 

Coughlin MJ 
(2000) 

U.S. Dollar 
 

Not stated  Extra-articular fracture: 1,417 
(range: 375-3,071); operative 
treatment: 21,500 (range: 
6,779-47,110); nonoperative 
treatment: 10,549 (range: 
796-41,248) 

Extra-articular 
fracture: 2,080 (range: 
0-7,409); operative 
treatment: 11,234 
(range: 2,094-26,163); 
nonoperative 
treatment: 5,130 
(range: 1,239-13,101) 

Total costs including 
impairment costs: extra-
articular fracture: 6,345; 
operative treatment: 
45,731; nonoperative 
treatment: 20,989 

The average total cost, including medical, compensation, 
and impairment costs, for nonoperative calcaneal 
fractures was $20,989 with 18 weeks off from work. For 
fractures requiring operative treatment, the total cost was 
$45,731 with an average of 35 weeks off from work. 
 

Cumps E et 
al.(2008) 

Euro 2003 Ankle sprains: 288, ankle 
injuries: 227, foot injuries: 77, 
toe injuries: 92 
 
 
 
 
 
 
 
 
 
 
 

Not assessed 
 

Not applicable The medical costs of treating ankle sprains was $288 
compared to other ankle injuries at $227, foot injuries at 
$77, and toe injuries at $92. 
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De Boer AS et 
al.(2014) 

Euro 
 

2010 
 

Osseous foot injury: 
8,759±2114 (admitted), 
1,203±181 (non-admitted); 
ligamentous foot injury: 
3,715±286 (admitted), 
986±138 (non-admitted); 
osseous ankle injury: 
10,622±2,331 (admitted), 
1,882±222 (non-admitted); 
ligamentous ankle injury: 
4,000±404 (admitted), 
984±118 (non-admitted) 

Not assessed 
 

Not applicable Overall cost for osseous foot injuries was $1,532±265, 
for ligamentous foot injuries was $1,004±140, for 
osseous ankle injury was $4,980±968, and for 
ligamentous ankle injury was $1,184±132. Costs differed 
by sex and age. Costs were most affected by 
hospitalization, rehabilitation, and nursing care. 
 

Dischinger PC et 
al.(2004) 

U.S. Dollar 
 

Not stated  Ankle fracture (median cost): 
8,319, medial malleolus 
(7,152), bi/trimalleolar 
(10,086); foot fractures 
(median cost): calcaneus 
(6,629), talus (10,497), 
metatarsal/tarsal (6,721) 

Not assessed 
 

Not applicable The average in-hospital cost of treating ankle fractures 
was $8,319. The most expensive treatment costs were 
those for bi- or trimalleolar fractures and talus fractures 
among foot and ankle injuries. 
 

Eekman DA et 
al.(2014) 

Euro Not stated Total direct costs: 4,015 
(which includes medical costs 
of 3,626, 95% CI: 1,807-
6,087) 

Total indirect costs: 
7,442 (95% CI: 3,259-
14,449) 

Total costs: 11,457 
(95% CI: 5,610-19,874) 

The total cost associated with ankle fractures was 
$11,457 per patient of which 65% were indirect costs. 

Ganesh SP et 
al.(2005) 

U.S. Dollar Not stated Overall: 13,230±33,  
Not diabetic: 13,084± 33, 
Diabetic: 15635± 150, 
Unimalleolar fracture: 
10,843±746, 13,071±1,215 
(diabetic), 
Bimalleolar/trimalleolar 
fracture: 11,173±941, 
13,388±1,207 (diabetic),  
Dislocation/open fracture: 
11,047±895, 13,321±1,224 
(diabetic) 

Not assessed Not applicable The average cost of ankle fracture treatment was $13,230 
among all patients with the costs being $15,635 among 
individuals with diabetes and $13,084 among individuals 
without diabetes. 

Grimm & Fallat 
(1999) 

U.S. Dollar Not stated No surgery: 1,213 (range: 
151-9,678),  
Surgery (n=11):  
13,768 (range: 7,338-21,986), 
metatarsal fracture (n=4): 
15,919, ankle fracture (n=3): 
16,247 
 

Not assessed Not applicable Average cost for treating foot and ankle injuries was 
$1,213 if no surgery was required and $13,768 if surgery 
was involved.  
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Hartholt KA et 
al.(2011) 

Euro Not stated Ankle fracture: 8,006, 
Foot/toe fracture: 2,844 

Not assessed Not applicable Fall-related ankle fracture treatment costs an average of 
$8,006 while foot or toe fractures cost an average of 
$2,844 among individuals, 65 years of age and older. 

Harholt KA et 
al.(2012) 

Euro 2009 Average: 10,495 (men: 7,864, 
women: 13,126) 

Not assessed Not applicable Fall-related ankle fracture treatment costs an average of 
$10,495 among individuals, 65 years of age and older. 

Hewitt J et 
al.(2011) 

U.S. Dollar Not stated 
 

a. 6,867±1,702 
b. 6,094±2,073 

Not assessed Not applicable The implant cost for the Sidewinder plate was higher 
compared to interfragmentary screw and one-third 
tubular neutralization plate, however, the operating room 
costs were significantly lower with shorter average time 
to healing (75 versus 97 days).  

Hoiness P et 
al.(2002) 

Euro 2000 Not stated Not stated 18,429 (range: 12,339-
54,594) 

Average cost (treatment and sickness benefits) was 
$18,429 per patient. There were no statistically 
significant differences in total cost between men and 
women, those <50 years old and ≥50 years old, or 
between fracture types. Those with syndesmosis-
positioning screws and major complications had higher 
treatment costs. 

Jain N et 
al.(2008) 

Pound 
Sterling 

Not stated After implementation of 
treatment guidelines: 265 
(previously 634) 

Not assessed Not applicable 
 

The cost of treating patients with stable ankle fractures 
was reduced to $265 from $634 after the adoption of a 
new management protocol. 

Juutilainen T et 
al.(1997) 

Pound 
Sterling 

1994 SR-PGA: 4,939, SR-PLLA: 
4,670, Metallic: 6,838 

SR-PGA: 3,630, SR-
PLLA: 4,885, 
Metallic: 4,204 

SR-PGA: 8,568, SR-
PLLA: 9,554, Metallic: 
11,042 

Absorbable implants were more economical than metallic 
fixation of ankle fractures. 

Kheir E et 
al.(2012) 

Pound 
Sterling 

Not stated a. 5,369, b. 7,443,  
c. 13,375 

Not assessed Not applicable 
 

The average cost of treating patients with early ORIF was 
$5,369, with plaster cast (back slab) was $7,443, and with 
temporary external fixation was $13,375. 

Kilgore ML et 
al.(2009) 

U.S. Dollar 2007 Attributable cost to ankle 
fracture: 7,000 
 

Not assessed Not applicable 
 

The average cost attributable to treating ankle fractures 
among individuals 65 years of age and older was $7,000 
with the total health care costs during this time being 
$21,360. The total incremental health care cost 
(difference before and after fracture) was $15,985. 

Kleweno CP et 
al.(2014) 

U.S. Dollar Not stated Ankle fracture: 10,612 Not assessed Not applicable 
 

The inpatient care cost for ankle fracture patients was 
$10,612 with the hospital’s direct margin being $14,871 
(95% CI: 13,470-16,272) for a total net revenue of 
$25,483. 

MacKenzie EJ et 
al.(2007) 
 

U.S. Dollar  2002 Foot fracture (limb-
threatening): 86,003 
 

Not assessed Not applicable The health care costs for patients who underwent 
reconstruction following a severe foot fracture were 
$86,003 over two years of follow-up. 
 

Meerding et 
al.(2006) 

Euro 1999 Ankle fracture: 3,282, 
foot/toe fracture: 984 

Not assessed Not applicable The average cost of treating ankle fracture patients was 
$3,282 while for foot or toe fracture patients it was $984. 
The most common mechanism of injury for ankle 
fractures was a fall at home. 
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Mroz TM et 
al.(2014) 

U.S. Dollar 2010 Ankle injury: 1,525±6,921 
(all claims), 2,098±8,042 
(73% claims with nonzero 
compensation); foot injury: 
1,290±6,960 (all), 
1,876±8,330 (69% nonzero); 
toe injury: 395±1,276 (all), 
618±1,553 (64% nonzero); 
great toe injury: 469±1,129 
(all), 706±1,325 (66% 
nonzero) 

Ankle injury: 
2,172±9,148 (all 
claims), 8,578±16,599 
(25% claims with 
nonzero 
compensation); foot 
injury: 1,874±8,694 
(all), 8,496±16,930 
(22% nonzero); toe 
injury: 294±1,520 
(all), 2,067±3,553 
(14% nonzero); great 
toe injury: 544±2,329 
(all), 3,141±4,826 
(17% nonzero) 

Ankle injury: 
3,699±14,601 (all 
claims), 5,030±16,829 
(74% claims with 
nonzero compensation); 
foot injury: 
3,164±14,346 (all), 
4,541±17,006 (70% 
nonzero); toe injury: 
689±2,405 (all), 
1,066±2,923 (65% 
nonzero); great toe 
injury: 1,013±3,147 
(all), 1,506±3,741 (67% 
nonzero) 

Occupational ankle injuries were the fourth most 
expensive single injury claim, costing a total average of 
$5,030 per claim among nonzero compensation claims. 

Murray AM et 
al.(2011) 

Pound 
Sterling 

2008 Average: 9,649±4,775, 
External fixation: 
19,285±6,919, ORIF: 
9,110±4,009 

Not assessed Not applicable The average cost of treating patients with open reduction 
and internal fixation was $9,110 and with external 
fixation was $19,285. 
 

Nikken JJ et 
al.(2005) 

 Euro Not stated a. 406 
b. 456 

a. 1,233 
b. 1,209 

a. 2,056 
b. 2,074 

Short magnetic resonance imaging was not cost saving or 
effective in speeding up diagnostics or increasing quality 
of life in patients with ankle injuries. 

Roudsari BS et 
al.(2005) 

U.S. Dollar  2004 Average: 14,916±19,693, 
16,541±11,442 (with E-code 
of fall) 
 

Not assessed Not applicable The average hospitalization cost for ankle fractures was 
$14,916 for individuals without an E-code of a fall 
compared to $16,541 for individuals with an E-code of a 
fall. 
 

Sanders R et 
al.(1992) 

U.S. Dollar Not stated 104,910 (range: 56,586-
242,722) 

Not assessed 
 

Not applicable The average in-hospital cost of treatment for open 
fractures (grade IIIB) of the ankle or talus was $104,910. 

Slobogean GP et 
al.(2012) 

Canadian 
Dollar 
 

2008 One year horizon: a. 6,644, b. 
1,963; lifetime horizon: a. 
6,788, b. 2,704 
 

Not assessed 
 

Not applicable For the one year horizon, nonoperative treatment was 
favoured with ORIF having an ICER of $212,764/QALY 
gained. For the lifetime horizon, ORIF was favoured over 
nonoperative treatment (ICER of $17,018/QALY) if it 
reduced ankle arthrosis incidence by more than 3%. 
 

Soboroff SH et 
al.(1984) 

U.S. Dollar Not stated a. 756, b. 827, c. 819, d. 
1,336, e. 2,237 

Not stated Not applicable The cost-effectiveness analysis showed that the stress 
film strategy and the wrap strategy were more cost-
effective than the other management strategies. 
 

Yang N-P et 
al.(2011) 

New Taiwan 
Dollar 

Not stated Average: 1,417±1553 Not assessed Not applicable The average cost of treating ankle dislocations was 
$1,417, which increased when the injury was a 
dislocation-fracture. 

1Total costs include direct and indirect costs where provided by the authors.
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Figure 3-1: Flowchart of search results 

Number of articles from 

database search: 2,047 

Number of articles after 

removal of duplicates:  1,562 

Number of abstracts 

screened: 141 

Number of full-text articles 

evaluated: 65 

Number of studies included in 

analysis: 34 

Number of articles excluded based on 

title: 1,421 

Number of articles excluded: 31 

- Not economic analysis: 11 

- Outcome not costs of treatment: 10 

- Prophylaxis of ankle injuries: 6 

- Review, protocol, technical report: 4 

 

Number of articles excluded based on 

abstract: 76 
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CHAPTER 43 

THE EPIDEMIOLOGY AND HEALTH ECONOMICS OF ANKLE AND FOOT SPRAINS IN 
ONTARIO, CANADA: 2003-2011 

 
 

4.1.  Abstract 

Background: Ankle sprains are common soft-tissue injuries with substantial clinical and 

economic consequences. Although epidemiological and costing studies of ankle sprains exist, 

Canadian data are lacking. The objectives of this study were to describe the occurrence of acute 

ankle sprains in Ontario, Canada, and to examine their health resource utilization and treatment 

costs. 

Methods: This descriptive epidemiological and cost-of-illness study examined ankle sprains 

(non-fracture ankle and foot injuries; ICD-10-CA S93) presenting to physician offices, 

emergency departments, or hospital wards between 2003 and 2011 in Ontario. Injury cases were 

identified via a record linkage of population-based health data maintained by the Institute for 

Clinical Evaluative Sciences. Health resource utilization and costs were estimated for the six 

month time period following the index visit date. Age- and sex-standardized incidence rates of 

injuries were calculated. Incidence rates and treatment costs were compared between population 

groups. Costs were reported in 2015 Canadian dollars.  

Results: The overall age- and sex-adjusted incidence rate of ankle sprains was 16.9 per 1,000 

person-years with a higher incidence observed among females and among those aged 10-19 

years. Medical care for ankle and foot injuries was mainly sought at family physician or general 

practitioner offices (61%), followed by emergency departments (20%) and other specialist 

                                                 
3 This manuscript has been formatted for submission to the peer-reviewed journal, CMAJ. 
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physician offices (13%). The overall health care costs attributable to treatment amounted to 

$21,685,876 annually. The mean cost per case of any ankle or foot injury was $99.98 (95% CI, 

$99.70-100.26). Costs related to ankle sprains ranged from $133.78 to $210.75. Ankle and foot 

dislocations were the most costly non-fracture injuries, ranging from $1,497.12 to $1,755.69. 

Treatment costs were highest among females and among the elderly.  

Conclusion: This descriptive epidemiological analysis provides foundational information for the 

planning of preventive interventions. The financial burden attributable to the Ontario health care 

system is also noteworthy. 
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4.2. Introduction 

Ankle sprains are caused by damage to one or more of the ligaments of the ankle joint.(1) 

They are among the most prevalent soft-tissue injuries that present to the emergency 

department.(2–4) Over a 5-year period, more than 3.1 million cases of ankle sprains were treated 

in ambulatory care settings in the United States.(5) The most frequent ankle injuries are 

ligamentous sprains, accounting for over 78% of acute ankle injuries presenting to emergency 

departments.(6,7) Ankle sprains can result in clinical consequences that include ankle weakness 

and loss of quality of life for up to eighteen months post-injury.(8–11) In addition, the economic 

consequences to the healthcare system and the individual, including absenteeism from work or 

daily activities, can be costly, accounting for up to $3.65 billion (2003 USD) annually in the 

United States.(8,10,12,13) 

Although studies investigating the epidemiology and health economics of ankle sprains 

have been conducted internationally,(3,5,14) Canadian data are lacking. As such, the primary 

objective for this study was to profile the occurrence of ankle sprain cases that presented for 

medical care at emergency departments, physician offices (family physician/general practitioner 

and other specialist physicians), and on hospital inpatient wards within the province of Ontario. 

The secondary objective for this study was to examine the health resource utilization and costs of 

treating ankle and foot injuries in Ontario. 

 

4.3. Methods 

This was a descriptive epidemiological and cost-of-injury study of acute ankle sprains 

(non-fracture ankle and foot injuries) diagnosed between April 1st, 2003, and March 31st, 2011, 

in Ontario. The province’s residents are covered for medical and emergency care, as well as 
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physician services by a single-payer, publicly administered health care plan called the Ontario 

Health Insurance Plan (OHIP).(15,16) Four databases housed at the Institute for Clinical 

Evaluative Sciences (ICES) were used to identify ankle sprain cases: 1. the National Ambulatory 

Care Reporting System (NACRS) for ambulatory care visits,(17); 2. the Canadian Institute for 

Health Information Discharge Abstract Database for inpatient admissions (CIHI-DAD),(18,19); 

3. the OHIP Database for physician billing claims,(20); and 4. the Registered Persons Database 

(RPDB) for patient demographics from the Ministry of Health and Long Term Care 

(MOHLTC).(21,22) These data are collected under Section 45(1) of the Personal Health 

Information Protection Act (PHIPA: 2004) and Regulation 329/04, Section 18, of which ICES is 

a prescribed entity.(23) Record linkage of the databases was performed using a unique personal 

identifier, which is an encoded record number derived from each individual’s encrypted health 

card number found across all databases. The study was approved by the institutional review 

board at the Sunnybrook Health Sciences Centre (Toronto, Canada) and the Queen’s University 

Health Sciences Research Ethics Board (Kingston, Canada). 

 

4.3.1. Case Definition 

The study included cases of medically attended ankle sprains treated at Ontario primary 

care providers, specialist physicians, hospital emergency departments, urgent care centres, or 

hospital wards. The index date of the injury was based on the case’s first presentation recorded in 

one of the linked databases. Ankle sprains were defined as non-fracture injuries to the ankle and 

foot joint (described as “ankle and foot injuries”) classified according to the International 

Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada 

(ICD-10-CA) diagnostic code S93 or one of the sub-codes (ICD-10-CA S93.0 to S93.6).(24) 
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Cases were included if ICD-10-CA S93 was the most clinically significant reason or one of the 

secondary diagnoses provided. 

  The health care utilization and cost data were collected for each case for a period of six 

months following the index ankle sprain date, as it has been shown that the natural course of 

recovery from sprains takes six months among most patients.(25–27) Ankle sprains were 

considered to be a repeat injury if they occurred after six months following the index date. If a 

fracture at the foot or ankle joints was diagnosed within the six month follow-up time period, the 

ankle sprain utilization period ended earlier. If an ankle sprain occurred within a year following 

the ankle or foot fracture, the sprain was not considered to be a new event due to bone healing 

following a fracture taking up to one year.(28,29)  

 

4.3.2. Other Descriptors 

Demographic and injury characteristics of the patients obtained from the linked databases 

included sex, age, urban or rural residential status (based on the individual’s forward sortation 

area of the postal code), geographic region of residence (based on the individual’s postal district 

from the forward sortation area – “K”: Eastern Ontario, “L”: Central Ontario, “M”: Greater 

Toronto Area, “N”: Western Ontario, “P”: Northern Ontario), income quintiles (derived from the 

2006 Canadian Census data based on the postal code), and season of injury (spring, summer, fall, 

winter).(30,31) The Canadian Classification of Health Interventions (CCI) main intervention 

codes from NACRS and DAD were used to describe the most clinically significant procedures 

received by the patient.(32) 
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4.3.3. Health Care Utilization and Costs 

Resource utilization and costs were estimated for up to six months following the ankle 

sprain. Health care costs were obtained from the perspective of the payer, the Ontario Ministry of 

Health and Long-Term Care (MOHLTC). The time horizon was April 1st, 2003, to September 

30th, 2011 (six months following last possible index date of March 31, 2011). All costs were 

adjusted for inflation using the Bank of Canada’s Inflation Calculator and reported in 2015 

Canadian dollars.(33) Since the maximal length of follow-up was below one year, costs were not 

adjusted for discounting.(34)  

The exact remuneration for physician visits was obtained using the OHIP database, which 

captures billing claims for physician care of Ontario residents based on the MOHLTC’s OHIP 

Schedule of Benefits for Physician Services under the Health Insurance Act.(20,35) The OHIP 

Database does not include physician services remunerated through Workers’ Compensation or 

Alternate Fee Plans (AFP).(36,37) However, 6% of total physician billing is done through AFPs 

in Ontario and most physicians submit shadow billing.(36,37) Remuneration to physicians who 

were paid through AFP was estimated using the average cost for physician services recorded for 

the specialty within the linked database. 

Data at ICES did not account for all associated health resource costs, such as those 

incurred by the emergency department or during an inpatient stay. These were calculated using 

the Costing Analysis Tool provided through the Ontario Case Costing Initiative.(38) The OCCI 

collected costs related to patient care such as nursing time, diagnostic imaging, pharmaceuticals, 

and laboratory expenses, as well as overhead expenses.(38) Mean, minimum, and maximum 

associated costs were extracted from the OCCI by cohort year and ICD-10-CA diagnostic code 
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for both ambulatory care/emergency department visits and inpatient hospital stays. Two standard 

deviations above the mean were used to arrive at the maximum costs in the sensitivity analysis.  

 

4.3.4. Data Analysis 

Cross-tabulations and measures of central tendency were used to identify patient and 

injury characteristics that were most commonly associated with ankle sprain cases. Incidence 

rates for ankle sprains were calculated by characteristic of interest with the denominator being 

the total population at risk based on data from the RPDB. Chi-square analyses were performed to 

compare incidence rates among groups. Direct sex and age standardization was done using the 

2011 Canadian Census population to account for population make-up changes between the years 

of study.(39) Resource utilization and costs for medical services received by ankle sprain ICD-

10-CA diagnostic subtype were categorized according to source of health care. Means (95% 

confidence intervals) and medians (interquartile ranges) were presented for cost data with group 

comparisons done using the non-parametric Wilcoxon Rank Sum test and the Kruskal-Wallis 

test. Best and worst case costs were calculated along with the base case to acknowledge the 

uncertainty when estimating cost data. All analyses were performed using SAS statistical 

software, version 9.2 (SAS Institute, Cary, North Carolina, USA).  

 

4.4. Results 

Overall, 1,735,265 cases of dislocations, sprains, and strains of joint and ligaments at the 

ankle and foot level were recorded between 2003 and 2011 across all health care settings in 

Ontario, representing 1,426,621 (82%) unique individuals. 2,408 cases from outside of the 

province were excluded in the cost analysis, leaving 1,732,857 cases. The characteristics of these 
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ankles sprains are profiled in Table 4-1. Twenty percent of the cases (n=351,445) had a previous 

medically-attended ankle or foot injury. Of these, 73% had one previous injury (n=255,373), 

18% had two previous injuries (n=63,835), 6% had three previous injuries (n=19,494), and 9% 

had four or more previous injuries (n=12,401). Fourteen percent of the cases (n=238,067) had a 

history of the same non-fracture injury during the study time frame. Information on the co-

morbidity status was available for 696,954 cases of ankle and foot injuries with the majority of 

patients (85%) having no co-morbidities. 

Most of the injuries (1,315,987, 76%) were coded as ICD-10-CA S93; this did not allow 

for any further description by injury subtype. These cases predominantly sought care at family 

physician and other specialist physician offices. Of the 416,870 injuries for which subtype data 

were available, 339,383 (81%) were ankle sprains, 72,967 (18%) were other sprains, strains or 

ruptures at the ankle or foot joints, and 4,520 (1%) were dislocations at the ankle or foot joints. A 

breakdown of injury by diagnostic code is captured in Table 4-2.  

 

4.4.1. Age- and sex-adjusted incidence rate of ankle sprains 

Volumes of ankle sprains remained consistent over time, as shown in Figure 4-1. The 

overall age and sex-adjusted incidence rate of ankle sprains was 16.9 per 1,000 person-years with 

higher rates among females than males (18.2/1,000 person-years and 15.6/1,000 person-years, 

respectively, p<0.001). Figure 4-2 presents the unadjusted incidence rate of ankle sprains by sex 

and age group. The incidence rate of ankle sprains peaked between the ages of 10 to 19 years 

(25.5/1,000 person-years). It plateaued between the ages of 25 to 59 years old at about 

17.5/1,000 person-years, gradually decreasing with age. The incidence rate among males and 

females was similar up to the age of 30 years old, when the incidence rates between the sexes 
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showed the greatest disparities, particularly among 55 to 59 year olds (females: 20.9/1,000 

person-years, males: 13.2/1,000 person-years, p<0.001). 

 

4.4.2. Health care utilization 

Patient use of the health care system for ankle and foot injuries is presented in Table 4-3. 

The majority of patients who sought medical attention for their ankle sprain visited a family 

physician or general practitioner only (61%). About 6% of ankle sprain patients sought treatment 

in multiple settings. Inpatient admissions from ankle sprains were rare (n=1,907, <1%). 13,015 

individuals arrived by ambulance to the emergency department. 

Overall, 339,383 ankle sprains were seen in the emergency department with 85% 

receiving an intervention, the most common being an x-ray of the ankle joint (86%). 467 

individuals had an inpatient admission. A total of 4,520 ankle dislocation injuries were seen in 

the emergency department of which 95% had interventions. These included x-ray of the foot 

(32%), reduction of other interphalangeal joints of toe using closed approach (24%), x-ray of the 

ankle joint (12%), reduction of tarsometatarsal joints or other metatarsal bones using closed 

approach (9%), and reduction of the ankle joint using closed approach (8%). 500 individuals had 

an inpatient admission. Other sprains, strains, or ruptures of the ankle or foot joints contributed 

to a total of 72,967 injuries seen in the emergency department with 84% receiving an 

intervention. The most common were: x-ray of the foot (76%) or ankle joint (18%). 58 of the 

cases required an inpatient admission. 
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4.4.3. Costs of treating and diagnosing injuries 

The overall health care costs for diagnosing and treating ankle sprains amounted to 

$21,685,876 (worse case: $11,069,713, best case: $35,609,236) annually or $173,487,009 (worse 

case: $88,557,703, best case: $284,873,886) over the eight years of study. Emergency 

department and ambulatory care overhead costs constituted half of the total costs, followed by 

OHIP payments to family physicians and general practitioners (27%), OHIP payments to other 

specialists (18%), and costs for the inpatient stay (5%) (Table 4-4). The mean costs per case of 

ankle or foot sprain or strain are presented in Table 4-2. The highest costs were reported for 

dislocations, among which inpatient admission costs constituted a large portion of the overall 

cost.  

The costs of treating ankle injuries increased with age and were greater among females 

(Figure 4-3). The overall costs increased with co-morbidity status. For individuals without a co-

morbidity, the costs were a mean of $101.10 ($100.55-101.64) and a median of $39.08 (IQR: 

132.89). For individuals with one co-morbidity, the costs were an average of $109.86 ($107.65-

112.06) and a median of $41.30 (IQR: 130.03), while for those with two or more co-morbidities, 

the mean costs were higher at $120.34 ($117.68-123.01) and a median of $41.11 (IQR: $111.48). 

 

4.5. Interpretation 

Ankle and foot injuries were common injuries accounting for 217,000 cases per year 

during the period under study. The overall sex- and age-adjusted incidence rate was 16.9 per 

1,000 person-years with a higher incidence among adolescents between the ages of 10 to 19 

years old. Most medical care for ankle and foot injuries was sought at family physician or 

general practitioners (61%) with less individuals seeking care at emergency departments (20%) 
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or other specialist physicians (13%). The mean cost per case of ankle or foot injury was $99.98 

(95% CI, $99.70-100.26) and the median cost per case was $38.73 (IQR: $148.70). Due to the 

common nature of ankle and foot injuries, the financial burden to the health care system is 

noteworthy. 

 The age- and sex-adjusted incidence rate of ankle and foot injuries (16.9 per 1,000 

person-years) in Ontario was higher than estimated previously via population-based studies. 

However, the latter studies focused on patients attending emergency departments, which in the 

present study represented 20% of all medical presentations for these injuries. A population-based 

study of lateral ankle sprains treated at a hospital casualty ward in Denmark found that the 

incidence rate of ankle sprains was 7 per 1,000 person-years and represented 4% of all 

patients.(3) Another study conducted in 2000-2001 investigated ankle sprains treated at accident 

and emergency units in the United Kingdom.(14) The incidence of ankle sprains was 6.1 per 

1,000. Lastly, Waterman et al. studied ankle sprains in the general population in the United 

States presenting to the emergency department and found an incidence rate of 2.15 per 1,000 

person-years.(5) Previous studies also found that the incidence rate peaked among 

adolescents.(3,14) The present study found that the majority of individuals in Ontario received 

medical care for their ankle and foot injuries from primary care physicians. This is in line with 

ambulatory care estimates from the United States for the 2006-2007 that showed that sprains and 

strains of the ankle accounted for 3.2 million annual visits with the majority occurring at hospital 

emergency departments (33.6%), primary care offices (28.7%), surgical specialty offices 

(25.5%), and hospital outpatient departments (8.3%) (40). In terms of health care expenses, the 

mean costs of treating any non-fracture ankle or foot injury in Ontario were $99.98 with higher 

costs for ankle sprains ($133.78 to $210.75) and ankle and foot dislocations ($1,497.12 to 
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$1,755.69). These values are consistent with those found in studies from Belgium,(41,42) the 

United Kingdom,(2) and the Netherlands.(43) 

This is the largest study to date describing the epidemiology and health care costs related 

to treating injuries to the ankle and foot joints, including sprains, strains, and dislocations, in 

Canada. Due to Ontario’s single-payer health insurance coverage, it was possible to link all 

health care records related to ankle and foot injury visits across health care sites to capture the 

full extent of the injuries on the health care system. The use of administrative data has its 

limitations, including the vast amount of injuries that did not have subtype information provided 

to arrive at the type, location, and severity of injury. Moreover, the use of the ICD-10-CA 

diagnostic code of S93 captures ankle and foot injuries other than ankle sprains. However, 

previous research has shown that of all ankle injuries, 80% are ligamentous sprains, while 10% 

are fractures.(6) Another limitation of this study is that about 13% of the ankle and foot injury 

cases received treatment at other physician specialists without accessing emergency services or 

primary care first. However, the organization of the health care system in Ontario necessitates a 

referral to a specialist physician. Although a proportion of visits to other physician specialists 

were to emergency medicine specialists, other reasons for this discrepancy might be billing 

information not being submitted by the physician of first contact or the patient already following 

with a specialist for another medical reason. 

