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Objective.\p=m-\Tovalidate and refine previously derived clinical decision rules that
aid the efficient use of radiography in acute ankle injuries.

Design.\p=m-\Surveyprospectively administered in two stages: validation and
refinement of the original rules (first stage) and validation of the refined rules (sec-
ond stage).

Setting.\p=m-\Emergencydepartments of two university hospitals.
Patients.\p=m-\Conveniencesample of adults with acute ankle injuries: 1032 of 1130

eligible patients in the first stage and 453 of 530 eligible patients in the second stage.
Main Outcome Measures.\p=m-\Attendingemergency physicians assessed each

patient for standardized clinical variables and classified the need for radiography
according to the original (first stage) and the refined (second stage) decision rules.
The decision rules were assessed for their ability to correctly identify the criterion
standard of fractures on ankle and foot radiographic series. The original decision
rules were refined by univariate and recursive partitioning analyses.

Main Results.\p=m-\Inthe first stage, the original decision rules were found to have
sensitivities of 1.0 (95% confidence interval [CI], 0.97 to 1.0) for detecting 121 mal-
leolar zone fractures, and 0.98 (95% CI, 0.88 to 1.0) for detecting 49 midfoot zone
fractures. For interpretation of the rules in 116 patients, \g=k\values were 0.56 for the
ankle series rule and 0.69 for the foot series rule. Recursive partitioning of 20 pre-
dictor variables yielded refined decision rules for ankle and foot radiographic series.
In the second stage, the refined rules proved to have sensitivities of 1.0 (95% CI,
0.93 to 1.0) for 50 malleolar zone fractures, and 1.0 (95% CI, 0.83 to 1.0) for 19
midfoot zone fractures. The potential reduction in radiography is estimated to be
34% for the ankle series and 30% for the foot series. The probability of fracture, if
the corresponding decision rule were "negative," is estimated to be 0% (95% CI,
0% to 0.8%) in the ankle series, and 0% (95% CI, 0% to 0.4%) in the foot series.

Conclusion.\p=m-\Refinementand validation have shown the Ottawa ankle rules to
be 100% sensitive for fractures, to be reliable, and to have the potential to allow
physicians to safely reduce the number of radiographs ordered in patients with an-
kle injuries by one third. Field trials will assess the feasibility of implementing these
rules into clinical practice.

(JAMA. 1993;269:1127-1132)

From the Division of Emergency Medicine (Drs Stiell,
Greenberg, McKnight, Reardon, Stewart, and Ma-
loney), and the Department of Epidemiology and Com-
munity Medicine (Drs Nair and McDowell), University of
Ottawa (Ontario) Faculty of Medicine. Dr Stiell is a ca-
reer scientist of the Ontario Ministry of Health, Health

Research Personnel Development Program, Toronto,
Reprint requests to Clinical Epidemiology Unit, Loeb

Medical Research Institute, Ottawa Civic Hospital,
1053 Carling Ave, Ottawa, Ontario, Canada K1Y 4E9
(Dr Stiell).

THERE are no widely accepted guide¬
lines for the use of radiography in ankle
injuries equivalent to those successfully
introduced for skull radiography.13 Acute
ankle injuries are one of the most com¬
mon presenting complaints seen in emer¬

gency departments, and patients with
this problem are almost always referred
for radiography to exclude a treatable
fracture.4" Because such fractures are

typically present in less than 15% of cas¬

es, the yield of emergency department
ankle and foot radiographie series is rel¬
atively low.6"10 The ankle radiographie se¬

ries, along with the cervical spine series,
is one of the two most commonly ordered
musculoskeletal radiology examinations
in emergency departments.11 We esti¬
mate, based on the experience in Ontar¬
io, that more than 5 million ankle radio-
graphic series are ordered annually in
Canada and the United States.12 Discrim¬
inating guidelines for the use of ankle
radiography may reduce waiting times
for patients and may allow the money
spent for some of these radiographs with
normal findings to be used elsewhere in
the health care system.18"18

