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Abstract
Background: Ankle decision rules help to determine which patients with ankle injuries should undergo radiography. However, these rules are limited by imperfect
generalizability and sensitivity. The judgement of physicians, aided by structured
data collection, is a potential alternative. We compared the diagnostic performance of 2 decision rules with the performance of physicians, aided by structured data collection, in ruling out fracture in patients with acute ankle injury.
Methods: Consecutive patients with acute ankle injury who visited the emergency
department of a teaching community hospital in Amsterdam were included in
the study. After taking the patient’s history and performing a physical examination, the surgical resident in each case completed a specially developed structured data form incorporating all of the variables in the Ottawa and Leiden ankle rules, as well as some additional variables. The form then asked whether the
resident thought radiography was necessary. Each patient then underwent ankle
and midfoot radiography. The films were independently interpreted by a radiologist and a trauma surgeon, who were both blinded to the information on the
data form. Sensitivity, specificity and the percentage of patients for whom radiography was recommended were the main outcome measures.
Results: Of 690 consecutive patients, 647 met the inclusion criteria. Fractures were
observed in 74 (11%) of these patients. Sensitivity was 89% (95% confidence
interval [CI] 80% to 95%) for the Ottawa ankle rules, 80% (95% CI 69% to
88%) for the Leiden ankle rule and 82% (95% CI 72% to 90%) for physicians’
judgement. Specificity was 26% (95% CI 23% to 30%), 59% (95% CI 55% to
63%) and 68% (95% CI 64% to 71%) respectively. Radiography was recommended in 76% (95% CI 72% to 79%), 46% (95% CI 42% to 50%) and 38%
(95% CI 34% to 42%) of cases respectively. The Ottawa rules missed 8 fractures, of which 1 was clinically significant, the Leiden rule missed 15 fractures,
of which 5 were clinically significant, and the residents missed 13 fractures, of
which 1 was clinically significant.
Interpretation: Physicians’ judgement, aided by structured data collection, was similar to existing international and local decision rules in terms of sensitivity in identifying cases requiring radiography and may outperform these prediction rules in
terms of minimizing radiographic examinations for patients with ankle trauma.
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I

t is not uncommon for physicians to routinely order radiography for patients
with ankle injury, although less than 15% of such patients actually have fractures.1,2 This policy is safe, in that it ensures that no fractures are missed, but it
entails a high use of resources. Stiell and colleagues3 suggested that guidelines
might help physicians to identify patients who did not have fractures. In these cases
radiography could be safely withheld and the associated costs avoided.
Empirical evidence for the claim that decision rules perform better than physicians’
judgement came from 2 studies by Stiell and colleagues, both published in 1992, which
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used a set of rules now known as the Ottawa ankle rules.1,3
Shortly afterward, Stiell and colleagues expanded the Ottawa
ankle rules.4 Some hospitals have constructed and implemented locally developed decision rules, whereas others have
modified the Ottawa rules to suit their particular systems.5–8
The Ottawa ankle rules are among the most validated
and most widely implemented clinical prediction rules. Yet
they cannot escape from imperfect generalizability (the
ability to perform as well in other populations as in the
population for which they were originally developed9), a
common problem with prediction rules.10 The Ottawa rules
have proved unsuccessful in some populations.7,11,12 A possible explanation for this problem might be more or less severe ankle injury in different populations because of various
thresholds for seeking medical assistance. Conversely, it
might be questioned whether physicians fare so poorly in
making recommendations about radiography for patients
with ankle injury that formal decision rules and explicit calculations are needed. There is evidence that structured data
collection (completion of a form with various questions relevant to a specific decision process and an explicit question
about the outcome of the decision) might also improve the
diagnostic performance of physicians.13–15 Such a form
might be an alternative to formal decision rules.
We hypothesized that even relatively inexperienced surgical residents in the emergency department can make accurate judgements in one of the most common situations
encountered in this setting. In this prospective study, we
compared the diagnostic performance of physicians aided
by structured data collection with the performance of the
Ottawa ankle rules and a local decision rule (the Leiden ankle rule) for patients with acute ankle injury.