This study described the epidemiology of non-fracture ankle and foot injuries and 

identified population groups with higher incidences of these injuries, in particular, adolescents 

and women over the age of 30 years old. As previous studies have showed that up to 73% 

individuals with ankle sprains experience residual symptoms following ankle sprains from six to 
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eighteen months after the injury,(25) it is important for prevention strategies to be aimed at the 

groups deemed at higher risk for injuries.  
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Table 4-1: Descriptive characteristics of ankle sprain cases in Ontario, Canada, 2003-2011 

Characteristic 
Number of cases 

(%) 

Mean Cost in 2015 

CAD (95% CI) 

Median Cost in 

2015 CAD (IQR) 

% Distribution of Total Costs 

General 

Practitioner 

Other 

Specialist 

Emergency 

Department 

Inpatient 

Admission 

Sex 
Male 
Female 

 
788,045 (45%) 
944,812 (55%) 

 
97.89 (97.49-98.29) 
94.72 (94.38-95.06) 

 
38.73 (137.07) 
38.73 (132.89) 

 
28% 
30% 

 
17% 
20% 

 
50% 
46% 

 
5% 
4% 

Age (years) 
0-4 
5-9 
10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90+ 

 
26,131 (2%) 
63,856 (4%) 

165,767 (10%) 
179,103 (10%) 
133,812 (8%) 
118,243 (7%) 
121,656 (7%) 
131,309 (8%) 
145,051 (8%) 
143,921 (8%) 
129,643 (7%) 
109,520 (6%) 
81,962 (5%) 
58,647 (3%) 
46,007 (3%) 
36,189 (2%) 
24,479 (1%) 
12,251 (1%) 
5,310 (<1%) 

 
70.19 (68.75-71.63) 
81.15 (80.31-82.00) 
93.16 (92.62-93.70) 

111.65 (110.91-112.40) 
108.01 (107.06-108.97) 
103.52 (102.57-104.47) 

98.86 (97.89-99.82) 
94.90 (93.96-95.84) 
93.11 (92.22-94.00) 
91.44 (90.48-92.39) 
90.02 (89.06-90.98) 
89.90 (88.83-90.97) 
90.87 (89.54-92.21) 
92.08 (90.42-93.74) 
90.32 (88.58-92.06) 
94.69 (92.20-97.18) 

99.62 (96.16-103.08) 
104.99 (99.49-110.50) 

123.95 (113.04-134.86) 

 
35.98 (42.18) 

37.52 (131.28) 
38.73 (139.60) 
67.01 (146.66) 
53.77 (141.55) 
43.06 (139.49) 
38.73 (137.07) 
38.63 (134.33) 
38.63 (125.39) 
38.63 (90.97) 
38.63 (74.92) 
38.63 (66.93) 
38.63 (63.43) 
38.63 (59.33) 
38.63 (55.86) 
38.63 (54.66) 
38.63 (52.04) 
38.46 (48.43) 
38.63 (58.74) 

 
30% 
28% 
25% 
20% 
23% 
25% 
28% 
31% 
32% 
34% 
35% 
35% 
34% 
34% 
35% 
34% 
32% 
31% 
30% 

 
28% 
15% 
11% 
9% 
9% 

12% 
14% 
17% 
20% 
23% 
27% 
31% 
34% 
36% 
36% 
32% 
27% 
22% 
13% 

 
40% 
55% 
62% 
68% 
64% 
60% 
54% 
48% 
43% 
38% 
34% 
30% 
26% 
23% 
23% 
24% 
27% 
29% 
32% 

 
3% 
2% 
1% 
3% 
4% 
4% 
4% 
5% 
5% 
5% 
4% 
5% 
5% 
6% 
5% 

10% 
14% 
17% 
25% 

Income quintile 
1 
2 
3 
4 
5 
Unknown 

 
322,229 (19%) 
335,381 (19%) 
345,538 (20%) 
362,363 (21%) 
361,512 (21%) 
5,834 (<1%) 

 
99.50 (98.88-100.12) 
96.89 (96.30-97.48) 
95.18 (94.60-95.76) 
94.58 (94.03-95.13) 
94.64 (94.07-95.22) 

120.04 (113.80-126.28) 

 
39.28 (137.07) 
38.73 (137.07) 
38.73 (134.27) 
38.73 (133.84) 
38.73 (132.89) 
66.97 (141.36) 

 
27% 
28% 
29% 
30% 
30% 
19% 

 
18% 
19% 
18% 
19% 
20% 
13% 

 
50% 
49% 
48% 
47% 
45% 
59% 

 
5% 
4% 
4% 
4% 
5% 
8% 

Urban/rural residence 
Urban 
Rural 
Unknown 

 
1,540,931 (89%) 
191,272 (11%) 

654 (<1%) 

 
92.08 (91.82-92.35) 

128.98 (128.03-129.94) 
101.87 (83.45-120.30) 

 
38.63 (126.96) 

127.26 (147.17) 
38.73 (133.90) 

 
31% 
16% 
27% 

 
20% 
12% 
23% 

 
45% 
66% 
43% 

 
4% 
6% 
7% 
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Geographic location 
Greater Toronto Area 
Western Ontario 
Northern Ontario 
Eastern Ontario 
Central Ontario 

 
333,141 (19%) 
358,188 (21%) 
109,681 (6%) 

243,946 (14%) 
687,901 (40%) 

 
88.35 (87.81-88.88) 
98.04 (97.42-98.65) 

130.05 (128.72-131.38) 
107.46 (106.72-108.21) 

89.56 (89.18-89.94) 

 
38.63 (73.65) 

38.63 (137.42) 
124.59 (147.17) 
48.25 (139.44) 
38.46 (113.29) 

 
33% 
28% 
15% 
23% 
33% 

 
27% 
17% 
12% 
16% 
18% 

 
37% 
50% 
66% 
56% 
44% 

 
3% 
6% 
7% 
5% 
4% 

Year of injury 
2003-2004 
2004-2005 
2005-2006 
2006-2007 
2007-2008 
2008-2009 
2009-2010 
2010-2011 

 
216,853 (13%) 
211,920 (12%) 
217,928 (13%) 
217,547 (13%) 
218,487 (13%) 
217,388 (13%) 
214,796 (12%) 
217,938 (13%) 

 
94.35 (93.73-94.98) 
95.74 (95.10-96.39) 
94.45 (93.77-95.13) 
97.34 (96.68-97.99) 
98.42 (97.61-99.22) 
96.40 (95.61-97.19) 
95.97 (95.12-96.82) 
96.59 (95.78-97.41) 

 
36.73 (151.81) 
36.86 (151.07) 
37.78 (130.43) 
38.46 (140.51) 
39.24 (131.89) 
38.73 (132.74) 
38.32 (133.55) 
38.32 (134.33) 

 
28% 
28% 
29% 
28% 
29% 
29% 
29% 
30% 

 
17% 
16% 
18% 
19% 
19% 
20% 
20% 
20% 

 
51% 
52% 
49% 
49% 
47% 
45% 
44% 
45% 

 
3% 
4% 
4% 
3% 
5% 
5% 
6% 
5% 

Season of injury 
Spring 
Summer 
Fall 
Winter 

 
486,620 (28%) 
479,990 (28%) 
421,723 (24%) 
344,524 (20%) 

 
95.66 (95.18-96.13) 
95.91 (95.41-96.41) 
95.72 (95.19-96.26) 
97.75 (97.15-98.36) 

 
38.73 (137.67) 
38.63 (137.13) 
38.73 (133.74) 
39.24 (133.67) 

 
29% 
28% 
29% 
29% 

 
18% 
17% 
20% 
20% 

 
49% 
50% 
46% 
46% 

 
4% 
5% 
5% 
5% 

Total 1,732,857 (100%) 96.16 (95.90-96.42) 38.73 (134.27) 29% 19% 48% 5% 
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Table 4-2: ICD-10-CA diagnostic codes and descriptions 

ICD-10-CA DESCRIPTION (24) 
Number  

of Cases  
% Male 

Mean Age 

(SD) 

Mean Cost in 2015 CAD 

(95% CI) 

Median Cost in 

2015 CAD (IQR) 

S93 Dislocation, sprain and strain of joints 

and ligaments at ankle and foot level 
1,315,987 44% 39.6 (20.6) 61.22 (60.98-61.46) 35.21 (26.27) 

S93.0 Dislocation of ankle joint 

Includes: astragalus; fibula, lower end; 

talus; tibia, lower end 

1,065 60% 37.8 (18.8) 1,772.66 (1,655.33-1,889.99) 659.15 (3,393.85) 

S93.1 Dislocation of toe(s) 

Includes: interphalangeal (joint(s)); 

metatarsophalangeal (joint(s)) 

3,144 55% 37.9 (18.6) 383.99 (357.38-410.60) 227.03 (62.62) 

S93.10 Dislocation of metatarsophalangeal joint 1,053 55% 39.3 (18.8) 426.93 (374.33-479.54) 215.32 (48.21) 

S93.11 Dislocation of (interphalangeal) joint of 
toe 

2,091 55% 37.2 (18.5) 362.37 (332.39-392.34) 228.58 (62.62) 

S93.2 Rupture of ligaments at ankle and foot 

level 
116 66% 35.4 (14.8) 517.03 (341.89-692.18) 250.19 (87.46) 

S93.3 Dislocation of other and unspecified 

parts of foot 

Includes: navicular, foot; tarsal 

(joint(s)); tarsometatarsal (joint(s)) 

311 61% 38.3 (19.1) 1,486.53 (1,281.04-1,692.02) 412.34 (3,043.73) 

S93.30 Dislocation of tarsal (midtarsal) joint
  

198 61% 38.8 (19.5) 1,333.78 (1,094.12-1,573.45) 412.34 (288.05) 

S93.31 Dislocation of tarsometatarsal joint 113 61% 37.3 (18.6) 1,754.17 (1,375.30-2,133.03) 361.40 (3,571.81) 

S93.4 Sprain and strain of ankle 

Excludes: injury of Achilles tendon 

(S86.0) 

339,383 50% 30.6 (17.2) 203.05 (202.50-203.59) 184.58 (12.72) 

S93.40 Sprain and strain of deltoid ligament, 
ankle 
Includes: internal (lateral, medial) 
collateral ligament ankle, internal 
collateral (ligament) ankle 

2,130 56% 29.4 (16.4) 201.62 (190.21-213.04) 170.48 (43.65) 

S93.41 Sprain and strain of calcaneofibular 
ligament, ankle 

182 44% 31.8 (17.7) 204.30 (147.86-260.74) 149.65 (0) 

S93.42 Sprain and strain of distal tibiofibular 
ligament, ankle 

878 47% 30.5 (16.9) 200.30 (185.04-215.56) 176.36 (3.43) 
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S93.48 Sprain and strain of other ligament of 
ankle 
Includes: talofibular (ligament) 

78,312 50% 30.5 (17.2) 205.50 (204.41-206.59) 184.58 (15.66) 

S93.49 Sprain and strain of ankle, unspecified 
Includes: sprained ankle NOS 

257,881 49% 30.6 (17.2) 202.32 (201.69-202.95) 182.00 (12.72) 

S93.5 Sprain and strain of toe(s) 

Includes: interphalangeal (joint(s)); 

metatarsophalangeal (joint(s)) 

5,047 46% 29.0 (17.8) 169.78 (167.11-172.45) 160.00 (30.32) 

S93.50 Sprain and strain of metatarsophalangeal 
joint 

1,155 44% 29.8 (17.7) 197.88 (188.21-207.55) 188.41 (26.04) 

S93.51 Sprain and strain of (interphalangeal) 
joint of toe 

3,892 47% 28.7 (17.9) 161.44 (159.58-163.31) 157.26 (30.32) 

S93.6 Sprain and strain of other and 

unspecified parts of foot 

Includes: midtarsal (ligament); tarsal 

(ligament); tarsometatarsal (ligament) 

67,804 44% 31.2 (18.9) 187.03 (186.13-187.92) 174.60 (16.63) 

 
Total 1,732,857 45% 37.5 (20.3) 96.16 (95.90-96.42) 38.73 (134.27) 
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Table 4-3: Place of presentation for treatment of medically attended ankle and foot injuries 

Place of Presentation for One or More Visits 
Any diagnosis  

(total number of 

cases) (%) 

Mean (95% CI) Median (IQR) 
General 

Practitioner/Family 

Physician Visit 

Emergency 

Department/Ambulatory 

Care Centre Visit 

Other 

Specialist 

Visit1 

 

Inpatient 

Admission 

●    1,049,322 (61%) 41.85 (41.79-41.91) 34.83 (5.68) 

 ●   350,877 (20%) 185.99 (185.84-186.15) 179 (13.4) 

  ●  229,641 (13%) 112.84 (112.20-113.49) 70.20 (91.47) 

   ● 0 (0%) 0 0 

● ●   52,966 (3%) 233.82 (233.31-234.33) 218.09 (26.18) 

●  ●  27,260 (2%) 170.19 (168.39-172.00) 125.00 (100.11) 

●   ● 197 (<1%) 4,080.78 (3,987.03-4,174.52) 4,381.37 (1,212.95) 

 ● ●  16,099 (<1%) 276.92 (275.31-278.53) 250.15 (71.78) 

 ●   ● 554 (<1%) 4,250.35 (4,193.59-4,307.11) 4,130.01 (1,307.83) 

  ● ● 466 (<1%) 4,492.53 (4,418.94-4,566.12) 4,580.48 (1,281.26) 

● ● ●  4,785 (<1%) 342.20 (338.37-346.03) 306.37 (92.34) 

 ● ● ● 370 (<1%) 4,660.41 (4,579.97-4,740.86) 4,714.58 (1,261.59) 

● ●  ● 127 (<1%) 4,357.67 (4,230.16-4,485.18) 4,552.55 (1,356.67) 

●  ● ● 102 (<1%) 4,577.43 (4,427.89-4,726.97) 4,657.68 (1,145.49) 

● ● ● ● 91 (<1%) 4,724.43 (4,547.48-4,901.37) 4,698.29 (1,331.41) 
1 Other specialists included orthopedic surgeons (48%), family physician/emergency medicine specialists (18%), physical medicine and rehabilitation specialists 
(14%), pediatricians (8%), and emergency medicine physicians (3%). 
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Table 4-4: Costs (2015 CAD) of treating an ICD-10-CA S93 injuries (dislocation, sprain and strain of joints and ligaments at ankle 
and foot level), 2003-2011 
 

 

Percent Distribution of Total Costs 

Family 

Physician 

(29%) 

Other 

Specialist 

Physician 

(19%) 

Emergency 

Department 

(48%)** 

Inpatient 

Admission (5%)** 

Total number of cases* 1,134,850 278,814 425,869 1,907 

Total number of visits 1,411,330 440,129 442,838 1,983 

Mean number of visits  
(range: minimum- maximum) 

1.24   
(1-61) 

1.58 (1-61) 
1.04 
(1-9) 

1.04 
(1-3) 

Mean cost per case  
(2015 CAD) (95% CI) 

42.35 (42.29-
42.41) 

112.30  
(111.72-112.87) 

187.19  
(187.04-187.34) 

3,964.41  
(3,934.74-3,994.07) 

Median cost per case  
(2015 CAD) (IQR) 

34.83 (5.78) 71.51 (91.00) 180.87 (13.40) 4,347.65 (1,694.60) 

*Individuals may have sought medical attention at more than one of the settings   

**Does not include physician fees 
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Figure 4-1: Annual volumes and incidence rates of ankle and foot sprains and strains in Ontario from 2003-2011 
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Figure 4-2: Incidence rates of ankle and foot sprains and strains in Ontario by sex and age, 
2003-2011 
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Figure 4-3: Costs (2015 CAD) of treating ankle and foot sprains and strains in Ontario by sex 
and age, 2003-2011 
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CHAPTER 54 

 

THE PROGNOSTIC INFLUENCE OF BODY MASS INDEX ON RECOVERY FROM  
MEDICALLY ATTENDED ANKLE SPRAINS 

 
 
 
5.1.  Abstract 

Background/Objectives: Ankle sprains are common injuries that may lead to long-term 

morbidity. Individuals with obesity are at greater risk for ankle sprains; however, prognostic 

associations between body mass index (BMI) and recovery from such injuries are less well 

understood. This study therefore investigated recovery of patients with ankle sprains and how 

their prognosis related to baseline BMI status.  

Subjects/Methods: Participants (≥16 years old) from a clinical trial who sought emergency 

department treatment for grades 1 or 2 ankle sprains in Kingston, Ontario, were studied. Baseline 

BMI status was defined as BMI<25 (non-overweight), 25-29.9 (overweight) and ≥30 (obese). 

Recovery was assessed at one, three, and six months post-injury using the Foot and Ankle 

Outcome Score (FAOS). The continuous FAOS scores and binary recovery status (excellent 

recovery: FAOS ≥450 and incomplete recovery: FAOS<450) were compared between BMI 

groups at each assessment using a repeated measures linear mixed effects model and logistic 

regression, respectively, while controlling for known confounders.  

Results: 504 individuals were recruited with 80% study completion. Improvements in FAOS and 

subscale scores were observed over time. By 6 months, the mean difference in the unadjusted 

FAOS scores between participants classified as obese and non-overweight was -23.02 (95% CI, -

38.99 to -7.05), but this difference diminished after adjusting for known confounders (adjusted 

                                                 
4 This manuscript has been formatted for submission to the peer-reviewed journal, International Journal of Obesity. 
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difference: -11.95, -28.13 to 4.23). Correspondingly, the odds ratio of recovery for participants 

classified as obese compared to non-overweight was 0.60 (0.37-0.97) before adjustment, but 0.74 

(0.43-1.29) after adjustment. Six month recovery was lower for participants with obesity than 

non-overweight participants for each subscale of the FAOS. This difference reached statistical 

significance in the FAOS Pain Subscale and Function in Daily Living Subscale but was not 

clinically meaningful in any domain. 

Conclusion: Study findings point to the need for health professions to monitor individuals with 

ankle sprains, as incomplete recovery over time was common. Patient monitoring could be 

further targeted to individuals with obesity as they reported worse states of ankle function in the 

months following their ankle sprains. 
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5.2. Introduction  

Ankle sprains are soft-tissue injuries caused by partial or complete tears to one or more of 

the ankle joint ligaments.1 Patients with ankle sprains commonly seek emergency room treatment 

where they account for close to 10% of all injury-related visits.2 One half to three-quarters of 

patients with ankle sprains report mobility problems, recurrent sprains, or residual symptoms of 

pain and swelling six to eighteen months post-injury.3–5 Several factors affect the recovery time 

from ankle sprains, most notably patient age and severity of injury.6–8   

Numerous studies have shown that individuals with BMIs indicative of being overweight 

and obese have a greater risk for ankle sprains8,9 and recurrent sprains.7 However, there is little 

information on the potential prognostic effects of body mass index (BMI) on recovery from 

ankle sprains. A prospective cohort study of American children found that those classified as 

overweight or obese based on BMI were close to two times more likely to have persistent 

symptoms six months following an ankle sprain compared to children in the healthy BMI 

range.10 A second study of adults with ankle sprains from the United Kingdom (n=85), however, 

did not find a relationship between BMI and recovery at four and sixteen weeks post-injury.11  

Mechanistically, an increased BMI has a direct effect on the ankle joint through 

abnormally high joint loading. The ankle joint supports the body’s weight and can experience 

compressive forces that exceed eight times the body’s weight.12 The high ground reaction forces 

and ankle joint loading associated with running and jumping, render the ankle joint susceptible to 

injury due to improper stepping or altered foot strike pattern.12,13 Increased BMI is also related to 

reduced balance control, greater postural instability, and mobility problems, which may 

contribute to a greater risk of falling among individuals with obesity.14–16 Indirectly, BMI may 



 

101 

 

influence ankle joint function and health through poor physical condition.9 Therefore, excess 

weight may negatively affect ankle joint healing post-injury.17 

Approximately 16 million or 60% of Canadian adults are living with overweight or 

obesity.18 Knowledge about the impact of BMI on recovery from the common injury mechanism 

such as ankle sprains is especially important. The objective of this study was therefore to 

investigate the impact of BMI as a prognostic factor for recovery from medically attended ankle 

injuries among adult Canadians recruited from a tertiary-based hospital setting. 

 

5.3. Materials and Methods 

 

5.3.1. Study Design 

This was a prospective study of adults, 16 years of age and older, who were diagnosed 

with an acute grade 1 or 2 ankle sprain and participated in a randomized controlled trial of a 

physical therapy treatment protocol for ankle sprains. Participants were recruited from one of 

two hospital-based emergency departments in Kingston, Ontario, Canada, between September 

2009 and April 2013, and were followed clinically for six months. Detailed information about 

the study has been published elsewhere.19 Ethics approval was obtained from the Queen’s 

University Health Sciences Research Ethics Board. 

 

5.3.2. Study Inclusion and Exclusion Criteria 

Individuals were included in the trial if they were 16 years of age and older and presented 

for treatment within 72 hours of an acute ankle sprain, could communicate in English, were 

mentally competent, and agreed to participate in the follow-up motor performance laboratory 

(MPL) testing and telephone interviews. Individuals with grade 3 ankle sprains, fractures, or 



 

102 

 

conditions requiring immobilization or surgery were excluded. Patients with other soft-tissue 

injuries or multiple injuries that could impact ankle sprain recovery were also excluded. 

Additionally, individuals who had sprained their ankle previously in the preceding six months, 

scored 450 or more out of 500 points on the Foot and Ankle Outcome Score questionnaire at 

recruitment, had arranged for physiotherapy, or had other health conditions which limited 

mobility such as arthritis or neurological diseases, were excluded.  

 

5.3.3. Data Collection 

Demographic and injury information were collected at a baseline MPL visit within one 

week post-injury. Height in centimeters (to the nearest 0.1 cm) and weight in kilograms (to the 

nearest 0.1 kg) were measured at baseline by a trained research assistant. BMI was calculated 

using the formula of BMI = kg/m2 and categorized according to the World Health Organization 

BMI Classification: non-overweight: <25.0, overweight: 25.0-29.9, and obese: ≥30.20 For 

participants who were 16 and 17 years old, BMI was classified using the International Obesity 

Task Force age- and sex-specific BMI cut offs that are linked to the adult BMI cut offs.21  

Prognostic data on recovery were collected prospectively at one, three, and six months 

following the initial emergency department visit. The baseline Foot and Ankle Outcome Score 

(FAOS) was used as a measure of functional status at the time of the onset of the injury and 

recovery from ankle sprains was assessed using the one, three, and six-month FAOS. The FAOS 

is a 42-item interviewer-administered questionnaire that provides self-perception of the 

symptoms and limitations related to the ankle joint.22 The FAOS has five subscales: Symptom 

Subscale (SS), Pain Subscale (PS), Function in Daily Living Subscale (ADLS), Function in Sport 

and Recreation Subscale (SPS), and Foot and Ankle-related Quality of Life Subscale 
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(QOLS).22,23 A score of 0 (extreme symptoms) to 100 (no symptoms) was estimated for each of 

the five subscales. The FAOS has been validated in patients with ankle ligament 

reconstruction.23 The content validity of FAOS items was assessed to be relevant and important 

by the patients and its construct validity was moderately correlated to the Karlsson score of ankle 

function (r=0.58 to 0.67).23,24 The FAOS has high test-retest reliability (≥0.89 Spearman’s 

correlation coefficient on all five subscales) and high internal consistency (≥0.88 Cronbach’s 

alphas on five subscales).23,24 A clinically significant difference in FAOS has been reported to be 

eight to ten points for the subscale scores.25 Excellent recovery was defined as scoring 90% or 

greater on the FAOS which corresponds to a total score of 450 out of 500 or 90 out of 100 on the 

subscales.26–29 

Additional prognostic factors for recovery from ankle sprains and other musculoskeletal 

injuries that could confound the relationship of interest were selected based on existing 

biomedical literature. These included sex, age, injury severity, injured dominant lower limb (as 

measured by which foot was used to kick a ball), level of preinjury physical activity (days per 

week), and income category.11,30–34 Self-reported employment status and income were used to 

assess socioeconomic status with the following categories: (1) unemployed, full-time student, or 

retired; (2) annual earnings of <$19,999; (3) annual earnings of $20,000-39,999; or (4) annual 

earnings of $40,000 or more. The income categories were created to correspond with Canada’s 

low income cut-off and the lowest federal tax rate bracket.35,36  

 

5.3.4. Data Analysis 

Baseline participant data were presented by BMI group using cross-tabulations for 

categorical predictor variables and means with standard deviations for continuous predictor 
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variables. A linear repeated measures mixed effects model allowing for unstructured within 

patient correlation was estimated by restricted maximum likelihood to model the association 

between the exposure of BMI group and the continuous representation of the FAOS outcome 

while controlling for covariates and accounting for the repeated measures at one, three, and six 

months post-randomization. In Model 1, a backward elimination strategy was used for covariate 

selection with percentage changes (15%) in the estimates of BMI effect at month 1 used as the 

criteria for retention. The effects of baseline FAOS, sex, age, and trial randomization arm were 

controlled for in this model. Model 2 included all predictor variables which were associated with 

recovery from injury based on the literature,11,30–32 which in addition to the variables in Model 1 

also included number of days per week of physical activity, injury to the dominant leg, income 

group, and grade of injury. This analysis was repeated for FAOS subscale scores as the outcome 

(Symptom Subscale, Pain Subscale, Function in Daily Living Subscale, Function in Sport and 

Recreation Subscale, and Foot and Ankle-related Quality of Life Subscale). Logistic regression 

analyses were used to examine the association between BMI and recovery with full recovery 

defined as FAOS ≥450 versus less than full recovery, controlling for variables included in Model 

1 and Model 2. Recovery was assessed at one, three, and six months post-injury. The analysis 

was repeated for all subscale scores (recovery defined as a subscale score ≥90) as the outcome. 

All tests were two-sided without adjustment for multiplicity. A priori, the fully adjusted (Model 

2) six month difference in recovery between patients with non-overweight and obese BMIs was 

considered as the primary comparison. All analyses were conducted using SAS 9.4 software 

(SAS Institute, Cary, North Carolina, USA).   
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5.4. Results 

 

Five hundred and four participants, 16 years of age and older, who sought treatment for 

grade 1 or 2 acute ankle sprains at one of two emergency departments in Kingston, Ontario, 

between 2009 and 2013, were recruited for the study. One participant withdrew from the trial 

while three participants did not have their height and weight measured, leaving 500 patients at 

baseline. At one month follow-up, 478 individuals (95%) remained in the study (475 with height 

and weight data), followed by 443 individuals (88%) at three months follow-up (442 with height 

and weight data), and 403 individuals (80%) at six months follow-up (402 with height and 

weight data). In terms of BMI classification at baseline, 191 participants (38%) had a BMI<25 

(non-overweight category; three participants had scores in the upper bounds of the underweight 

category and were included in the non-overweight category), 156 participants (31%) had a 

25≤BMI<30 (overweight category), and 153 participants (31%) had a BMI≥30 (obese category). 

Mean BMI was similar between trial randomization arms. Among a subset of 190 trial 

participants (baseline BMI – non-overweight: 38%, overweight: 34%, obese: 28%) who 

consented to having their BMI measured at all three follow-up time points, there were no 

significant changes in BMI over the time period. Table 5-1 describes the distribution of the 

prognostic factors for ankle sprain recovery by BMI at baseline. Individuals with a BMI≥30 

tended to be female, older, and less physically active when compared to the other BMI groups, 

have a history of previous ankle or foot injuries, and have a previous diagnosis of an arthritic 

condition, diabetes, or loss of sensation in the extremities. Baseline FAOS and subscale scores 

were similar across the BMI groups.  

