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A B S T R A C T

Background: Ankle and foot sprains and fractures are common injuries affecting many individuals, often re-
quiring considerable and costly medical interventions. The objectives of this systematic review are to collect,
assess, and critically appraise the published literature on the health economics of ankle and foot injury (sprain
and fracture) treatment.
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: The literature search identified 2047 studies of which 32 were analyzed. A majority of the studies were
published in the last decade. A number of the studies did not report full economic information, including the
sources of the direct and indirect costs, as suggested in the guidelines. The perspective used in the analysis was
missing in numerous studies, as was the follow-up time period of participants. Only five of the studies undertook
a sensitivity analysis which is required whenever there are uncertainties regarding cost data.
Conclusion: This systematic review found that publications do not consistently report on the components of
health economics methodology, which in turn limits the quality of information. Future studies undertaking
economic evaluations should ensure that their methods are transparent and understandable so as to yield ac-
curate interpretation for assistance in forthcoming economic evaluations and policy decision-making.

1. Introduction

Ankle sprains are common injuries with an incidence of 206–215
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
encounters 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 49–148 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 of 121–137 fractures per 100,000 people in the
United Kingdom [5,6].

The physical consequences of ankle and foot injuries may remain for
months and even years after the initial injury, leading to chronic
symptoms for patients [7–10]. Further to this, the economic burden of
these injuries is substantial, with medical and physiotherapy treatments

for ankle sprains accounting for up to $3.65 billion (2003 USD) in
annual costs in the United States [11,12]. Affected patients may also
experience productivity loss with previous studies demonstrating that
ankle and foot injuries contribute to a significant number of days lost
from work among employed individuals, especially for those with
fractures [13–16].

Although ankle sprains and fractures affect a substantial proportion
of the population per year [1–3,5,6], little information is known about
the economic impact of these injuries. This is needed in order to guide
physicians and decision makers in the adoption of various treatments
and the allocation of health care resources. Thus, the objectives of this
systematic review are to collect, assess, and critically appraise the
published literature on the health economics of ankle and foot injury
(sprain and fracture) treatment.
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2. Materials and methods

2.1. Search strategy

A systematic literature review was undertaken to identify publica-
tions on the costs of treating ankle and foot injuries. The Cochrane
Handbook for Systematic Reviews of Interventions was used to guide
the review process [17]. 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 (Cumu-
lative Index to Nursing and Allied Health Literature, 1981–2014),
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 In-
juries/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. The PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses)
Checklist was used to report the systematic review results [18]. The
protocol for this systematic review has not been previously printed.

2.2. Inclusion and exclusion criteria

Published observational studies and trials conducted 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 ex-
cluded. 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. After
screening the abstracts, the full-text articles were retrieved and re-
viewed independently. The reference lists were hand searched for any
relevant studies.

2.3. Critical appraisal and data abstraction

Both reviewers abstracted data using a predetermined form. To as-
sess the quality of the studies, criteria from the British Medical Journal
Checklist for Authors and Peer Reviewers of Economic Submissions
[19] and the CHEC List for Assessment of Methodological Quality of
Economic Evaluations [20] were used as recommended in the Cochrane
Handbook [17]. Data quality items encompassed 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, ap-
propriately 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 1 provides definitions for commonly used economic terms.

3. Results

A flow chart of the review process is presented in Fig. 1. The lit-
erature search identified 2047 studies of which 1562 remained after the
removal of duplicates. Of these studies, 141 were kept after the appli-
cation of the inclusion and exclusion criteria to the abstracts. After
screening the abstracts, 65 full-text articles were selected and reviewed.
Out of these, 33 articles were excluded due to not being economic
analyses, having outcomes that were not costs, investigating the pre-
vention of ankle injuries, being a review, protocol, or technical report,
or not specifying the injury type. No additional papers were identified
through hand searching of reference lists. Overall, 32 studies were se-
lected for analysis.

The characteristics of the included studies are presented in Table 2.
Some of the key highlights of the 32 chosen papers are:

- Several assessed more than one type of foot or ankle injury:
• 22 (69%) reviewed ankle fractures [21–42]
• 8 (25%) reviewed foot fractures (including metatarsal, tarsal,

talus, calcaneal fractures) [15,16,21,25,28,29,38,43]
• 3 (9%) reviewed limb threatening ankle and/or foot fractures

[43–45]

Table 1
Glossary of 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
[49]

Out-of-pocket and indirect costs Costs of services not covered by the payer, including out-of-pocket expenses and productivity loss [49]
Perspective Describes the viewpoint assumed in the calculations and provides information on the payer and the recipients of the services [49]
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 [49]
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 [49]
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 [49]
Discounting A mathematical method of accounting for time preference by adjusting the future benefits and costs of interventions to present-day values [49]
Sensitivity analysis A mathematical method of accounting for uncertainty and observing the impact on the study results [49]