Methods
This prospective comparative study was performed at a
medium-sized teaching community hospital in Amsterdam, the
Netherlands. Consecutive patients presenting to the emergency
department with acute ankle injury between January 1998 and
April 1999 were eligible. Acute ankle injury was defined as any
case of painful ankle resulting from trauma. The ankle was defined as the malleolar area and the midfoot area, both of which are
commonly involved in twisting injuries. Patients were excluded if
they were under 18 years of age, if they were pregnant, if they had
been referred with radiographs from another hospital or a general
practitioner, if the ankle injury had occurred more than 5 days
previously, if they had returned for reassessment or if they had experienced multiple trauma. No changes in clinical management
were made as a result of this study, so approval was not sought
from the local ethics committee, nor were the patients asked to
provide informed consent.
Two sets of decision rules for ankle injury were used. The Ottawa ankle rules were developed in 19921 and refined in 1993.4 These
rules consist of a foot section and an ankle section, each comprising
3 unweighted variables. If any one of these variables is positive, radiography is indicated (Table 1). The rules were designed to have
100% sensitivity in detecting clinically significant fractures.
The Leiden ankle rule was developed at the university hospital
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of the city of Leiden in 1991.6 It consist of 7 rows of which each
row consists of one or more variables. If per row at least one variable is positive, the stated score (weighted score) is given to that
row, except for the last row, which depends on the age of the patient. If two variables are positive, the score is not doubled. For example, if both deformity and crepitation are positive, the score for
that row is 5. The final score is the sum of the row scores (Table
2). The developers of the rule reported a sensitivity of 100% in detecting clinically significant fractures at this cutoff level.6
The attending physicians in this study were junior surgical and
orthopedic residents. For each case, the resident was asked to
complete a structured data collection form, after taking the history and performing a physical examination. The one-page form,
developed specifically for this study, incorporated the criteria for
the Ottawa ankle rules and the Leiden ankle rule, along with
some additional variables (Fig. 1, translated from Dutch). At the
end of the form, the resident was asked to indicate whether radiographic examination was necessary. In addition, the resident was
asked to estimate the likelihood of fracture on a probability scale
ranging from 0% to 100%. The residents were instructed in scoring the various items on the form. They were told that the study
involved a comparison between the Ottawa ankle rules and a local
decision rule, but the rules as such were not discussed. Although
some residents may have been aware of the rules, it was assumed
that they did not use any specific rules in making the decision to
request radiography or in estimating the probability of fracture.
After the resident had completed the form, the patient underwent a radiographic series of both foot and ankle, regardless of the
resident’s assessment of the need for radiography. A radiologist
1,4

Table 1: Ottawa ankle rules

Ankle radiographic series
Required only if there is pain in the malleolar zone and one or more
of the following:
Bone tenderness at posterior edge (distal 6 cm) or tip of lateral
malleolus
Bone tenderness at posterior edge (distal 6 cm) or tip of medial
malleolus
Inability to bear weight both immediately after the injury and in the
emergency department
Foot radiographic series
Required only if there is pain in the midfoot zone and one or more of
the following:
Bone tenderness at base of fifth metatarsal
Bone tenderness at navicular bone
Inability to bear weight both immediately after the injury and in the
emergency department

Table 2: Leiden ankle rule

6

Clinical feature
Deformity, instability, crepitation
Inability to bear weight
Pulseless or weakened posterior tibial artery
Pain on palpation of malleoli or fifth metatarsal
Swelling of the malleoli or fifth metatarsal
Swelling or pain of the Achilles tendon
Age divided by 10

Score*
5
3
2
2
2
1
Variable

*If the sum of the individual scores exceeds 7, radiography is recommended.