When FAOS was categorized according to recovery status (excellent recovery score of 

≥450), the percentage of participants who were classified as recovered increased over the follow-
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up time points (Figure 5-1). However, at six months, a large proportion of individuals reported 

problems with their ankle function as demonstrated by an FAOS<450 in 35% of the individuals 

with a BMI<25, 41% of the individuals with 25≤BMI<30, and 48% of the individuals with a 

BMI≥30. The mean FAOS improved over time for all BMI groups (Table 5-2). After controlling 

for the covariates, individuals classified as overweight or obese did not differ significantly on 

mean FAOS scores when compared to individuals in the non-overweight category at any of the 

time points. By six months, the fully adjusted (Model 2) mean difference between participants 

classified as obese compared to those classified as non-overweight was -11.95 (95% CI, -28.13 

to 4.23, p=0.15). The odds of recovery on the FAOS did not differ significantly among those 

with BMI categorized as overweight and obese compared to the individuals in the non-

overweight category after controlling for covariates (Table 5-3).   

When the FAOS subscale scores were dichotomized according to recovery status, the 

percentage of individuals who had recovered (score ≥90) increased over time for all subscales, 

with participants in the non-overweight category having the highest recovery (see Appendix C). 

By six months, over 50% of the participants in all BMI groups had recovered on the Symptom 

Subscale, Pain Subscale, Function in Daily Living Subscale, and the Function in Sport and 

Recreation Subscale. Participants fared worse on the Foot and Ankle-related Quality of Life 

Subscale where less than 50% of the patients had recovered by six months across BMI groups.  

The Pain Subscale score was significantly lower (worse) among individuals with a 

BMI≥30 compared to a BMI<25 at six months (mean difference: -3.11, 95% CI, -6.08 to -0.13, 

p=0.04, in Model 2). The mean subscale scores and odds of recovery based on the subscale 

scores are shown in Appendix C by month of assessment. The odds of recovery on this subscale 
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for individuals with a BMI≥30 were significantly lower (OR: 0.48, 95% CI: 0.26-0.88 in Model 

2) at six months when compared to individuals with a BMI<25. The mean Function in Daily 

Living Subscale score was significantly lower among individuals with a BMI≥30 compared to a 

BMI<25 at six months after adjustment for the covariates (mean difference: -2.80, 95% CI, -5.28 

to -0.32, p=0.03, in Model 2). Since the differences in the mean subscale scores between the non-

overweight and obese categories did not exceed eight to ten points on any of the subscales (Pain 

or Function in Daily Living) 25, the differences are not deemed clinically significant based upon 

a priori criteria. There were no statistically significant differences on the Symptom Subscale, 

Function in Sport and Recreation, or the Foot and Ankle-related Quality of Life Subscale. 

 

 

5.5. Discussion 
 

This study demonstrated that across all BMI groups, there were improvements in 

recovery from ankle sprains over time, as assessed by the FAOS and on its subscale scores. 

However, at six months, a sizeable proportion of the participants still had not fully recovered, 

with higher levels of incomplete recovery observed among individuals classified as obese. Some 

of the differences were accounted for by potential confounders including baseline FAOS, sex, 

age, trial randomization arm, injury to the dominant lower limb, days of physical activity per 

week, income category, and ankle sprain grade, which resulted in a loss of statistical significance 

of the estimates. Compared to the non-overweight referent group, individuals with a BMI ≥30 

had lower subscale scores on all domains, but after statistical adjustment for potential 

confounders, these differences only reached statistical significance for the Pain and Function in 

Daily Living subscales and these differences were not clinically meaningful.  
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The study findings are consistent with those reported by a previous prognostic study of 

adults from the United Kingdom.11 In their study, the investigators found that at four and sixteen 

weeks of follow-up, BMI was not a significant predictor of recovery. Furthermore, another study 

found that among adolescent Canadians surveyed and followed through the 2002 Canadian 

Health Behaviour in School-Aged Children survey, recovery time from sprains and strains did 

not differ among BMI categories, although it did differ among participants with fractures, as well 

as sprains and strains.37 However, due to the fact that individuals classified as obese have 

significantly lower odds of recovery on the Pain Subscale and significantly lower mean scores on 

two of the FAOS subscales, after adjustment for covariates at six months post-injury, this may 

indicate that individuals with obesity have challenges in regaining some aspects of full ankle 

function following injury. These findings would align with those found by Timm et al.,10 who 

showed that children who have overweight or obesity were almost two times more likely to have 

persistent symptoms six months following an ankle sprain compared to children with a normal 

weight BMI.  

This study is amongst the largest prognostic studies of its kind, both internationally and 

in Canada. The objective measures of BMI measured at baseline were a further strength, taken in 

order to avoid misclassification bias associated with self-reported height and weight data. The 

study also had limitations. BMI is limited as a measure of adiposity, in that it does not 

differentiate between fat and muscle composition.38 However, in the case of recovery from ankle 

injuries, BMI served as a proxy indicator of load on the ankle whereby, mechanistically, it would 

not matter if this load was from excess fat or excess lean mass. A further limitation is the 

measurement of recovery, which is an individualized process and is affected by physical, 

psychological, and social factors.39 In studies of injury, recovery is usually defined as a return to 
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pre-injury functioning or being free of symptoms.40 This is often a subjective process of 

assessment. The methods used to assess the properties of the ankle joint post-injury, which in 

this study was accomplished using the FAOS, are strengthened by the fact that this scale has 

been validated against more objective measures.23,24 

The findings point to the need for clinical monitoring of individuals with ankle sprains 

post-injury, as there may be delayed or incomplete symptom recovery even at six months. Based 

on the evidence presented, health care professionals should advise patients that they may 

experience dysfunction and ongoing post-injury symptoms during the recovery period. This 

advice may be further targeted to individuals classified as obese who more commonly report 

worse states of ankle function on certain domains of the FAOS following their ankle sprains. 

This is particularly relevant as the distribution of participants by BMI category in this study was 

similar to that seen in the adult population in the Canadian Health Measures Survey (2009/2011), 

where 34% of the population was classified as overweight and 26% of the population as obese.41 

High BMI values are risk factors for injury and re-injury in such populations.7–9,42 

Future research could investigate the role of BMI on recovery from ankle sprains and 

other types of injuries, especially among individuals classified as obese in terms of pain control 

and being able to perform activities of daily living. Furthermore, the impact of BMI on recovery 

post-injury could be studied to see its effect on other weight-bearing joints, such as the hip or 

knee joints, using a longer time frame for follow-up to explore the recovery process in the long-

term. In order for data between the studies to be comparable, standard, internationally-accepted 

definitions for BMI cut-offs among children, adolescents, and adults should be employed, as well 

as standard indicators of clinical function and recovery. 
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In conclusion, at six months after injury, a large proportion of individuals report ankle 

dysfunction as demonstrated by a FAOS below 450 among all BMI groups. In terms of mean 

scores on the overall FAOS, there were no statistically significant or clinically meaningful 

independent differences between non-overweight, overweight, or obese BMI groups. However, 

overall and in each domain there was a consistent trend suggesting lower functioning and 

recovery in the obese BMI group by six months, which may suggest an area of importance for 

focusing treatment among individuals with obesity and ankle sprains. The study’s findings are 

also valuable for physicians in estimating the degree of recovery among individuals with ankle 

sprains, and show that patients across all BMI groups may not be fully recovered after six 

months in all aspects of ankle function, which may inform clinical management.  
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Table 5-1: Distribution of prognostic factors for ankle sprain recovery by BMI at baseline 
 

 Body Mass Index (kg/m2) 

 <25 

n=191 

(38%) 

25-29.9 

n=156 

(31%) 

≥30 

n=153 

(31%) 

Sex  
Male 
Female 

 
  86 (45%) 
105 (55%) 

 
78 (50%) 
78 (50%) 

 
57 (37%) 
96 (63%) 

Age (years; mean, SD) 26 (12) 32 (14) 35 (13) 

Ankle sprain grade 
Grade 1 
Grade 2 

 
  55 (29%) 
136 (71%) 

 
 48 (31%) 
108 (69%) 

 
  45 (29%) 
108 (71%) 

Baseline FAOS scores (mean, SD) 
Symptom Subscale  
Pain Subscale  
Function in Daily Living Subscale  
Function in Sport and Recreation Subscale 
Foot and Ankle-related Quality of Life Subscale  
Overall Score  

 
52 (15) 
53 (15) 
60 (17) 
29 (19) 
33 (18)  

226 (68) 

 
52 (15) 
52 (15) 
58 (16) 
27 (19) 
34 (19)  

223 (69) 

 
51 (16) 
51 (16) 
56 (18) 
28 (19) 
34 (21)  

220 (75) 

Injured dominant foot 
Yes 
No 

 
106 (55%) 
  85 (45%) 

 
82 (53%) 
74 (47%) 

 
83 (54%) 
70 (46%) 

History of past injury to ankle/foot 
Yes 
No 

 
108 (57%) 
  83 (43%) 

 
89 (57%) 
67 (43%) 

 
100 (65%) 
  53 (35%) 

Diagnosed with condition* 
Yes 
No 

 
  8 (4%) 

183 (96%) 

 
 14 (9%) 

142 (91%) 

 
 25 (16%) 
128 (84%) 

Income category 
<$19,999 
$20,000-39,999 
≥$40,000 
Unemployed, student, retired 

 
69 (36%) 
30 (16%) 
33 (17%) 
59 (31%) 

 
47 (30%) 
22 (14%) 
52 (33%) 
35 (22%) 

 
36 (24%) 
36 (24%) 
46 (30%) 
35 (23%) 

Number days per week physically active for 60 
minutes (mean, SD) 

 
5.2 (1.7) 

 
4.6 (2.2) 

 
4.0 (2.4) 

FAOS-Foot and Ankle Outcome Score 
*Previous diagnosis of an arthritic condition, diabetes, or loss of sensation in the extremities. 
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Table 5-2: Mean Foot and Ankle Outcome Score (FAOS) at each follow-up time point by BMI 

Mean (95% CI) Foot and Ankle Outcome Score (FAOS) 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 356 (344-368) ref. 351 (340-361) ref. 352 (340-364) ref. 

25-29.9 350 (336-363) p=0.47 350 (339-362) p=0.95 353 (340-366) p=0.89 

≥30 340 (326-353) p=0.08 346 (334-357) p=0.52 346 (334-359) p=0.51 

Month 3 

 

<25 420 (409-431) ref. 415 (404-425) ref. 416 (404-428) ref. 

25-29.9 417 (405-430) p=0.76 418 (407-430) p=0.65 421 (408-434) p=0.51 

≥30 408 (396-421) p=0.18 415 (403-426) p=0.98 415 (403-428) p=0.97 

Month 6 

 

<25 450 (440-461) ref. 445 (435-456) ref. 447 (435-459) ref. 

25-29.9 446 (434-458) p=0.57 447 (436-459) p=0.84 450 (437-462) p=0.69 

≥30 427 (416-439) p<0.01 434 (422-445) p=0.14 435 (423-447) p=0.15 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade. 
ref. = reference subgroup 
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Table 5-3: Odds ratio of recovery based on Foot and Ankle Outcome Score (FAOS) at each follow-up time point by BMI 
 

OR (95% CI) of Recovery based on Foot and Ankle Outcome Score (FAOS) 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.97 (0.50-1.88) p=0.93 1.07 (0.53-2.16) p=0.86 1.08 (0.53-2.21) p=0.84 

≥30 1.03 (0.54-1.97) p=0.94 1.27 (0.62-2.61) p=0.52 1.40 (0.66-2.96) p=0.38 

Month 3 

(n=442) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.88 (0.55-1.39) p=0.57 0.97 (0.59-1.62) p=0.92 1.00 (0.60-1.69) p=0.99 

≥30 0.66 (0.42-1.05) p=0.08 0.77 (0.46-1.29) p=0.31 0.83 (0.48-1.42) p=0.49 

Month 6 

(n=402) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.78 (0.48-1.28) p=0.33 0.86 (0.51-1.45) p=0.57 0.90 (0.53-1.53) p=0.69 

≥30 0.60 (0.37-0.97) p=0.04 0.70 (0.42-1.19) p=0.19 0.74 (0.43-1.29) p=0.29 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade.. 
ref. = reference subgroup 
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Figure 5-1: Percentage of recovered participants (FAOS ≥450) with 95% CI by body mass index 
BMI at 1 month, 3 months and 6 months post-injury 
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CHAPTER 65 

 

A PROSPECTIVE STUDY OF HEALTH-RELATED QUALITY OF LIFE IN  
PATIENTS WITH ACUTE ANKLE SPRAINS: A SIX MONTH FOLLOW-UP 

 
 
 

6.1.  Abstract 

Background: Ankle sprains are prevalent soft-tissue injuries that may result in long-term 

physical impairment. However, few studies have been conducted to document quality of life 

among individuals with these injuries. This study therefore described the health-related quality of 

life over six months post-injury among adults with medically-attended grade 1 or 2 ankle sprains 

and explored whether there were any sex differences in quality of life values. 

Methods: This was a prospective study of participants with grades 1 and 2 ankle sprains recruited 

from emergency departments in Kingston, Canada. To assess health-related quality of life, 

participants completed the Health Utilities Index version 2/3 (HUI-2/3) at baseline and at 1, 3 

and 6 months post-injury. Analysis of variance was used to compare mean single attribute and 

multi-attribute scores by sex, grade, and age. 

Results: 446 out of 504 individuals had complete baseline quality of life data with 351 

participants having six month data. The greatest improvements in quality of life scores were 

reported one month following injury. The mean multi-attribute HUI-3 score at baseline was 0.41 

(95% CI: 0.38-0.43) and it improved consistently over time. Subsequent scores included 0.77 

(95% CI: 0.75-0.79) at one month, 0.87 (95% CI: 0.85-0.89) at three months, and 0.88 (95% CI: 

0.86-0.90) at six months post-injury. Adjusted mean HUI-3 scores did not differ by sex. 

                                                 
5 This manuscript has been formatted for submission to the peer-reviewed journal, Quality of Life Research. 
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Conclusion: In conclusion, grades 1 and 2 ankle sprains cause significant impairment in overall 

quality of life especially at baseline and up to four weeks following the sprain. Such prognostic 

information is helpful for patient management plans. 
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6.2. Introduction 

Ankle sprains represent common injuries, accounting for up to 10% of injury-related 

emergency room visits in the United States [1]. In fact, between 2002 and 2006, more than three 

million ankle sprain cases were treated in American emergency rooms [1]. Following an ankle 

sprain, the majority of individuals experience a decrease in symptoms over the initial two weeks 

[2], with a return to normal functioning occurring from one to four months post-injury [3, 4]. 

However, it has been reported that some patients may have sprain-related symptoms for one year 

after injury [5]. While acute ankle sprains seldom result in chronic ankle instability [6], these 

injuries may substantially impact patients’ health-related quality of life in the short term [5, 7].  

Two published studies have focused on the quality of life of patients with ankle sprains. 

The first was a retrospective study which compared the quality of life scores of patients with 

inversion ankle sprains to age- and sex-matched sports clinic patients with upper limb injuries 

[5]. The authors used the short form-36 questionnaire (SF-36) and found that individuals with 

ankle sprains had a lower quality of life score on the general health scale (p<0.05) as compared 

to patients with upper limb injuries. No significant differences were seen between the groups on 

the SF-36 subscales [5]. However, the sample size for the study was small (n=19 with ankle 

sprains) and the authors did not differentiate between the grade of ankle sprain. A second study 

that examined quality of life in ankle sprain patients involved a randomized controlled trial 

examining the relative efficacy of four mechanical supports for 584 patients with grade 3 sprains 

requiring immobilization [7]. Participants had lower quality of life scores at baseline when 

compared to the general population, as assessed using the Short F version 12 questionnaire (SF-

12). The mental subscale of the SF-12 showed impairment in all treatment groups at four weeks 

post-randomization [7]. Neither study [5, 7] explored the effect of sex on the quality of life in the 
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injured patients. However, previous studies conducted on patients after traumatic and severe 

injuries have assessed sex differences in quality of life scores.[8–11] Although some of these 

studies showed that females were more likely to experience lower quality of life scores compared 

to males during recovery,[8, 9] others did not arrive at these conclusions.[10, 11] Furthermore, 

no studies have examined potential sex differences in less severe injuries such as ankle sprains. 

Although grades 1 and 2 ankle sprains account for 81% of all ankle sprains [12], there is 

a lack of research on the health-related quality of life following these injuries. To address the 

observed gaps in the literature, a prospective study of health-related quality of life, as measured 

using the Health Utilities Index version 2/3 (HUI-2/3), was conducted among adults, 16 years 

and over, with medically attended grade 1 and 2 ankle sprains. The first objective of the study 

was therefore to describe the health-related quality of life among the participants at baseline. 

Secondly, changes in quality-adjusted life year scores were explored over a six month period by 

sex.   

 

6.3. Methods 

6.3.1. Data Source 

Adults, 16 years of age and older, who presented with an acute grade 1 or 2 ankle sprain 

to one of two hospital-based emergency departments in Kingston, Ontario, Canada, were 

recruited between September 2009 and April 2013 to participate in a randomized controlled trial 

of a physiotherapy intervention [13]. Individuals were excluded if their injuries required 

immobilization or surgery, if they suffered a previous injury up to six months prior, or had health 

conditions or multiple injuries that could have affected ankle sprain recovery. In addition, study-

enrolled patients who did not have a completed baseline Health Utilities Index version 2/3 (HUI-2/3) 
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questionnaire [14] were excluded from the present analysis. Ethics approval for this study was 

obtained from the Queen’s University Health Sciences Research Ethics Board.  

 

6.3.2. Data Collection 

Data were collected prospectively at baseline and at three follow-up time points after the 

emergency department visit – at one, three, and six months post-randomization. Participant 

characteristics, including demographics and injury information, were collected at baseline by a 

research assistant. The participants completed the HUI-2/3 questionnaire during the data 

collection time points. The use of this questionnaire and the timing of its administration were in 

accordance with guidelines for studies investigating the quality of life of individuals following 

traumatic injury, as espoused by the European Consumer Safety Association Working Group on 

Injury-Related Disability [15]. The guidelines recommend conducting longitudinal studies with 

multiple assessments over time to assess progress after injury during the four phases of trauma 

recovery: acute treatment phase, rehabilitation phase, adaptation phase, and stable end situation 

[15]. The guidelines advise for the first follow-up assessment to be done at one month post-

injury during the acute treatment phase [15]. As previous studies have shown that recovery from 

ankle sprains may take up to six months [3–5], the last follow-up assessment occurred at six 

months post-injury. 

Furthermore, the guidelines recommend the use of the Health Utilities Index version 3 

(HUI-3) in combination with the EuroQoL-5D, which is used to complement the HUI-3 by 

measuring domains not assessed by the latter survey, such as social participation [15]. However, 

social functioning was not an a priori focus of the present study and the EuroQoL-5D was 

therefore not used. The HUI-3 was chosen for the study as it assesses functional abilities after 
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injury and has been used previously in studies examining fractures at the ankle joint [16]. The 

HUI-2 questionnaire was administered in conjunction with the HUI-3, as it allows for the 

calculation of independent attributes that are not covered under the HUI-3 system alone but 

which are relevant in the assessment of the impact of injuries [17]. 

 

6.3.3. Outcome Measure 

The quality of life of participants was assessed using the HUI-2/3 [18]. This is a 40-item 

interviewer-administered questionnaire that provides self-assessed perceptions of health status at one 

week post-injury. The questionnaire contains questions from both the HUI-2 and HUI-3 health status 

classification systems [19]. Both systems allow for the calculation of single-attribute functions and 

the multi-attribute utility function. Single-attribute functions “provide preference scores of relative 

desirability for functional capacity within single attributes” [18]. The multi-attribute utility function 

is a product of the single-attribute functions and allows for the interaction of various preferences in 

its calculation [14]. The resultant score provides the health-related quality of life (HRQL) of the 

participant in the form of quality-adjusted life years (QALY) [18], which fall between 0.0 (dead) 

and 1.0 (perfect health), although negative scores may result indicating states that are perceived 

as being worse than death [19]. The HUI-2 calculates seven single-attribute functions (sensation, 

mobility, emotion, cognition, self-care, pain, fertility), while the HUI-3 calculates eight single-

attribute functions (vision, hearing, speech, ambulation, dexterity, emotion, cognition, pain) [14]. The 

HUI-2 and HUI-3 systems are valid and reliable for the assessment of health-related quality of life 

and have been found to be responsive to change in health-related quality of life [18]. Previous studies 

have shown that a 0.01 to 0.05 change in single- or multi-attribute score represents a clinically 

meaningful difference in scores [20–22]. HUI-3 scores can reflect the level of impairment suffered 
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through a three tiered classification system for overall and attribute scores – none/mild (0.89 to 1.00), 

moderate (0.70 to 0.88) and severe (less than 0.70)  [23]. 

 

6.3.4. Data Analysis 

As the main randomized controlled trial analysis did not show a statistically or clinically 

meaningful difference in ankle function between the trial arms [13], the study cohort was 

analyzed as a whole. Single attribute and multi-attribute Health Utilities Index-3 scores at 

baseline, one, three, and six months were estimated based on the answers to the HUI-2/3 

questionnaire using the HUI Decision Tables provided from HUI Inc. and the multiplicative 

multi-attribute utility functions [24]. Missing data were initially explored to see if the resulting 

attribute level would remain the same regardless of the question answer (missing without 

consequence) [22]. For attributes which were deemed not to have changed between HUI 

administrations, missing data were imputed from adjacent HUI administrations. From this 

measured and imputed evidence, health related quality of life was determined. Descriptive 

statistics were used to summarize the characteristics of the participants. Analyses of variance 

were used to compare mean single attribute and multi-attribute scores by sex, grade, and age. To 

address the second study objective, analyses of covariance were used to compare the multi-

attribute scores by sex at each of the time points, controlling for the effects of covariates. A 

backward elimination strategy was used to select the covariates, including age, physiotherapy 

allocation arm, income, injury severity (measured using the baseline Foot and Ankle Outcome 

Score [25]), co-morbidity status, and the use of assistance for activities of daily living, which 

were informed by the literature [20, 23, 26–30]. Analyses were completed using SAS version 9.4 

(SAS Institute, Cary, North Carolina, USA).  
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6.4. Results 

 
Overall, 504 ankle sprain patients were randomized in the trial. As the HUI-2/3 was 

introduced in the trial after recruitment had begun, 446 of the 504 participants completed the 

baseline questionnaire and were included in the subsequent quality of life analysis. Baseline 

characteristics of the study population are presented in Table 6-1. Data were available for 417 

participants at one month, 386 participants at three months, and 351 participants at six months 

post-randomization.  

As seen in Figure 6-1, the mean baseline HUI-3 single attribute scores for ambulation 

(0.74, 95% CI: 0.71-0.76),  pain (0.78, 95% CI: 0.73-0.84), and emotion (0.90, 95% CI: 0.89-

0.92) were below population norms (assessed in a separate study from 109,741 adult 

respondents, 18 years of age and older, who completed the Canadian Community Health Survey 

Cycle 1.1) [23]. The multi-attribute score of 0.55 (95% CI: 0.46-0.63) was lower than the 

population norm (0.88, 95% CI: 0.88-0.88) and indicated a clinically meaningful difference 

(Table 2). Based on other studies employing the HUI questionnaire, the quality of life of 

individuals with ankle sprains is worse than that for patients with arthritis and can be compared 

to the quality of life following ankle fracture surgery [31, 32]. 

Statistically significant differences in the multi-attribute scores at baseline and one month 

were seen by sex, ankle sprain grade, and age group. However, differences were no longer 

statistically significant at six months. After adjusting for covariates, quality of life scores among 

males and females were comparable (Figure 6-2). When the overall quality of life score was 

assessed over the follow-up time points, the greatest improvements were seen over the first 

month, with values approaching those of the general population by the third month after injury 
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(additional tables found in Appendix D). However by six months, 10% of the participants 

reported multi-attribute scores that were lower than 0.66 even as the majority of the individuals 

had scores within or above the population norm. 

 

6.5. Discussion 

This study has demonstrated that patients with ankle sprains achieve the greatest 

improvement in quality of life scores during the first month following injury. The mean multi-

attribute HUI-3 score at baseline was 0.41 (95% CI: 0.38-0.43) and it improved consistently over 

time. Subsequent scores included 0.77 (95% CI: 0.75-0.79) at one month, 0.87 (95% CI: 0.85-

0.89) at three months, and 0.88 (95% CI: 0.86-0.90) at six months post-injury. Adjusted mean 

HUI-3 scores did not differ by sex. The HUI-3 scores at three months were in line with the 

Canadian population norm. 

The results show that study participants with grade 1 or grade 2 ankle sprains reported 

gains in quality of life through the duration of their follow-up, with the most significant change 

in the first four weeks. This is consistent with results obtained by Cooke et al. who found that 

quality of life scores for individuals with grade 3 ankle sprains increased over time for all four 

treatment groups (tubular bandage or three types of mechanical ankle support) with the greatest 

improvement seen up to 12 weeks after randomization with no statistically significant differences 

in quality of life between the groups at 9 months [33]. However, Anandacoomarasamy and 

Barnsley found that there were still some differences in quality of life when comparing 

individuals following ankle sprains and upper limb injuries after a mean follow-up period of 29 

months [5]. The sample size in the study was small (n=29).  
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The present study provides new understanding of the quality of life experienced by 

patients with acute ankle sprains and how it changes over the course of their recovery. It had a 

relatively large sample size (n=446 at baseline and n=351 at six months) compared to previous 

studies investigating this topic [5, 7]. A main limitation of this work is that one month elapsed 

since the first administration of the HUI-2/3 questionnaire at baseline. As such, the gradual 

improvement in quality of life scores of individuals with less severe ankle injuries may not have 

been captured. However, the European Consumer Safety Association working group on injury-

related disability guidelines advise for the first follow-up assessment to be done at one month 

post-injury during the acute treatment phase which lasts up to 8 weeks [15]. The quality of life 

scores in the present study may be affected by conditions other than the ankle injury. Data on co-

morbid conditions, such as arthritis, diabetes, or a loss of sensation in extremities were collected 

indicating that 9% of the sample suffered one or more of these conditions. Moreover, individuals 

who had conditions that could affect recovery from ankle sprains were excluded from the trial. 

Lastly, it is important to note that the choice of quality of life instruments has an impact on the 

resulting utility scores of the patients [34]. 

