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, Abstract—Background: Ankle decision rules are devel-
oped to expedite patient care and reduce the number of ra-
diographs of the ankle and foot. Currently, only three
systematic reviews have been conducted on the accuracy of
the Ottawa Ankle and Foot Rules (OAFR) in adults and chil-
dren. However, no systematic review has been performed to
determine themost accurate ankle decision rule. Objectives:
The purpose of this study is to examine which clinical deci-
sion rules are the most accurate for excluding ankle fracture
after acute ankle trauma. Methods: A systematic search was
conducted in the databases PubMed, CINAHL, PEDro, Sci-
enceDirect, and EMBASE. The sensitivity, specificity, likeli-
hood ratios, and diagnostic odds ratio of the included studies
were calculated. A meta-analysis was conducted if the accu-
racy of a decision rule was available from at least three
different experimental studies. Results: Eighteen studies
satisfied the inclusion criteria. These included six ankle de-
cision rules, specifically, the Ottawa Ankle Rules, Tuning
Fork Test, Low Risk Ankle Rule, Malleolar and Midfoot
Zone Algorithms, and the Bernese Ankle Rules. Meta-
analysis of the Ottawa Ankle Rules (OAR), OAFR, Bernese
Ankle Rules, and theMalleolar ZoneAlgorithm resulted in a
negative likelihood ratio of 0.12, 0.14, 0.39, and 0.23, respec-
tively. Conclusion: The OAR and OAFR are the most accu-
rate decision rules for excluding fractures in the event of an
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acute ankle injury. � 2017 Elsevier Inc. All rights
reserved.

, Keywords—decision rules; fracture; ankle; diagnostic
accuracy studies; sensitivity; specificity
INTRODUCTION

Ankle injuries occur often in sports and daily life. The
incidence of ankle sprains is, on average, 11.5 per 1000
exposures to sport training or matches (1). People with
ankle injuries are, in most cases, sent to a general practi-
tioner or emergency department (ED) for evaluation of
the extent of injury. In almost all occurrences, radio-
graphic imaging of the ankle and foot is one element of
the clinical assessment, however, on average, a fracture
is actually detected in < 15% (2,3). The disadvantages
of radiographs to be considered include exposure to
radiation, health care costs, ED throughput time, and
waiting time for patients.

Ankle decision rules are developed to expedite patient
care and reduce the number of radiographs of the ankle
l 2017;
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and foot. The Ottawa Ankle and Foot Rules (OAFR) were
developed by Stiell et al. (1992), and followed by several
other clinical decision rules, such as the Bernese Ankle
Rules and the Tuning Fork Test, as an addition to the
OAFR (4–6). The Malleolar and Midfoot Zone
Algorithms and the Low Risk Ankle Rule were
developed specifically for children (7,8).

For excluding fractures, it is most important that a test
has high sensitivity, low negative likelihood ratio, and a
high negative predictive value (NPV). This requires few
false negatives so that, when a person tests negative, it
is highly certain that a fracture is absent. It is also impor-
tant that a test can generate a posttest probability that is
considerably lower than the pretest probability, given a
negative test result (9,10). When an ankle decision rule
is accurate, people with a negative test result do not
require a radiograph, which would expedite patient care
and reduce the number of unnecessary radiographs.

The sensitivity estimates of the previously mentioned
tests are > 90% (3,5–8,11). The specificity estimates,
however, range from 27% for the Malleolar Zone
Algorithm to 31.5% for the OAFR, 53% for the Low
Risk Ankle Rule (LRAR), 91% for the Bernese Ankle
Rules, and up to 94% for the Tuning Fork Test when
applied on the distal fibular shaft (3,5,6,12,13). Based
on these individual studies, no recommendations for the
most accurate test can be made. Currently, there are
only three systematic reviews that have been conducted
on the accuracy of the OAFR in adults and in children,
but no systematic review has been performed to
determine the most accurate ankle decision rule
(3,11,14). Therefore, the purpose of this study is to
determine which clinical decision rules are the most
accurate for excluding fractures after acute ankle trauma.

METHODS

A systematic review of the current literature was per-
formed on ankle decision rules and was reported accord-
ing to the PRISMA statement (15). A search was
conducted in the databases PubMed, CINAHL, PEDro,
ScienceDirect, and EMBASE, employing the search
terms ‘‘ankle injury,’’ ‘‘ankle fracture,’’ ‘‘decision support
model,’’ ‘‘ottawa ankle rules,’’ ‘‘clinical decision rules,’’
‘‘sensitivity,’’ and ‘‘specificity.’’ The search strategy was
conducted in accordance with Beynon et al. (2013) by
combining search terms about the target condition and
the index test (16). According to the Standards for Re-
porting of Diagnostic Accuracy (STARD) checklist, the
Medical Subject Headings (MeSH) terms ‘‘sensitivity’’
OR ‘‘specificity’’ were also used, if applicable (17).
Two researchers independently scanned the abstracts
for relevancy and read the full text to verify whether the
studies matched eligibility criteria. Consensus was
reached upon discussion between the two researchers.
An interobserver agreement analysis using Cohen’s
Kappa was performed to determine consistency between
the two researchers.

Studies regarding the accuracy of ankle decision rules
in children and adults, written in English, between 2004
and August 2015, were all included. It was required
that the results of an experiment on the diagnostic accu-
racy of at least one ankle decision rule was reported.
The 2 � 2 contingency tables were required to be pre-
sented or convertible from data provided in the text.
Studies where the true positive, false negative, false pos-
itive, and true negative values could not be converted or
calculated were excluded from the meta-analysis.
Authors were not contacted. Studies about ultrasound or
secondary studies were excluded.