Ruling out fracture in ankle trauma

and trauma surgeon (JNK) interpreted the radiographs indepen- Results
dently. Both were blinded as to the contents of the structured data
collection form and any treatment given. Disagreement was reTwenty-four residents gathered data during the study
solved by consensus. A fracture was defined as any fresh fracture
period. A total of 690 patients presented with acute ankle
line. A clinically significant fracture was defined as an apparent distrauma, of whom 647 were included in the study (Fig. 2).
location of more than 2 mm and a fracture line more than 3 mm
across. Patients with clinically significant fractures, as diagnosed by Mean age was 35 (range 18 to 92, standard deviation 14)
years. Half of the subjects, 324, were female. Fractures
the resident, received operative treatment or cast immobilization.
For each patient, the scores for the Ottawa and Leiden ankle were observed radiographically for 74 (11%) of the parules were calculated from the relevant variables on the structured tients, and 41 of these were considered clinically signifidata collection form. The radiographic series was used as the ref- cant. Nineteen of the patients underwent operative treaterence standard. For both the Ottawa and the Leiden ankle rules, ment, and the other 22 underwent cast immobilization.
we calculated the sensitivity, specificity, percentage of
missed fractures and percentage of patients for whom
radiography would be indicated, on the basis of the
Patient information, such as ID number, sex and age
Ankle Injury Data
established cutoff scores for these rules. The percentage of patients for whom radiography would be indiCollection Form
cated was calculated as the percentage of true positives and false positives for the whole patient group.
We calculated the same items as determined by
residents’ judgement; for the residents, the percentage of patients for whom radiography would be recInspection
Examination
ommended was based on answers to the question of
Yes No
Yes No
whether radiographic examination was deemed necUnable to bear
Pain on palpation
weight (4 steps)
lateral malleolus
essary (see Fig. 1).
Receiver operating characteristic (ROC) curves
Pain on palpation
Deformity
medial malleolus
were created for the 2 sets of decision rules. To draw
Pain
on palpation
the ROC curve for the Ottawa rules, sensitivity and
Hematoma
basis fifth metatarsal
specificity were calculated on the basis of combined
Pain on palpation
Pallor
foot and ankle criteria for the following 5 thresholds: 0
navicular bone
items positive through 5 items positive. The area under
Pain on palpation
Swollen medial or
each ROC curve (AUC) was subsequently calculated.
Achilles tendon
lateral malleolus
The AUC expresses the performance of a diagnostic
Pulseless posterior
Swollen fifth metatarsal
tibial artery
tool in distinguishing patients with the target condition
from those without it for all possible cutoff values.
Instability
Swollen Achilles
We also calculated the AUC for the residents’ estendon
Crepitation
timates of the probability of fracture. A calibration
Traffic accident
curve was constructed for the probability estimates to
Pain on axial compression
examine the reliability of the residents’ predictions.16
For this purpose the probability estimates were diWhat do you think is the probability of ankle fracture in this patient after considering the information
vided into deciles. For each decile the actual fracture
from the history and physical examination?
rate was calculated and compared with the mean
probability estimate for all patients in that decile.
With well-calibrated probability estimates, the aver0
1
5
20 30 40 50 60 70 80
90 95
99 100
10
age probability estimate should correspond to the actual fracture rate in each decile.
Yes
No
The McNemar test for paired samples was used to
Do you want to send this patient for radiographic examination?
test for significant differences between the rules and
the residents in terms of the percentage of patients
for whom radiography was recommended. The
Name of physician: _________________________
method of Hanley and McNeil was used to test
whether differences between the AUCs were statistiFunction: _________________________
cally significant.17 Confidence intervals (CI) around
estimates were calculated when appropriate.
The sample size needed for this study was esti- Fig. 1: Structured data collection form encompassing variables from the
mated with the McNemar test. We considered as clin- Ottawa ankle rules (Table 1), the Leiden ankle rule (Table 2) and other
ically important a 5% difference between the decision variables from the history and physical examination. Pallor = a noticeable
rules and the residents’ answers to the yes/no question difference in skin colour compared with the contralateral side; pulseless
in terms of patients for whom radiography was recom- or weakened posterior tibial artery = a marked difference from the conmended. We calculated that to achieve a power of at tralateral side; pain on axial compression = pain when plantar pressure is
least 90%, with a 2-tailed 5% type 2 error, a (paired) applied on the heel in the direction of the knee. [The form is a translation
of a Dutch original.]
sample size of at least 609 subjects was necessary.
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The 33 patients with insignificant fractures and all patients
without a fracture were treated with tape or bandage.
The Ottawa ankle rules identified 66 of the 74 fractures
(sensitivity 89% and specificity 26%), the Leiden ankle rule
identified 59 (sensitivity 80% and specificity 59%), and the
residents identified 61 (sensitivity 82% and specificity 68%)
(Table 3). The Ottawa rules missed 8 fractures, of which
one was clinically significant (a Weber B fracture of the
fibula, which was treated with a cast). The Leiden rule
missed 15 fractures, of which 5 were clinically significant (2
metatarsal fractures, 1 anterior fracture of the calcaneus, 1
Weber A fracture and 1 Weber B fracture, all of which
were treated with a cast). The residents missed 13 fractures,
of which 1 was clinically significant (a Weber A fracture
with dislocation that needed repositioning and cast treat-

ment). The Ottawa rules and the Leiden rule recommended radiography in 76% and 46% of the cases, respectively. The residents considered radiography necessary in
38% of the cases.
McNemar tests showed a significant difference between
both sets of decision rules and the residents’ opinions in
terms of the percentage of cases in which radiography was
recommended (p < 0.001 for all 2-way comparisons). The
ROC curves are shown in Fig. 3. The AUC for the Ottawa
rules was 0.69, significantly lower than the AUC for both the
Leiden rule (0.77) and the residents’ probability estimates
(0.80) (p < 0.05). There were no significant differences between the Leiden rule and residents’ probability estimates.
The calibration curve shows 8 point estimates, covering
a total of 10 deciles (Fig. 4). The first point, at zero, com-

