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ARTICLE INFO ABSTRACT

Background: Ankle and foot sprains and fractures are prevalent injuries, which may result in substantial physical
and economic consequences for the patient and place a financial burden on the health care system. Therefore,
the objectives of this paper are to examine the direct and indirect costs of treating ankle and foot injuries
(sprains, dislocations, fractures), as well as to provide an overview of the outcomes of full economic analyses of
different treatment strategies.

Methods: A systematic review was carried out among seven databases to identify English language publications
on the health economics of ankle and foot injury treatment published between 1980 and 2014. The direct and
indirect costs were abstracted by two independent reviewers. All costs were adjusted for inflation and reported in
2016 US dollars (USD).

Results: Among 2047 identified studies, 32 were selected for analysis. The direct costs of ankle sprain man-
agement ranged from $292 to $2268 per patient (2016 USD), depending on the injury severity and treatment
strategy. The direct costs of managing ankle fractures were higher ($1908-$19,555). Foot fracture treatment had
similar direct costs ranging from $998 to $21,801. The economic evaluations were conducted from the societal
or payer’s perspectives.

Conclusion: The costs of treating ankle and foot sprains and fractures varied among the studies, mostly due to
differences in injury type and study characteristics, which impacted the ability of directly comparing the fi-
nancial burden of treatment. Nonetheless, the review showed that the costs experienced by the patient and the
health care system increased with injury complexity.
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1. Introduction indirect sources of economic loss for patients with ankle and foot in-
juries [1,5,9,10].

Ankle and foot sprains are one of the most prevalent soft-tissue in- However, the direct and indirect costs of treating these injuries, as

juries in the emergency department, representing up to 5% of all visits
in studies conducted in the United States, the United Kingdom, and
Denmark [1-3]. Depending on the severity and type of injury, sprains
and fractures at the ankle or foot can have significant economic con-
sequences for the affected individual resulting in both direct and in-
direct costs [1,4-7]. Direct health system costs include the costs cov-
ered by the payer (health care system or insurer) including
remuneration for physician services, diagnostic imaging, and hospital
use [8]. Out-of-pocket and indirect costs encompass money spent on
services that are not covered by the payer, including the costs of travel,
patient expenses, and productivity loss — both paid and unpaid labour
[8]. In particular, absenteeism from school, work, or sports are major

well as the cost-effectiveness of various treatment strategies, have not
been comprehensively summarized. A systematic review published in
2013 by Lin et al. [11] provided a synthesis of the economic literature
on lateral ankle sprains only. Due to the small number of studies dealing
with the treatment of these injuries (n = 4), the ability of the current
literature to provide meaningful evidence regarding the costs of diag-
nostic treatments for ankle and foot injuries is limited [11].

In order to guide physicians and decision makers in the adoption of
various treatments and the planning of sustainable health care resource
utilization, such economic information is required. To address this, a
systematic review (described in PartI) [12] was undertaken to overview
the economic literature on ankle and foot injuries (sprains and
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fractures). The objectives of this paper are to examine the direct and
indirect costs of treating ankle and foot injuries (sprains, dislocations,
fractures), as well as to provide an overview of the outcomes of full
economic analyses of different treatment strategies for ankle and foot
injuries.

2. Materials and methods

A systematic review, described in detail in Part I [12], was carried
out to identify publications on the health economics of ankle and foot
injury treatment. Briefly, papers published between 1980 and 2014 in
the English language were searched for according to established
guidelines [13] in seven databases (Ovid MEDLINE, Ovid Healthstar,
Embase, Cumulative Index to Nursing and Allied Health Literature,
Allied and Complementary Medicine, Cochrane Database of Systematic
Reviews, American College of Physicians Journal Club). Data from the
chosen studies were abstracted by two independent reviewers and in-
cluded: the study characteristics, the economic methodology used, and
the direct and indirect cost data reported. The two reviewers also as-
sessed the quality of the economic studies using pre-determined criteria
[14,15].

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 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 publication was
used. All values were adjusted for inflation using the Consumer Price
Index data and are reported in 2016 USD [17].

3. Results

The search yielded 32 articles after applying the inclusion and ex-
clusion criteria. Some papers reviewed more than one ankle or foot
injury type. The costs of treatment were assessed in the following pa-
pers:

- Ankle sprains: 5 studies [1,4-7]

- Ankle dislocations: 1 study [18]

- Ankle fractures: 22 studies — 2 on undisplaced or stable ankle
fractures, 20 on unstable ankle fractures, displaced unimalleolar,
bimalleolar, or trimalleolar fractures of the ankle, or ankle fractures
requiring operative management [7,19-29,31-39,30]

- Foot fractures: 8 studies — 3 on calcaneus fractures, 3 on talus
fractures, 4 on metatarsal, tarsal, or phalanges fractures
[7,23,28,32,35,40-43]

- Limb threatening ankle and/or foot fractures: 3 studies [42,43,44]

3.1. Direct and indirect costs of injury

The direct and indirect cost results, as well as the mean productivity
loss, are summarized in Table 1 by injury type. Detailed study conclu-
sions can be found in Table 2.

3.2. Full economic analyses of treatment strategies

Seven papers conducted full economic evaluations of ankle or foot
treatment methods. There were two cost minimization analyses
[22,25], two cost-effectiveness analyses [4,19], and three cost-utility
analyses [1,39,40]. The results from the studies are presented by injury
type in Table 3.

4. Discussion

The direct and indirect costs of treatment for ankle and foot injuries
varied greatly between studies depending on the methodology used, the
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Table 1

Direct and indirect cost summary by injury type (2016 USD).