We have previously derived clinical
decision rules for the use of radiography
in acute ankle injuries in a study involv¬
ing 750 adult patients, 100 ofwhom were
examined independently by two physi¬
cians.16 Thirty-two clinical variables were

systematically assessed for their reli¬
ability by the  coefficient and for as¬
sociation with significant fractures seen
on ankle and foot radiographie series.
Two decision rules were derived by mul-
tivariate recursive partitioning tech¬
niques and would have identified 100%
of the 70 malleolar and 32 midfoot frac-
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tures seen in the study patients. The
first rule stated that an ankle radiograph¬
ie series was only necessary if the pa¬
tient had pain near the malleoli and one
or more of these findings: (1) age 55 years
or greater, (2) inability to bear weight
immediately after the injury and for four
steps in the emergency department, or
(3) bone tenderness at the posterior edge
or tip of either malleolus. The second
rule stated that a foot radiographie se¬
ries was only necessary ifthe patient had
pain in the midfoot and bone tenderness
at the navicular bone, the cuboid, or the
base of the fifth metatarsal.

The objective of the current study was
to prospectively validate and, if possible,
refine these original decision rules. Pre¬
diction rules and guidelines frequently do
not perform as well on a new set of pa¬
tients as on the original set from which
they were derived.17 Our goal was to dem¬
onstrate that the decision rules had a sen¬

sitivity of 1.0 for identifying significant
fractures of the malleoli and midfoot, with
the highest possible specificity.

METHODS
Patient Population

This study was conducted in two
stages in the emergency departments of
two teaching institutions affiliated with
the University of Ottawa (Ontario) : Ot¬
tawa Civic Hospital and Ottawa General
Hospital. During the first stage (Febru¬
ary to August 1991), the original decision
rules16 for the use of radiography in acute
ankle injuries were prospectively validat¬
ed and then refined. During the second
stage (September 1991 to January 1992),
the refined decision rules were prospec¬
tively validated in a new set of patients.

In both stages, we included adult pa¬
tients who presented to the emergency
departments with pain or tenderness
secondary to blunt ankle trauma due to
any mechanism of injury. "Ankle" was

broadly defined to include the area usu¬

ally involved in common twisting inju¬
ries and was subdivided into the mal-
leolar and the midfoot zones. These zones

correspond to the areas that generally
require assessment by a standard ankle
radiographie series (malleolar zone) or
foot radiographie series (midfoot zone).
We defined the zones to include the fol¬
lowing structures and their overlying
soft tissues: (1) malleolar zone: distal 6
cm of tibia and fibula and talus; and (2)
midfoot zone: navicular bone, cuboid, cu¬

neiforms, anterior process of calcaneus,
and base of the fifth metatarsal. Not
included were the body and tuberosities
of the calcaneus.18 We excluded patients
who were under 18 years of age, were

pregnant, had isolated injuries of the
skin, were referred from outside the hos-

pital with radiographs, whose ankle in¬
jury occurred more than 10 days pre¬
viously, or who had returned for reas¬
sessment of the same injury. This study
was approved, without the need for in¬
formed consent, by the institutional re¬
search ethics committee.

Data Collection
Patients were assessed for 15 clinical

variables in the first stage and six in the
second stage. Variables clearly shown
not to be useful in the original study16
(mechanism of injury, "cracking" sound,
ecchymosis, range of motion, drawer
sign, soft-tissue tenderness, and proxi¬
mal fibular tenderness) were not in¬
cluded. Eligible patients were entered
into the study when one of 21 designat¬
ed staff emergency physicians was on

duty. These assessor physicians were
certified in emergency medicine by ei¬
ther the Royal College ofPhysicians and
Surgeons or the College of Family Phy¬
sicians of Canada and had participated
in the original derivation of the decision
rules. The physicians evaluated each pa¬
tient for the clinical variables, inter¬
preted the decision rules, and recorded
their findings on a data collection sheet.
All patients were then referred for ra¬

diography: a standard ankle series if they
had any pain or tenderness in the mal-
leolar zone, and a standard foot series if
they had any pain or tenderness in the
midfoot zone. To determine the inter-
observer reliability of the physical find¬
ings, the patients were examined, where
feasible, by a second emergency physi¬
cian who was blinded to the results of
the first assessment.