Patients eligible for inclusion
n = 690

Patients excluded
n = 43

Patients included in the study
n = 647

No fractures
n = 573

Fractures
n = 74

Insignificant fractures
n = 33

Significant fractures
n = 41

Operative treatment
n = 19

Conservative treatment
n = 22

Fig. 2: Distribution of patients. Patients were excluded for the following reasons: age less than 18
years (29 patients), referred by another hospital or a general practitioner (4), pregnant (3), reason
for exclusion unknown (3), injured more than 5 days before (2), lack of insurance (1) and head injury (1). The following types of fracture were observed: fracture of fifth metatarsal (16 cases), Weber B fracture (8), trimalleolar fracture (7), Weber A fracture (7), Weber C fracture (7), fracture
of calcaneus (6), fracture of cuboid (6), fracture of medial malleolus (5), bimalleolar fracture (3),
avulsion fracture of fibula (3), fracture of talus (3), fracture of navicular bone (1), fracture of first
to fourth metatarsal (1), and Volkmann fracture (1). Fractures are defined as follows: Weber A —
fibular fracture distal from the tibiofibular syndesmosis; Weber B — fibular fracture at the level of
the tibiofibular syndesmosis; Weber C — fibular fracture proximal of the tibiofibular syndesmosis;
and Volkmann – triplane fracture of dorsal tibia. A clinically significant fracture was defined as
an apparent dislocation of more than 2 mm and a fracture line more than 3 mm across.
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prises 3 deciles representing 243 patients, for all of whom
the estimated probability of fracture was zero. The observed proportion of fractures in these patients was 4.1%.
The calibration curve of the residents’ probability estimates
was nearly perfect for the low probability estimates, indicated by the fact that estimates in the range from zero to
about 10% are close to the dashed line. Above 10% estimated probability the calibration curve shows increasing
overestimation: in the highest decile, the mean estimated
probability of fracture was 85%, which contrasts sharply
with the 65% observed fracture rate.

be obtained regardless of their clinical judgement. The residents were probably less careful than they would have been
in a nonstudy situation. This form of bias might have led to
more false-negative and fewer false-positive judgements and
thus to underestimation of sensitivity and overestimation of
the potential reduction in radiographic assessment.
We instructed the residents to focus on distinguishing
fractures from nonfracture injury; there was no focus on

1.00

Interpretation
0.75

Sensitivity

In this study the diagnostic performance of residents using structured data collection was compared with 2 sets of
diagnostic decision rules for patients with acute ankle injury. These rules were designed for determining whether
radiographic assessment is necessary to exclude fracture.
The sensitivity of diagnostic performance by relatively inexperienced surgical and orthopedic residents, after structured data collection, was similar to the sensitivity for the
Ottawa rules and the local Leiden rule. In addition, the residents outperformed both sets of rules in terms of minimizing the percentage of patients for whom radiography was
deemed necessary.
The results of this study may have been biased by a
Hawthorne effect, whereby participants (in this case, the
residents examining the patients) tend to perform better
simply because of their awareness that they are participating in a comparative study.18 We feel that the effects of the
Hawthorne effect in this study were probably not large, in
that the residents were informed that the study involved a
comparison between decision rules, not an assessment of
their own performance.
To rule out verification bias, every consecutive patient
with ankle injury underwent standard radiography of both
ankle and foot. This could have effected the residents’ decisions, because they knew in advance that radiographs would

0.50

0.25

Ottawa ankle rules
Leiden ankle rules
Probability estimate

0.00
0.00

0.25

0.50

0.75

1.00

1 - specificity

Fig. 3: Receiver operating characteristic curves for the 2 sets
of ankle rules and the probability estimates for physicians’
judgement. The area under these curves expresses the performance of a diagnostic tool in distinguishing patients with the
target condition from those without it for all possible cutoff
values. The AUC can be interpreted as the probability that a
test correctly ranks two individuals, of which one has the disease and ond does not have the disease. The AUC takes values
between 0 and 1, with higher values indicating better overall
performance.