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

32

Number of articles excluded based on 
title: 1,421

Number of articles excluded: 33
- Not economic analysis: 11
- Outcome not costs of treatment: 10
- Prophylaxis of ankle injuries: 6
- Review, protocol, technical report: 4

2

Number of articles excluded based on 
abstract: 76

Fig. 1. Flowchart of search results.
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• 5 (16%) reviewed ankle sprains [11,14,21,46,47]
• 1 (3%) reviewed ankle dislocations [48]

- Close to 60% of the studies (18/32) were published since 2006
- Geographic region of origin was Europe or North America in 31 of

32 (97%) papers as shown in Fig. 2
- The sample sizes varied between the papers:
• 9 studies (28%) had sample sizes of < 100 subjects

[16,26,31,35,41–43,45,44]
• 9 studies (28%) had sample sizes of between 100 and 250 subjects

[14,15,24,28,32–34,37,48]
• 8 studies (25%) had sample sizes of > 250 subjects

[22,23,25,29,30,36,39,46]
• 2 studies (6%) included data on > 100,000 cases from adminis-

trative databases [21,27]
• 4 studies (13%) did not provide a sample size [11,38,40,47]

- Injuries among children [24] or individuals who were 50 years of
age or older [26,29,30,36,40] were only focused on in 20% of the
studies (6/32)

- Review of administrative databases or hospital charts was the most
common data source in 60% of the studies (19/32)

- The follow-up period was stated in only 44% of the studies (14/32)
and ranged from 3 months to 7 years

Table 3 summarizes the health economics information included in
the papers. It shows that:

- All of the studies (32/32) were conducted from the payer’s per-
spective of which 31% (10/32) also included the societal perspec-
tive

- Discounting was included in 6% of the papers (2/32) and a further
two studies provided a rationale for not using discounting

- Sensitivity analysis was undertaken in 16% of the studies (5/32)
- All of the papers (32/32) reported one or more types of direct costs

for the treatment of foot and ankle injuries as presented in Fig. 3.
The most common costs considered were:
• Inpatient physician fees: 94% of studies (30/32)
• Hospital fees: 94% of studies (30/32)
• Medical devices, treatment costs, inpatient medication: 94% of

studies (30/32)
• Operative costs and hospital stay: 91% of studies (29/32)
• Diagnostic tests such as radiography and other imaging: 88% of

studies (28/32)
• In 84% of the studies (27/32), the costs came from governmental

health insurance, administrative data, or hospital data sources.
One study did not report the data source.

- Only 34% of the studies (11/32) assessed indirect costs. The most
common costs assessed were:
• Lost productivity: 100% of studies (11/11)
• Disability benefits: 36% of studies (4/11)
• The majority of the information came from governmental statis-

tics and surveys. The sources of indirect costs were reported in
81% of the papers (9/11).

4. Discussion

The present systematic review is the most comprehensive review to
include economic analyses of both foot and ankle injury treatments, as
well as to assess the inclusion of critical health economics information
in the papers. It identified 32 English-language studies dealing with the
health economics of the treatment of ankle and foot injuries, including
papers that assessed more than one type of injury: 22 (69%) on ankle
fractures, 8 (25%) on foot fractures (including metatarsal, tarsal, talus,
calcaneal fractures), 3 (9%) on limb threatening ankle and/or foot
fractures, 5 (16%) on ankle sprains, and a single study (3%) on ankle
dislocations. Approximately 60% of the studies were published in the
last decade with the majority reporting findings based on reviews ofTa
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databases or charts. The papers were mostly focused on adult patients.
All but one of the studies were conducted in Europe or North America.
The included papers varied substantially in sample size with two da-
tabase studies assessing costs from over 100,000 individuals. Although
obtaining data from many patients is usually related to better precision
in estimating the true system costs of treating ankle and foot injuries, it
is important to note that the sources of these values are often admin-
istrative in nature. Therefore, the reported costs may not capture all

expenses, such as patient-level indirect and out-of-pocket costs. In
contrast, studies with smaller sample sizes often address these limita-
tions by obtaining the cost information directly from the patients or
other data sources and thereby avoid estimations in cost calculations.

In terms of the economic information presented in the selected pa-
pers, a number of the studies omitted important data, including the
sources of the direct and indirect costs, as suggested in the guidelines
[19,20]. For example, the perspective used in assessing the costs in the
analyses was not stated implicitly in all of the studies and needed to be
determined from the data presented. Moreover, under half of the papers
reported the follow-up time period for cost collection and assessment,
which ranged from three months to seven years. Data on the length of
follow-up are important so that it can be determined whether enough
time has lapsed to capture the full extent of recovery and to get a clear
estimate of costs related to disability and lost productivity. Another
area of weakness was that only five studies undertook a sensitivity
analysis in their methodology. This is required whenever there are
uncertainties regarding cost data, for example, when they are estimated
based on outside sources.

Some of the limitations of this systematic review are the hetero-
geneity of the included research papers on 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 ankle and foot injury management and highlights the use of
health economics methodology in this field. Another limitation is that

38%

Netherlands 
, 

13%

9%

Belgium (n=2), 6%

Fig. 2. Pie chart of the distribution of the included articles by country of study.