After the selection of studies, one researcher assessed
the quality using the QUADAS-2 as was recommended
by the Cochrane Handbook for Diagnostic Test Accuracy
reviews (18,19). No studies were excluded based on these
results. Next, the sensitivity, specificity, likelihood ratios,
and diagnostic odds ratios (DOR) were calculated along
with their 95% confidence intervals (CI) by the exact
method, with a continuity correction of 0.5, if
applicable (20,21). A c2 test was performed to
investigate the homogeneity of sensitivity and
specificity in those ankle decision rules. A meta-
analysis was performed on the basis of the observed
true positives, true negatives, false negatives, and false
positives after application of the ankle decision rules
from three or more studies to evaluate the diagnostic ac-
curacy in terms of positive and negative likelihood ratios
as well as diagnostic odds ratio (22). The sensitivity, spec-
ificity, the positive and negative predictive values, and the
posterior odds in favor of and against fracture were not
pooled, rather, these were computed from the positive
likelihood ratio (LR+), the negative likelihood ratio
(LR�), and the prevalence of 15% (10,23). The latter
was reported because pooling sensitivity and specificity
can be misleading due to heterogeneity among studies
regarding thresholds for a positive test outcome (23).
The sizes of the likelihood ratios were interpreted accord-
ing to Jaeschke et al. (1994) (9). That is, LR� smaller
than 0.1 generates large changes from pretest to posttest
probability; LR� of 0.1–0.2 generates moderate shifts
from pretest to posttest probability; LR� of 0.2–0.5 gen-
erates small changes in probability, and a LR of 0.5–1 al-
ters probability to a small degree (9).

RESULTS

Eighteen studies satisfied the eligibility criteria as illus-
trated by the flowchart of the systematic search process
shown in Figure 1. The interobserver agreement of the



Studies included 
(n = 18)

Snowball search (n = 3)
Excluded doubles (n = 11)

Studies <2004 and in other 
language than English 
(n=241)

Studies screened and 
assessed for eligibility 

(n = 248) Excluded (n = 222):
- no primary study (n=32)
- ultrasound (n = 19)
- not about CDR (n =128)
- not about diagnostic 
accuracy (n = 40)
- not available (n = 3)

Studies included 
(n = 26)

EMBASE search:
(‘Ankle injury’ OR ‘ankle
fracture’) AND (‘decision 

support system’ OR 
‘Ottawa ankle rules’)

(n = 35)

PEDro search:
‘Ankle fracture’ 
AND ‘test’ OR 
‘decision rules’

(n = 3)

CINAHL search:
(‘Ankle injury’ OR 

‘ankle fracture’) AND 
(‘decision rules’ OR 
‘Ottawa ankle rules’)

(n = 24)

Pubmed search:
(‘Ankle injury’(MeSH) OR 

‘ankle fracture’) AND 
(‘decision support 
model’(MeSH) OR 

‘Ottawa Ankle Rules’ OR 
‘clinical decision rules’)

(n = 167)

ScienceDirect search:
(Ankle fracture) AND 
(‘Decision rules’ OR 

‘Ottawa Ankle Rules’) 
AND (‘sensitivity’ OR 

‘specificity’)
(n =  260)

Figure 1. Flowchart search process.
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two researchers for assessing studies for eligibility was
k = 0.74. In these 18 studies, the diagnostic accuracy of
the following ankle decision rules is discussed: Ottawa
Ankle Rules (OAR), Tuning Fork Test, LRAR, Malleolar
Zone Algorithm, Midfoot Zone Algorithm, and Bernese
Ankle Rules. Table 1 depicts the study characteristics
of all the studies included (5–7,12,13,24–36). Table 2
gives the assessed methodological quality according to
QUADAS-2 (5–7,12,13,24–36).

The c2 tests for the Bernese Ankle Rules indicate that
sensitivity (p < 0.0001) and the specificity estimates
(p < 0.0001) are not homogeneous. For the studies using
the Malleolar Zone Algorithm, the sensitivity (p =
0.0442) as well as the specificity estimates (p = 0.0002)
seemed not to be homogeneous. For the studies based
on the OAFR, the sensitivity is homogeneous (p =
0.0678), however, the specificity is not (p = 0.0001).
For the studies based upon OAR, the homogeneity of
sensitivity and specificity is rejected (p < 0.0001 for
both).

Tests Not Included in Meta-analysis

Clinical decision rules that were not eligible to be
included in the meta-analysis were the Tuning Fork
Test, LRAR, and Midfoot Zone Algorithm. In a pilot
study, the Tuning Fork Test was applied to 49 ‘‘Ottawa
positive’’ patients to improve the specificity of the OAR
(6). This test was evaluated on two different anatomical
locations, specifically, on the tip of the lateral malleolus
and on the distal fibular shaft. The LRAR is an ankle
decision rule that is developed specifically for ankle
injuries in children (8,12,13). The definition of low-
risk injuries includes lateral ankle sprains, nondisplaced
Salter-Harris type I and II fractures, and avulsion frac-
tures. The Midfoot Zone Algorithm was developed by
Dayan et al. (2004) to identify clinically significant
fractures of the midfoot in children with acute ankle
injuries (7). The sensitivity, specificity, LR+, LR�,
and DOR of the included studies are depicted in
Table 3 (5–7,12,13,24–36).