In conclusion, grades 1 and 2 ankle sprains cause significant impairment in overall 

quality of life especially at baseline and up to four weeks following the sprain. In addition, these 

injuries also affect the person’s ambulation and feeling of pain, as well as to a lesser extent, 

emotion. Such prognostic information is helpful for patient management plans. 
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Table 6-1: Baseline characteristics of the study participants (n=446)  
 

Characteristic Number (%) 

Sex  
   Male 
   Female 

 
195  (44%) 
251  (56%) 

Age 
   16-20 
   21-30 
   31-40 
   41-50 
   51+ 

 
122  (27%) 
144  (32%) 
75    (17%) 
59    (13%) 
46    (10%) 

Ankle sprain grade 
   1 
   2 

 
121  (27%) 
325  (73%) 

Injured dominant foot 
   Yes 
   No 

 
235  (53%) 
211  (47%) 

Past injury to ankle 
   Yes 
   No 

 
263 (59%) 
183 (41%) 

Diagnosed with co-morbidity (arthritic condition, 
diabetes, or loss of sensation in extremities) 
   Yes 
   No 

 
 
38    (9%) 
408  (91%) 

Number of days active per week  
   0-1 
   2-3 
   4-5 
   6-7 

 
42    (9%) 
105  (24%) 
126  (28%) 
173  (39%) 
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Table 6-2: Mean (95% confidence interval) Health Utility Index 3 single and multi-attribute levels by group at baseline 
 

Group Vision Hearing Speech Ambulation Dexterity Emotion Cognition Pain Overall 

Sex p=0.22 p=0.88 p=0.57 p=0.07 p=0.03 p=0.03 p=0.13 p=0.15 p=0.01 

  Male 

   n=195 (44%) 
0. 98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.76 

(0.72-0.80) 
1.00 

(0.99-1.00) 
0.92 

(0.90-0.94) 
0.97 

(0.95-0.99) 
0.33 

(0.28-0.38) 
0.44 

(0.40-0.48) 

  Female 

   n=251 (56%)  
0.98 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.71 

(0.68-0.75) 
0.98 

(0.97-0.99) 
0.89 

(0.87-0.91) 
0.95 

(0.94-0.97) 
0.28 

(0.23-0.32) 
0.38 

(0.34-0.41) 

Grade p=0.86 p=0.49 p=0.26 p<0.01 p=0.75 p<0.01 p=0.18 p<0.01 p<0.01 

  Grade 1 

   n=121 (27%) 
0.98 

(0.97-0.99) 
0.99 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.84 

(0.79-0.89) 
0.99 

(0.97-1.00) 
0.95 

(0.92-0.97) 
0.97 

(0.95-0.99) 
0.40 

(0.34-0.47) 
0.52 

(0.47-0.57) 

  Grade 2 
   n=325 (73%) 

0.98 
(0.97-0.98) 

1.00 
(0.99-1.00) 

1.00 
(1.00-1.00) 

0.69 
(0.66-0.72) 

0.99 
(0.98-1.00) 

0.89 
(0.87-0.90) 

0.96 
(0.94-0.97) 

0.26 
(0.22-0.30) 

0.36 
(0.33-0.39) 

Age p<0.01 p<0.01 p=0.18 p=0.45 p=0.33 p=0.01 p=0.58 p=0.04 p=0.03 

  16-20 

   n=122 (27%) 
0.99 

(0.98-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.76 

(0.71-0.81) 
1.00 

(0.99-1.00) 
0.93 

(0.90-0.96) 
0.97 

(0.95-0.99) 
0.33 

(0.27-0.40) 
0.45 

(0.40-0.50) 

  21-30 

   n=144 (32%) 
0.99 

(0.98-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.71 

(0.67-0.76) 
0.99 

(0.98-1.00) 
0.90 

(0.87-0.92) 
0.96 

(0.94-0.98) 
0.29 

(0.23-0.35) 
0.40 

(0.35-0.44) 

  31-40 

   n=75 (17%) 

0.97 
(0.96-0.99) 

1.00 
(0.99-1.00) 

1.00 
(0.99-1.00) 

0.71 
(0.64-0.77) 

0.98 
(0.96-1.00) 

0.85 
(0.81-0.88) 

0.97 
(0.94-0.99) 

0.22 
(0.14-0.30) 

0.33 
(0.27-0.40) 

  41-50 

   n=59 (13%) 
0.97 

(0.96-0.99) 
0.99 

(0.98-1.00) 
1.00 

(0.99-1.00) 
0.74 

(0.66-0.81) 
0.99 

(0.97-1.00) 
0.91 

(0.87-0.95) 
0.95 

(0.92-0.98) 
0.26 

(0.17-0.35) 
0.39 

(0.32-0.46) 

  51+ 
   n=46 (10%) 

0.95 
(0.93-0.97) 

0.97 
(0.96-0.99) 

0.99 
(0.98-1.00) 

0.78 
(0.70-0.86) 

0.98 
(0.95-1.00) 

0.92 
(0.87-0.97) 

0.94 
(0.91-0.98) 

0.41 
(0.31-0.51) 

0.45 
(0.37-0.53) 

Overall 

n=446 
0.98 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.73 

(0.71-0.76) 
0.99 

(0.98-1.00) 
0.90 

(0.89-0.92) 
0.96 

(0.95-0.97) 
0.30 

(0.26-0.33) 
0.41 

(0.38-0.43) 

General 

Population [19] 

0.97 
(0.97-0.97) 

0.99 
(0.99-0.99) 

1.00 
(0.99-1.00) 

0.98 
(0.98-0.98) 

1.00 
(1.00-1.00) 

0.97 
(0.97-0.97) 

0.96 
(0.96-0.96) 

0.93 
(0.93-0.93) 

0.88 
(0.88-0.88) 
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Figure 6-1: Mean HUI-3 scores for study population at baseline along with general population comparison [19] 
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Figure 6-2: Mean (95% confidence interval) adjusted1 Health Utilities Index-3 score over six months follow-up 
 

 
1 Mean HUI-3 adjusted for age, physiotherapy allocation arm, income, injury severity, co-morbidity status, and the need for assistance
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CHAPTER 76 

DIRECT AND INDIRECT COSTS OF TREATING ACUTE ANKLE SPRAINS:  
A COST-OF-INJURY STUDY 

 
 

7.1.  Abstract 

Objectives: The objectives of the study were to quantify health resource utilization and costs of 

ankle sprains and to explore the impact of injury severity on the direct and indirect costs, 

including productivity loss.  

Methods: This was a prospective cost-of-injury study of medically-attended grade 1 and 2 ankle 

sprains. Data were collected at one, three, and six months post-injury and reflected both the 

payer’s and societal perspectives. Mean and median total, direct, and indirect per-injury costs 

were reported in 2015 Canadian dollars. Generalized linear models with a log link function and a 

gamma distribution of costs were used to assess the effect of ankle injury severity on associated 

costs.  

Results: The overall mean per-injury cost related to ankle sprains was $1,508 (SD: $1,452) at 

one month post-injury and increased to $2,206 (SD: $3,419) at six months. Indirect costs 

accounted for 85% of the total costs. Employed individuals accrued higher costs than 

unemployed individuals, owing to productivity loss (61% of total indirect costs). Participants 

with severe injuries (<228 on the Foot and Ankle Outcome Score, FAOS) reported significantly 

higher (p<0.001) direct and indirect costs compared to individuals with less severe injuries 

                                                 
6 This manuscript has been formatted for submission to the peer-reviewed journal, Value in Health. 
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(228<FAOS<450 points) after controlling for sex, age, history of past ankle sprain, and 

employment status. 

Conclusions: Baseline ankle injury severity predicts the direct and indirect costs that patients 

experience. Although the majority of costs were accrued over the first month, participants 

reported having expenses during the whole six month study period.  
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7.2. Introduction 

Ankle sprains refer to tissue damage to one or more of the ligaments that stabilize the 

ankle joint, often leading to consequences that are long-term and clinically significant [1,2]. 

Based on data from the United States, the United Kingdom, and Denmark, ankle sprains 

represent up to 5% of all visits to the emergency department [3–5]. One half to three-quarters of 

ankle sprain patients report long-term morbidity, pain, and ankle instability affecting their 

mobility, participation in sports, leisure activities, and lost productivity, often lasting six months 

after the injury [2,3,6,7].  

Medical and physiotherapy treatments for ankle sprains are costly [2,8,9]. Based on 

various treatment options for severe ankle sprains, as characterized by pain, swelling, and 

tenderness, the cost of treatment ranges from $288 to $2,237 per person (2014 USD) based on 

studies from the United Kingdom, the United States, Belgium, and the Netherlands [3,9–12]. 

Productivity loss due to ankle sprains is also substantial, leading to $1,777 to $3,127 per person 

(2014 USD) in out-of-pocket costs and lost wages according to research on the effects of injuries 

requiring immobilization from the United Kingdom and Belgium [3,10]. 

Although several studies have been conducted on the financial burden of severe ankle 

sprains in different populations worldwide [3,9–12], data are lacking on the direct and indirect 

costs associated with the more common grade 1 and 2 ankle sprains. Such information is 

important for assessing the economic costs of ankle sprains to patients and the health care 

system. The primary objective of the current study was to provide health resource utilization and 

cost-of-injury analyses of ankle sprains describing the costs accrued due to injury during the 
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recovery period. The second objective was to explore the impact of ankle sprain severity on the 

direct and indirect per-injury costs, including productivity loss, as a result of the injury.  

 

7.3. Methods 

 

7.3.1. Study Design 

This was a prospective cost-of-injury study that was conducted within a randomized 

controlled trial investigating the effectiveness of physiotherapy for the treatment of medically-

attended ankle sprains [13]. Briefly, study participants included adults, 16 years of age and older, 

who presented with an acute, grade 1 or grade 2 ankle sprain to one of two hospital-based 

emergency departments in Kingston, Ontario, Canada, between 2009 and 2013.  

Patients with a Foot and Ankle Outcome Score (FAOS) [14] greater than 450 were 

excluded as this reflected excellent ankle function. Participants were randomized to receive up to 

eight sessions of physiotherapy in addition to usual emergency department care according to the 

study protocol or usual care alone [13]. The main study analysis found that the employed 

physiotherapy regimen did not provide additional benefits to recovery post-ankle sprain as 

measured using the FAOS [13]. As such, a cost-effectiveness analysis of physiotherapy by trial 

randomization arm was not performed and instead, a cost-of-injury analysis of ankle sprains was 

done for the whole combined cohort of participants. Individuals without complete direct and 

indirect cost data were excluded from the present analysis. The study received approval from the 

Queen’s University Health Sciences Research Ethics Board. 
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7.3.2. Collection of Health Care Utilization Data 

Health care utilization data for the study were collected through a variety of mechanisms 

including self-reported data and information extracted by the researchers from the emergency 

department physician visit reports (grade of injury, time of emergency department visit) and 

physiotherapy visit logs (number of physiotherapy visits). In terms of self-reported data, 

participants completed a health resource use and cost questionnaire (referred to as the 

“productivity questionnaire”), which was a telephone-based and interviewer-administered 

questionnaire developed specifically for the randomized controlled trial. The productivity 

questionnaire was informed by data collected in previous studies assessing the direct and indirect 

cost burden of injuries [3,15–19]. The questionnaire was overviewed by a multidisciplinary team 

of professionals who were involved in the treatment of individuals with ankle sprains.  

Ontario, the largest province in Canada in terms of population (13.8 million, 38.5% of 

Canadian population) [20],  has a single-payer health system, the Ontario Health Insurance Plan 

(OHIP), administered by the Ministry of Health and Long Term Care in the province [21]. The 

productivity questionnaire included services covered by OHIP including medical visits (ankle 

sprain-related emergency department visits, primary care physician visits, specialist visits) and 

associated medical investigations (x-rays, MRI, CT scan); non-OHIP covered visits to other 

health care professionals or therapists (chiropractor, physiotherapist, athletic therapist, massage 

therapist, other); the use of medications (over-the-counter and prescription) and supportive 

devices or treatments (crutches, canes, tensors, ice packs, heat packs, braces); productivity loss 

(days lost from work, study, or leisure); and the use of paid and unpaid assistance. The 

productivity questionnaire was completed at all three follow-up time periods – one, three, and six 

months post-randomization.  
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7.3.3. Assessment of Ankle Sprain Severity 

Ankle injury severity was evaluated using the FAOS, which is an interviewer-

administered, 42-question survey that assesses self-reported ankle function [14,22]. The 

questionnaire consists of five subscales including Symptoms, Pain, Function in Daily Living, 

Function in Sport and Recreation, and Foot and Ankle-related Quality of Life [14,22]. The scores 

on each of the subscales range from zero to one hundred points, the latter indicating no 

symptoms, limitations, or loss in ankle function [22]. The FAOS has high test-retest reliability 

and internal consistency and has been validated among ankle ligament reconstruction patients 

[14,23]. A total FAOS of 450 or greater out of 500 indicates excellent recovery from ankle injury 

[24–27] and individuals with such a score were not included in the trial. For this study, 

participants were categorized into two groups based on the 50th percentile of total baseline FAOS 

(sum of the five subscales): highest injury severity (FAOS ≤ 228) and lower injury severity 

(228< FAOS <450).  

 

7.3.4. Assignment of Direct and Indirect Costs 

The health resource use reported on the productivity questionnaire was multiplied by a 

cost estimate. Sources of cost data included reimbursement fee schedules for physicians from the 

Ministry of Health and Long Term Care in Ontario [28–35], fee guidelines from allied health 

care professional organizations [36–40], governmental service guidelines [41–45], financial 

departments at the participating hospitals, in-person survey of pharmacies, labour force data 

[46,47], and self-reported expenses. A detailed list of source data is provided in Appendix E. For 

all health care visits, participants were asked to report their mode of transportation (car, bus, taxi, 

other), travel time and distance, and the cost of the fare to the destination. Where travel was 
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conducted by automobile, travel distance was used to estimate the cost using the mileage-based 

allowance rates from the Canada Revenue Agency for the given year [48]. Participants provided 

information on the number of days of assistance that they received, both paid and unpaid, for 

self-care, child care, or domestic help. For paid help, participants were asked to specify the costs. 

A valuation of unpaid assistance was completed using the human capital method [49]. It was 

assessed using the base salary for Personal Support Workers in Ontario [50] with the minimum 

wage in Ontario [51] forming the lowest-cost scenario and the average hourly wage for adult 

workers in Ontario from the Labour Force Survey for 2009-2013 [46] forming the highest-cost 

scenario in the sensitivity analyses. Opportunity costs for unpaid caregiver time were assigned in 

accordance with previous Canadian and American studies [52,53]. The valuation accounted for 

the number of hours of time that unpaid caregivers provided to the injured individual [53]. 

 

7.3.5. Valuation of Lost Productivity  

The individual’s lost productivity from work, study, or housework was assessed in the 

productivity questionnaire in terms of the amount of time (hours/days) lost due to the injury. For 

employed individuals, productivity loss was based on the number of reported days missed from 

work multiplied by an average wage estimated from the respondent’s self-reported annual 

income. Participants were asked to categorize their annual personal income before taxes and 

deductions based on seven income categories: (1) less than $10,000, (2) $10,000 to $19,999, (3) 

$20,000 to $29,999, (4) $30,000 to $39,999, (5) $40,000 to $49,999, (6) $50,000 to $59,999, and 

(7) more than $60,000 [20,54,55]. The main cost analysis included the midpoint dollar values 

while the extreme values (highest and lowest values) formed the basis for the sensitivity 

calculations. For the last category (>$60,000), the mid-point hourly wage was calculated from 
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the average income of working-age Ontarians based on data from the Labour Force Survey [46]. 

The upper income value for the sensitivity analysis came from the average hourly wage 

estimated from the income of the top 10% of Canadian earners based on the 2011 National 

Household Survey [47]. For employed participants with missing income data, the average hourly 

wage for Ontarians from the Labour Force Survey was used [46]. For unemployed individuals, 

lost productivity was assessed at the Ontario minimal wage in effect during the years of the study 

[51], to account for the replacement value of tasks that encompass housework at the market rate 

[7,56–58]. 

 

7.3.6. Data Analysis 

The time horizon for the study was September 2009 to October 2013 with a time frame of 

six months for the data collection. As the follow-up period for each study participant was six 

months, no discounting of costs and effects was done. The analysis was conducted from both the 

payer’s perspective (direct health system costs paid by OHIP), as well as a societal perspective 

(all direct and indirect costs regardless of who paid, and in this case, paid for by the participants 

and the Ministry of Health and Long Term Care in Ontario). Costs were reported in 2015 

Canadian dollars and adjusted for inflation using the Bank of Canada’s inflation calculator [59].  

Mean and median total, direct health system, and out-of-pocket and indirect costs per 

ankle sprain were reported along with standard deviations and interquartile ranges, respectively. 

For economic analyses, mean costs were recommended for presentation as they are the most 

useful to decision-makers, illustrating the magnitude of the total health care expenditures 

expected when means costs are multiplied by health resource utilization [60]. However, due to 

the skewness of the data, median costs were also presented. A non-parametric Wilcoxon Rank 
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Sum test was used to assess cost differences between employed and unemployed individuals. To 

examine the effect of injury severity on total, direct health system, and out-of-pocket and indirect 

costs at the three follow-up time periods, a generalized linear model with a log link function and 

a gamma distribution of costs was used to account for the skewness of data, controlling for sex, 

age, history of past ankle injury (sprain or fracture), and employment status. Scaled deviance and 

Pearson’s chi-square statistic values indicated good model fit. Multi-way sensitivity analyses 

(worst/best case analyses) were conducted to assess the robustness of the results with the 

incorporation of the lowest and highest estimates for each variable that required estimation. 

Analyses were done using SAS 9.4 (SAS Institute, Cary, North Carolina, USA). 

 

7.5. Results 

During the initial follow-up time point at one month, complete economic assessments 

were available from the 478 (out of 504) participants actively enrolled in the trial. At the three 

and six month follow-up time points, there were 443 and 402 active participants, respectively, all 

of whom provided economic data. Demographic and injury-related information for the 

participants is provided in Table 7-1.  

Overall, 367 (77%) of the participants reported being employed for income at one month. 

There were significant differences in one month post-injury total and indirect costs between 

employed and unemployed individuals (p<0.01), mostly attributed to productivity loss. As such, 

data were stratified by employment status for further analyses. No significant differences 

(p=0.83) were found between employed and unemployed participants for direct health system 

costs attributable to the ankle sprain. Out-of-pocket and indirect costs, as well as total costs, 

increased over the course of the study. The average total cost per injury was $1508 (SD: $1547) 
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at one month and $2206 (SD: $3419) at six months follow-up. Appendix E contains a summary 

of the sources of health care utilization with the percentage of individuals reporting the health 

care utilization.  

Mean (standard deviation) and median (minimum and maximum) total, direct health 

system, and out-of-pocket and indirect costs by employment status for each follow-up time 

points are presented in Table 7-2. Higher costs were seen among employed participants 

reflecting their greater out-of-pocket and indirect costs. Figure 7-1 presents the breakdown of 

out-of-pocket and indirect costs by source at six months by employment status. The largest 

contributor to the costs in both groups is productivity loss at 43% and 61% among unemployed 

and employed individuals, respectively. Following this, the valuation of unpaid assistance and 

physiotherapy contributed to the out-of-pocket and indirect costs.  

Of the 367 employed individuals at the one month follow-up time point, 226 (62%) 

reported lost time from work due to their ankle sprain, at an average of 6.7 days (median: 4.0 

days). The average number of lost days increased to 8.6 days (median: 7.0 days) and 10.9 days 

(median: 5.5 days) at three and six months, respectively. Twenty employed participants reported 

receiving sick leave benefits for their injury through their employer. Based on data from the 

emergency department, 40 of the injuries (11% of employed participants) were workplace related 

and coverage was provided by the Workplace Safety and Insurance Board [61].  

 Table 7-3 shows the mean total, direct health system, and out-of-pocket and indirect costs 

by injury severity adjusted for sex, age, history of past ankle sprain, and employment status. All 

costs were significantly greater (p<0.001) among those with the highest injury severity compared 

to individuals with less severe injuries at each of the three follow-up time points. The mean out-
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of-pocket and indirect, as well as total costs, for most time periods were nearly twice as high for 

those categorized with a higher injury severity at baseline. On sensitivity analyses, the above 

mentioned findings were unchanged in the highest and lowest cost estimate scenarios (p<0.01 at 

all follow-up time points). 

 

7.6. Discussion 

The analysis demonstrates that ankle sprains represent a substantial cost burden to 

individuals during their recovery, particularly in terms of lost productivity. The total mean costs 

accrued per ankle injury were $1,508 (SD: $1,452) at one month, escalating to $2,206 (SD: 

$3,419) at six months. Out-of-pocket and indirect costs accounted for approximately 85% of the 

total costs. Costs were higher for employed individuals, owing to productivity loss due to lost 

wages/salary which accounted for 61% of the total indirect costs. Study participants reported an 

average of 7 days and 11 days of time lost from work, school, or housework at one and six 

months, respectively. Unpaid assistance from caregivers was also substantial, representing 40% 

of out-of-pocket and indirect costs among unemployed individuals and 25% of out-of-pocket and 

indirect costs among employed individuals. Injury severity was a useful indicator of direct and 

indirect costs accrued over a six month period with those more severely injured incurring 

significantly higher direct and indirect costs compared to individuals with less severe injuries. 

 Previous studies that have quantified the direct health system costs of treating ankle 

sprains report mean per-injury costs ranging from $288 to $2,237 (adjusted to 2014 USD) [3,9–

12], with the highest estimates including sprains requiring immobilization or surgical 

intervention (i.e. grade 3). The present study found direct health system costs averaged $302 

(SD: $252) at six months, which is in line with previous findings based on less severe injuries 
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[9,10]. Two studies explored the out-of-pocket and indirect costs of ankle sprains and found that 

they ranged from $1,777 to $3,127 per injury (adjusted to 2014 USD) [3,10]. The first study 

assessed costs among an occupational cohort extracted from an insurance database in Belgium 

[10]; productivity loss averaged 29 days. The second study was a randomized controlled trial of 

551 individuals with grade 3 sprains conducted in the United Kingdom [3]. The authors found 

that the average number of days lost from work due to the injury ranged from 7 to 10 days. The 

present study assessed less severe ankle injuries (grades 1 and 2) and as expected, found indirect 

costs that were in the lower range of those reported previously ($1,894, SD: $3,314) based on an 

average of 7 and 11 days lost from work (one and six months, respectively).   

The current study is the largest to date to examine health care utilization and the total, 

direct health system, and out-of-pocket and indirect per-injury costs of grade 1 and 2 ankle 

sprains accrued during recovery over the course of six months. A limitation of the present study 

is the reliance on participant recall of health care resource use. At the three month follow-up time 

point participants had to recall resource use over the previous two months and at the six month 

follow-up recall was over a three month period. However, over two-thirds of the per-injury 

related costs (68%) were accrued during the first month of data collection. It is likely that health 

care use and costs incurred beyond the first month were a reflection of residual poor ankle 

function requiring additional health care visits or productivity loss. Furthermore at intake, the 

study participants were aware that follow-up data collection would include the completion of the 

cost questionnaire and they may have been more likely to document resources used. It should be 

noted that our findings cannot be generalized to children (< 16 years of age) who have the 

highest incidence of ankle sprains [4,62]; this may be a future direction for research. Another 

limitation is that some costs (e.g. visits to physicians and other health care professionals) were 
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estimated. However, professional fee schedules and guidelines [28–37,39–45] were used to 

approximate the costs which provided a standardized approach to the estimation. Additionally, 

the finding that individuals with more severe injuries experience higher costs than individuals 

with less severe injuries was consistent in the sensitivity analyses which incorporated the 

extremes of the estimated costs. Lastly, part of the study cohort was randomized to receiving 

physiotherapy offered at no cost to the individual or third party payer. Due to this, physiotherapy 

use may not be a true reflection of actual use in the general population. However, the course of 

physiotherapy in the trial (up to eight sessions) was customized for each participant and took into 

consideration clinical improvements, with participants being discharged once therapeutic goals 

were reached [13]. 

The findings of the present study may be particularly useful for patients who are newly 

diagnosed with ankle sprains, as well as for physicians and other health care professionals 

involved in their care in terms of estimating the impact of ankle sprain injuries during the natural 

course of recovery. The data provide an estimate of health care utilization, direct health system 

costs, and out-of-pocket and indirect costs, including productivity loss, and the use of paid and 

unpaid support over the course of a six month timeframe.  



 

152 

 

7.7. Acknowledgments 

The randomized controlled trial was funded by the Canadian Institutes of Health 

Research (Grant: MCT-94833). Iwona Bielska was supported by the Ontario Graduate 

Scholarship. The authors would like to thank the other randomized controlled trial investigators 

(Dr. Lucie Pelland, Dr. David Pichora, and Dr. Alice Aiken), research staff (Ms.Deb Emerton, 

Mr. Xiaoqun Sun), and the study participants.



 

153 

 

7.8. References 

[1] Handoll HH, Rowe BH, Quinn KM, de Bie R. Interventions for preventing ankle ligament 
injuries. Cochrane Database Syst Rev 2008. 

[2] Wolfe MW, Uhl TL, Mattacola CG, McCluskey LC. Management of ankle sprains. Am 
Fam Physician 2001;63:93–104. 

[3] Cooke MW, Marsh JL, Clark M, Nakash R, Jarvis RM, Hutton JL, et al. Treatment of 
severe ankle sprain: a pragmatic randomised controlled trial comparing the clinical 
effectiveness and cost-effectiveness of three types of mechanical ankle support with 
tubular bandage. The CAST trial. Health Technol Assess (Rockv) 2009;13. 

[4] Holmer P, Sondergaard L, Konradsen L, Nielsen PT, Jorgensen LN. Epidemiology of 
Sprains in the Lateral Ankle and Foot. Foot Ankle Int 1994;15:72–4. 

[5] Schappert SM, Rechtsteiner EA. Ambulatory medical care utilization estimates for 2007. 
Vital Heal Stat 13, Data from Natl Heal Surv 2011;13:1–38. 

[6] Anandacoomarasamy A, Barnsley L. Long term outcomes of  inversion ankle injuries. Br 
J Sports Med 2005;39:e14. 

[7] Verhagen EA, van Tulder M, van der Beek AJ, Bouter LM, van Mechelen W. An 
economic evaluation of a proprioceptive balance board training programme for the 
prevention of ankle sprains in volleyball. Br J Sports Med 2005;39:111–5. 

[8] Boyce SH, Quigley MA. Review of sports injuries  presenting to an accident and 
emergency department. Emerg Med J 2004;21:704–6. 

[9] Soboroff SH, Pappius EM, Komaroff AL. Benefits, risks, and costs of alternative 
approaches to the evaluation and treatment of severe ankle sprain. Clin Orthop Relat Res 
1984;183:160–8. 

[10] Audenaert A, Prims J, Reniers GLL, Weyns D, Mahieu P, Audenaert E. Evaluation and 
economic impact analysis of different treatment options for ankle distortions in 
occupational accidents. J Eval Clin Pract 2010;16:933–9. 

[11] Cumps E, Verhagen E, Annemans L, Meeusen R. Injury rate and socioeconomic costs 
resulting from sports injuries in Flanders: data derived from sports insurance statistics 
2003. Br J Sports Med 2008;42:767–72. 

[12] DeBoer AS, Schepers T, Panneman MJ, Van Beeck EF, Van Lieshout EM. Health care 
consumption and costs due to foot and ankle injuries in the Netherlands, 1986-2010. BMC 
Musculoskelet Disord 2014;15:128. 

 



 

154 

 

[13] Brison R, Day A, Pelland L, Pickett W, Johnson A, Aiken A, et al. Effect of early 
supervised physical therapy on recovery from acute ankle sprain: A randomised controlled 
trial. BMJ 2016;In press. 

[14] Roos EM, Brandsson S, Karlsson J. Validation of the Foot and Ankle Outcome Score for 
Ankle Ligament Reconstruction. Foot Ankle Int 2001;22:788–94. 

[15] Lin CW, Moseley AM, Haas M, Refshauge KM, Herbert RD. Manual therapy in addition 
to physiotherapy does not improve clinical or economic outcomes after ankle fracture. J 
Rehabil Med 2008;40:433–9. 

[16] Bhandari M, Sprague S, Ayeni OR, Hanson BP, Moro JK. A prospective cost analysis 
following operative treatment of unstable ankle fractures: 30 patients followed for 1 year. 
Acta Orthop Scand 2004;75:100–5. 

[17] Derksen RJ, Coupe VMH, Van Tulder MW, Veenings B, Bakker FC. Cost-effectiveness 
of the SEN-concept: Specialized Emergency Nurses (SEN) treating ankle/foot injuries. 
BMC Musculoskelet Disord 2007;8. 

[18] Boutis K, Willan AR, Babyn P, Narayanan UG, Alman B, Schuh S. A randomized, 
controlled trial of a removable brace versus casting in children with low-risk ankle 
fractures. Pediatrics 2007;119:e1256–63. 

[19] Slatyer MA, Hensley MJ, Lopert R. A randomized controlled trial of piroxicam in the 
management of acute ankle sprain in Australian regular army recruits. Am J Sports Med 
1997;25:544. 

[20] Statistics Canada. Table 051-0001 - Estimates of population, by age group and sex for 
July 1, Canada, provinces and territories, annual. Ottawa: 2015. 

[21] Ministry of Health and Long Term Care. Health Service 2012. 
http://www.health.gov.on.ca/en/public/publications/ohip/services.aspx (accessed 
November 5, 2014). 

[22] Roos EM. A User’s Guide to: Foot and Ankle Outcome Score (FAOS). Denmark: 2003. 

[23] Eechaute C, Vaes P, Van Aerschot L, Asman S, Duquet W. The clinimetric qualities of 
patient-assessed instruments for measuring chronic ankle instability: A systematic review. 
BMC Musculoskelet Disord 2007;8:6. 

[24] Haywood KL, Hargreaves J, Lamb SE. Multi-item outcome measures for lateral ligament 
injury of the ankle: a structured review. J Eval Clin Pract 2004;10:339–52. 

[25] Martin RL, Irrgang JJ. A Survey of Self-reported Outcome Instruments for the Foot and 
Ankle. J Orthop Sport Phys Ther 2007;37:72–84. 

 



 

155 

 

[26] Sanders R, Fortin P, DiPasquale T, Walling A. Operative treatment in 120 displaced 
intraarticular calcaneal fractures. Results using a prognostic computed tomography scan 
classification. Clin Orthop Relat Res 1993:87–95. 