The criterion standard that the deci¬
sion rules were designed to identify were

clinically significant fractures seen in
the ankle or foot radiographie series.
These radiographie series were inter¬
preted by qualified radiologists who
were blinded to the content of the data
collection sheets. We defined clinically
significant fractures as bone fragments
greater than 3 mm in breadth. This def¬
inition was agreed on by members of the
emergency and orthopedics departments
and reflects clinical management in that
malleolar or midfoot avulsion fractures
of 3 mm or less are not treated with
plaster immobilization in our institutions.

Statistical Analysis and Model
Refinement

The classification performance of the
decision rules for identifying clinically
significant fractures was assessed by cal¬
culating sensitivity and specificity with
95% confidence intervals (CIs).19 Given
the binary predictive nature of the de¬
cision rules, no attempt was made to
construct receiver operating character-

istic curves.20 The accuracy and reliabil¬
ity of the physicians' interpretation of
the rules was measured, respectively,
by the percentage agreement with the
actual rule (as interpreted by the inves¬
tigators) and the  coefficient of inter-
observer agreement.21

Data collected in the first stage were
further analyzed in order to refine the
decision rules toward the objective of a

sensitivity of 1.0 for fractures with the
maximum possible specificity. As in the
original study, four combined variables
were created by grouping inability to
bear weight both immediately and in
the emergency department, as well as

by grouping several areas of bone ten¬
derness. The 20 individual and combined
clinical variables were assessed for as¬
sociation with significant fractures in
the ankle and foot radiographie series,
separately, by the  2 test with 1 df The
reliability ofassessing each variable was
measured by the  coefficient. Those
variables found to be both reliable (high¬
est  values) and strongly associated
with a fracture (highest  2 values), were

analyzed by a  2 recursive partitioning
technique to confirm the best combina¬
tion of predictor variables for the ankle
and foot radiographie series, respective¬
ly.22·23 These statistical models formed
the basis of the refined decision rules.

Model Validation
In the second stage, the classification

performance ofthe refined decision rules
was assessed by the calculation of sen¬

sitivity and specificity. The accuracy and
reliability of the physicians' interpreta¬
tion of the decision rules was determined
in the same fashion as in the first stage.
Likelihood ratios and the probabilities
of fractures, based on the refined deci¬
sion rules, were calculated for the two
stages combined.24"26

RESULTS
Patient Characteristics

During the first stage (validation and
refinement oforiginal rules), 1032 patients
were studied (Table 1). Patients were

young, on average, but the age range ex¬
tended to 90 years; men and women were

equally represented, and the majority had
suffered a twisting mechanism of injury.
The 121 patients with clinically signifi¬
cant malleolar zone fractures (12%) rep¬
resented a variety of injuries, including
two fractures of the talus. The large ma¬

jority of the 49 clinically significant mid¬
foot zone fractures (5%) were at the base
of the fifth metatarsal. All patients un¬
derwent radiography: 877 with malleolar
zone pain had an ankle radiographie se¬

ries, and 405 with midfoot pain had a foot
series. The 116 patients examined inde-
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Table 1.—Comparison of Characteristics of Pa¬
tients In the Refinement (First Stage) and Validation
(Second Stage) Sets

Refinement Validation
Set Set

Characteristic_(N=1032) (N=453)
Age, mean (SD), y 35 (15) 36 (16)

Range 18-90 18-92
Male, No. (%) 540 (52) 234 (52)
Hospital, No. (%)

Ottawa Civic 617(60) 289(64)
Ottawa General 415(40) 164(36)

Mechanism of Injury,
No. (%)

Twisting 867 (84) 391 (86)
Direct blow 82 (8) 31 (7)
Fall from a height 28 (3) 11 (2)
Motor vehicle accident 16(2) 4(1)
Other 39(4) 16(4)

Clinically significant
fractures, No. (%)* 169(16) 67(15)

Malleolar zone 121(12) 50(11)
Lateral malleolus 70 (7) 28 (6)
Medial malleolus 7(1) 3(1)
Posterior malleolus 1(0) 4(1)
Blmalleolar 24 (2) 7 (2)
Trimalleolar 17(2) 8(2)
Talus 2 (0) 0