Meta-Analysis

A meta-analysis was performed on studies investigating
diagnostic accuracy of the OAR, Bernese Ankle Rules,
and the Malleolar Zone Algorithm, as the number of
studies evaluating each is larger than or equal to three.
The OAR have been investigated in several ways. A num-
ber of studies investigated the OAR; one study tested the
Ottawa Foot Rules (OFR); and several studies evaluated
the combined Ottawa Ankle and Foot Rules (OAFR)



Table 1. Study Characteristics

Study Population
Setting and Performers of the

Ankle Decision Rule Inclusion Exclusion

Bernese Ankle Rules
Eggli et al., 2005 (5) n = 254

Mean age 32 6 13.2 y
58% male

Emergency unit at the university of
Berne, Switzerland by 5
permanent senior medical
residents

Patients who sustained a low-
energy, supination trauma of
the foot and ankle region

- Secure fracture signs
- Language barrier
- Difficulty in reliability evalu-
ating the site of injury

Kose, 2010 (24) n = 100
Mean age: 30.7 6 10.3 y
68% male

ED of Antalya Training and
Research hospital, Turkey by
emergency physicians

Patients presenting to the ED with
acute ankle or midfoot injuries
after a blunt trauma

- <18 y
- Patients admitted later than
48 h

- Patients referring for re-
evaluation

- Pregnant patients
- Multiple trauma
- Decreased level of con-
sciousness

Beceren et al., 2013 (25) n = 962
Mean age (range): 30.3 (18–76) y
60.4% male

ED Suleyman Demiral University
Hospital by physicians who had
been trained in the correct
application of the OAFR and
Bernese Ankle Rules

Patients aged > 18 y presenting to
the ED with foot and ankle pain
or tenderness after trauma
incurred within the previous
10 days

- Patients < 18 y
- X-ray outside the Suleyman
Demiral Hospital

- Multiple trauma
- Pregnancy
- Isolated skin injury

Derksen et al., 2015 (26) n = 203
Mean age (range): 37 (18–73) y
53.2% female

ED of an urban teaching hospital
in the Netherlands by ED
residents and triage nurses

Patients aged > 18 y who had
sustained a foot or an ankle
sprain within 48 h prior to
presentation in the ED

- Patients unwilling to provide
informed consent

- Ankle sprain was part of a
multitrauma

- History of ankle or midfoot
fracture on the ipsilateral
side

- Substance abuse
- Patients with mental or
physical disabilities

Tuning Fork Test
Dissmann & Han, 2006 (6) n = 49

Age range: 12–84 y
55% male

ED of James Cook University
Hospital, Middlesbrough, UK
by one investigator

Patients who had tenderness
along the posterior aspect of
the lateral malleolus or were
unable to bear weight for more
than four consecutive steps
(‘‘Ottawa positive’’ patients)

- <12 y
- Nontraumatic ankle swelling
- Mechanism of injury other
than inversion

- Extensive soft tissue
swelling with inability to
palpate any bone promi-
nences

- Diminished or altered
sensation to the lower leg
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Low Risk Ankle Rule
Gravel et al., 2009 (12) n = 272

Mean age: 11.6 6 3 y
54% male
89% between 7–16 y
16 patients < 7 y

ED of an urban, tertiary care, Level
I trauma center in Montreal,
Quebec, Canada by 23 full-time
accredited pediatric
emergency physicians, general
pediatricians, and general
practitioners

Patients aged < 16 y with acute
nonpenetrating ankle trauma
sustained within the previous
3 days

- History of isolated injury to
the skin

- Developmental delay
- Significant neurologic
impairment

- Intoxication
- Altered level of conscious-
ness

- Multisystem trauma with
distracting injury

- History of analgesia other
than acetaminophen or
ibuprofen within 6 h of pre-
sentation

- Previous surgery to the
affected ankle

- History of orthopedic or
metabolic bone disease

Boutis et al., 2013 (13) n = 2151
n (intervention) = 1055
n (control) = 1095

6 hospitals located in Ontario,
Canada. 2 pediatric EDs, 2
general EDs, and 2 community
EDs by 117 pediatricians and
emergency physicians

Children aged 3–16 y with isolated
acute nonpenetrating ankle
injury

- More than 72 h after the
injury

- Prior radiographs
- Developmental delay
- At risk for pathologic frac-
tures

- Recent prior history of injury
of same ankle

Midfoot Zone Algorithm
Dayan et al., 2004 (7) n = 717

Median age 12.9 (interquartile
range 10.2–15.5 y)
57.3% male

Pediatric ED of an urban, tertiary
care, Level I trauma center in
New York, US by 33 pediatric
emergency medicine or general
pediatric faculty or pediatric
emergency medicine post
residency fellows

Patients with an acute twisting
injury of the ankle < 18 y

- Direct blow to the ankle
- Predisposition to fracture
- Distracting injury
- Isolated injury to the skin
- Injuries to both legs
- Unreliable examination
- Pregnancy
- Prior radiographs
- Second opinion being
sought

- Analgesics other than acet-
aminophen or ibuprofen
within 6 h of presentation

- More than 5 days after injury
- Pain or tenderness distal to
midfoot

(Continued)
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Table 1. Continued

Study Population
Setting and Performers of the

Ankle Decision Rule Inclusion Exclusion

Smith et al., 2011 (27) n = 29
Median age: 34
59% male
5 patients aged 10–18 y

ED and urgent care center
(MedDirect) at Level I trauma
center. Greenville, SC by one
investigator who was trained by
an emergency faculty member

Patients aged > 2 y with isolated
ankle or foot injury

- Altered level of conscious-
ness

- Analgesics other than acet-
aminophen or ibuprofen
within 5 h of presentation

- Multisystem trauma
- Bilateral leg injuries
- Children < 2 y
- Non ambulatory
- Second opinion being
sought

- Radiographs obtained prior
to ED visit

- Patient with visible obvious
fracture

- Patient with injuries distal to
tarsal-metatarsal joint
except isolated tenderness
over the base of the fifth
metatarsal