Table 3: Diagnostic performance indicators for the decision rules and physicians’ judgement in identifying
patients with fractures

Sensitivity
(and 95% CI)

Specificity
(and 95% CI)

AUC
(and 95% CI)

Radiography*
(and 95% CI)

No. of clinically
significant
fractures that
were missed

Ottawa ankle rules

89 (80–95)

26 (23–30)

1

80 (69–88)

59 (55–63)

69 (62–76)†
77 (71–83)

76 (72–79)

Leiden rule
Physicians’
judgement‡

46 (42–50)

5

82 (72–90)

68 (64–71)

80 (74–87)

38 (34–42)

1

Diagnostic system

Note: CI = confidence interval, AUC = area under receiver operating characteristic curve.
*Percentage of patients who should have undergone radiographic assessment according to the results of the decision rules or physicians’ judgement; calculated as (no.
of true positives + no. of false positives)/total x 100.
†The AUC for the Ottawa rules was significantly different from the AUC for both the Leiden rule and physicians’ judgement (Hanley and McNeil test; p < 0.03 and p <
0.01 respectively).
‡The sensitivity, specificity and radiography score for physicians’ judgement were based on responses to the yes–no question on the structured data collection form,
whereas the AUC was based on estimates of probability of fracture.
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potential treatment. The residents may have based their
clinical judgement on possible treatment options and, consequently, shifted their diagnostic frame of reference to
more severe cases. For example, if a significant fracture
could be ruled out, radiography would have been deemed
unnecessary since the treatment for a small fracture is the
same for no fracture. Such a shift in the frame of reference
might lead to an underestimation of sensitivity due to missing small fractures.
To our knowledge only 4 studies on the use of structured data collection are available, all focusing on the diagnosis of acute abdominal pain. These studies reported better diagnostic performance by physicians who used
structured data collection compared to standard policy
that was not aided by decision-making tools.13–15,19 Structured data collection enables consistent clinical assessment
and as such might induce a better thought-out decision,
which would be particularly beneficial for junior (less experienced) residents.14
A small number of previous studies have compared ankle
rules or guidelines with physicians’ performance, but none
of these studies used explicit structured data collection.
Stiell and colleagues have published 2 studies on this subject. The first concerned estimates of the probability of
clinically significant fractures.1 The authors concluded that
if the threshold for requesting radiographs was less than
10%, the physicians performed reasonably well, missing
only 2 of 145 significant fractures (sensitivity 99% [95% CI

Observed fracture rate, %

100

75

50

25

0
0

20

40

60

80

100

Expected fracture rate, %

Fig. 4: Calibration curve comparing physicians’ performance
in diagnosing ankle fracture with observed fractures. The
probability estimates for physicians’ judgement were divided
into 10 deciles, and the actual fracture rate in each decile was
compared with the mean probability estimate for all patients
in the decile. The first point (probability estimate of zero) covers 3 deciles (a total of 243 patients). For each point estimate,
the 95% confidence interval is given. The dashed line indicates perfect calibration between observed fractures and
physicians’ diagnostic performance.
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95% to 100%]).1 We used the probability estimate as an intermediate measure, to conceptualize the decision process
of the physician without dichotomizing it. Nevertheless,
applying a threshold of 10% for the data in this study
would have yielded a sensitivity of 90% (95% CI 77% to
97%) for detecting significant fractures. In the study by
Stiell and colleagues1 no ROC analysis was performed to
compare overall diagnostic performance. A second publication by the same authors focused mainly on physicians’ performance in detecting clinically significant fractures.3 For
comparative purposes, we created the ROC curve for clinically significant fractures only in our study; the AUC was
0.89, almost equal to the AUC of 0.88 for the probability
estimates reported by Stiell and colleagues.3
In our population the 2 sets of ankle rules and the residents missed some fractures. Some might argue that it is
unethical to allow any fractures to be missed, even if they
are small and quality of care is not affected. However, both
sets of rules and the residents missed clinically important
fractures, which would affect quality of care. A possible explanation for the lack of perfect sensitivity for the Ottawa
rules in this study may be the limited experience of the
physicians. Most of them had just finished their medical
training and were much less experienced than the welltrained physicians in the studies of Stiell and colleagues.
Unknown population differences might also be a factor, although there were no obvious reasons why the populations
would not be comparable.
Another disadvantage of prediction rules is the lack of
transportability, the ability to use the rules in related populations.9 For example, both the Ottawa and Leiden rules do
not apply to patients with specific comorbidity, such as neuropathic disorders.20 We believe that procedures that continuously challenge the decision-making skills of physicians
are in the long run more accurate than rigid guidelines.
We have shown that the clinical skills of relatively inexperienced physicians, supported by structured data collection and explicit questioning, allowed them to perform as
well as validated decision rules in judging the need for radiography in patients with acute ankle injuries. Explicit ankle
rules are not necessary to make a decision about the need
for radiography to rule out fracture in a patient with a
painful ankle after trauma. Even more may be at stake:
these results indicate that even greater reductions in the use
of radiography can be attained, without compromising
quality of care, by relying on physicians’ judgment rather
than on formalized decision rules.
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