Midfoot zone 49(5) 19(4)
Base of fifth

metatarsal 45(4) 16(4)
Navicular 1 (0) 1 (0)
Anterior process

calcaneus 1 (0) 0
Cuboid 1 (0) 1 (0)
Cuneiforms 2 (0) 1 (0)

Clinically insignificant
fractures, No. (%)* 59 (6) 31 (7)

Lateral malleolus 14(1) 9(2)
Medial malleolus 10(1) 1(0)
Posterior malleolus 2 (0) 0
Talus 9(1) 12(3)
Base of fifth metatarsal 2 (0) 1 (0)
Cuboid 12(1) 3(1)
Navicular 5(0) 3(1)
Anterior process

calcaneus 16(2) 2(0)
Patients referred for

radiography, No. (%) 1032 (100) 453 (100)
Ankle series 877 (85) 385 (85)
Foot series 405(39) 157(35)

*Patients may have had fractures in more than one
location.

pendently by two physicians were simi¬
lar in characteristics to the overall study
group. Another 98 eligible patients were
seen by study physicians but did not have
data sheets completed (compliance, 91%).
These patients were very similar to the
overall group for mean age (36 years) and
sex (men, 52%), but had a lower preva¬
lence of malleolar zone (6%) and midfoot
zone (3%) fractures.

During the second stage (validation
ofrefined rules), 453 patients were stud¬
ied and were found to be similar to those
of the first stage with 50 malleolar zone
fractures (11%) and 19 midfoot zone frac¬
tures (4%). Another 77 eligible patients
did not have data sheets completed (com¬
pliance, 85%) but were similar to the
overall group: mean age, 37 years; men,
57%; malleolar zone fracture, 14%; and
midfoot zone fracture, 5%.

Prospective Validation
of Original Rules

The classification performance of the
decision rules, as prospectively deter-

Table 2.—Classification Performance of the Original Decision Rules for Identifying Ankle and Foot
Radiographic Series Fractures Among 1032 Ankle Injury Patients in the First (Refinement) Stage of the Study

Ankle Series Fracture Foot Series Fracture
 -1  -1
Yes No Yes No

Decision rule positive
Yes 121 557 48 294
No 0 354 1 689

Sensitivity (95% confidence interval)_1.0(0.97-1.0)_0.98 (0.88-1.0)
Specificity (95% confidence interval) 0.39 (0.36-0.42) 0.70 (0.67-0.73)

mined in stage 1, is shown in Table 2. All
121 malleolar zone fractures were iden¬
tified by the ankle series decision rule,
thereby achieving our goal of a sensi¬
tivity of 1.0 (95% CI, 0.97 to 1.0). The
foot series decision rule identified 48 of
49 significant midfoot fractures (sensi¬
tivity, 0.98; 95% CI, 0.88 to 1.0); the
single missed fracture was that of a cu¬
neiform in a patient unable to bear
weight. The physicians correctly classi¬
fied patients according to the ankle and
foot series decision rules (as interpreted
by the investigators) in 97% and 98% of
cases, respectively, and would have
missed no fractures due to misinterpre¬
tation of the rules. Interobserver agree¬
ment between physicians for this inter¬
pretation is reflected by  values of 0.56
(95% CI, 0.39 to 0.73) for the ankle se¬
ries rule, and 0.69 (95% CI, 0.55 to 0.82)
for the foot series rule.

Refinement of the Ankle Series
Decision Rule

Table 3 lists the proportion ofpatients
with and without clinically significant
malleolar zone fractures who were pos¬
itive for 16 relevant clinical variables
(including composite variables). All as¬
sociations demonstrated statistical sig¬
nificance at a  value <.01;  2 values,
the basis of the recursive partitioning
splits, are also given. Interobserver
agreement was substantial, with a  val¬
ue of 0.6 or greater, for seven variables.
Agreement for classifying patients as

age 55 years or greater was assumed
to be good and was not specifically
measured.