- Minors unaccompanied by
adult

OFR
Yazdani et al., 2006 (28) n = 200

Mean age 31.86 6 15.95
52.5% male
60% of the patients are younger
than 30 y

Akhtar Orthopedics Hospital ED in
Iran, by physicians working in
the ED

Patients with ankle pain or
tenderness after a blunt trauma

- <16 y
- Pregnant
- Injury > 7 days
- Referring for re-evaluation
- Multiple trauma or
decreased level of con-
sciousness

Malleolar Zone Algorithm
Dayan et al., 2004 (7) n = 717

Median age 12.9 (interquartile
range 10.2–15.5 y)
57.3% male

Pediatric ED of an urban, tertiary
care, Level I trauma center in
New York, US by 33 pediatric
emergency medicine or general
pediatric faculty or pediatric
emergency medicine post
residency fellows

Patients with an acute twisting
injury of the ankle < 18 y

- Direct blow to the ankle
- Predisposition to fracture
- Distracting injury
- Isolated injury to the skin
- Injuries to both legs
- Unreliable examination
- Pregnancy
- Prior radiographs
- Second opinion being
sought

- Analgesics other than acet-
aminophen or ibuprofen
within 6 h of presentation

- More than 5 days after injury
- Pain or tenderness distal to
midfoot

3
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Gravel et al., 2009 (12) n = 272
Mean age: 11.6 6 3 y
54% male
89% aged 7–16 y
16 patients < 7 y

ED of an urban, tertiary care, Level
I trauma center in Montreal,
Quebec, Canada by 23 full-time
accredited pediatric
emergency physicians, general
pediatricians, and general
practitioners

Patients < 16 y with acute
nonpenetrating an trauma
sustained within th previous
3 days

- History of isolated injury to
the skin

- Developmental delay
- Significant neurologic
impairment

- Intoxication
- Altered level of conscious-
ness

- Multisystem trauma with
distracting injury

- History of analgesia other
than acetaminophen or
ibuprofen within 6 h of pre-
sentation

- Previous surgery to the
affected ankle

- History of orthopedic or
metabolic bone disease

Smith et al., 2011 (27) n = 29
Median age: 34
59% male
5 patients aged 10–18 y

ED and urgent care center
(MedDirect) at Level I trauma
center. Greenville, SC by one
investigator who was trained by
an emergency faculty member

Patients > 2 y with is ated ankle
or foot injury

- Altered level of conscious-
ness

- Analgesics other than acet-
aminophen or ibuprofen
within 5 h of presentation

- Multisystem trauma
- Bilateral leg injuries
- Children < 2 y
- Non ambulatory
- Second opinion being
sought

- Radiographs obtained prior
to ED visit

- Patient with visible obvious
fracture

- Patient with injuries distal to
tarsal-metatarsal joint
except isolated tenderness
over the base of the fifth
metatarsal

- Minors unaccompanied by
adult

OAFR
Leisey, 2004 (29) Military (US Air Force, Army, and

Marines, British Royal Air Force
and French Air Force)

n = 45
82% male
Mean age: 27 y
Range age: 19–46 y

Prince Sultan Air Base in the
Kingdom of Saudi Arabia by 12
military physicians

Patients presenting w h acute
ankle injuries

None
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Table 1. Continued

Study Population
Setting and Performers of the

Ankle Decision Rule Inclusion Exclusion

Fiesseler et al., 2004 (30) Adults (>17 y)
n = 103
Mean age 37 (616) y
67% female

Suburban teaching hospital in NJ
by triage nurses and
emergency physicians

Adults (>17 y) who sustained a
traumatic ankle injury

- If patient declined consent
- Injury > 1 week old
- Lack of coöperation
- Distracting injury
- Diminished peripheral
sensation

- Isolated injuries of the skin
Derksen et al., 2005 (31) n = 106

Mean age and percentage male is
not recorded

Urban university teaching ED in
Amsterdam, theNetherlands by
16 specialized emergency
nurses and 9 house officers
(junior doctors)

Patients aged 18–65 y, having a
sprained ankle, presenting
within 48 h to the ED

- Prior surgery to the ankle
- Patients mentally or physi-
cally challenged, making
assessment more difficult

- Severe multiple trauma
Yazdani et al., 2006 (28) n = 200

Mean age 31.86 6 15.95 y
52.5% male
60% of the patients is < 30 y old

Akhtar Orthopedics Hospital ED in
Iran by physicians working in
the ED

Patients with ankle pain or
tenderness after a blunt trauma

- <16 y
- Pregnant
- Injury > 7 days
- Referring for re-evaluation
- Multiple trauma or
decreased level of con-
sciousness

Knudsen et al., 2010 (32) n = 1014
Mean age: 26.5 y
Median age: 21 y
52.5% male
49.4% of the patients are < 20 y of
age

ED at Kolding Hospital in Denmark
by a group of junior doctors
starting at the ED with < 1 y
experience

All patients with an acute blunt
ankle or midfoot injury

None

Kose, 2010 (24) n = 100
Mean age: 30.7 6 10.3 y
68% male

ED of Antalya Training and
Research hospital, Turkey by
emergency physicians

Patients presenting to the ED with
acute ankle or midfoot injuries
after a blunt trauma

- <18 y
- Patients admitted later than
48 h

- Patients referring for re-
evaluation

- Pregnant patients
- Multiple trauma
- Decreased level of con-
sciousness

Pires et al., 2014 (33) n = 274
Mean age (range): 37.4 (18–88) y
59.1% female

General hospital in Brazil by
orthopedic surgeons

Adult patients (>17 y) presenting
foot or ankle sprain admitted to
the ED

- Polytrauma
- Patients unable to answer
the Ottawa questionnaire

- Patients who refused to
perform radiographs to
evaluate fracture possibility

Derksen et al., 2015 (26) n = 203
Mean age (range): 37 (18–73) y
53.2% female

ED of an urban teaching hospital
in the Netherlands by ED
residents and triage nurses