Table 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 et al. [14] Payer, societal Not stated No 1,3,7,8,11 C 14,15 C
Avilucea et al. [44] Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable
Bhandari et al. [42] Payer Not stated No 1–8,10 A,B Not assessed Not applicable
Bostman [22] Payer, societal Not stated No 1–4,6–8 A,B 14 F
Bostman [23] Payer, societal Not stated No 1–4,6–8 A,B 14 F
Boutis et al. [24] Payer, societal Not stated No 2,6–8,12 A,D,E 14,16,17 F,G
Brauer et al.[15] Payer, societal Yes (3, 5, 7%) Yes 1–8 A,B 14 F,G
Cooke et al. [46] Payer, societal No Yes 1–9,11–13 A,B,E 14 F
Coughlin [16] Payer Not stated No 1–4,6–8 H 14,15 H
Cumps et al. [47] Payer, societal Not stated No 1–9,11,13 C Not assessed Not applicable
De Boer et al. [21] Payer Not stated No 1–13 B,G Not assessed Not applicable
Dischinger et al. [25] Payer Not stated No 1,3,4 B Not assessed Not applicable
Eekman et al. [26] Payer, societal No Yes 1–8,11,13 B,G 14 F
Ganesh et al. [27] Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable
Grimm and Fallat

[28]
Payer Not stated No 1–4 B Not assessed Not applicable

Hartholt et al. [29] Payer Not stated No 1–8,10,11 B Not assessed Not applicable
Hartholt et al. [30] Payer Not stated No 1–8,10,11 B Not assessed Not applicable
Hewitt et al. [31] Payer Not stated No 1,3,4,7,8 B Not assessed Not applicable
Hoiness et al. [32] Payer, societal Not stated No 1–4,6–8,11 B 14,15 F
Jain et al. [33] Payer Not stated No 2,5-8 B Not assessed Not applicable
Juutilainen et al. [34] Payer, societal Not stated No 1–4, 6-8 B 14,15 Not stated
Kheir et al. [35] Payer Not stated No 1,3,4,7,8,11 B Not assessed Not applicable
Kilgore et al. [36] Payer Not stated No 1–4,6,8,10 B Not assessed Not applicable
Kleweno et al. [37] Payer Not stated No 1,3,4,8 B Not assessed Not applicable
MacKenzie et al. [43] Payer Not stated No 1–4,6–8,11 A,B,C Not assessed Not applicable
Meerding et al. [38] Payer Not stated No 1–8,10,11 A,B Not assessed Not applicable
Murray et al. [39] Payer Not stated No 1,3,4,7,8 A,B Not assessed Not applicable
Roudsari et al. [40] Payer Not stated No 1–8,13 B,C Not assessed Not applicable
Sanders et al. [45] Payer Not stated No 1,3,4,7,8 Not stated Not assessed Not applicable
Slobogean et al. [41] Payer Yes (3%) Yes 1,3,4,7,8 A,B Not assessed Not applicable
Soboroff et al. [11] Payer Not stated Yes 1–9,11 B 14 Not stated
Yang et al. [48] Payer Not stated No 1–8 B Not assessed Not applicable

Description of costs and sources of cost data for Table 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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only English-language studies were included in the systematic review
thereby eliminating papers that were published in other languages. The
generalizability of the systematic review results is impacted by the
overwhelming majority of the included studies being conducted in
Europe or North America. As such, the direct and indirect costs can only
be applied to countries that have similar health care systems as the
reviewed papers. Moreover, the majority of the research was conducted
on adults with only a few papers reporting the costs among children or
the elderly, further affecting the generalizability of the findings.

This systematic review identified numerous research gaps that exist
in the health economics of ankle and foot injury treatment. As indicated
previously, one area that may need future exploration is how direct and
indirect costs of treating ankle and foot injuries differ among children
and the elderly. Injuries among children, in particular, may affect their
guardians in terms of lost productivity and out-of-pocket expenses.
Future studies may also consider the analysis of population databases,
such as governmental or private health insurance registries. Such re-
search would provide insight into the direct costs of ankle and foot
sprains and fractures and clarify uncertainties about the burden of these
injuries on the health care system using large sample sizes.

In summary, studies undertaking economic evaluations should
follow the available guidelines and ensure that their cost collection
methods are transparent and understandable for readers. Future eco-
nomic evaluations should include certain critical components in their
methodology, such as ensuring 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.

5. Conclusions

This systematic review summarized and critiqued English-language
studies on the economics of ankle and foot injury treatment. It found
that the published literature is very heterogeneous and does not con-
sistently report on the various components of health economics meth-
odology as outlined in the guidelines. This in turn limits the quality of
information to guide health care providers and policy makers on the
costs of treatment associated with these injuries. Future studies should
incorporate health economics into their methodology to ensure that

these data are collected for the planning of the provision of health
services and allocation of health funds.
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