[27] Karlsson J, Peterson L. Evaluation of ankle joint function: the use of a scoring scale. Foot 
1991;1:15–9. 

[28] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (June 3, 2008). Toronto: 2008. 

[29] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (October 1, 2009). Toronto: 2009. 

[30] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (September 1, 2011). Toronto: 2011. 

[31] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (July 1, 2010). Toronto: 2010. 

[32] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (April 1, 2012). Toronto: 2012. 

[33] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (January 1, 2013). Toronto: 2013. 

[34] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (April 1, 2013). Toronto: 2013. 

[35] Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (October 1, 2013). Toronto: 2013. 

[36] Registered Massage Therapists’ Association of Ontario. Understanding Massage Therapy 
Services and Fees 2016. https://secure.rmtao.com/massage_therapy/your_massage_dollars 
(accessed March 1, 2016). 

[37] Ontario Athletic Therapist Association. OATA Clinical & Field Fee Guidelines for 
Certified Athletic Therapists 2014. 
http://www.ontarioathletictherapists.org/Resources/Documents/Fee Guidelines/OATA Fee 
Guidelines 2014.pdf (accessed March 1, 2016). 

[38] The Physical Therapy Clinic at Queen’s University. The Fees of Queen’s Physiotherapy 
2016. http://www.queensphysiotherapyclinic.com/fees.html (accessed March 1, 2016). 

[39] Ontario Chiropractic Association. OCA Recommended Service Codes and Fee Schedule. 
2011. 

 



 

156 

 

[40] Ontario Chiropractic Association. OCA Recommended Service Codes and Fee Schedule. 
2012. 

[41] Financial Services Commission of Ontario. Professional Services Guideline (July 2009). 
2009. 

[42] Financial Services Commission of Ontario. Professional Services Guideline (June 2010). 
2010. 

[43] Financial Services Commission of Ontario. Professional Services Guideline (July 2011). 
2011. 

[44] Financial Services Commission of Ontario. Professional Services Guideline (July 2012). 
2012. 

[45] Financial Services Commission of Ontario. Professional Services Guideline (August 
2013). 2013. 

[46] Statistics Canada. Table 282-0151 - Labour force survey estimates, wages of employees 
by type of work, National Occupational Classification, sex, and age group, unadjusted for 
seasonality. 2016. 

[47] Statistics Canada. Education and occupation of high-income Canadians 2015. 

[48] Canada Revenue Agency. Automobile allowance rates 2016. http://www.cra-
arc.gc.ca/tx/bsnss/tpcs/pyrll/bnfts/tmbl/llwnc/rts-eng.html (accessed May 1, 2016). 

[49] Tranmer JE, Guerriere DN, Ungar WJ, Coyte PC. Valuing patient and caregiver time: a 
review of the literature. Pharmacoeconomics 2005;23:449–59. 

[50] Ontario PSN of. Frequently Asked Questions 2016. http://www.psno.ca/faqs.html 
(accessed December 4, 2015). 

[51] Government of Canada. Hourly Minimum Wages in Canada for Adult Workers 2016. 
http://srv116.services.gc.ca/dimt-wid/sm-mw/rpt2.aspx (accessed October 2, 2015). 

[52] Hux MJ, O’Brien BJ, Iskedjian M, Goeree R, Gagnon M, Gauthier S. Relation between 
severity of Alzheimer’s disease and costs of caring. CMAJ 1998;159:457–65. 

[53] White-Means S, Chollet D. Opportunity wages and workforce adjustments: understanding 
the cost of in-home elder care. J Gerontol B Psychol Sci Soc Sci 1996;51:S82–90. 

[54] Statistics Canada. Low income cut-offs (1992 base) before tax 2013. 
http://www.statcan.gc.ca/pub/75f0002m/2012002/tbl/tbl02-eng.htm (accessed March 31, 
2015). 

 



 

157 

 

[55] Canada Revenue Agency. Canadian income tax rates for Individuals - current and 
previous years 2014. http://www.cra-arc.gc.ca/tx/ndvdls/fq/txrts-eng.html (accessed 
October 14, 2015). 

[56] Colman R. The Economic Value of Unpaid Housework and Child-Care in Nova Scotia. 
1998. 

[57] Luxton M. The UN, women, and household labour: Measuring and valuing unpaid work. 
Womens Stud Int Forum 1997;20:431–9. doi:10.1016/S0277-5395(97)00026-5. 

[58] Chadeau A. What is a households’ non-market production worth? 1992. 

[59] Bank of Canada. Inflation Calculator 2016. 
http://www.bankofcanada.ca/rates/related/inflation-calculator (accessed January 16, 
2016). 

[60] MacKinnon GE. Understanding Health Outcomes and Pharmacoeconomics. Jones & 
Bartlett Publishers; 2011. 

[61] Workplace Safety and Insurance Board. WSIB 2016. http://www.wsib.on.ca (accessed 
March 1, 2016). 

[62] Bridgman SA, Clement D, Downing A, Walley G, Phair I, Maffulli N. Population based 
epidemiology of ankle sprains attending accident and emergency units in the West 
Midlands of England, and a survey of UK practice for severe ankle sprains. Emerg Med J 
2003;20:508–10. 

[63] Ontario Case Costing Initiative. OCCI Costing Analysis Tool 2011. 
https://hsimi.ca/occp/occpreports/Expire.aspx (accessed March 24, 2013). 

[64] Office of the Auditor General of Ontario. Telephone Health Services: Too Few Calls, Too 
Many Hang-Ups, Says Auditor General - New Release. 2009. 

 



 

158 

 

Table 7-1: Demographic and injury characteristics of the study cohort 
 

Characteristic Month 1 Month 3  Month 6 

Sex, n (%)     
Male 213 (45%) 186 (42%)  173 (43%) 
Female 265 (55%) 257 (58%)  229 (57%) 

Age, mean (SD) 30.6 (13.4) 31.2 (13.7)  31.7 (13.8) 
Past injury, n (%)     

Yes 282 (59%) 262 (59%)  237 (59%) 
No 196 (41%) 181 (41%)  165 (41%) 

Employment status, n (%)     
Employed 367 (77%) 345 (78%)  318 (79%) 
Unemployed 111 (23%) 98 (22%)  84 (21%) 

Baseline FAOS, mean (SD) 231.0 (62.4) 230.7 (61.4)  231.0 (61.5) 
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Table 7-2: Mean and median total, direct, and indirect costs per ankle sprain injury by employment status (2015 CAD) 
 

  Mean (standard deviation) and median (interquartile range) costs in 2015 CAD 

  
Total Costs Direct Health System Costs 

Out-of-Pocket and Indirect 

Costs   

Month 1 

Unemployed (n=111) 1062 (955) / 718 (1098) 267 (152) / 198 (161) 795 (939) / 459 (1082) 
Employed (n=367) 1643 (1547) / 1152 (1363) 286 (208) / 198 (161) 1357 (1472) / 918 (1295) 

All (n=478) 1508 (1452) / 1079 (1263) 281 (197) / 198 (161) 1226 (1387) / 801 (1257) 

Month 3 

Unemployed (n=98) 1339 (1494) / 913 (1270) 273 (173) / 198 (161) 1060 (1482) / 631 (1266) 
Employed (n=345) 2028 (2314) / 1289 (1549) 294 (220) / 199 (161) 1725 (2220) / 1045 (1493) 

All (n=443) 1876 (2177) / 1227 (1465) 289 (210) / 199 (161) 1578 (2096) / 959 (1393) 

Month 6 

Unemployed (n=84) 1385 (1182) / 1089 (1262) 285 (192) / 199 (161) 1094 (1169) / 755 (1233) 
Employed (n=318) 2423 (3768) / 1344 (1866) 307 (266) / 199 (156) 2105 (3650) / 1078 (1798) 

All (n=402) 2206 (3419) / 1304 (1791) 302 (252) / 199 (162) 1894 (3314) / 1019 (1663) 
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Table 7-3: Adjusted mean (SD) total, direct, and indirect costs per ankle sprain injury by injury severity (in 2015 CAD) 
 

 Highest injury severity 

(FAOS ≤228) 

Mean Costs1,2 

(95% CI) 

Less severe injury  

(228< FAOS <450) 

Mean Costs1,2 

(95% CI) 

 

p-value 

Direct health system costs    

Month 1 294.57 (274.98-315.56) 261.84 (245.07-279.77) 0.01 

Month 3 302.84 (280.80-326.62) 269.63 (250.80-289.86) 0.02 

Month 6 318.72 (292.43-347.37) 276.45 (254.53-300.26) 0.01 
Out-of-pocket and indirect costs    

Month 1 1380.00 (1199.62-1587.51) 646.73 (562.64-743.39) <0.001 

Month 3 1778.13 (1525.81-2072.17) 846.64 (728.83-983.50) <0.001 

Month 6 2054.92 (1730.78-2439.78) 927.24 (787.31-1092.04) <0.001 
Total costs    

Month 1 1705.99 (1538.49-1891.73) 917.62 (829.31-1015.34) <0.001 

Month 3 2128.06 (1889.24-2397.07) 1129.60 (1006.67-1267.54) <0.001 

Month 6 2437.53 (2123.97-2123.97) 1214.31 (1065.90-1383.39) <0.001 
1 Mean costs adjusted for sex, age, history of past ankle injury (sprain or fracture), and employment status 
2 As an example, the adjusted means are provided for 31 years old, employed females with no history of past ankle injury by baseline injury severity
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Figure 7-1: Breakdown of six month out-of-pocket and indirect costs by source among 
unemployed and employed individuals in 2015 CAD  
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CHAPTER 8 

GENERAL DISCUSSION 

 

8.1.  Overview 

 The main purpose of this thesis was to describe the burden, prognosis, health resource 

utilization, and direct and indirect costs attributed to acute ankle injuries within Canada. The 

thesis had the following objectives that were conceptually linked under the theme of “the 

epidemiology and health economics of ankle injuries”. These objectives were addressed in five 

manuscripts. 

1. Chapter 3 – Systematic Review Objective: What are the direct and indirect costs of 

treating and diagnosing ankle and foot injuries in the available literature?  

2. Chapter 4 – Descriptive Study Objective: What is the epidemiological profile of ankle 

injuries in the province of Ontario and what are the associated costs of treatment for these 

injuries? 

3. Chapter 5 – Prognostic Objective: What is the impact of body mass index as a 

prognostic factor for recovery from medically attended ankle injuries? 

4. Chapter 6 – Quality of Life Objective: What is the health-related quality of life among 

adults with ankle sprains and how does it change following injury? 

5. Chapter 7 – Economic Evaluation Objective: What is the financial burden of ankle 

sprains in terms of direct and indirect costs? 
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8.2.  Summary of the Key Thesis Findings 

Chapter 3: What are the direct and indirect costs of treating and diagnosing ankle and foot 

injuries in the available literature?  

Thirty-four studies were selected for analysis in the systematic review from among the 

2,047 studies identified in the literature search. The selected papers included twenty four studies 

on ankle fractures, nine studies on foot fractures, five studies on ankle sprains, and five studies 

examining injuries (sprain and fracture) to the ankle and foot. The costs of treating ankle and 

foot sprains and fractures varied among the studies, particularly due to differences in the severity 

of the injury and the study characteristics (follow-up time period, year of study, source of data 

used). The overall costs (direct and indirect) for ankle sprain treatment ranged from $2,075 to 

$3,799 (2014 USD). The overall costs for ankle fractures ranged from $290 to $20,132 per 

patient. For foot fractures, the range of overall costs was quite wide between $6,345 and 

$45,731, indicating differences in injury severity between cases and the resource intensity of the 

fractures. 

 

Chapter 4: What is the epidemiological profile of ankle injuries in the province of Ontario and 

what are the associated costs of treatment for these injuries? 

In the province of Ontario, the overall age- and sex-adjusted incidence rate of ankle 

sprains was 16.9 per 1,000 person-years. Ankle sprains most often affected adolescents between 

the ages of 10 to 19 years old and a higher incidence rate was found among females compared to 

males. The majority of the patients with soft tissue ankle and foot injuries sought care at family 

physician or general practitioners (61%), followed by emergency departments (20%), and other 
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specialist physicians (13%). Annually, ankle and foot injuries amounted to $21,685,876 (2015 

CAD) in overall health care costs. The mean direct cost per case of soft tissue ankle or foot 

injury was $99.98 (95% CI, $99.70-100.26) and for ankle sprains it ranged from $133.78 (95% 

CI: $128.01-$139.55) to $210.75 (95% CI: $206.17-$215.33). The highest costs were found for 

ankle and foot dislocations with treatment costs between $1,497.12 and $1,755.69. Females and 

elderly populations (over 65 years of age) had higher treatment costs than males and younger 

populations, respectively. 

 

Chapter 5: What is the impact of body mass index as a prognostic factor for recovery from 

medically attended ankle injuries? 

The randomized controlled trial included 504 participants with grade 1 and 2 ankle 

sprains at baseline, collecting data from patients for up to six months. The trial had high follow-

up rates of 95% at one month, 88% at three months, and 80% at six months. The ankle sprain 

patients showed improvements in the Foot and Ankle Outcome Score (FAOS) and subscale 

scores over time. At the six month follow-up, the mean difference in the unadjusted FAOS 

scores between participants classified as obese and non-overweight was -23.02 (95% CI, -38.99 

to -7.05). However, this difference diminished after adjusting for known confounders (-11.95, 

95% CI: -28.13 to 4.23). Similarly, the odds ratio of recovery for participants classified as obese 

and non-overweight was 0.60 (0.37-0.97) before adjustment, but 0.74 (0.43-1.29) after 

adjustment. A smaller percentage of participants with obesity demonstrated recovery at six 

months compared to non-overweight participants for each subscale of the FAOS. This difference 

reached statistical significance on the Pain and the Function in Daily Living subscales, however, 

it was not clinically meaningful. 
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Chapter 6: What is the health-related quality of life among adults with ankle sprains and how 

does it change following injury? 

Of the randomized controlled trial participants, 446 had complete HUI-3 data. The 

greatest improvements in quality of life scores were seen at the first follow-up time point at one 

month when the mean baseline multi-attribute HUI-3 score was 0.88 (95% CI: 0.86-0.9), which 

was significantly higher than the baseline HUI-3 score of 0.54 (95% CI: 0.45-0.63). Later 

follow-up time points indicated HUI-3 scores that were comparable to the general Canadian 

population (at 3 months: 0.93, 95% CI: 0.95-0.98 and at 6 months: 0.93, 95% CI: 0.91-0.95). 

Individuals with grade 2 sprains had significantly lower ambulation scores than those with grade 

1 sprains (0.70 vs. 0.84, respectively; p<0.05). There were no differences in single attribute 

scores by sex although the multi-attribute score tended to be lower among females. 

 

Chapter 7: What is the financial burden of ankle sprains in terms of direct and indirect costs? 

 The overall mean direct and indirect costs related to ankle sprains were $1,508 (SD: 

$1,452) (2015 CAD) at one month for 478 participants with complete economic data in the 

randomized controlled trial. Both direct and indirect costs increased over time and totaled on 

average $2,206 (SD: $3,419) at six months. Indirect costs accounted for the majority (85%) of 

the total costs attributed to ankle sprains. Employed participants were found to have higher 

indirect and total costs than unemployed participants, mostly due to productivity loss which was 

responsible for 61% of the total indirect costs. Individuals with more severe injuries at baseline, 

as measured by an FAOS score of less than or equal to 228, had significantly higher (p<0.001) 
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direct and indirect costs compared to individuals with higher baseline FAOS, after controlling for 

sex, age, history of past ankle sprain, and employment status. 

 

8.3.  Strengths of the Thesis 

 This thesis made original and important contributions to the epidemiological and health 

economics literature through its focus on soft-tissue injuries to the ankle joint. It addressed 

known gaps with respect to the prognosis and burden, both physical and economical, of ankle 

sprains. This work included the most comprehensive systematic review to date, following 

established guidelines, using two reviewers, and transparent methodology.  

The thesis was comprised of the largest study to-date describing the epidemiology and 

health care costs of diagnosing and treating soft-tissue injuries to the ankle and foot joints in 

Canada. Through the use of linked population-based databases in Ontario’s single payer health 

system, total health care resource utilization and costs associated with ankle and foot injuries 

across various health care settings over the course of eight fiscal years were examined. 

The randomized controlled trial used in this thesis resulted in three novel studies 

addressing the following topics: (i.) the effects of BMI on recovery from ankle sprains using 

objectively measured height and weight data at baseline; (ii.) the impact of ankle sprains on 

health-related quality of life using a valid and reliable quality of life questionnaire; and (iii.) a 

detailed analysis of direct and indirect costs attributed to ankle sprains using prospectively 

collected economic data at all three time points.  
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8.4.  Limitations of the Thesis 

8.4.1. Temporality 

 Temporality, or the requirement that the exposure come before the outcome,[1] does not 

seem to be a major concern in any of the three trial-based manuscripts due to the prospective 

nature of the randomized controlled trial. In all of the three manuscripts arising from the trial, the 

exposures (BMI, injury severity, baseline FAOS) clearly preceded the outcomes (recovery, 

health-related quality of life, health care utilization and costs). 

 

8.4.2.  Loss to Follow-Up 

Bias arising from differential loss to follow-up, which may be classified as a self-

selection bias or observation bias,[2] occurs when there are systematic differences in the 

retention of the participants in the study.[1,3] In the randomized controlled trial, this could have 

occurred if the loss to follow-up of participants differed between the exposure groups (BMI, 

injury severity, baseline FAOS) under study. However, follow-up in the trial was high - 95% at 

one month, 88% at three months, and 80% at six months. Furthermore, the proportions of 

individuals in each of the exposure groups did not differ between exposure categories, indicating 

that any loss to follow-up that did occur was non-differential. 

 

8.4.3.  Misclassification 

Measurement error arising from the misclassification of the disease or an exposure [2] 

could have affected the analysis in Chapter 4 (population-based databases). In the study, data 

from patients with ankle or foot ankle sprains or strains coded as ICD-10-CA S93 were used. A 

majority of the patients (76%) did not have information for their injury subtype (i.e. sprain, 
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strain, dislocation) and their cost data were analyzed as a whole, regardless of the injury severity 

or type (sprain, strain, or dislocation). However, it is likely that ankle sprains were the most 

common type of unclassified injury. This is based on an analysis of 400,000 cases in the cohort 

who had subtype information available (81% were ankle sprains). 

In the randomized controlled trial, participants who had more severe ankle sprains may 

have recalled their health resource utilization and expenses differently than those who had less 

severe injuries at baseline. However, the potential for bias would have been minimized through 

the use of the interviewer-administered productivity questionnaire (interviewers were blinded to 

the allocation arm) which examined resource use in detail. The risks of other forms of 

measurement bias, whereby inaccurate measurements are systematic between groups,[1] were 

reduced in the study through the use of standardized, valid, and reliable questionnaires (Health 

Utilities Index version 2/3 and Foot and Ankle Outcome Score [4,5]) and the use of objectively 

measured height and weight data.  

 

8.4.4. Statistical Power 

Randomized controlled trial 

The sample sizes available for Manuscripts 3 to 5 were developed based on the treatment 

effect as measured in the original randomized controlled trial protocol.[6] The following is an 

adaptation from the original protocol as assessed by the principal investigators of the trial. The 

investigators expected that 60% of their control subjects would experience no symptoms at three 

months post-injury based on a study investigating recovery after ankle sprains.[7] Although a 

clinically important difference in recovery rates from ankle sprains between treatment arms had 

not previously been established, a study of compression bandages used a 10% difference in 
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functional outcome to be a clinically significant result.[8] Furthermore, two systematic reviews 

assessing treatments for acute lateral ankle ligament injuries found 1.8% to 18.4% differences 

between treatment groups in the proportions of patients experiencing joint instability or 

pain.[9,10] In order to detect a 15% absolute difference in recovery between the two treatment 

arms, 308 participants (154 in each arm) were calculated to have been needed. This sample size 

would have a power of 80% to detect a treatment difference with a 0.05 level of significance. 

However, the recruitment goal for the RCT was 512 participants (256 in each arm) in order to 

achieve 81% power with 15% loss to follow-up and 15% contamination (individuals in the 

control arm who sought physiotherapy for their ankle sprain). In the actual trial, 504 individuals 

were randomized to one of the two treatment arms with 254 participants allocated to the 

physiotherapy group and 250 participants allocated to the usual care arm.[6]. The authors found 

that, due to loss to follow-up at three months and the effect of contamination, a 15% 

improvement in FAOS could have been detected with 78% power in the intent-to-treat analyses 

and 82% in the per-protocol analyses.[6] 

 

Sample Size Calculations for BMI study 

The sample size calculation for Chapter 5 was based on data from the literature showing 

that at six months, 26% of youth with a BMI less than the 85th percentile, 44% of youth with a 

BMI greater than or equal to the 85th percentile, and 46% of youth with a BMI greater than or 

equal to the 95th percentile, experienced long-term ankle morbidity such as pain with activity, 

persistent swelling or weakness, or reinjury.[11] Based on these data, the sample size required to 

compare individuals who were non-overweight and individuals with overweight was 240 
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individuals in total. To compare individuals who were non-overweight and individuals with 

obesity, a total sample size of 198 individuals was required. 

 

8.4.5. Generalizability 

 The incidence of ankle sprains and descriptive epidemiological findings from Chapter 4 

(population-based databases) are generalizable to the current population of Ontario. The analyses 

include a census of all individuals covered by the provincial single-payer health care system who 

had health care encounters due to their ankle and foot injuries.  

The relationships under study in Chapters 5 to 7 were internally valid. In Chapter 5, the 

effect of BMI on recovery from ankle sprains was assessed. Previously conducted research has 

shown that there is a biological relationship between obesity and joint function, such that a 

higher BMI results in greater joint loading, mobility problems, and postural instability.[12,13] In 

Chapter 6, the impact of ankle sprains on health-related quality of life was analyzed. Following 

ankle sprains, individuals experience symptoms such as pain, swelling, and problems with 

weight bearing.[14] Long-term complications include chronic ankle instability.[15] The 

consequences of ankle sprains affect quality of life of individuals as shown in two previous 

studies.[16,17] Lastly, in Chapter 7, the effect of baseline ankle injury severity on health care 

expenditures was explored. Previous studies have demonstrated that more severe injuries result 

in higher health care costs.[18,19] 

Participants of randomized controlled trials may differ from the general population with 

the disease of interest.[3] This may be especially true if individuals with certain characteristics 

(such as more severe symptoms) are more likely to participate in trials and as a result, the study 

findings are different than if the study was conducted among the general population with the 
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disease of interest.[3] However, in terms of external validity, the findings from the present trial 

are likely to be generalizable to the adult population in Canada due to the internal validity of the 

measurements and the representativeness of the trial participants. The characteristics of the trial 

participants were comparable to those of the ankle sprain population in Ontario (described in 

Chapter 4 –population-based databases). In addition, the distribution of the BMI categories 

(normal weight, overweight, and obese) among the trial participants in Chapter 5 was similar to 

that found in the general Canadian population.[20] Furthermore, the direct costs from the trial in 

Chapter 7 closely followed those found in Chapter 4 (population-based databases), indicating 

that the trial participants had similar health care use to the Ontario population.  

 

8.5.  Changes from the Original Thesis Proposal 

 The original thesis proposal included four manuscripts. The following sections describe 

changes that are reflected in the final thesis document. 

 

Manuscript 1 (Chapter 3): The Costs of Treating Ankle and Foot Sprains and Fractures: A 

Systematic Review 

 This manuscript was not a part of the original thesis plan. It was developed during the 

process of synthesizing the available literature on health care utilization and costs associated 

with ankle and foot injuries. The analysis was performed in a systematic way according to 

established systematic review and quality assessment guidelines.[21–23]  
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Manuscript 2 (Chapter 4): The Epidemiology and Health Economics of Ankle and Foot Sprains 

in Ontario, Canada: 2003-2011 

In the original thesis proposal, this manuscript focused on ankle and foot injuries 

presenting solely to Ontario emergency departments and ambulatory care centres. Due to the 

availability of detailed population data at ICES, it was decided that the scope of this manuscript 

would be expanded to include physician visits (family physician/general practitioner and 

specialist visits), as well as hospitalizations for ankle and foot injuries. As a result, this 

manuscript presents a more complete, eight year picture of health care utilization and the direct 

costs related to these injuries among Ontario residents covered by the universal health care 

system. 

 

Manuscript 3 (Chapter 5): The Prognostic Influence of Body Mass Index on Recovery from 

Medically Attended Ankle Sprains among Adults 

 For Manuscript 3, the objectives remained the same as originally proposed; however, 

there were two revisions to the methodology. First, it was noted at the proposal stage that one of 

the limitations of the study was the use of the World Health Organization BMI Classification, 

which has been developed for adults (18 years and older).[24] However, the trial also included 

16 and 17 year old participants and as such, the BMI classification may have had reduced 

accuracy for this age group. To address this issue, BMI was classified using the International 

Obesity Task Force age- and sex-specific BMI cut offs that are linked to the adult BMI cut offs 

[25] for participants who were 16 and 17 years old.  
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Second, the thesis proposal originally proposed the use of time-to-event analysis using 

Kaplan-Meier methods and Cox proportional hazards regression to determine the impact of BMI 

on recovery from ankle sprains. As participant data were collected over three follow-up time 

points, it was decided to use repeated measures linear mixed effects and logistic regression 

models to assess continuous FAOS scores and binary recovery status (FAOS<450 and FAOS 

≥450), respectively, between BMI groups at each assessment. 

 

Manuscript 4 (Chapter 6): A Prospective Study of Health-Related Quality of Life in Patients with 

Acute Ankle Sprains: A Six Month Follow-Up and Manuscript 5 (Chapter 7): Direct and Indirect 

Costs of Treating Acute Ankle Sprains: A Cost-of-Injury Study 

 In the original thesis proposal, Manuscript 4 was to assess the cost-effectiveness and 

Manuscript 5 was to assess the cost-utility of the physical therapy treatment intervention in the 

randomized trial involving acute ankle sprain participants. The randomized controlled trial 

results did not indicate a significant difference between the two study arms (physiotherapy 

intervention as an addition to usual emergency department care versus usual care alone) in terms 

of effectiveness (measured using the FAOS [5]) as calculated by the principal investigators of the 

trial.[6] There were no significant differences in utility scores (measured using the HUI-2/3 [26]) 

between treatment arms as calculated in preparation for Manuscript 3. As such, it was not 

possible to conduct cost-effectiveness or cost-utility analyses as the denominator for the 

incremental cost-effectiveness ratios (ICER is the ratio of change in costs to the change in FAOS 

between the two treatment arms [27]) and incremental cost-utility ratios (ICUR is the ratio of 
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change in costs to the change in quality of life measured using QALYs between the two 

treatment arms [27]) would have been zero.  

The plan for Manuscripts 4 and 5 was therefore revised. For Manuscript 4, single 

attribute and multi-attribute Health Utilities Index-3 scores at baseline, one month, three months, 

and six months were calculated based on the multiplicative multi-attribute utility functions, as 

outlined in the original proposal. The manuscript then explored changes in health-related quality 

of life among the participants from baseline and at each of the three follow-up time points. In 

addition, analyses of variance were used to assess differences in single and multi-attribute scores 

based on sex, age, and ankle injury severity between groups of participants. In Manuscript 5, a 

detailed overview of health care utilization and a cost-of-illness analysis for ankle sprains were 

undertaken, including the calculation of direct and indirect costs with productivity loss, for the 

whole trial cohort (as opposed to by treatment arm). In addition, the effect of baseline FAOS 

scores on costs at one, three, and six month follow-up time points was assessed using a 

generalized linear model with a log link function and a gamma distribution of costs. 

 

8.6.  Contributions  

8.6.1.  Public Health Contributions 

Contributions of this thesis, both clinically and to the wider field of public health, may be 

divided into four sections: ankle sprain prevention efforts; contributions to the well-being of 

patients with ankle sprains; contributions to inform health care professionals providing care for 

patients, and; contributions to the health care system.  

Prevention Efforts: This thesis identified several population groups that experienced 

higher incidence levels of non-fracture ankle and foot injuries in Ontario. Groups at higher risk 
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included adolescents and women over the age of 30 years. Educational strategies aimed at the 

prevention of ankle sprains, such as through the use of prophylactic taping during sports or 

wearing properly fitted shoes,[28,29] may be considered and targeted at such groups. 

 Patient Wellbeing and Recovery: Findings from this thesis may be particularly useful to 

individuals who have suffered an acute ankle sprain, as they offer insight into the recovery 

process following these injuries, as well as the substantial indirect costs that patients may 

experience. Study findings suggest that most patients will experience discomfort in terms of 

ankle function and a lowered quality of life during the first month. Following this, the majority 

of patients report having recovered at three months. However, some patients still report ankle 

problems and lowered quality of life scores even up to six months following the injury event. In 

terms of out-of-pocket expenses, productivity loss, and the need for assistance from paid or 

unpaid caregivers, this thesis provides a thorough picture of what patients may expect during the 

first six months following their injury. 