Chi-square recursive partitioning
yielded a model similar to the original
decision rule, but without the age 55
years or greater variable. The variables
in the revised decision rule (Fig 1) are
(1) bone tenderness at the posterior edge
or tip of the lateral malleolus, (2) bone
tenderness at the posterior edge or tip
of the medial malleolus, and (3) inability
to bear weight both immediately and in
the emergency department. The refined
decision rule retained a sensitivity of 1.0
for ankle series fracture, but achieved a

slightly higher specificity (0.41 vs 0.39)
on retrospective review of these first-
stage patients.

Refinement of the Foot Series
Decision Rule

The associations ofeight relevant vari¬
ables with clinically significant midfoot
zone fractures are given in Table 4; four
had  values <.05. The  values indicate
that four variables demonstrated sub¬
stantial interobserver agreement. Re¬
cursive partitioning identified a subset
of patients free of foot series fracture
based on these variables: (1) bone ten¬
derness at the base of the fifth meta¬
tarsal, (2) bone tenderness at the na¬

vicular, and (3) inability to bear weight
immediately and in the emergency de¬
partment. The corresponding refined de¬
cision rule (Fig 2) differs from the orig¬
inal by not including cuboid tenderness
and adding the same weight-bearing cri¬
terion used in the ankle series decision
rule. This rule achieves a sensitivity of
1.0 and a specificity of 0.79 for fractures
on retrospective reviewofthe first-stage
patients.

Validation of Refined Decision Rules
When applied prospectively to the 453

patients in the second stage of the study
(Table 5), the refined rules correctly
identified all 50 ankle series fractures
(sensitivity, 1.0; 95% CI, 0.93 to 1.0) and
all 19 foot series fractures (sensitivity,
1.0; 95% CI, 0.83 to 1.0). The physicians
correctly classified patients according
to the ankle and foot series decision rules
(as interpreted by the investigators) in
99% and 100% of cases respectively and
would have missed no fractures due to
misinterpretation of the rules.

Application of the decision rules dur¬
ing this stage would have led to relative
reductions in the proportion of patients
referred for ankle series radiography
by 34% (from 85% with malleolar zone

pain to 56%) and for foot series radio¬
graphy by 30% (from 35% with midfoot
pain to 24%). Based on the combined
1485 patients seen in the two stages, the
likelihood ratio negative for a fracture is
estimated to be 0 (95% CI, 0 to 0.06) for
the ankle series rule, and 0 (95% CI, 0 to
0.06) for the foot series rule. Therefore,
based on the prevalence of fracture in
this series ofpatients, if the correspond¬
ing decision rule were "negative," the
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Fig 1.—Refined clinical decision rule for ankle radiographie series in ankle in¬
jury patients (adapted from Stiell et al16).

Table 3.—Univariate Correlation and  Values of Predictor Variables for Significant Fracture in 877 Ankle
Radiographie Series

Variable

Significant Other
Fracture, % Cases, %

(n=121) (n=756) (n=116)
Age, a55 y 22 10 12.9 <.001
Gross deformity 27 53.7 <. 00001
Moderate to marked swelling

Lateral malleolus 85 48.4 <.00001 0.69
Medial malleolus 47 106.4 <.00001 0.51

Bone tenderness proximal fibula 22.5 <.00001 0.42
Bone tenderness lateral malleolus

Posterior edge 35 72.9 <.00001 0.79
Inferior tip 71 55 9.9 <01 0.58
Posterior edge or Inferior tip 86 59 31.1 <.00001 0.55

Bone tenderness medial malleolus
Posterior edge 79.7 <.00001 0.65
Inferior tip 23 53.1 <.00001 0.59
Anterior edge 13 57.1 <.00001 0.51
Posterior edge or inferior tip 61 58.6 <.00001 0.64

Inability to bear weight
Immediately after injury 28 72.4 <.00001 0.71
Four steps in emergency department 85 36 103.6 <.00001 0.79
Both immediately and in emergency department 19 122.8 <.00001 0.71

*Pearson  " value for 1 df.

probability of fracture in the ankle se¬
ries would be 0% (95% CI, 0% to 0.8%),
and the probability of fracture in the
foot series would be 0% (95% CI, 0% to
0.4%).
COMMENT

The Ottawa ankle rules offer physi¬
cians an opportunity to use clinical judg¬
ment to screen patients with acute an¬
kle injuries for the need for radiogra¬
phy. The rapid application of a few sim¬
ple clinical variables indicates which
patients are at negligible risk for a frac¬
ture and therefore need not undergo
radiography. Based on the findings of
several thousand cases, both physicians
and patients can be reassured that the
probability ofa fracture among such low-
risk patients is extremely small. The
money saved by forgoing hundreds of
thousands of ankle and foot radiographs

may be better used elsewhere in the
health care system.