Patients > 18 y who had sustained
a foot or an ankle sprain within
48 h prior to presentation in the
ED

- Patients unwilling to provide
informed consent

- Ankle sprain was part of a
multitrauma

- History of ankle or midfoot
fracture on the ipsilateral side

- Substance abuse
- Patients with mental or
physical disabilities
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Meena & Gangary, 2015 (34) n = 140
Mean age (range): 32.2 (8–76) y

ED of teaching hospital in North
India

All patients who had sustained
ankle or midfoot injury with
< 24 h of injury

- Patients with multiple
trauma

- Pregnant woman
- Patients with altered level of
consciousness (Glasgow
coma scale < 15)

- Patients who returned to ED
for reassessment

OAR
Yazdani et al., 2006 (28) n = 200

Mean age 31.86 (615.95)
52.5% male
60% of the patients are < 30 y

Akhtar Orthopedics Hospital ED in
Iran by physicians working in
the ED

Patients with ankle pain or
tenderness after a blunt trauma

- <16 y
- Pregnant
- Injury > 7 days
- Referring for re-evaluation
- Multiple trauma or
decreased level of con-
sciousness

Can et al., 2008 (35) n = 251
54% male
Mean age fracture group: 516 21
Mean age nonfracture group:
38 617 y

ED of a district hospital in Zurich,
Switzerland by surgeons and
nonsurgeons. These
nonsurgeons are physicians in
training to become general
practitioner or medical student
working at the ED

Patients > 18 y with history of
isolated ankle trauma within
10 days of presentation

- Prior radiographs
- Preexisting musculoskeletal
disease

- Coagulopathy
- Previous history of surgery of
the affected ankle

- Isolated skin injuries
- Pregnancy
- Patients with altered mental
status

- Revisits for the same injury
- Major trauma
- Gross deformity of ankle
- Polyneuropathy
- Multisystem trauma

Gravel et al., 2009 (12) n = 272
Mean age: 11.6 6 3 y
54% male
89% aged 7–16 y
16 patients < 7 y

ED of an urban, tertiary care, Level
I trauma center in Montreal,
Quebec, Canada by 23 full-time
accredited pediatric
emergency physicians, general
pediatricians and general
practitioners

Patients < 16 y with acute
nonpenetrating ankle trauma
sustained within the previous
3 days

- History of isolated injury to
the skin

- Developmental delay
- Significant neurologic
impairment

- Intoxication
- Altered level of conscious-
ness

- Multisystem trauma with
distracting injury

- History of analgesia other
than acetaminophen or
ibuprofen within 6 h of pre-
sentation

- Previous surgery to the
affected ankle

- History of orthopedic or
metabolic bone disease

(Continued)
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(12,24–26,28–34). For the studies evaluating the OAR,
meta-analysis indicated a LR+ of 1.64 (95% CI 1.30–
2.70), a LR� of 0.12 (95% CI 0.04–0.37), and a DOR
of 11.7 (95% CI 5.5–24.7). For the studies evaluating
the OAFR, meta-analysis indicated a LR+ of 1.73 (95%
CI 1.41–2.11), a LR� of 0.14 (95% CI 0.07–0.28), and
a DOR of 13.08 (95% CI 5.3–32.5). The results of the
meta-analysis are shown in Table 3.

The meta-analysis of three studies evaluating
the Malleolar Zone Algorithm indicated a LR+ of
1.24 (95% CI 1.19–1.28), a LR� of 0.23
(95% CI 0.09–0.63), and a DOR of 5.648 (95% CI
2.04–15.63) (7,12,27). The evaluated population was
comprised of children, adolescents, and adults. There
was differentiation in methodology among these
studies as well. Dayan et al. utilized the Malleolar
Zone Algorithm to identify clinically significant
fractures, and the other two studies attempted to
identify any type of fracture (7,12,27).

The Bernese Ankle Rules use an indirect stress tech-
nique to avoid direct palpation of the injured region (5).
Meta-analysis of the four included studies indicated a
LR+ of 3.54 (95% CI 1.73–7.26), a LR� of 0.39
(95% CI 0.21–0.70), and a DOR of 11.28 (95% CI
3.26–38.99). The four included studies differed consider-
ably in the number of false negative outcomes. In the
studies of Eggli et al. (2005) and Kose et al. (2010), the
Bernese Ankle Rules missed only zero and one fracture
out of 28 and 18 fractures, respectively, whereas in the
studies of Beceren et al. (2013) and Derksen et al.
(2015), the Bernese Ankle Rules missed 139 and 9 out
of 314 and 29 fractures, respectively (5,25–26).

The computed estimates of sensitivity, specificity,
positive predictive value, NPV, and posttest odds are
displayed in Table 4. The OAFR, OAR, and Malleolar
Zone Algorithm, according to this meta-analysis, have
a sensitivity > 0.94 and a specificity < 0.46. The Bernese
Ankle Rules have a sensitivity of 0.69 and a specificity
of 0.81. The NPVs of all tests are > 0.94. The posttest
odds negative is, for Bernese Ankle Rules, two and a
half times; for Malleolar Zone Algorithm, four times;
and for OAFR and OAR, seven and a half times larger
than the pretest odds of 5.67 in favor of fraction. The
posterior odds in favor of fractures for Malleolar
Zone Algorithm are almost equal, for OAFR and OAR
almost two times larger, and for Bernese Ankle Rules
are three times larger than the pretest odds 0.176 in
favor of fracture.