 Health Care and Treatment: Physicians and other health professionals may find the 

results of this thesis particularly helpful when treating patients with ankle sprains, in terms of 

informing them about the natural course of these injuries and expectations around the recovery 

process. As some patients still experience limitations at six months following the injury, this may 

indicate the need for further monitoring of patients who are experiencing incomplete symptom 

recovery. 

The Health Care System. Results of this thesis may be important for the health care 

system as a whole due to the substantial annual diagnostic and treatment costs of these injuries, 

estimated at $21,685,876 in the province of Ontario (2015 CAD). As ankle and foot injuries are 
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relatively common injuries and their financial burden on the health care system is considerable, 

patient and health care professional education surrounding the patterns of care for ankle sprains 

is important. For example, leaders within the health system may use such information to help to 

plan for the provision of health services for ankle sprain patients. They may assess the possibility 

of informing patients with ankle sprains about alternative health care options to the emergency 

department, such as seeking care at primary care or urgent care centres. 

 

 

8.6.2.  Scientific Contributions 

The five manuscripts have made significant scientific contributions to the field of injury 

epidemiology, in terms of the treatment, etiology, and burden (physical and financial) of ankle 

sprains.  

Chapter 3, the systematic review, provided a summary of the costs of treating and 

diagnosing ankle sprains. It also emphasized that future studies should adhere to reporting the 

crucial economic analysis components that have been recommended by systematic review 

guidelines [21–23] to ensure study transparency and reproducibility.  

Through the use of the linked population-based databases accessible through ICES, 

Chapter 4 provided the largest Canadian study of ankle injuries – evaluating their incidence 

rates, health resource utilization, patterns of health care use, and direct health care costs.  

Chapter 5 assessed the effects of BMI on recovery from ankle sprains. It provided insight 

into the prognosis from these injuries for individuals with overweight and obesity, following the 

individuals over six months. 



 

177 

 

In Chapter 6, the effect of ankle sprains on health-related quality of life was examined 

among the trial participants during the natural course of recovery from the injuries. The 

manuscript showed the significant burden that individuals with ankle sprains experience during 

the initial months post-injury. 

Chapter 7 included in depth valuations and analyses of direct and indirect costs related to 

ankle sprains. The manuscript reinforced the need for the incorporation of economic analyses in 

future studies, such as in randomized controlled trials, to allow for the evaluation of direct and 

indirect cost burdens, and to provide cost estimates which may be used in upcoming research. 

 

8.7. Opportunities for Future Research 

This thesis highlights opportunities for future research on ankle sprains and their recovery 

through investigating some of the questions that arose in the manuscripts. In terms of ankle 

sprain prevention, future studies may assess population-based initiatives that can be undertaken 

in communities to prevent injuries among adolescents and women – groups that were found to be 

at higher risk.  

Second, certain trial participants still experienced ankle sprain symptoms and accrued 

costs due to their injury long after its occurrence. Analyses of the most important predictors of 

ankle sprain recovery are lacking in the broader literature, and this may provide a focus for 

future research.  

Third, studies may explore the economic burden of the injuries and assess whether there 

are any interventions that may be undertaken to lessen the impact on specific groups of 

individuals and society. For example, the health care treatment costs associated with acute ankle 
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sprains increased with age. The evaluation of methods to reduce medical complications among 

elderly patients on an ongoing basis remains a priority. Moreover, the indirect costs of ankle 

sprains among children and adolescents were not examined in the present thesis. This may 

represent a further avenue for future research, particularly focused on the assessment of the 

burden of indirect costs on the patients, as well as their parents and guardians. 

  

8.8.  Suitability as a Doctoral Dissertation in Epidemiology 

This thesis examined the epidemiology and health economics of ankle sprains through 

five manuscripts investigating the burden, recovery, resource utilization, and costs associated 

with these injuries. The candidate was responsible for the development of this thesis, its focus on 

soft-tissue ankle injuries, the conceptual aspects of the five manuscripts, and the development of 

the study plans from epidemiological and economic perspectives.  

In terms of practical experiences, the candidate applied to the Queen’s University 

Research Ethics Board; developed a proposal, received ethics approval from the institutional 

review board at the Sunnybrook Health Sciences Centre, and obtained permission to access data 

housed at ICES through ICES-Queen’s; and obtained Assistant Status from the Department of 

Emergency Medicine at Kingston General Hospital to access the data from the randomized 

controlled trial. 

In terms of data management, the analyses of data from ICES and the randomized 

controlled trial, as well as the writing of the manuscripts, were completed by the candidate. The 

thesis included primary data collection of the economic data from the randomized controlled 

trial. The candidate was responsible for the data entry and cleaning of the economic and quality 

of life questionnaires. The candidate was also actively involved in obtaining the Health Utilities 
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Index version 2/3 questionnaire for the trial for which she received a grant from Health Utilities 

Inc.  

Methodologically, the thesis involved a range of study designs and in-depth analyses, 

including a systematic review, descriptive, prognostic, and cost analyses (cost-of-illness), as well 

as analyses of the population-based ICES databases. It required familiarity with epidemiological 

design, health economics methodology, and varied epidemiological and statistical analyses.  

 

8.9.  Knowledge Translation of Research Findings 

The findings from the thesis were disseminated through numerous national and 

international conference and seminar presentations, both in oral and poster format, to a variety of 

audiences including researchers, clinicians, health policy makers, and students. The manuscripts 

will be submitted for publication to peer-reviewed journals. 

Findings from the background literature (Chapter 2) and Manuscript 1 (Chapter 3 – The 

Costs of Treating Ankle and Foot Sprains and Fractures: A Systematic Review) were presented 

as poster presentations at the International Epidemiological Association World Congress 

(Edinburgh, Scotland, 2011), the International Health Economics Association World Congress 

(Toronto, Ontario, Canada, 2011), and the Queen’s University Meeting for Health Sciences 

Research Trainees (Kingston, Ontario, Canada, 2011). The presentations resulted in two 

published abstracts in the Journal of Epidemiology and Community Health (2011) and Value in 

Health (2014).  

Results from Manuscript 2 (Chapter 4 – The Epidemiology and Health Economics of 

Ankle and Foot Sprains in Ontario, Canada: 2003-2011) were presented orally at the Institute 
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for Clinical Evaluative Sciences – Queen’s University Science Day (Kingston, Ontario, Canada, 

2011) and at the Institute for Clinical Evaluative Sciences - Primary Care and Population Health 

Meeting (Toronto, Ontario, Canada, 2012). 

Manuscript 3 (Chapter 5 – The Prognostic Influence of Body Mass Index on Recovery 

from Medically Attended Ankle Sprains among Adults) was disseminated as an oral presentation 

during the Canadian Society for Epidemiology and Biostatistics Conference (Toronto, Ontario, 

Canada, 2015).  

Results from Manuscript 4 (Chapter 6 – A Prospective Study of Health-Related Quality of 

Life in Patients with Acute Ankle Sprains: A Six Month Follow-Up) were presented in oral format 

at the International Health Economics Association and European Conference on Health 

Economics Joint Congress (Dublin, Ireland, 2014), as well as at the Public Health Sciences Day 

at Queen’s University (Kingston, Ontario, Canada, 2013).  

Findings from Manuscript 5 (Chapter 7 – Direct and Indirect Costs of Treating Acute 

Ankle Sprains: A Cost-of-Injury Study) were presented in oral format at the Young Researchers 

in Health Network European Conference on Health Economics (Zurich, Switzerland, 2012) and 

in poster format at the European Conference on Health Economics (Zurich, Switzerland, 2012) 

and the Queen’s University Meeting for Health Sciences Research Trainees (Kingston, Ontario, 

Canada, 2012). 

 
 
8.10.  Conclusions 

 In conclusion, this thesis provides a series of conceptually related analyses describing the 

burden, prognosis, health resource utilization, and direct and indirect costs attributed to acute 
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ankle injuries among Canadians. The thesis overviewed the epidemiology of non-fracture ankle 

and foot injuries and highlighted population groups with higher incidences of the injuries.  

Findings from the studies showed the need for health care professional monitoring of individuals 

who were experiencing complications during the post-injury time period, as incomplete recovery 

at six months did occur.  

Ankle sprains are costly injuries both in terms of direct and indirect costs, particularly 

due to productivity loss. As a result of their relatively high prevalence, ankle sprains present a 

noteworthy financial burden on the health care system. Overall, the results of this thesis provide 

foundational information that supports the management of such injuries from clinical, public 

health, and health care system perspectives. 
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APPENDIX A 

ADDITIONAL INFORMATION ON DATA SOURCES 

 

A.1.  Data Sources 

Data for the thesis were obtained from two sources: the Institute for Clinical Evaluative 

Sciences (ICES) for Chapter 4 and a randomized controlled trial (RCT) being conducted in 

Kingston, Ontario, for Chapters 5, 6, and 7. 

 

A.2.  Institute for Clinical and Evaluative Sciences 

Five databases housed at ICES and accessed through ICES-Queen’s were used in the 

thesis: National Ambulatory Care Reporting System (NACRS) from the Canadian Institute for 

Health Information (CIHI), Discharge Abstract Database (DAD) from CIHI, Ontario Health 

Insurance Plan (OHIP), OHIP Emergency Claims Database (ERCLAIM), and the Registered 

Persons Database (RPDB).(1) Cases of ankle and foot injuries were identified using the ICD-10-

CA (International Statistical Classification of Diseases and Related Health Problems, 10th 

revision, Canadian version)(2) code S93. Cases were identified through emergency department 

or ambulatory care centre visits based on NACRS data; discharge data provided by hospitals and 

compiled in DAD; or if ICD-10-CA code S93 was the most clinically significant reason for a 

visit to the general practitioner/family physician or other specialist physician based on OHIP 

claim data supplied by physicians. 

Cases of ankle and foot injuries were first accrued during the 2003-2004 fiscal year 

(April 1st, 2003-March 31st, 2004) of the Ontario Ministry of Health and Long-Term Care. In 

2002, the diagnostic coding system in Ontario was changed from the International Classification 
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of Diseases version 9 (ICD-9) to the ICD-10-CA (Canadian) system.(3) To minimize the impact 

of possible coding problems, the data for this study were collected starting in the 2003-2004 

MOHLTC fiscal year. 

 

A.2.1.  National Ambulatory Care Reporting System (NACRS) 

The NACRS database (CIHI) provides data on all visits to Canadian hospital and 

community-based ambulatory care centres, such as for day surgery, outpatient clinics, and to 

emergency departments.(1,4) Data contained in NACRS are abstracted from emergency 

department records by coders at each hospital or centre. The interventions received by the 

patients during the ambulatory care visits are recorded using the Canadian Classification of 

Health Interventions (CCI) codes.(2) 

The quality of the data in the NACRS has been assessed through data re-abstraction and 

inter-rater reliability studies done in 2004-2005.(5) High agreement was found for patient 

demographic, institutional, and financial data. For the ‘main problem’ variable, agreement was 

86% in the re-abstraction study and 90% in the inter-rater reliability study. For the ‘reason for 

visit’ variable, agreement was 73% and 86%, respectively.(5)  

 

A.2.2.  Discharge Abstract Database (DAD) 

The DAD (CIHI) provides information on discharges from inpatient hospitalizations, 

including data on the demographic, clinical, and administrative information related to the 

hospitalization.(1,6) The data are reported to CIHI by acute care facilities across Canada (aside 

from Quebec) or provincial/territorial ministries of health.(6) In Ontario, DAD contains 

information on patient discharges from 175 acute care facilities in the province.(6,7) In the 
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present study, hospitalizations for ankle and foot injuries in Ontario were identified using the 

ICD-10-CA discharge diagnosis of S93. The Canadian Classification of Health Interventions 

(CCI) codes (2) were utilized to determine the interventions received by the patients during the 

hospital stay. 

In terms of data quality, a re-abstraction analysis of 2005-2006 DAD records found that 

there was 82% agreement on intervention codes, 80% agreement on the ICD-10-CA diagnostic 

codes, and 64% agreement on the most responsible diagnosis between coders.(7) 

 

A.2.3.  Ontario Health Insurance Plan (OHIP) 

OHIP provides health care coverage for residents of Ontario, including Canadian citizens, 

permanent residents, and foreign workers employed in Ontario for a period of longer than six 

months.(8) OHIP does not cover visitors to Canada, as well as the first three months of claims 

for services provided to new immigrants or citizens who have been outside of Canada for more 

than seven months.(8) As a result, visits not covered by OHIP were not included in the study. 

The OHIP database contains physician specialty codes and billing claims for physician 

care based on the MOHLTC’s OHIP Schedule of Benefits for Physician Services under the 

Health Insurance Act.(9) The claims include primary care physicians’ (general practitioners and 

family doctors) and other specialist physicians’ billings.(1) The OHIP database does not include 

physician services remunerated through Workers’ Compensation or Alternate Fee Plans (AFP), 

such as the South East Academic Medical Organization in Kingston, the Sault Ste. Marie Group 

Health Centre, and the Health Service Organizations located in the Hamilton-Wentworth and 

Waterloo.(10,11) However, 6% of total physician billing is done through AFPs in Ontario and 
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most physicians submit shadow billing so a record of their service is provided.(10–12) Since the 

study was conducted from the health care system perspective, remuneration to physicians who 

were paid through AFP (where costs incurred were reported as $0) were estimated using the 

OHIP Schedule of Benefits and Fees.(13–20)  

 

A.2.4. OHIP Emergency Claims Database (ERCLAIM) 

The ERCLAIM database contains NACRS Emergency Department visits matched with 

ICES-derived OHIP Emergency Room billing claims.(1) Remuneration described in the database 

is based on the OHIP Schedule of Benefits and Fees.(9)  

 

A.2.5. Registered Persons Database (RPDB) 

The RPDB database contains basic demographic information including sex, age, postal 

code, and socioeconomic information based on geography of residence, for everyone who has 

had an Ontario health card issued.(1,21,22) Information on urban or rural status was obtained 

through the postal code of residence. Data on income quintile was provided by ICES. It was 

calculated using the Quintile of Adjusted Income per Person Equivalent (QAIPPE),(23) which is 

based on the 2006 Canadian Census data and the Postal Code Conversion File Plus (PCCF+) 

from Statistics Canada.(24) 

 

A.3.  Randomized Controlled Trial 

The data for Chapters 5 to 7 came from a randomized controlled trial entitled, “Efficacy 

of a physical therapy intervention for the early treatment of acute ankle sprains identified in the 

emergency department: a randomized controlled trial” (Principal Investigators: Dr. Robert 



 

189 

 

Brison and Dr. Brenda Brouwer).(25) Participants were recruited from one of two hospital-based 

emergency departments in Kingston, Ontario, Canada, between September 2009 and April 2013, 

and were followed clinically for six months.  

 

A.3.1. Study Inclusion and Exclusion Criteria 

The trial included individuals, 16 years and older, who presented with grade 1 or 2 ankle 

sprains.(25) Study inclusion criteria were: presentation to the emergency department within 72 

hours of the ankle sprain; ability to speak in English; competency to participate in the study; and 

consent to participation in follow-up interviews and ankle function testing.(25) Individuals were 

excluded if: they had a grade 3 ankle sprain; fracture; required immobilization or surgery; had an 

ankle sprain in the previous six months; had other soft-tissue injuries, health conditions, or 

multiple injuries that could affect ankle sprain recovery; scored ≥450/500 (indicating excellent 

recovery) on the Foot and Ankle Outcome Score (FAOS) questionnaire; or were already 

involved in a physiotherapy program.(25,26) 

Study participants were randomized to two possible treatment arms: usual emergency 

care alone or usual emergency care plus physiotherapy sessions, and followed for six 

months.(25) Usual care consisted of the attending physician ruling out fractures and grade 3 

ankle sprains, assessment and advice provided by physicians and nurses, and a printed set of 

discharge instructions.(25) The physiotherapy treatment plan consisted of up to eight 30 minute 

therapy sessions and home exercises according to a standardized protocol.(25) The program 

involved functional exercises (isometric strengthening and resistance, active range of motion) 

adapted to the patient’s progression through the stages of ankle sprain recovery.(25) 
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The researchers and interviewers were blinded to the intervention arm of the trial 

participants.(25) Trial participants were also instructed to not reveal their allocation status to the 

interviewers, particularly when completing the productivity questionnaire.  

 

A.3.2. Study Participants 

Overall, 1,969 patients with grade 1 and 2 ankle sprains presented to one of the two 

hospital emergency departments in Kingston.(25) Of these individuals, 403 were found to be 

ineligible for the study. Of the remaining patients, 232 did not agree to participate, 129 lived 

away from Kingston, 284 did not attend their baseline assessment, 363 could not be scheduled 

for appointments or did not attend the baseline assessment, while 161 attended the emergency 

department outside of research assistant hours. Other explanations were found in 177 cases.(25)  

Five hundred and four participants were recruited for the study with 250 randomized to 

the usual care arm and 254 randomized to the physiotherapy arm.(25) One participant withdrew 

from the trial at baseline. At one month follow-up, 478 participants (95%) remained in the study 

(239 in each group). At three months follow-up, 443 participants (88%) remained in the study 

(214 in the usual care arm and 229 in the physiotherapy arm). At the final follow-up time point at 

six months, 403 participants remained in the study (195 in the usual care arm and 208 in the 

physiotherapy arm), representing 80% of the original sample.(25)  

 

A.3.3.  Data Collection 

 As part of the study, information from patients was collected on ankle function using the 

Foot and Ankle Outcome Score (FAOS), quality of life using the Health Utilities Index version 

2/3 (HUI-2/3), and economic costs using the productivity questionnaire. All data were gathered 
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at baseline and one, three, and six months post-randomization of the patients, with the exception 

of the productivity questionnaire which was not collected at baseline. 

 

A.3.3.1. Foot and Ankle Outcome Score (FAOS) 

Ankle function was measured using the FAOS which was administered at baseline and at 

1, 3 and 6 months post-injury. Detailed information about the questionnaire can be found in 

Chapter 5. 

 

A.3.3.2. Health Utilities Index Version 2/3 (HUI-2/3) 

To assess health-related quality of life, participants completed the Health Utilities Index 

version 2/3 (HUI-2/3) at baseline and at 1, 3 and 6 months post-injury. The HUI-2/3 is a 40-item 

questionnaire, which is interviewer-administered and provides self-assessed one-week health 

status.(27) The questionnaire encompasses questions from the HUI-2 and HUI-3 health status 

classification systems, described in Table A-1, which calculate seven and eight single-attribute 

functions, respectively.(27,28)  

 
Table A-1: Single-attribute functions obtained using the HUI-2/3 Questionnaire (27,28) 

HUI-2 Attributes HUI-3 Attributes 

Sensation  Vision  

Hearing  

Speech  

Mobility  Ambulation  

Emotion (worry, anxiety levels)  Emotion (happiness, depression levels)  

Cognition (learn and remember)  Cognition (think clearly and problem solve)  

Self-Care   

 Dexterity  

Pain (relieved by medications)  Pain (impacts activity levels)  

Fertility (assigned score of 1)  
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To determine the quality-adjusted life years of individuals with medically attended ankle 

sprains, the answers to the 40 questions on the HUI-2/3 questionnaire were divided into the HUI-

2 attributes and the HUI-3 attributes. Based on the responses to the questions, the HUI-2 and 

HUI-3 single-attribute scores were derived by means of information provided by Health Utilities 

Inc.(29) The single-attribute scores were used to calculate the overall health-related quality of 

life, as measured by QALYs, using a multiplicative multi-attribute utility function, which has 

been determined for HUI-2 and HUI-3.(28,30) The HUI-2 multi-attribute score can range from -

0.03 to 1.00, while the HUI-3 multi-attribute score can range from -0.36 to 1.00.(31) The 

resulting QALYs can be compared to population norms and individuals with other health 

conditions.(27,28,32) However, various quality of life questionnaires that are condition specific 

(for example, the Quality of Life subscale on the Foot and Ankle Outcome Score) do not allow 

for the calculation of QALYs.(33) 

Studies have shown that the resulting health-related quality of life values derived through 

utility scores differ depending on the quality of life instrument used. For example, Feeny et al. 

found that the agreement between the SF-6D and HUI-3 was 0.28 among individuals with 

osteoarthritis.(34) Another study by Rashidi et al. concluded that the choice of preference 

measurement may affect study results, as among a cohort of patients with rheumatoid arthritis, 

the intraclass correlation coefficient between the standard gamble utility score and the HUI-3 

utility score was 0.45 to 0.57.(35) It is therefore important to note the instrument used to assess 

health-related quality of life and to be aware of potential differences when interpreting results 

and making comparisons between studies utilizing various questionnaires. 

Further information about the HUI-2/3 questionnaire is provided in Chapter 6. 
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A.3.3.3. Productivity Questionnaire 

Direct and indirect cost data were obtained using the productivity questionnaire, which 

was a telephone-based, interviewer-administered questionnaire developed specifically for the 

randomized controlled trial. A detailed overview of the included questions is found in Chapter 7, 

while the questionnaire itself is found on the next page.
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A.4.  Telephone Productivity Questionnaire 

Subject Study #: _______ 

Interview:   �1 mo.  �3 mo. �6 mo. 

N.B. these questions are written for the initial interview and will need to be edited for the 3 and 6 
month interviews 

Interviewer: Now, I am going to ask you some questions about any productivity loss you may 
have experienced as a result of your ankle injury. 

1. After you left the ED, did you take time off work, study or housework because of your ankle 
sprain?  

      � Yes         

      � No (Skip to Question 3) 

2. How much work, study or housework time did you take off because of your ankle injury?      

____________ hours    (if < one day) 

____________  days     (if  ≥ one day, round to the nearest half day) 

3. After your initial visit to the emergency department, did you return to any ED because of 

your ankle sprain?  

� Yes    If yes, how many times? (record dates)   ____________________________ 

      �  No    (Skip to Question 7) 

4. How did you get to the ED? [Mark all that apply.] 

�  Car      

� Bus  -  what was the price of a one-way fare?      $____________    

� Cab  -  what was the price of a one-way fare?      $____________  

�  Walk      

� Other (please list) ________________________________________ 

If other, what was the price?      $____________  

 



 

195 

 

5. How much time did it take to get to the ED?      

 __________ minutes 

6. Approximately how many kilometers did you travel to get to the ED?   

 __________ km. 

7. After your initial visit to the emergency department, have you seen a family physician or 

specialist physician because of your ankle sprain?  

�  No (Skip to Question 11) 

�  Family physician: If yes, how many times? (record dates)                 

           _________________________________________________________________ 

�  Specialist physician: If yes, how many times? (record dates)  

           _________________________________________________________________ 

8. How did you get to the physician’s office? [Mark all that apply.] 

        FP      Specialist 

Car      ……………………………………  �    �   

Bus       �    �   

� price of a one-way fare?         $____    $____    

Cab ……………………………………  �    �   

� price of a one-way fare?         $____    $____    

Walk         ..…………………………………..             �    �   

Other (please list)                                                              _________________ 

� what was the price?                                              $____    $____    

9. How much time did it take to get to the physician’s office?      

�   FP             __________  minutes       

       �   Specialist        __________  minutes   
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10. Approximately how many kilometers did you travel to get to the physician’s office?   

�   FP             __________  km       

       �   Specialist        __________  km  

11. After your initial visit to the emergency department, have you seen any other health  care 
professional or therapist because of your ankle sprain?  

�  No (Skip to Question 15) 

� Chiropractor: If yes, how many times? (record dates)   
_______________________________________________  

� Physical Therapist: If yes, how many times? (record dates) 
_______________________________________________  

� Other: If yes, how many times? (record dates) 
_______________________________________________  

12. How did you get there? [Mark all that apply.] 

           Chiropractor          PT                Other 

Car      …………………………………… �    �                    � 

Bus      �    �                    � 

� price of a one-way fare?        $____              $____            $____    

Cab …………………………………… �    �                    �   

� price of a one-way fare?        $____    $____            $____ 

Walk          �    �                    �   

Other (please list) ________ 

� what was the price?                                   $____    $____            $____ 

13. How much time did it take to get to the physician’s office?      

�   Chiropractor             __________  minutes       

       �   PT                                 __________  minutes  

       �   Other                            __________  minutes  
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14. Approximately how many kilometers did you travel to get to the physician’s office?   

        �   Chiropractor             __________  km      

       �   PT                                 __________  km  

       �   Other                            __________  km  

15. After your Emergency Department visit has any health professional arranged for additional 

investigations? (If so, note date and where done) 

� No 

�  Plain Xray 

� MRI 

� CT scan 

� Bone Scan 

� Blood Work: list what was done if known 

� Other ___________________________ 

16. Now we’d like some information to help us estimate your costs for any treatments and 

procedures: 

 i) Have you used any OTC medications (e.g. Tylenol, ibuprofen) for your ankle? 

Name of Med     

Dose / frequency     

Start date     

End Date     

 
ii) Have you used any Prescription medications (e.g. pain medications) for your ankle? 

Name of Med     

Dose / frequency     

Start date     

End Date     
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 iii) Have you used any other treatments (crutches, etc.)? 

� Crutches 

� Cane 

� Tensor 

� Ice / cryotherapy: if yes did you buy an ice pack?  

� Heat: if yes did you buy heat pad / pack?  

� Topical creams / balms purchased?  

� Ultrasound 

� Brace     � Other _____________________________ 

17. Did you need help from family, friends or paid assistance because of your ankle sprain? 

� Yes  

�  No (Skip to Question 26) 

18. From whom did you need assistance? [Read the list and mark all that apply.] 

� Family or friends?   

� Paid assistance (i.e., paid home care and/or domestic care)?  

19. For how long (i.e., hours/days) did you need help from your family, friend or from paid 

assistance?  

� Family or friends?         ______ Hours  ______Days 

� Paid assistance?            ______ Hours  ______Days  

20. Did you need paid assistance from home care? 

� Yes   

� No (Skip to Question 22) 

21. How much did it cost?   

 $_________ 
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22. Did you need paid assistance from domestic help? 

� Yes  

�  No (Skip to Question 24) 

23. How much did it all (paid home care and/or domestic help) cost?   

 $_________ 

24. Did you need any other type of paid help? 

� Yes – Specify: ______________________________________________________ 

� No (Skip to Question 26) 

25. How much did it cost?   

 $________ 

26. Did your friends or family help you with child or elder care because of your ankle sprain? 

� Yes  

�  No (Skip to Question 28) 

27. For how long did you need their help? 

 _____Days _______Hours  

28. Did you need to pay for assistance with child or elder care because of your ankle sprain? 

� Yes  

�  No (Skip to Question 30) 

29. How much did the child and/or elder care cost?    

 $_________ 

30. Are you currently employed for income? 

� Yes      If yes, can you tell me your occupation?: _________________________________ 

� No (Skip to Question 32) 
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31. What is your annual income, before taxes and deductions? [Read the list.] 

      � Less than $10,000 

      � From $10,000 to $19,999 

      � From $20,000 to $29,999 

      � From $30,000 to $39,999 

      � From $40,000 to $49,999 

      � From $50,000 to $59,999 

      � More than $60,000 

32. Did you receive any disability benefits due to your ankle sprain? 

       � Yes      If yes, please specify the type of benefits: ______________________________ 

           How much did you receive?     $_____________________________ 

      �  No  

         

THE END 



 

201 

 

A.5.  References 

1.  Institute for Clinical Evaluative Sciences. ICES Data Dictionary [Internet]. 2016 [cited 
2016 Apr 3]. Available from: 
https://datadictionary.ices.on.ca/Applications/DataDictionary/Default.aspx 

2.  Canadian Institute for Health Information. ICD-10-CA/CCI [Internet]. 2016 [cited 2016 
Apr 3]. Available from: 
https://secure.cihi.ca/estore/productSeries.htm?locale=en&pc=PCC72 

3.  Canadian Institute for Health Information. ICD-10-CA / CCI Implementation Schedule 
[Internet]. 2016. Available from: https://www.cihi.ca/en/data-and-
standards/standards/classification-and-coding/icd-10-ca-cci-implementation-schedule 

4.  Canadian Institute for Health Information. National Ambulatory Care Reporting System 
(NACRS) Metadata [Internet]. 2016 [cited 2016 Apr 2]. Available from: 
https://www.cihi.ca/en/types-of-care/hospital-care/emergency-and-ambulatory-care/nacrs-
metadata 

5.  Canadian Institute for Health Information. CIHI Data Quality Study of Ontario 
Emergency Department Visits for 2004-2005. Ottawa; 2007.  