There has been considerable interest,
recently, in the area of clinical predic¬
tion or decision rules, which attempt to
reduce the uncertainty of medical deci¬
sion making by standardizing the col¬
lection and interpretation of clinical da¬
ta.2730 Methodologie standards for the
development and validation of decision
rules have also been proposed.31·32 We
believe that the process for deriving,
refining, and validating the Ottawa an¬
kle rules approaches these standards.
The outcome identified by the rules—
significant fracture on either the ankle
or foot radiographie series—was explic¬
itly defined and assessed without knowl¬
edge of the predictor variables. These
predictor variables were assessed in a
standardized fashion and were shown to
be reliable or reproducible. The study

Fig 2.—Refined clinical decision rule for foot radiographie series in ankle injury
patients (adapted from Stiell et al,e).

patients were selected without bias and
represented a spectrum of such charac¬
teristics as age, mechanism of injury,clinical findings, severity of injury, and
type of fracture. The statistical tech¬
niques used, including  ,  2, and recur¬
sive partitioning analyses, were identi¬
fied. The rules may be considered sen¬
sible for clinical use: they possess a clear
and relevant purpose, are concise, and
are easy to use in a busy emergency
department. The classification perfor¬
mance of the rules and their potential
impact on practice has been demon¬
strated and confirmed prospectively in
a new population of patients. Previous
studies to develop guidelines for ankle
injury radiography5·710·3337 have one or
more méthodologie weaknesses,31·32·38 or
fail to give specific rules for ankle inju¬
ries in adults.4·39

The major limitation of the Ottawa
ankle rules is that they have not yet
been demonstrated to have an impact
on actual clinical practice. The true test
of their usefulness will be whether or
not their application reduces the use of
radiography in acute ankle injuries.40
Such a reduction depends on the accep¬
tance of the decision rules by physicians
and patients.41 The expedient ordering
of radiographs for most patients is fos¬
tered by the nature of emergency de¬
partment practice.1 Patients, suffering
pain and anxiety have brief encounters
with busy physicians whom they have
not seen before and who will not be fol¬
lowing their care. Physicians frequently
believe that patients expect radiogra¬
phy and are concerned about the med-
icolegal consequences of missing a frac¬
ture.42"44 Although experienced emergen¬
cy physicians have been shown to have
the clinical ability to identify patients at
low risk for fracture, they tend not to
use these skills.6 We are currently con¬

ducting field trials to assess the impact
of implementing the decision rules into
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Table 4.—Univariate Correlation and  Values of Predictor Variables for Significant Fracture in 405 Foot
Radiographie Series

Variable

Significant
Fracture, %

(n=49)

Other
Cases, %
(n=356) Pt (n=116)

Age, ==55y 33 13 12.9 <.001
Bone tenderness midfoot

Base of fifth metatarsal 92 31 67.9 <.00001 0.57
Navicular 13 26 4.0 <.05 0.39
Cuboid 61 3.2 0.50
Fifth metatarsal or navicular 96 51 35.4 <.00001 0.66

Inability to bear weight
Immediately after Injury 19 26 1.1 0.71
Four steps in emergency department 0.2 0.79
Both immediately and in emergency department 20 0.71

*Pearson  2 value for 1 df.
fElllpses indicate not significant.