DISCUSSION

The meta-analysis of several ankle decision rules demon-
strates that the OAR and OAFR are the most accurate for
excluding fractures after acute ankle injury. For both



Table 2. Method Appraisal

Study (First Author,
Year)

Risk of Bias Applicability Concerns

Patient
Selection

Index
Test

Reference
Standard

Flow
and

Timing
Patient

Selection
Index
Test

Reference
Standard

Meena, 2015 (34) + + + + + + +
Derksen, 2015 (26) + + + + + + +
Pires, 2014 (33) + � + + + + +
Boutis, 2013 (13) � ? ? ? + � +
Wang, 2013 (36) + + ? + + + +
Beceren, 2013 (25) + + + + + + +
Smith, 2011 (27) + + + + + + +
Kose, 2010 (24) + + + + + + +
Knudsen, 2010 (32) + ? � � + + �
Gravel, 2009 (12) + + ? � + + +
Can, 2008 (35) + + + + + + �
Yazdani, 2006 (28) + + + + + + +
Dissmann, 2006 (6) + + + + + + +
Eggli, 2005 (5) + + ? + + + +
Derksen, 2005 (31) + + ? + + + +
Leisey, 2004 (29) + + + � � + �
Fiesseler, 2004 (30) � + + + + + +
Dayan, 2004 (7) � + + � + + �

+ = low risk/concern; � = high risk/concern; ? = unclear risk/concern.
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instruments, the meta negative LRs are < 0.2, indicating a
moderate change from pretest to posttest probability (9).
For practical application of the OAFR, see Figure 2. The
Malleolar Zone Algorithm and the Bernese Ankle Rules
are less accurate, according to the meta-analysis.
The meta negative LRs of both ankle decision rules are
> 0.2, making it unlikely for these to have practical
importance for excluding fractures, because a substantial
proportion of fractures is overlooked (9). It is important
not to miss a fracture because this will impact further
management of a patient’s recovery and may lead to
insufficient healing (38). The 95% CIs of these four ankle
decision rules, however, are somewhat large, pointing to a
small amount of evidence. In the meta-analysis regarding
OAR, Beceren et al. (2013) studied nearly half of the sub-
jects compared with the other studies and did not show
similar results (25). Sensitivity in this study was only
75%, whereas the other studies in this meta-analysis all
had sensitivities > 96%.We currently have no explanation
for this dissimilar result, because the methodological
quality of this study seems good. Another outcome in
this systematic review is that ankle decision rules cannot
be used to detect fractures, because there are almost no
studies reporting a LR+ significantly larger than 2. The
Bernese Ankle Rules are the only exception to this,
with a small LR+ of 3.54 (95% CI 1.73–7.26), which
may indicate some practical importance, according to
Jaeschke et al. (9). It must be concluded that for a suffi-
ciently accurate detection of the presence of a fracture,
a radiograph is necessary.

The high sensitivity as well as the low LR� of the
OAR and OAFR may expedite care and lead to a
reduction of radiographs. This has already been
confirmed by Bachman et al. (2003), who reported a
possible reduction rate of 30–40% (3). A smaller num-
ber of radiographs is beneficial for reducing exposure
to radiation, health care costs, and ED throughput
time, as well as waiting time for patients. The NPVs
of the OAR and OAFR are relatively high
(NPV = 0.98). The posterior probability of missing frac-
tures is therefore relatively low (0.024 and 0.021,
respectively) for these clinical decision rules. The
NPVs of the Bernese Ankle Rules and Malleolar Zone
Algorithm are lower, indicating a posterior probability
of identifying a fracture given a negative test result of
0.039 and 0.064, respectively.

Among the ankle decision rules not included in the
meta-analysis, the Tuning Fork Test applied on the distal
fibular shaft has the desirable properties of high sensi-
tivity, high specificity, high LR+, low LR�, and a high
DOR. Unfortunately, this ankle decision rule (used in
addition to the OAR) is evaluated only by a single study.
There is currently insufficient evidence to recommend
this rule. The LRAR has been evaluated by two studies
that were heterogeneous in their outcomes, especially
with respect to LR� and DOR. Whereas Gravel et al.
(2009) reported a LR� of 0.43 and a DOR of 4.05, Boutis
et al. (2013) indicated a LR� of 0.03 and a DOR of 66.82
(12,13). Due to considerable heterogeneity, a general
conclusion on LRAR is not indicated. The OFR and
Midfoot Zone Algorithm were also both evaluated by
two studies. The results of these studies are promising,
however, the size of the studies is too small for drawing
generalizable conclusions.



Table 3. Diagnostic Accuracy Values and Meta-analysis

Test
Study (First Author,

Year) TP FN FP TN
Sensitivity
(95% CI)

Specificity
(95% CI) LR+ (95% CI) LR� (95% CI) DOR (95% CI)

Bernese Ankle Rules Eggli, 2005 (5) 28 0 30 296 0.98 (0.85–1.00) 0.91 (0.87–0.93) 10.5 (7.49–14.8) 0.02 (0.00–0.30) 554.1 (33.0–9303.2)
Kose, 2010 (24) 18 1 4 77 0.93 (0.73–0.98) 0.95 (0.87–0.97) 16.9 (6.81–41.7) 0.08 (0.02–0.37) 212.4 (31.3–1443.3)
Beceren, 2013 (25) 175 139 136 512 0.56 (0.50–0.61) 0.79 (0.76–0.82) 2.65 (2.21–3.17) 0.56 (0.49–0.64) 4.72 (3.53–6.32)
Derksen, 2015 (26) EDr 20 9 96 78 0.68 (0.50–0.82) 0.45 (0.38–0.52) 1.24 (0.94–1.64) 0.71 (0.41–1.22) 1.76 (0.77–4.01)
Derksen, 2015 (26) n 25 4 104 70 0.85 (0.68–0.94) 0.40 (0.33–0.48) 1.42 (1.17–1.73) 0.37 (0.16–0.89) 3.82 (1.34–10.89)
All studies 3.54 (1.73–7.26) 0.38 (0.21–0.70) 11.28 (3.26–38.99)