6.  Canadian Institute for Health Information. Discharge Abstract Database (DAD) Metadata 
[Internet]. 2016 [cited 2016 Apr 1]. Available from: https://www.cihi.ca/en/types-of-
care/hospital-care/acute-care/dad-metadata 

7.  Canadian Institute for Health Information. CIHI Data Quality Study of the DAD 2005–
2006 Discharge Abstract Database. Ottawa; 2009.  

8.  Ontario Ministry of Health and Long-Term Care. Ontario Health Insurance Plan 
[Internet]. 2016 [cited 2016 Apr 3]. Available from: 
http://www.health.gov.on.ca/en/public/programs/ohip/ohipfaq_mn.aspx 

9.  Ministry of Health and Long Term Care. Schedule of Benefits, Physician Services under 
the Health Insurance Act [Internet]. 2015 [cited 2016 Feb 2]. Available from: 
http://www.health.gov.on.ca/english/providers/program/ohip/sob/physserv/sob_master201
51221.pdf 

10.  Institute for Clinical Evaluative Sciences. Ontario Health Insurance Plan. Outside ICES 
Documentation. Toronto; 2010.  

11.  Boyle, Eleanor; Badley, Elizabeth M.; Deonandan R. Patterns of primary and specialist 
care for arthritis and related conditions in Ontario, 1996/97: an analysis of the OHIP 
dataset. 2001.  



 

202 

 

12.  Chan B. Supply of Physicians’ Services in Ontario, Research Atlas. Toronto; 1999.  

13.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (October 1, 2013). Toronto; 2013.  

14.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (October 1, 2009). Toronto; 2009.  

15.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (September 1, 2011). Toronto; 2011.  

16.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (April 1, 2013). Toronto; 2013.  

17.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (April 1, 2012). Toronto; 2012.  

18.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (January 1, 2013). Toronto; 2013.  

19.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (July 1, 2010). Toronto; 2010.  

20.  Ministry of Health and Long Term Care. Schedule of Benefits for Physician Services 
Under the Health Insurance Act (June 3, 2008). Toronto; 2008.  

21.  Canadian Institute for Health Information. Population Grouping Methodology [Internet]. 
2010 [cited 2014 Oct 12]. Available from: 
https://www.cihi.ca/sites/default/files/document/infosheet_popgroupmethod_en_web.pdf 

22.  eHealth Ontario. Client Registry Privacy Impact Assessment Summary [Internet]. 2011 
[cited 2015 Oct 17]. Available from: 
https://www.ehealthontario.on.ca/images/uploads/pages/documents/Client_Registry_PIA.
pdf 

23.  Public Health Ontario. Summary Measures of Socioeconomic Inequalities in Health. 
2013.  

24.  Statistics Canada. Postal Code Conversion File Plus (PCCF+) [Internet]. 2016 [cited 2016 
Apr 3]. Available from: http://www5.statcan.gc.ca/olc-
cel/olc.action?ObjId=82F0086X&ObjType=2&lang=en&limit=0 

25.  Brison R, Day A, Pelland L, Pickett W, Johnson A, Aiken A, et al. Effect of early 
supervised physical therapy on recovery from acute ankle sprain: A randomised controlled 
trial. BMJ. 2016;In press.  

 



 

203 

 

26.  Roos EM. A User’s Guide to: Foot and Ankle Outcome Score (FAOS). Denmark; 2003.  

27.  Horsman J, Furlong W, Feeny D, Torrance G. The Health Utilities Index (HUI®): 
concepts, measurement properties and applications. Health Qual Life Outcomes. 
2003;1(1):54.  

28.  Furlong WJ, Feeny DH, Torrance GW, Barr RD. The Health Utilities Index (HUI®) 
system for assessing health-related quality of life in clinical studies. Ann Med. 2001 Jan 
8;33(5):375–84.  

29.  Furlong W, Feeny D, Torrance GW. Health Utilities Inc. Self-Complete Questionnaire 
Manual. Dundas; 2012.  

30.  Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the 
Economic Evaluation of Health Care Programmes. Oxford: Oxford University Press; 
2005.  

31.  Adachi JD, Ioannidis G, Pickard L, Berger C, Prior JC, Joseph L, et al. The association 
between osteoporotic fractures and health-related quality of life as measured by the Health 
Utilities Index in the Canadian Multicentre Osteoporosis Study (CaMos). Osteoporos Int. 
Springer-Verlag; 2003 Nov 1;14(11):895–904.  

32.  Bhandari M, Sprague S, Ayeni OR, Hanson BP, Moro JK. A prospective cost analysis 
following operative treatment of unstable ankle fractures: 30 patients followed for 1 year. 
Acta Orthop Scand. Department of Clinical Epidemiology and Biostatistics, McMaster 
University, McMaster University Medical Centre, 1200 Main Street West, Room 2C3, 
Hamilton, Ontario, L8N 3Z5, Canada. bhandari@sympatico.ca; 2004 Feb;75(1):100–5.  

33.  Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY and utilities. Br 
Med Bull [Internet]. Oxford University Press; 2010;96(1):5–21. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21037243 

34.  Feeny D, Wu L, Eng K. Comparing short form 6D, standard gamble, and Health Utilities 
Index Mark 2 and Mark 3 utility scores: results from total hip arthroplasty patients. Qual 
Life Res. 2004 Dec;13(10):1659–70.  

35.  Rashidi AA, Anis AH, Marra CA. Do visual analogue scale (VAS) derived standard 
gamble (SG) utilities agree with Health Utilities Index utilities? A comparison of patient 
and community preferences for health status in rheumatoid arthritis patients. Health Qual 
Life Outcomes [Internet]. BioMed Central; 2006;4:25. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/16626489 

 



 

204 

 

APPENDIX B 

ADDITIONAL TABLES FOR CHAPTER 3 

 
Table B-1: Search strategy for the systematic review using AMED, ACP Journal Club, Cochrane 
DSR, Embase, Ovid Healthstar, and Ovid MEDLINE databases 
 

Databases 
Years 

Searched 
Search Strategy 

- AMED (Allied and 
Complementary Medicine) 
 

- EBM Reviews - ACP Journal 
Club (American College of 
Physicians Journal Club) 

 
- EBM Reviews - Cochrane 

DSR (Cochrane Database of 
Systematic Reviews) 

 
- Embase 

 
- Ovid Healthstar  

 
- Ovid MEDLINE 

1985-2014 
 
 
1991-2014 
 
 
 
2005-2014 
 
 
 
1980-2014 
 
1980-2014 
 
1980-2014 

1     exp Ankle Joint/ or exp Ankle/ 
2     exp Foot/ or exp Foot Bones/ or exp 
Foot Joints/  
3     1 or 2  
4     exp "Sprains and Strains"/  
5     exp Fractures, Bone/  
6     (injur$ or fractur$ or strain$ or 
sprain$).mp.  
7     4 or 5 or 6  
8     3 and 7  
9     exp Ankle Injuries/ or exp Ankle 
Fractures/  
10     exp Foot Injuries/  
11     8 or 9 or 10  
12     "cost of illness"/ or economics/  
13     cost.mp.  
14     12 or 13  
15     11 and 14  
16     limit 15 to yr="1980 - 2014"  
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Table B-2: Search strategy for the systematic review using CINAHL database 
 

CINAHL (Cumulative Index to 
Nursing and Allied Health 
Literature) 

1981-2014 S1    (MH "Ankle") OR "ankle" OR (MH 
"Lateral Ligament, Ankle") OR (MH 
"Ankle Joint") 
S2    (MH "Foot") OR "foot" OR (MH 
"Foot Bones") 
S3    injury or injuries or sprains or sprain 
or sprained or strains or strain or strained 
or rupture or ruptured or fracture or 
fractures or fractured or break 
S4    (MH "Ankle Fractures") OR (MH 
"Ankle Injuries") OR (MH "Ankle 
Sprain") 
S5    (MH "Foot Fractures") OR (MH 
"Foot Injuries") 
S6    S1 OR S2 
S7    S3 AND S6 
S8    S4 OR S5 OR S7 
S9    (MH "Economic Aspects of Illness") 
OR (MH "Costs and Cost Analysis") OR 
(MH "Health Care Costs") 
S10  "cost" 
S11  (MH "Economics+") 
S12  S9 OR S10 OR S11 
S13  S8 AND S12 
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APPENDIX C 

ADDITIONAL TABLES AND FIGURES FOR CHAPTER 5 

 

Figure C-1: Percentage of recovered participants by body mass index (BMI) at 1 month, 3 
months and 6 months post-injury based on Symptom Subscale score ≥90 

 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Month 1 Month 3 Month 6

P
e

rc
e

n
t 

R
e

co
v
e

re
d

 (
S

S
 ≥

9
0

)

Follow-Up Time Point

BMI <25.0 BMI 25.0-29.9 BMI ≥ 30.0



 

207 

 

Figure C-2: Percentage of recovered participants by body mass index (BMI) at 1 month, 3 
months and 6 months post-injury based on Pain Subscale score ≥90 
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Figure C-3: Percentage of recovered participants by body mass index (BMI) at 1 month, 3 
months and 6 months post-injury based on Function in Daily Living Subscale score ≥90 
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Figure C-4: Percentage of recovered participants by body mass index (BMI) at 1 month, 3 
months and 6 months post-injury based on Function in Sport and Recreation Subscale score ≥90 
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Figure C-5: Percentage of recovered participants by body mass index (BMI) at 1 month, 3 
months and 6 months post-injury based on Foot and Ankle-related Quality of Life Subscale score 
≥90 
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Table C-1: Mean Symptom Subscale (SS) score at each follow-up time point by BMI  

 

Mean (95% CI) Symptom Subscale (SS) Score 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 73 (71-76) ref. 73 (70-75) ref. 73 (71-76) ref. 

25-29.9 71 (68-74) p=0.22 71 (68-74) p=0.33 72 (69-75) p=0.41 

≥30 72 (69-75) p=0.56 73 (71-76) p=0.83 73 (71-76) p=0.96 

Month 3 

 

<25 85 (82-87) ref. 84 (82-86) ref. 85 (82-87) ref. 

25-29.9 82 (79-85) p=0.14 82 (80-85) p=0.22 83 (80-86) p=0.28 

≥30 83 (81-86) p=0.45 84 (82-87) p=0.98 85 (82-87) p=0.91 

Month 6 

 

<25 90 (88-92) ref. 90 (88-92) ref. 90 (88-93) ref. 

25-29.9 88 (86-91) p=0.26 88 (86-91) p=0.44 89 (87-92) p=0.52 

≥30 87 (85-89) p<0.05 88 (85-90) p=0.24 88 (86-91) p=0.20 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade. 
ref. = reference subgroup 
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Table C-2: Odds of recovery based on Symptom Subscale (SS) score ≥90 at each follow-up time point by BMI 

 

OR (95% CI) of Recovery based on Symptom Subscale (SS) Score ≥90 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.64 (0.34-1.18) p=0.15 0.74 (0.38-1.43) p=0.37 0.74 (0.38-1.45) p=0.38 

≥30 0.80 (0.44-1.43) p=0.44 1.12 (0.58-2.15) p=0.73 1.13 (0.58-2.22) p=0.71 

Month 3 

(n=442) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.74 (0.46-1.18) p=0.21 0.75 (0.46-1.24) p=0.26 0.76 (0.46-1.27) p=0.30 

≥30 0.87 (0.55-1.38) p=0.56 0.95 (0.58-1.56) p=0.83 0.95 (0.57-1.59) p=0.84 

Month 6 

(n=402) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.70 (0.43-1.14) p=0.15 0.74 (0.44-1.24) p=0.25 0.75 (0.45-1.28) p=0.29 

≥30 0.63 (0.39-1.02) p=0.06 0.73 (0.43-1.22) p=0.23 0.71 (0.41-1.22) p=0.21 

*Controlled for the effect of baseline FAOS, sex, age, injuring the dominant leg, income group, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition to number of days of physical activity and ankle sprain grade. 
ref. = reference subgroup 
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Table C-3: Mean Pain Subscale (PS) score at each follow-up time point by BMI 

 

Mean (95% CI) Pain Subscale (PS) Score  

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 76 (74-79) ref. 75 (73-77) ref. 76 (73-78) ref. 

25-29.9 75 (73-78) p=0.59 76 (73-78) p=0.92 76 (73-78) p=0.81 

≥30 73 (70-75) p<0.05 74 (72-76) p=0.34 74 (72-76) p=0.33 

Month 3 

 

<25 87 (85-89) ref. 86 (84-88) ref. 86 (84-89) ref. 

25-29.9 87 (84-89) p=0.86 87 (85-89) p=0.60 87 (85-90) p=0.51 

≥30 85 (82-87) p=0.18 86 (84-88) p=0.88 86 (84-88) p=0.86 

Month 6 

 

<25 93 (91-95) ref. 92 (90-94) ref. 93 (90-95) ref. 

25-29.9 91 (89-94) p=0.24 92 (90-94) p=0.69 92 (90-94) p=0.80 

≥30 88 (86-90) p<0.01 89 (87-91) p=0.04 89 (87-92) p=0.04 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade . 
ref. = reference subgroup 
 

 

 

 

 

 

 

 

 

 



 

214 

 

Table C-4: Odds of recovery based on Pain Subscale (PS) score ≥90 at each follow-up time point by BMI  

 

OR (95% CI) of Recovery based on Pain Subscale (PS) Score ≥90 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.88 (0.50-1.54) p=0.65 0.98 (0.54-1.80) p=0.96 1.02 (0.55-1.89) p=0.95 

≥30 0.71 (0.40-1.28) p=0.26 0.90 (0.47-1.71) p=0.75 0.95 (0.49-1.83) p=0.87 

Month 3 

(n=442) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 1.00 (0.64-1.57) p=1.00 1.23 (0.74-2.02) p=0.43 1.28 (0.77-2.13) p=0.34 

≥30 0.76 (0.48-1.19) p=0.22 0.97 (0.59-1.60) p=0.90 1.08 (0.64-1.81) p=0.79 

Month 6 

(n=402) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.57 (0.33-0.98) p=0.04 0.65 (0.36-1.18) p=0.15 0.66 (0.36-1.22) p=0.19 

≥30 0.37 (0.21-0.62) p<0.01 0.46 (0.26-0.82) p=0.01 0.48 (0.26-0.88) p=0.02 

*Controlled for the effect of baseline FAOS, sex, age, injuring the dominant leg, income group, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition to number of days of physical activity and ankle sprain grade. 
ref. = reference subgroup 

 



 

215 

 

Table C-5: Mean Function in Daily Living Subscale (ADLS) score at each follow-up time point by BMI 

 

Mean (95% CI) Function in Daily Living Subscale (ADLS) Score 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 87 (84-89) ref. 86 (84-88) ref. 86 (84-88) ref. 

25-29.9 86 (83-88) p=0.58 86 (84-88) p=0.99 86 (84-89) p=0.91 

≥30 81 (79-84) p<0.01 82 (80-84) p=0.02 82 (80-85) p=0.02 

Month 3 

 

<25 94 (92-96) ref. 93 (92-95) ref. 93 (92-95) ref. 

25-29.9 93 (91-95) p=0.66 94 (92-95) p=0.78 94 (92-96) p=0.69 

≥30 91 (89-93) p=0.04 92 (90-94) p=0.40 92 (90-94) p=0.36 

Month 6 

 

<25 97 (96-99) ref. 97 (95-98) ref. 97 (95-99) ref. 

25-29.9 96 (94-97) p=0.19 96 (94-98) p=0.60 96 (94-98) p=0.68 

≥30 93 (91-95) p<0.01 94 (92-96) p=0.03 94 (92-96) p=0.03 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade  
ref. = reference subgroup 
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Table C-6: Odds of recovery based on Function in Daily Living Subscale (ADLS) score ≥90 at each follow-up time point by BMI  

 

OR (95% CI) of Recovery based on Function in Daily Living Subscale (ADLS) Score ≥90 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.76 (0.49-1.18) p=0.22 0.89 (0.55-1.44) p=0.63 0.92 (0.57-1.50) p=0.73 

≥30 0.60 (0.39-0.93) p=0.02 0.80 (0.49-1.30) p=0.37 0.88 (0.53-1.46) p=0.62 

Month 3 

(n=442) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.80 (0.47-1.37) p=0.42 1.07 (0.60-1.91) p=0.81 1.08 (0.60-1.94) p=0.80 

≥30 0.70 (0.42-1.18) p=0.18 0.99 (0.57-1.73) p=0.97 0.94 (0.53-1.69) p=0.84 

Month 6 

(n=402) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.64 (0.30-1.39) p=0.26 0.77 (0.34-1.74) p=0.53 0.83 (0.36-1.92) p=0.67 

≥30 0.37 (0.18-0.76) p=0.01 0.49 (0.23-1.04) p=0.06 0.50 (0.23-1.11) p=0.09 

*Controlled for the effect of baseline FAOS, sex, age, injuring the dominant leg, income group, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition to number of days of physical activity and ankle sprain grade. 
ref. = reference subgroup 
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Table C-7: Mean Function in Sport and Recreation Subscale (SPS) score at each follow-up time point by BMI 

 

Mean (95% CI) Function in Sport and Recreation Subscale (SPS) Score 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 62 (59-66) ref. 61 (58-64) ref. 61 (57-64) ref. 

25-29.9 60 (56-64) p=0.45 61 (57-64) p=0.88 61 (58-65) p=0.91 

≥30 58 (54-62) p=0.12 60 (56-63) p=0.61 60 (56-63) p=0.62 

Month 3 

 

<25 81 (78-84) ref. 79 (76-82) ref. 79 (76-83) ref. 

25-29.9 79 (76-83) p=0.58 80 (76-83) p=0.91 80 (77-84) p=0.69 

≥30 77 (74-81) p=0.14 79 (75-82) p=0.75 79 (75-82) p=0.79 

Month 6 

 

<25 89 (86-92) ref. 88 (85-91) ref. 88 (84-91) ref. 

25-29.9 87 (84-91) p=0.48 88 (84-91) p=0.98 88 (85-92) p=0.77 

≥30 83 (79-86) p=0.01 84 (81-87) p=0.12 84 (81-88) p=0.15 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade  
ref. = reference subgroup 
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Table C-8: Odds of recovery based on Function in Sport and Recreation Subscale (SPS) score ≥90 at each follow-up time point by 
BMI  

 

OR (95% CI) of Recovery based on Function in Sport and Recreation Subscale (SPS) Score ≥90 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 1.30 (0.72-2.35) p=0.39 1.45 (0.76-2.76) p=0.26 1.49 (0.77-2.87) p=0.24 

≥30 0.95 (0.50-1.77) p=0.86 1.13 (0.56-2.28) p=0.73 1.25 (0.61-2.57) p=0.55 

Month 3 

(n=442) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.84 (0.53-1.32) p=0.45 0.94 (0.57-1.56) p=0.82 1.00 (0.60-1.67) p=0.99 

≥30 0.70 (0.44-1.10) p=0.12 0.84 (0.50-1.41) p=0.51 0.93 (0.55-1.59) p=0.80 

Month 6 

(n=402) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 0.73 (0.44-1.20) p=0.22 0.81 (0.47-1.38) p=0.44 0.87 (0.50-1.52) p=0.63 

≥30 0.55 (0.34-0.90) p=0.02 0.65 (0.38-1.10) p=0.11 0.72 (0.41-1.26) p=0.25 

*Controlled for the effect of baseline FAOS, sex, age, injuring the dominant leg, income group, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition to number of days of physical activity and ankle sprain grade. 
ref. = reference subgroup 
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Table C-9: Mean Foot and Ankle-related Quality of Life Subscale (QOLS) Scores at each follow-up time point by BMI 

 

Mean (95% CI) Foot and Ankle-related Quality of Life Subscale (QOLS) Score 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

 
<25 58 (54-61) ref. 56 (53-59) ref. 56 (53-60) ref. 

25-29.9 57 (54-61) p=0.85 57 (54-61) p=0.62 58 (54-61) p=0.50 

≥30 55 (52-59) p=0.33 57 (53-60) p=0.89 57 (53-60) p=0.89 

Month 3 

 

<25 73 (70-76) ref. 72 (69-75) ref. 72 (69-75) ref. 

25-29.9 75 (72-79) p=0.36 76 (72-79) p=0.10 76 (73-80) p=0.07 

≥30 72 (68-75) p=0.58 73 (70-77) p=0.53 73 (70-77) p=0.53 

Month 6 

 

<25 81 (78-84) ref. 80 (77-83) ref. 80 (76-83) ref. 

25-29.9 83 (79-86) p=0.46 83 (80-87) p=0.15 84 (80-87) p=0.11 

≥30 77 (73-80) p=0.08 78 (74-82) p=0.51 78 (75-82) p=0.53 

*Controlled for the effect of baseline FAOS, sex, age, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition number of days of physical activity, injuring the dominant leg, income group, and ankle sprain grade  
ref. = reference subgroup 
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Table C-10: Odds of recovery based on Foot and Ankle-related Quality of Life Subscale (QOLS) score ≥90 at each follow-up time 
point by BMI 

 

OR (95% CI) of Recovery based on Foot and Ankle-related Quality of Life Subscale (QOLS) Score ≥90 

 BMI Unadjusted Adjusted Model 1* Adjusted Model 2** 

Month 1 

(n=475) 
<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 1.26 (0.51-3.13) p=0.61 1.26 (0.48-3.32) p=0.64 1.20 (0.44-3.26) p=0.72 

≥30 1.53 (0.64-3.65) p=0.34 1.58 (0.60-4.16) p=0.35 1.59 (0.57-4.42) p=0.38 

Month 3 

(n=442) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 1.15 (0.69-1.92) p=0.60 1.31 (0.76-2.28) p=0.33 1.37 (0.77-2.42) p=0.28 

≥30 0.66 (0.38-1.15) p=0.14 0.78 (0.43-1.43) p=0.42 0.81 (0.43-1.52) p=0.51 

Month 6 

(n=402) 

<25 1.00 ref. 1.00 ref. 1.00 ref. 

25-29.9 1.08 (0.67-1.74) p=0.76 1.14 (0.68-1.89) p=0.62 1.29 (0.76-2.19) p=0.35 

≥30 0.71 (0.44-1.15) p=0.17 0.75 (0.44-1.27) p=0.28 0.82 (0.47-1.43) p=0.49 

*Controlled for the effect of baseline FAOS, sex, age, injuring the dominant leg, income group, and trial randomization arm. 
**Controlled for the effects in Model 1 in addition to number of days of physical activity and ankle sprain grade. 
ref. = reference subgroup 
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APPENDIX D 

ADDITIONAL TABLES FOR CHAPTER 6 

 

 

Table D-1: Mean (95% confidence interval) Health Utility Index 2 single and multi-attribute levels by group at baseline 
 

Group Sensation Mobility Emotion Cognition Self-Care Pain Overall 

Sex p<0.01 p=0.06 p<0.01 p=0.05 p<0.01 p=0.15 p<0.01 

  Male 

   n=195 (44%) 
0.96 

(0.95-0.97) 
0.82 

(0.79-0.85) 
0.92 

(0.89-0.94) 
0.98 

(0.97-0.99) 
0.91 

(0.87-0.95) 
0.53 

(0.49-0.57) 
0.59 

(0.56-0.62) 

  Female 

   n=251 (56%)  
0.94 

(0.93-0.95) 
0.78 

(0.75-0.80) 
0.85 

(0.82-0.87) 
0.96 

(0.95-0.97) 
0.83 

(0.80-0.87) 
0.49 

(0.46-0.53) 
0.53 

(0.50-0.55) 

Grade p=0.79 p<0.01 p=0.08 p=0.50 p<0.01 p<0.01 p<0.01 

  Grade 1 

   n=121 (27%) 
0.95 

(0.93-0.96) 
0.87 

(0.83-0.91) 
0.90 

(0.87-0.93) 
0.97 

(0.96-0.99) 
0.94 

(0.89-1.00) 
0.61 

(0.56-0.66) 
0.65 

(0.61-0.68) 

  Grade 2 

   n=325 (73%) 
0.95 

(0.94-0.96) 
0.77 

(0.74-0.79) 
0.87 

(0.85-0.89) 
0.97 

(0.96-0.98) 
0.84 

(0.80-0.87) 
0.47 

(0.44-0.50) 
0.52 

(0.50-0.54) 

Age p<0.01 p=0.43 p=0.27 p=0.78 p=0.02 p=0.19 p=0.17 

  16-20 

   n=122 (27%) 
0.96 

(0.95-0.98) 
0.81 

(0.77-0.85) 
0.88 

(0.85-0.91) 
0.97 

(0.96-0.98) 
0.91 

(0.86-0.96) 
0.52 

(0.47-0.57) 
0.58 

(0.54-0.61) 

  21-30 

   n=144 (32%) 
0.97 

(0.95-0.98) 
0.78 

(0.75-0.82) 
0.89 

(0.86-0.92) 
0.97 

(0.96-0.98) 
0.80 

(0.76-0.85) 
0.49 

(0.44-0.54) 
0.54 

(0.51-0.58) 

  31-40 

   n=75 (17%) 

0.95 
(0.94-0.97) 

0.77 
(0.72-0.82) 

0.83 
(0.79-0.88) 

0.97 
(0.96-0.99) 

0.86 
(0.79-0.92) 

0.46 
(0.40-0.53) 

0.51 
(0.46-0.56) 

  41-50 

   n=59 (13%) 
0.92 

(0.90-0.94) 
0.80 

(0.74-0.85) 
0.88 

(0.84-0.93) 
0.96 

(0.94-0.98) 
0.90 

(0.83-0.98) 
0.52 

(0.45-0.59) 
0.56 

(0.51-0.62) 

  51+ 

   n=46 (10%) 
0.88 

(0.85-0.90) 
0.83 

(0.77-0.89) 
0.90 

(0.84-0.95) 
0.97 

(0.94-0.99) 
0.92 

(0.83-1.00) 
0.58 

(0.50-0.67) 
0.60 

(0.53-0.66) 

Overall 

n=446 
0.95 

(0.94-0.96) 
0.79 

(0.77-0.81) 
0.88 

(0.86-0.89) 
0.97 

(0.96-0.98) 
0.87 

(0.84-0.89) 
0.51 

(0.48-0.53) 
0.55 

(0.53-0.57) 
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Table D-2: Mean (95% confidence interval) Health Utility Index 3 single and multi-attribute levels by group at Month 1 
 

Group Vision Hearing Speech Ambulation Dexterity Emotion Cognition Pain Overall 

Sex p=0.17 p=0.55 p=0.11 p=0.03 p=0.10 p=0.53 p=0.02 p=0.01 p<0.01 

  Male 

   n=182 (44%) 
0. 98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.98 

(0.97-1.00) 
1.00 

(0.99-1.00) 
0.96 

(0.95-0.98) 
0.97 

(0.95-0.99) 
0.80 

(0.75-0.84) 
0.81 

(0.78-0.85) 

  Female 

   n=235 (56%)  
0.97 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.96 

(0.95-0.97) 
0.99 

(0.99-1.00) 
0.96 

(0.94-0.97) 
0.94 

(0.93-0.96) 
0.72 

(0.68-0.76) 
0.74 

(0.71-0.77) 

Grade p=0.93 p=0.72 p=0.47 p=0.95 p=0.87 p=0.21 p=0.49 p<0.01 p=0.01 

  Grade 1 

   n=113 (27%) 
0.98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.95-0.99) 
1.00 

(0.99-1.00) 
0.97 

(0.95-0.99) 
0.96 

(0.94-0.99) 
0.82 

(0.77-0.88) 
0.82 

(0.78-0.87) 

  Grade 2 
   n=304 (73%) 

0.98 
(0.97-0.98) 

1.00 
(0.99-1.00) 

1.00 
(1.00-1.00) 

0.97 
(0.96-0.98) 

1.00 
(0.99-1.00) 

0.96 
(0.94-0.97) 

0.95 
(0.94-0.97) 

0.73 
(0.69-0.76) 

0.75 
(0.73-0.78) 

Age p=0.02 p<0.01 p=0.61 p=0.04 p=0.03 p=0.20 p=0.60 p=0.16 p=0.04 

  16-20 

   n=114 (27%) 
0.99 

(0.97-1.00) 
1.00 

(1.00-1.00) 
1.00 

(1.00-1.00) 
0.98 

(0.96-1.00) 
1.00 

(0.99-1.00) 
0.98 

(0.96-1.00) 
0.95 

(0.93-0.97) 
0.82 

(0.76-0.87) 
0.83 

(0.78-0.87) 