Limb threatening fractures (ankle

and/or foot) [42,43,44]

Foot and toe fractures [28,32,35,40-43,45]

Ankle fracture [7,19-29,31-39,30]

Ankle

Ankle sprain
[1,4-7]

dislocation [18]

Metatarsal, tarsal,

Talus fracture

[23]

Calcaneus fracture

[23,40,41]

Unstable, displaced, or operative

Undisplaced ankle
fracture [19,20]

phalanges fractures
[23,28,32,35]

ankle fracture [7,21-29,31-39,30]

3/32 (9%)

4/32 (13%)

1/32 (3%)
$10,644

(n

3/32 (9%)

20/32 (63%)

5/32 (16%) 1/32 (3%) 2/32 (6%)

Number of papers (%)"
Direct costs (2016 USD)

$86,170-$106,379 (n = 3)

$998-$16,142 (n = 4)

$1437-$21,801

$2860-$19,555 (n = 18)
(n

$1437 (n=1) $79-$268 (n = 2)

$292-$2268

(n

1)

3)

5)

Not assessed

Not assessed

Not assessed

$2109-$11,391

(n

$3681-$12,465 (n = 3)

Not assessed $105-$130 (n = 1)

$1482-$4343

Out-of-pocket and indirect

=2)

n =
$1809-$5271

costs (2016 USD)
Overall costs (direct and

Not applicable

Not applicable

Not applicable

$6434-$46,371

(n

$8688-$20,414 (n = 5)

$294-$340 (n = 1)

Not applicable

1)

2)

7-29 days (n = 2)

(n=

indirect) (2016 USD)

Mean duration of

Not assessed

Not assessed

Not assessed

3.5-18 weeks (n = 2)

53-90 days (n = 4)

Not provided

(n=1)

Not assessed

unemployment
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2 Some reviewed papers assessed multiple injury types.
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Table 3
Summary of full economic analyses of treatment strategies for ankle and foot injuries.

The Foot 39 (2019) 115-121

Injury
analysis

Type of economic

Study results

Severe ankle sprain (grade II or III) [1]

Severe ankle sprain (grade not provided) [4]
analysis
Undisplaced distal fibular types I and II Salter-Harris fractures and
avulsion fractures of distal fibula or fibular epiphysis [19]
Unstable, isolated, lateral malleolus fracture (Weber Type B) [39]

analysis

Displaced unimalleolar and trimalleolar ankle fractures [22]
analysis
Unimalleolar, bimalleolar, and trimalleolar ankle fractures requiring
operative treatment [25]
Displaced intra-articular calcaneal fracture [40]

analysis

Cost-utility analysis
Cost-effectiveness
Cost-effectiveness
Cost-utility analysis
Cost minimization
Cost minimization

Cost-utility analysis

Aircast ankle brace and below the knee cast were more cost-effective than
tubular bandage

Stress film strategy and wrap strategy were more cost-effective than
wrapping ankle immediately

Aircast Air-stirrup ankle brace was more cost-effective than below-knee
fiberglass walking cast

For a one year horizon, the nonoperative treatment was favored; for the
lifetime horizon, open reduction and internal fixation was favored

Use of absorbable implants was less costly when compared to metallic
fixation with hardware removal

Absorbable implants were more economical than metallic fixation

Operative treatment was favored when compared to nonoperative
treatment

severity of the injury assessed, and whether productivity loss was in-
cluded. The overall costs (combined direct and indirect costs) of ankle
sprain treatment ranged from $1809 to $5271 (2016 USD) in five pa-
pers. Direct health system costs alone were found to be between $292
and $2268 with higher costs among hospitalized patients ($4056).
Ankle fracture costs were assessed in twenty-four studies. The direct
health system costs for unstable or displaced fractures ranged from
$2860 to $19,555, while the overall costs varied from $8688 to
$20,414 (2016 USD) per patient. For calcaneus fractures, direct health
system costs were between $1437 and $21,801 as found in three stu-
dies. Talus fracture treatment, assessed in one study, amounted to
$10,644. Four papers evaluated metatarsal, tarsal, and phalanges
fractures with direct health system costs varying from $998 to $16,142.
Lastly, direct health system costs were pointedly higher for severe,
limb-threatening fractures as assessed in three studies ($86,170 to
$106,379).

The major strength of this systematic review is that the metho-
dology used to conduct the literature search, evaluate the articles, and
abstract the data, as well as the use of two reviewers throughout, ensure
that the methodology is transparent and follows accepted guidelines. In
addition, the cost results of the studies have been adjusted for inflation
to ensure that they are current. In terms of the available literature,
although Lin et al. conducted a systematic review that included four
studies on the treatment costs of ankle sprains, they did not critically
compare the costs of treatment between the studies [11]. No other re-
views of ankle or foot treatment costs could be identified to compare
the results of this systematic review.

One 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 2016 United States dollars. However, the treatment
methods may have changed and the current guidelines for the man-
agement of ankle and foot sprains and fractures may differ from the
older studies. Furthermore, 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-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 paper overviews the economic analyses of studies in-
vestigating numerous treatment options for ankle and foot injury
management. It provides a summary of the methods deemed to be most
effective in terms of immobilization and surgery. 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
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resources. Furthermore, 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. Lastly, this systematic
review highlights possible directions for future studies investigating
ankle and foot injury management. These studies, especially rando-
mized controlled trials, should incorporate economic analyses in the
form of cost-effectiveness or cost-utility analyses in their methodology.

5. Conclusions

This systematic review has demonstrated that the definition of ankle
and foot injuries varies between studies and as such, it is difficult to
group them into homogeneous categories to compare the financial
burdens of treatment. As such, the direct health system, out-of-pocket,
and indirect costs differ among the studies. Nonetheless, the review
shows that the greater the injury severity, the more costs can be ex-
pected to the patient and to the health care system.
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