Tuning Fork Test (DFS) Dissmann, 2006 (6) 5 0 2 42 0.92 (0.52–0.99) 0.94 (0.84–0.98) 16.5 (4.83–56.4) 0.09 (0.01–1.25) 187.0 (7.91–4423.5)
Tuning Fork Test (TLM) Dissmann, 2006 (6) 5 0 17 27 0.92 (0.52–0.99) 0.61 (0.47–0.74) 2.36 (1.52–3.65) 0.14 (0.01–1.96) 17.29 (0.90–332.4)
LRAR Gravel, 2009 (12) 61 19 84 108 0.76 (0.66–0.84) 0.56 (0.49–0.63) 1.73 (1.42–2.12) 0.43 (0.29–0.64) 4.05 (2.26–7.26)

Boutis, 2013 (13) 29 0 188 213 0.98 (0.86–1.00) 0.53 (0.48–0.58) 2.10 (1.87–2.35) 0.03 (0.00–0.49) 66.82 (4.06–1101.2)
Midfoot Zone Algorithm Dayan, 2004 (7) 10 0 111 52 0.95 (0.68–1.00) 0.32 (0.25–0.39) 1.40 (1.19–1.66) 0.14 (0.01–2.15) 9.89 (0.57–172.0)

Smith, 2011 (27) 2 0 8 2 0.83 (0.31–0.98) 0.23 (0.07–0.52) 1.08 (0.59–1.96) 0.73 (0.05–11.5) 1.47 (0.05–41.83)
OFR Yazdani, 2006 (28) 12 0 11 14 0.96 (0.72–1.00) 0.56 (0.37–0.73) 2.17 (1.39–3.39) 0.07 (0.00–1.07) 31.52 (1.68–590.8)
Malleolar Zone Algorithm Dayan, 2004 (7) 81 0 486 115 0.99 (0.94–1.00) 0.19 (0.16–0.23) 1.23 (1.18–1.28) 0.03 (0.00–0.51) 38.70 (2.38–628.6)

Gravel, 2009 (12) 74 6 141 51 0.92 (0.84–0.96) 0.27 (0.21–0.33) 1.25 (1.13–1.40) 0.30 (0.14–0.65) 4.17 (1.76–9.88)
Smith, 2011 (27) 2 0 10 11 0.83 (0.31–0.98) 0.52 (0.33–0.71) 1.75 (0.89–3.41) 0.32 (0.02–4.13) 5.48 (0.23–127.73)
All studies 1.24 (1.19–1.28) 0.23 (0.09–0.63) 5.68 (2.04–15.63)

OAFR Leisey, 2004 (29) 5 0 24 16 0.92 (0.52–0.99) 0.40 (0.27–0.55) 1.53 (1.08–2.17) 0.21 (0.01–3.02) 7.41 (0.38–143.19)
Fiesseler, 2004 (30) n 26 1 49 27 0.95 (0.80–0.99) 0.36 (0.26–0.47) 1.47 (1.22–1.78) 0.15 (0.03–0.73) 9.81 (1.78–54.25)
Fiesseler, 2004 (30) ph 26 1 40 36 0.95 (0.80–0.99) 0.47 (0.37–0.58) 1.80 (1.43–2.26) 0.11 (0.02–0.55) 15.92 (2.89–87.57)
Derksen, 2005 (31) n 13 1 47 45 0.90 (0.66–0.98) 0.49 (0.37–0.58) 1.76 (1.36–2.29) 0.20 (0.04–0.95) 8.62 (1.52–48.88)
Derksen, 2005 (31) ho 13 1 56 36 0.90 (0.66–0.98) 0.39 (0.30–0.49) 1.48 (1.17–1.87) 0.25 (0.05–1.19) 5.81 (1.02–33.04)
Yazdani, 2006 (28) 37 0 97 66 0.99 (0.89–1.00) 0.41 (0.33–0.48) 1.66 (1.46–1.89) 0.03 (0.00–0.51) 51.15 (3.09–847.6)
Knudsen, 2010 (32) 172 2 412 428 0.99 (0.96–1.00) 0.51 (0.48–0.54) 2.01 (1.87–2.16) 0.03 (0.01–0.10) 71.7 (20.42–251.6)
Kose, 2010 (24) 19 0 18 63 0.98 (0.80–1.00) 0.77 (0.67–0.85) 4.32 (2.88–6.49) 0.03 (0.002–0.5) 133.9 (7.7–2324.6)
Pires, 2014 (33) 35 1 219 19 0.96 (0.84–0.99) 0.08 (0.05–0.12) 1.05 (0.97–1.13) 0.50 (0.10–2.52) 2.103 (0.39–11.49)
Derksen, 2015 (26) n 25 4 130 44 0.85 (0.68–0.94) 0.25 (0.20–0.32) 1.14 (0.96–1.36) 0.59 (0.24–1.44) 1.932 (0.67–5.57)
Derksen, 2015 (26) EDr 28 1 124 50 0.95 (0.81–0.99) 0.29 (0.23–0.36) 1.34 (1.18–1.51) 1.17 (0.04–0.84) 7.707 (1.45–41.1)
Meena, 2015 (34) 48 0 21 71 0.99 (0.91–1.00) 0.77 (0.67–0.84) 4.28 (2.95–6.21) 0.01 (0.001–0.21) 322.6 (19.1–5452.4)
All studies 1.73 (1.41–2.11) 0.14 (0.07–0.28) 13.08 (5.27–32.50)