Table 5.—Classification Performance of the Refined Decision Rules for Identifying Ankle and Foot
Radiographic Series Fractures Among 453 Ankle Injury Patients in the Second (Validation) Stage of the
Study

Ankle Series Fracture Foot Series Fracture
 -1  -1

_Yes_No_Yes_No_
Decision rule positive

Yes 50 205 19 90
No 0 198 0 344

Sensitivity (95% confidence interval) 1.0 (0.93-1.0) 1.0 (0.83-1.0)
Specificity (95% confidence Interval) 0.49 (0.44-0.54) 0.79 (0.75-0.83)

a variety of hospitals of different sizes
and staffing patterns.

The use of these decision rules must
remain secondary to the judgment and
common sense of physicians. Clearly,
there is no need for guidelines in the
presence of deformity and a clinically
obvious fracture. Physicians should be
cautious in patients with multiple pain¬
ful injuries, altered sensorium, intoxi¬
cation, paraplegia, or bone disease. The
Ottawa ankle rules have not been de¬
veloped or tested in patients under the
age of 18 years.

Whereas the estimated sensitivity of
the rules for fracture is 1.0, the 95% CIs
(and common sense) suggest that a frac¬
ture may occasionally be missed. Nev¬
ertheless, we believe that to escape de¬
tection by the rules, such a fracture
would be relatively small and that the
likelihood of morbidity for the patient
would also be very small. While the 2235
patients in the original and the current
study had 341 clinically significant frac¬
tures among them, we have only limited
experience with the relatively uncom¬
mon fractures of the talus (two cases)
and of the midfoot other than the base
of the fifth metatarsal (12 cases). Radi¬
ography may occasionally demonstrate
tibiofibular diastasis without fracture;
however, such injuries are rare and were
never demonstrated among our patients.
We believe that performing a careful
and well-documented physical examina¬
tion and arranging for follow-up will pro¬
tect both the patient and the physician

from the sequelae of missing a fracture.
Good clinical practice dictates that fol¬
low-up be routinely recommended for
patients whose pain and ability to am¬
bulate have not improved after several
days.34

We were pleased that the reliability
and accuracy of the variables from the
original rules16 were confirmed and that
the refinement process involved rela¬
tively minor changes, which made the
rules simpler and easier to remember.
The age and cuboid criteria proved to be
redundant in that all clinically signifi¬
cant fractures could be identified with¬
out them. Addition of the weight-bear¬
ing criterion makes the foot rule con¬
sistent with the ankle rule. Inability to
bear weight appears to be one of the
most reliable variables, judged by the  

values.45 Combining inability to bear
weight both immediately and in the
emergency department is a more spe¬
cific predictor of fracture, likely because
many patients with soft-tissue injuries
are able to walk immediately but not
when seen later in the hospital. We de¬
fine weight bearing in the emergency
department as the ability to transfer
weight twice onto each leg (a total of
four steps), regardless of limping. We
assess ability to bear weight only after
determining bone tenderness and never

attempt to coerce the patient. Most pa¬
tients are willing to attempt to walk and
are frequently surprised by their suc¬
cess. We believe that the likelihood of
causing a fracture to displace by this

assessment is extremely remote. Un¬
stable fractures are usually grossly ap¬
parent with obvious bone tenderness.
Patients without these findings are high¬
ly unlikely to have more than a small
stable fracture.

What are the potential implications of
this study for clinical practice? Compli¬
ance with the Ottawa ankle rules would
lead to a 30% decrease in the use of ra¬

diography in patients with acute ankle
injuries. One attendant benefit would be
decreased waiting times for patients dis¬
charged without radiography and possi¬
bly for patients who could be sent di¬
rectly to the radiology department by
triage nurses trained to use the rules.
The other benefit would be cost savings
to the health care system. Low-cost, high-
volume items such as plain radiographs
may contribute more to rising health care
costs than high-technology, low-volume
procedures such as computed tomograph-
ic scans and coronary catheterization.46·47
The total professional and technical cost
ofperforming 5 million ankle radiographs
annually in North America can be esti¬
mated at $500 million.

This study has prospectively validated
and refined decision rules for the use of
radiography in acute ankle injuries. These
rules have been shown to be highly sen¬
sitive for identifying fractures and have
the potential to reduce the use of radi¬
ography by 30%. Implementation studies
will assess the actual impact of the Ot¬
tawa ankle rules on clinical practice.
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