  21-30 

   n=134 (32%) 
0.99 

(0.98-1.00) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.98 

(0.96-0.99) 
1.00 

(0.99-1.00) 
0.95 

(0.94-0.97) 
0.96 

(0.94-0.98) 
0.75 

(0.69-0.80) 
0.77 

(0.73-0.81) 

  31-40 

   n=72 (17%) 

0.96 
(0.95-0.98) 

1.00 
(0.99-1.00) 

1.00 
(1.00-1.00) 

0.97 
(0.95-1.00) 

0.99 
(0.98-1.00) 

0.94 
(0.91-0.97) 

0.96 
(0.93-0.99) 

0.71 
(0.64-0.78) 

0.73 
(0.68-0.79) 

  41-50 

   n=55 (13%) 
0.97 

(0.95-0.98) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.94-0.99) 
0.98 

(0.97-0.99) 
0.96 

(0.93-0.99) 
0.98 

(0.94-1.00) 
0.72 

(0.64-0.80) 
0.75 

(0.69-0.82) 

  51+ 
   n=42 (10%) 

0.96 
(0.94-0.98) 

0.98 
(0.97-0.98) 

1.00 
(1.00-1.00) 

0.92 
(0.89-0.96) 

1.00 
(0.99-1.00) 

0.96 
(0.92-0.99) 

0.94 
(0.90-0.97) 

0.73 
(0.64-0.83) 

0.71 
(0.64-0.79) 

Overall 

n=417 
0.98 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.97 

(0.96-0.98) 
1.00 

(0.99-1.00) 
0.96 

(0.95-0.97) 
0.96 

(0.94-0.97) 
0.75 

(0.72-0.78) 
0.77 

(0.75-0.79) 

General 

Population [19] 
0.97 

(0.97-0.97) 
0.99 

(0.99-0.99) 
1.00 

(0.99-1.00) 
0.98 

(0.98-0.98) 
1.00 

(1.00-1.00) 
0.97 

(0.97-0.97) 
0.96 

(0.96-0.96) 
0.93 

(0.93-0.93) 
0.88 

(0.88-0.88) 
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Table D-3: Mean (95% confidence interval) Health Utility Index 2 single and multi-attribute levels by group at Month 1 
 

Group Sensation Mobility Emotion Cognition Self-Care Pain Overall 

Sex p=0.02 p=0.08 p=0.12 p=0.01 p=0.14 p<0.01 p<0.01 

  Male 

   n=182 (44%) 
0.96 

(0.94-0.97) 
0.96 

(0.95-0.97) 
0.93 

(0.91-0.96) 
0.98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
0.86 

(0.83-0.89) 
0.84 

(0.82-0.87) 

  Female 

   n=235 (56%)  
0.94 

(0.93-0.95) 
0.95 

(0.94-0.96) 
0.91 

(0.88-0.93) 
0.96 

(0.95-0.97) 
0.99 

(0.98-1.00) 
0.80 

(0.77-0.83) 
0.78 

(0.76-0.81) 

Grade p=0.84 p=0.10 p=0.08 p=0.74 p=0.36 p<0.01 p<0.01 

  Grade 1 

   n=113 (27%) 
0.94 

(0.93-0.96) 
0.96 

(0.95-0.97) 
0.95 

(0.91-0.98) 
0.97 

(0.96-0.98) 
1.00 

(0.99-1.00) 
0.87 

(0.83-0.91) 
0.85 

(0.82-0.89) 

  Grade 2 
   n=304 (73%) 

0.95 
(0.94-0.96) 

0.95 
(0.94-0.96) 

0.91 
(0.89-0.93) 

0.97 
(0.96-0.98) 

0.99 
(0.98-1.00) 

0.81 
(0.78-0.83) 

0.79 
(0.77-0.81) 

Age p<0.01 p=0.05 p=0.02 p=0.82 p=0.28 p=0.44 p=0.08 

  16-20 

   n=114 (27%) 
0.96 

(0.94-0.97) 
0.97 

(0.95-0.98) 
0.95 

(0.91-0.98) 
0.97 

(0.96-0.98) 
1.00 

(0.99-1.00) 
0.86 

(0.82-0.90) 
0.85 

(0.81-0.88) 

  21-30 

   n=134 (32%) 
0.96 

(0.95-0.98) 
0.96 

(0.95-0.97) 
0.91 

(0.87-0.94) 
0.97 

(0.96-0.98) 
0.99 

(0.98-1.00) 
0.82 

(0.78-0.85) 
0.81 

(0.78-0.84) 

  31-40 

   n=72 (17%) 

0.94 
(0.92-0.96) 

0.94 
(0.93-0.96) 

0.86 
(0.82-0.91) 

0.97 
(0.95-0.99) 

1.00 
(0.98-1.00) 

0.82 
(0.77-0.87) 

0.78 
(0.74-0.82) 

  41-50 

   n=55 (13%) 
0.93 

(0.90-0.95) 
0.94 

(0.92-0.96) 
0.93 

(0.88-0.98) 
0.97 

(0.95-0.99) 
0.98 

(0.96-1.00) 
0.80 

(0.74-0.85) 
0.79 

(0.74-0.83) 

  51+ 
   n=42 (10%) 

0.90 
(0.87-0.92) 

0.95 
(0.93-0.97) 

0.96 
(0.91-1.00) 

0.96 
(0.93-0.98) 

1.00 
(0.98-1.00) 

0.82 
(0.75-0.88) 

0.80 
(0.75-0.85) 

Overall 

n=417 
0.95 

(0.94-0.95) 
0.95 

(0.95-0.96) 
0.92 

(0.90-0.94) 
0.97 

(0.96-0.97) 
0.99 

(0.99-1.00) 
0.83 

(0.80-0.85) 
0.81 

(0.79-0.83) 
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Table D-4: Mean (95% confidence interval) Health Utility Index 3 single and multi-attribute levels by group at Month 3 
 

Group Vision Hearing Speech Ambulation Dexterity Emotion Cognition Pain Overall 

Sex p=0.65 p=0.65 p=0.86 p=0.07 p=0.89 p=0.96 p=0.02 p=0.18 p=0.04 

  Male 

   n=161 (42%) 
0.98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.98-1.00) 
0.97 

(0.96-0.99) 
0.98 

(0.96-1.00) 
0.90 

(0.87-0.94) 
0.89 

(0.86-0.92) 

  Female 

   n=225 (58%)  
0.98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.99 

(0.99-1.00) 
0.99 

(0.99-1.00) 
0.97 

(0.96-0.99) 
0.95 

(0.94-0.97) 
0.87 

(0.85-0.90) 
0.85 

(0.83-0.88) 

Grade p=0.78 p=0.57 p=0.27 p=0.46 p=0.49 p=0.81 p=0.67 p=0.12 p=0.35 

  Grade 1 

   n=108 (28%) 
0.98 

(0.96-0.99) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
0.98 

(0.96-0.99) 
0.96 

(0.94-0.98) 
0.92 

(0.87-0.96) 
0.89 

(0.85-0.92) 

  Grade 2 
   n=278 (72%) 

0.98 
(0.97-0.99) 

1.00 
(1.00-1.00) 

1.00 
(1.00-1.00) 

0.99 
(0.99-1.00) 

1.00 
(0.99-1.00) 

0.97 
(0.96-0.99) 

0.97 
(0.95-0.98) 

0.88 
(0.85-0.90) 

0.87 
(0.84-0.89) 

Age p=0.04 p<0.01 p=0.33 p=0.07 p=0.88 p=0.35 p=0.87 p=0.02 p=0.01 

  16-20 

   n=98 (25%) 
0.98 

(0.97-1.00) 
1.00 

(1.00-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.98-1.00) 
0.99 

(0.97-1.00) 
0.97 

(0.95-0.99) 
0.95 

(0.91-1.00) 
0.93 

(0.89-0.96) 

  21-30 

   n=129 (33%) 
0.99 

(0.97-1.00) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
0.98 

(0.96-0.99) 
0.96 

(0.94-0.98) 
0.86 

(0.82-0.90) 
0.86 

(0.83-0.90) 

  31-40 

   n=65 (17%) 

0.96 
(0.95-0.98) 

1.00 
(1.00-1.00) 

1.00 
(1.00-1.00) 

1.00 
(0.99-1.00) 

0.99 
(0.97-1.00) 

0.97 
(0.95-0.99) 

0.97 
(0.94-1.00) 

0.87 
(0.81-0.92) 

0.86 
(0.81-0.90) 

  41-50 

   n=54 (14%) 
0.97 

(0.96-0.99) 
1.00 

(0.99-1.00) 
0.99 

(0.99-1.00) 
0.99 

(0.98-1.00) 
1.00 

(0.98-1.00) 
0.96 

(0.93-0.98) 
0.96 

(0.92-0.99) 
0.86 

(0.80-0.92) 
0.83 

(0.78-0.88) 

  51+ 
   n=40 (10%) 

0.96 
(0.94-0.98) 

0.98 
(0.97-0.99) 

1.00 
(0.99-1.00) 

0.98 
(0.97-0.99) 

1.00 
(0.98-1.00) 

0.97 
(0.94-1.00) 

0.95 
(0.92-0.99) 

0.88 
(0.81-0.95) 

0.83 
(0.77-0.89) 

Overall 

n=386 (100%) 
0.98 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.99 

(0.99-1.00) 
0.99 

(0.99-1.00) 
0.97 

(0.96-0.98) 
0.96 

(0.95-0.97) 
0.89 

(0.87-0.91) 
0.87 

(0.85-0.89) 

General 

Population [19] 

0.97 
(0.97-0.97) 

0.99 
(0.99-0.99) 

1.00 
(0.99-1.00) 

0.98 
(0.98-0.98) 

1.00 
(1.00-1.00) 

0.97 
(0.97-0.97) 

0.96 
(0.96-0.96) 

0.93 
(0.93-0.93) 

0.88 
(0.88-0.88) 
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Table D-5: Mean (95% confidence interval) Health Utility Index 2 single and multi-attribute levels by group at Month 3 
 

Group Sensation Mobility Emotion Cognition Self-Care Pain Overall 

Sex p=0.29 p=0.04 p=0.25 p=0.01 p=0.81 p=0.23 p=0.02 

  Male 

   n=161 (42%) 
0.95 

(0.94-0.96) 
0.99 

(0.98-0.99) 
0.95 

(0.93-0.98) 
0.98 

(0.97-0.99) 
0.99 

(0.98-1.00) 
0.92 

(0.90-0.95) 
0.90 

(0.88-0.92) 

  Female 

   n=225 (58%)  
0.94 

(0.93-0.95) 
0.98 

(0.97-0.98) 
0.93 

(0.91-0.95) 
0.96 

(0.96-0.97) 
1.00 

(0.99-1.00) 
0.90 

(0.88-0.92) 
0.86 

(0.85-0.88) 

Grade p=0.96 p<0.05 p=0.93 p=0.91 p=0.49 p=0.07 p=0.18 

  Grade 1 

   n=108 (28%) 
0.94 
(0.93-0.96) 

0.99 
(0.98-1.00) 

0.94 
(0.91-0.97) 

0.97 
(0.96-0.98) 

0.99 
(0.98-1.00) 

0.94 
(0.91-0.97) 

0.89 
(0.87-0.92) 

  Grade 2 
   n=278 (72%) 

0.95 
(0.94-0.96) 

0.98 
(0.98-0.98) 

0.94 
(0.92-0.96) 

0.97 
(0.96-0.98) 

1.00 
(0.99-1.00) 

0.90 
(0.88-0.92) 

0.87 
(0.86-0.89) 

Age p<0.01 p<0.01 p=0.79 p=0.70 p=0.65 p=0.04 p<0.01 

  16-20 

   n=98 (25%) 
0.95 

(0.94-0.97) 
0.99 

(0.99-1.00) 
0.95 

(0.91-0.98) 
0.97 

(0.96-0.99) 
1.00 

(0.99-1.00) 
0.96 

(0.92-0.99) 
0.92 

(0.90-0.94) 

  21-30 

   n=129 (33%) 
0.96 

(0.95-0.98) 
0.99 

(0.98-0.99) 
0.95 

(0.92-0.98) 
0.97 

(0.96-0.98) 
0.99 

(0.98-1.00) 
0.90 

(0.87-0.93) 
0.88 

(0.86-0.91) 

  31-40 

   n=65 (17%) 

0.95 
(0.93-0.97) 

0.97 
(0.97-0.98) 

0.93 
(0.89-0.97) 

0.98 
(0.96-0.99) 

0.99 
(0.97-1.00) 

0.90 
(0.86-0.94) 

0.86 
(0.83-0.89) 

  41-50 

   n=54 (14%) 
0.93 

(0.90-0.95) 
0.97 

(0.96-0.98) 
0.92 

(0.88-0.96) 
0.96 

(0.95-0.98) 
1.00 

(0.98-1.00) 
0.89 

(0.84-0.93) 
0.84 

(0.80-0.88) 

  51+ 
   n=40 (10%) 

0.89 
(0.87-0.92) 

0.97 
(0.96-0.98) 

0.94 
(0.89-0.99) 

0.97 
(0.95-0.99) 

1.00 
(0.98-1.00) 

0.90 
(0.85-0.95) 

0.85 
(0.80-0.89) 

Overall 

n=386 (100%) 
0.94 

(0.94-0.95) 
0.98 

(0.98-0.99) 
0.94 

(0.92-0.96) 
0.97 

(0.96-0.98) 
0.99 

(0.99-1.00) 
0.91 

(0.89-0.93) 
0.88 

(0.86-0.89) 



 

226 

 

Table D-6: Mean (95% confidence interval) Health Utility Index 3 single and multi-attribute levels by group at Month 6 
 

Group Vision Hearing Speech Ambulation Dexterity Emotion Cognition Pain Overall 

Sex p=0.77 p=0.71 p=0.40 p=0.44 p=0.05 p=0.48 p=0.05 p=0.62 p=0.19 

  Male 

   n=151 (43%) 
0.98 

(0.97-0.99) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.96-0.99) 
0.98 

(0.96-1.00) 
0.92 

(0.88-0.95) 
0.90 

(0.87-0.93) 

  Female 

   n=200 (57%)  
0.98 

(0.97-0.99) 
0.99 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.95-0.98) 
0.96 

(0.94-0.97) 
0.91 

(0.88-0.94) 
0.87 

(0.84-0.90) 

Grade p=0.79 p=0.72 p=0.94 p=0.90 p=0.13 p=0.72 p=0.72 p=0.39 p=0.68 

  Grade 1 

   n=98 (28%) 
0.98 

(0.97-0.99) 
0.99 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.95-0.99) 
0.97 

(0.95-0.99) 
0.90 

(0.85-0.94) 
0.88 

(0.84-0.92) 

  Grade 2 
   n=253 (72%) 

0.98 
(0.97-0.98) 

1.00 
(0.99-1.00) 

1.00 
(0.99-1.00) 

0.99 
(0.98-1.00) 

1.00 
(1.00-1.00) 

0.97 
(0.95-0.98) 

0.97 
(0.95-0.98) 

0.92 
(0.89-0.94) 

0.89 
(0.86-0.91) 

Age p=0.10 p<0.01 p=0.20 p=0.45 p=0.37 p=0.93 p=0.38 p=0.03 p=0.14 

  16-20 

   n=87 (25%) 
0.98 

(0.97-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.98-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.95-0.99) 
0.96 

(0.94-0.98) 
0.96 

(0.92-1.00) 
0.92 

(0.88-0.96) 

  21-30 

   n=113 (32%) 
0.98 

(0.97-1.00) 
1.00 

(0.99-1.00) 
1.00 

(0.99-1.00) 
0.99 

(0.97-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.95-0.99) 
0.95 

(0.93-0.97) 
0.90 

(0.86-0.94) 
0.87 

(0.83-0.91) 

  31-40 

   n=60 (17%) 

0.97 
(0.96-0.99) 

1.00 
(0.99-1.00) 

1.00 
(0.99-1.00) 

1.00 
(0.98-1.00) 

1.00 
(1.00-1.00) 

0.96 
(0.94-0.99) 

0.98 
(0.95-1.00) 

0.93 
(0.88-0.99) 

0.90 
(0.85-0.95) 

  41-50 

   n=53 (15%) 
0.98 

(0.96-0.99) 
1.00 

(0.99-1.00) 
0.99 

(0.98-1.00) 
0.98 

(0.97-1.00) 
1.00 

(1.00-1.00) 
0.96 

(0.94-0.99) 
0.99 

(0.96-1.00) 
0.87 

(0.82-0.93) 
0.87 

(0.81-0.92) 

  51+ 
   n=38 (11%) 

0.96 
(0.94-0.98) 

0.96 
(0.95-0.98) 

0.98 
(0.97-1.00) 

0.99 
(0.97-1.00) 

1.00 
(0.99-1.00) 

0.98 
(0.95-1.00) 

0.98 
(0.94-1.00) 

0.85 
(0.78-0.92) 

0.83 
(0.77-0.90) 

Overall 

n=351 (100%) 
0.98 

(0.97-0.98) 
1.00 

(0.99-1.00) 
1.00 

(1.00-1.00) 
0.99 

(0.98-1.00) 
1.00 

(1.00-1.00) 
0.97 

(0.96-0.98) 
0.97 

(0.96-0.98) 
0.91 

(0.89-0.93) 
0.88 

(0.86-0.90) 

General 

Population [19] 
0.97 

(0.97-0.97) 
0.99 

(0.99-0.99) 
1.00 

(0.99-1.00) 
0.98 

(0.98-0.98) 
1.00 

(1.00-1.00) 
0.97 

(0.97-0.97) 
0.96 

(0.96-0.96) 
0.93 

(0.93-0.93) 
0.88 

(0.88-0.88) 
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Table D-7: Mean (95% confidence interval) Health Utility Index 2 single and multi-attribute levels by group at Month 6 
 

Group Sensation Mobility Emotion Cognition Self-Care Pain Overall 

Sex p=0.18 p=0.32 p=0.01 p=0.02 p=0.84 p=0.38 p<0.01 

  Male 

   n=151 (43%) 
0.95 

(0.94-0.96) 
0.99 

(0.98-1.00) 
0.96 

(0.93-0.99) 
0.98 

(0.97-1.00) 
0.99 

(0.98-1.00) 
0.94 

(0.92-0.97) 
0.91 

(0.89-0.94) 

  Female 

   n=200 (57%)  
0.94 

(0.93-0.95) 
0.98 

(0.97-0.99) 
0.91 

(0.88-0.93) 
0.96 

(0.95-0.97) 
1.00 

(0.98-1.00) 
0.93 

(0.91-0.95) 
0.87 

(0.85-0.89) 

Grade p=0.83 p=0.59 p=0.05 p=0.40 p=0.49 p=0.62 p=0.34 

  Grade 1 
   n=98 (28%) 

0.94 
(0.92-0.96) 

0.99 
(0.97-1.00) 

0.96 
(0.92-0.99) 

0.98 
(0.96-0.99) 

0.99 
(0.98-1.00) 

0.93 
(0.90-0.96) 

0.90 
(0.87-0.93) 

  Grade 2 
   n=253 (72%) 

0.94 
(0.93-0.96) 

0.98 
(0.97-0.99) 

0.92 
(0.90-0.94) 

0.97 
(0.96-0.98) 

1.00 
(0.99-1.00) 

0.94 
(0.92-0.96) 

0.88 
(0.87-0.90) 

Age p<0.01 p=0.20 p=0.69 p=0.20 p=0.58 p=0.13 p=0.13 

  16-20 

   n=87 (25%) 
0.96 

(0.94-0.97) 
0.99 

(0.98-1.00) 
0.92 

(0.88-0.95) 
0.97 

(0.96-0.99) 
1.00 

(0.98-1.00) 
0.97 

(0.94-1.00) 
0.91 

(0.88-0.94) 

  21-30 

   n=113 (32%) 
0.97 

(0.95-0.98) 
0.98 

(0.97-0.99) 
0.94 

(0.90-0.97) 
0.97 

(0.95-0.98) 
0.99 

(0.98-1.00) 
0.93 

(0.90-0.95) 
0.89 

(0.86-0.92) 

  31-40 

   n=60 (17%) 

0.95 
(0.92-0.97) 

0.98 
(0.97-1.00) 

0.93 
(0.89-0.98) 

0.98 
(0.96-1.00) 

1.00 
(0.98-1.00) 

0.95 
(0.91-0.98) 

0.90 
(0.86-0.94) 

  41-50 

   n=53 (15%) 
0.93 

(0.91-0.96) 
0.97 

(0.95-0.99) 
0.91 

(0.87-0.96) 
0.99 

(0.97-1.00) 
0.98 

(0.96-1.00) 
0.91 

(0.87-0.95) 
0.86 

(0.82-0.90) 

  51+ 
   n=38 (11%) 

0.87 
(0.84-0.90) 

0.98 
(0.96-1.00) 

0.96 
(0.90-1.00) 

0.95 
(0.92-0.97) 

1.00 
(0.98-1.00) 

0.91 
(0.86-0.96) 

0.85 
(0.80-0.90) 

Overall 

n=351 (100%) 
0.94 

(0.94-0.95) 
0.98 

(0.98-0.99) 
0.93 

(0.91-0.95) 
0.97 

(0.97-0.98) 
0.99 

(0.99-1.00) 
0.94 

(0.92-0.95) 
0.89 

(0.87-0.91) 
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APPENDIX E 

ADDITIONAL TABLE FOR CHAPTER 7 

 

Table E-1: Source of cost data and average cost per health resource utilization item per person, six months post-ankle sprain (2015 
Canadian dollars) 
 

Health Care Utilization 

Item 
Cost Source 

Amount Spent Per Person* 

Mean ± Standard Deviation 

Median (Minimum, Maximum) 

(2015 CAD) 

Emergency Department    

Physician assessment1 Schedule of Benefits for Physician Services Under the Health Insurance Act, Ontario 
Ministry of Health and Long Term Care [28–35] 

43.91 ± 8.62 
43.67 (35.48, 69.82) 

Emergency department costs1 Ontario Case Costing Initiative total costs for 731 cases with an ICD-10-CA S93.4 
diagnosis treated during the 2010/2011 fiscal year at Hotel Dieu Hospital in Kingston and 
Kingston General Hospital, inclusive of nursing care, diagnostic imaging, laboratory and 
pharmacy services, and overhead expenses in the emergency department [63] 

187.20 ± 72.02 
138.60 (138.60, 293.70) 

Travel expenses2 Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

14.59 ± 0.32 
14.66 (14.11, 15.21) 

Medical Specialist Visits*   

General Practitioner 
(GP)/Family Physician (FP) 
visits1 

Schedule of Benefits for Physician Services Under the Health Insurance Act, Ontario 
Ministry of Health and Long Term Care [28–35] 

49.73 ± 36.06 
34.94 (34.29, 220.69) 

Travel expenses to GP/FP2 Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

24.28 ± 33.71 
13.71 (1.09, 188.76) 

Other Specialist (Orthopedic 
Surgeon, Physical Medicine 
and Rehabilitation) visits1 

Schedule of Benefits for Physician Services Under the Health Insurance Act, Ontario 
Ministry of Health and Long Term Care [28–35] 

194.36 ± 49.38 
182.08 (85.59, 244.99) 

Travel expenses to Other 
Specialist2 

Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

22.50 ± 24.74 
13.10 (1.64, 94.35) 
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Health Professional Visits*   

Chiropractic visits2 Ontario Chiropractic Association Recommended Service Codes and Fee Schedule [39,40] 329.11 ± 167.29 
328.57 (114.48, 651.24) 

Travel expenses to 
Chiropractor2 

Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

36.85 ± 32.22 
33.07 (4.49, 89.86) 

Physiotherapy visits2 Financial Services Commission of Ontario Professional Services Guideline [41–45]; The 
Physical Therapy Clinic at Queen’s University Fee Schedule [38] 

340.66 ± 281.65 
291.50 (76.50, 2,056.40) 

Travel expenses to 
Physiotherapy2 

Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

78.49 ± 84.97 
49.52 (3.31, 409.43) 

Other Professional visits 
(Athletic Therapist, Massage 
Therapist, Podiatrist)2 and 
Telehealth Ontario1 

Ontario Athletic Therapist Association Fee Guidelines [37]; Registered Massage 
Therapists' Association of Ontario Fee Schedule [36]; Financial Services Commission of 
Ontario Professional Services Guidelines [41–45]; Office of the Auditor General of Ontario 
News Release [64] 

732.06 ± 1155.43 
179.74 (80.96, 3,146.29) 

Travel expenses to Other 
Professionals2 

Self-reported means of transportation (car, bus, taxi, walk, other) and cost of fare or 
kilometres travelled (multiplied by Canada Revenue Agency automobile allowance rates) 
[48] 

39.88 ± 62.86 
14.33 (7.72, 152.13) 

Medications and Supports   

Over-the-counter 
medications (including 
analgesics, creams, patches)2 

In-person survey of drug stores and pharmacies in Kingston, Ontario 16.94 ± 15.73 
12.18 (5.09, 136.10) 

Prescription medications 
(including medication 
dispensing fees)2 

In-person survey of drug stores and pharmacies in Kingston, Ontario 30.47 ± 13.67 
24.29 (23.03, 70.66) 

Supportive devices 
(including crutches, canes, 
tensors, ice packs, heat 
packs, braces)2 

In-person survey of drug stores and pharmacies in Kingston, Ontario 51.77 ± 35.79 
51.21 (6.43, 410.11) 

Imaging Outside of 

Emergency Department 

  

X-ray, CT Scan, MRI Scan1 Schedule of Benefits for Physician Services [28–34]; Hospital Costing Department 389.26 ± 457.99 
23.00 (23.00, 1,583.65) 

Productivity Loss   

Productivity loss from 
employment2 

Self-reported annual income; Hourly minimum wages for adult workers in Ontario [51]; 
Labour Force Survey estimates of average hourly wage for Ontario for 2009-2013 [46]; 
National Household Survey [47] 

1658.00 ± 3,452.33 
669.12 (86.92, 40,358.02) 
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Productivity loss from unpaid 
activities (housework, 
school)2 

Hourly minimum wages for adult workers in Ontario [51] 823.20 ± 928.08 
591.22 (83.60, 5,018.40) 

Assistance   

Paid assistance for domestic 
help, transport, and child 
care2 

Self-reported paid assistance costs 217.35 ± 295.64 
131.88 (21.60, 923.40) 

Unpaid assistance2 Hourly minimum wages for adult workers in Ontario [51]; Personal Support Network of 
Ontario Earnings [50]; Labour Force Survey estimates of average hourly wage for Ontario 
for 2009-2013 [46] 

782.57  ± 906.64 
522.50 (51.50, 6,480.00) 

Type of costs: 1 direct costs; 2 indirect costs 
*Average and median costs are provided per individual where the health care utilization was reported; for health professional visits, costs may involve more than 
one visit 
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Table E-2: Health care utilization at six months post-ankle sprain 
 

Health Care Utilization 
Number of Participants  

(n=402) 

Emergency Department Visits 
1 
2-3 

 
375 (93%) 

27 (7%) 

General Practitioner/Family Physician Visits 
0 
1 
2 
3+ 

 
330 (82%) 
55 (14%) 
12 (3%) 
5 (1%) 

Other Specialist Physician Visits (Orthopedic 
Surgeon, Physical Medicine and 
Rehabilitation) 

0 
1 
2+ 

 
 

389 (97%) 
5 (1%) 
8 (2%) 

Physiotherapy Visits 
0 
1-2 
3-4 
5-6 
7-8 
9+ 

 
215 (53%) 

36 (9%) 
45 (11%) 
42 (10%) 
51 (13%) 
13 (3%) 

Chiropractor Visits 
0 
1+ 

 
395 (98%) 

7 (2%) 

Other Professional Visits (Athletic Therapist, 
Massage Therapist, Podiatrist 

0 
1+ 

 
 

395 (98%) 
7 (2%) 

Imaging Outside of Emergency Department 
(X-ray, CT Scan, MRI Scan) 

No 
Yes 

 
 

367 (91%) 
35 (9%) 

Over-the-counter Medications (including 
analgesics, creams, patches) 

No 
Yes 

 
100 (25%) 
302 (75%) 

Prescription Medications 
No 
Yes 

 
371 (92%) 

31 (8%) 
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Supportive Devices (including crutches, canes, 
tensors, ice packs, heat packs, braces) 

No 
Yes 

 
 

18 (4%) 
384 (96%) 

Productivity Loss  
No 
Yes 

 
118 (29%) 
284 (71%) 

Paid Assistance for Domestic Help, 
Transportation, Child Care 

No 
Yes 

 
 

397 (99%) 
5 (1%) 

Unpaid Assistance 
No 
Yes 

 
141 (35%) 
261 (65%) 
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