OAR Yazdani, 2006 (28) 21 0 72 49 0.98 (0.82–1.00) 0.41 (0.32–0.49) 1.64 (1.40–1.93) 0.06 (0.00–0.87) 29.36 (1.74–496.0)
Can, 2008 (35) 33 0 173 45 0.99 (0.87–1.00) 0.21 (0.16–0.27) 1.24 (1.15–1.35) 0.07 (0.00–1.12) 17.57 (1.06–292.3)
Gravel, 2009 (12) 79 1 134 58 0.98 (0.92–1.00) 0.30 (0.24–0.37) 1.41 (1.28–1.55) 0.06 (0.01–0.30) 23.05 (4.45–119.3)
Wang, 2013 (36) 61 2 65 55 0.96 (0.88–0.99) 0.46 (0.37–0.55) 1.78 (1.50–0.55) 0.09 (0.02–0.29) 20.84 (5.60–77.57)
Beceren, 2013 (25) 235 79 203 445 0.75 (0.70–0.79) 0.69 (0.65–0.72) 2.38 (20.9–0.72) 0.37 (0.30–0.45) 6.49 (4.79–8.79)
All studies 1.64 (1.30–2.70) 0.12 (0.04–0.37) 11.69 (5.53–24.71)

TP = true positives; FN = false negatives; FP = false positives; TN = true negatives; DFS = distal fibular shaft; TLM = tip of lateral malleolus; CI = confidence interval; LR+ = positive
likelihood ratio; LR� = negative likelihood ratio; DOR = diagnostic odds ratio; ED = emergency department; ho = house officers; n = nurses; ph = physicians; EDr = Emergency Depart-
ment residents; LRAR = Low Risk Ankle Rule; OFR = Ottawa Foot Rules; OAFR = Ottawa Ankle and Foot Rules; OAR = Ottawa Ankle Rules.
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Table 4. Computed Values of Sensitivity, Specificity, Predictive Values, and Posterior Odds

Test Sensitivity Specificity PPV NPV
Posterior Odds

in Favor of Fracture
Posterior Odds
Against Fracture

Bernese Ankle Rules 0.689 0.805 0.385 0.936 0.625 14.680
Malleolar Zone Algorithm 0.946 0.234 0.179 0.961 0.218 24.425
OAFR 0.937 0.458 0.234 0.976 0.305 41.063
OAR 0.948 0.423 0.225 0.979 0.290 46.070

PPV = positive predictive value; NPV = negative predictive value; OAFR = Ottawa Ankle and Foot Rules; OAR = Ottawa Ankle Rules.
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It is recommended that future research should
focus on means to reduce the heterogeneity of the
ankle decision rules, for example, by sharpening for-
mulations. Potentially improved rules should be inves-
tigated by several large-scale diagnostic validation
studies to identify the best set of rules with reasonable
certainty.

Limitations

In this meta-analysis, studies evaluating ankle decision
rules for children, adolescents, and adults were
included. As is apparent in Table 1 showing study char-
acteristics, only a few studies included children. This
meta-analysis indicates that the OAR and OAFR are
nearly accurate for excluding fractures in an adult pop-
ulation. Dowling et al. (2009) previously evaluated the
Figure 2. Ottawa Ankle and Foot Rules (37).
accuracy of the OAFR in a pediatric population and
determined it to be accurate for excluding fractures
with a pooled sensitivity of 98.5% (95% CI 97.3–
99.2) in children older than 5 years of age suffering
from ankle or midfoot injuries (11). This suggests
that the OAFR may also be generalizable to a pediatric
population. We therefore recommend applying the
OAR or OAFR to acute ankle and midfoot injuries in
patients who arrive at the ED. Because the OAFR
and OAR have equal diagnostic quality, the decision
of applying either of these can be based upon criteria
such as feasibility of or individual familiarity with
the procedure.

In addition, there was a difference in defining clini-
cally significant fractures. This review and meta-
analysis evaluated the diagnostic accuracy of decision
rules to apply to all ankle fractures. However, several
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studies recorded the sensitivity and specificity for
diagnosing significant fractures only. Insignificant frac-
tures were then interpreted as no fracture in data
analysis. However, it seems that the number of insignif-
icant fractures that the OAR misses is very low. Gravel
et al. (2009) reported the sensitivity for evaluation of
both significant fractures and all fractures (12). Not
one of 47 significant fractures was missed (sensitivity
100%), and only a single fracture out of 33 insignificant
fractures was missed by the OAR. The literature is
inconclusive regarding whether or not there is a need
for differentiation between significant and insignificant
fractures.

The results collected in the current study clearly pro-
vide evidence for a relatively large degree of heterogene-
ity in criteria to evaluate the diagnostic quality of the
ankle decision rules.

CONCLUSION

The results from the meta-analysis provide evidence for
preferentially using OAFR or OAR in acute ankle in-
juries. These ankle decision rules are the most accurate
in excluding ankle or midfoot fractures. The clinical
recommendation is to apply the OAFR or OAR to acute
ankle injuries arriving at the ED to expedite patient
care and reduce the number of radiographs, the amount
of radiation, health care costs, and waiting time for
patients.
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ARTICLE SUMMARY

1. Why is this topic important?
A large number of radiographs are currently taken after

an acute ankle trauma. A fracture is present in only 15% of
these patients.
2. What does the study attempt to show?

The study attempts to give an overview of the diag-
nostic accuracy of ankle decision rules.
3. What are the findings?

The Ottawa Ankle Rules (OAR) and Ottawa Ankle and
Foot Rules (OAFR) are the most accurate clinical decision
rules in excluding ankle fractures after an acute ankle
injury in adults.
4. How is patient care impacted?

Use of the OAR and OAFR in the emergency depart-
ment should be encouraged.
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