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ABSTRACT
The Problem

The majority of ankle injury patients presenting to an emergency department
undergo a radiographic examination even though the prevalence of fracture in such
patients is less than 15%. This inefficient use of x-rays adds unnecessarily to the cost of

_health care. Emergency physicians are in need of reliable and sensitive clinical decision
rules to help them be more selective in their use of radiography.

Background Information

Methodological standards for the development and validation of clinical prediction
or decision rules have been well described. Previous studies to assess clinical predictors
of the need for radiography in acute ankle injuries have been flawed by a number of

methodological weaknesses. Consequently there are no widely accepted guidelines to

Goals and Objectives

This study was performed in two phases. The goal of Phase ¢ was to determine
the current use of radiography in ankle injury patients in two large university hospitals.
The objectives were to study the clinical and demographic features of these patients and
to document the referral fraction and yield of radiography.

The goal of Phase I was to develop clinical decision rules that are sensitive for
detecting significant fractures in adult ankle injury patients. The objectives were to
perform standardized clinical assessments on ankle injury patients, test the interobserver
reliability of clinical predictors, use multivariate techniques to develop decision making
models, and to assess the classification performance of these decision rules.
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Methods

Phase 0 involved a retrospective chart audit of five months’ use of radiography
for adult ankle injury patients seen at two university hospital emergency departments.
Phase I involved the assessment of thirty-two standardized clinical findings by
emergency staff physicians on 750 patients, prior to x-ray. A pilot stage was used to
refine data collection techniques. One hundred patients were assessed by two physicians
to allow the calculation of the kappa coefficient of interobserver agresment. Those
" variables found to be most reliable and associated with significant fractures by univariate
analysis were then analyzed by logistic regression and recursive partitioning techniques
to develop the decision rules. Performance of the rules was assessed by means of
classification tables and receiver operating characteristic curves.

Results

Phase 0 data revealed that 1,290 ankle injury patients presented with acute ankle
injuries during the five month study period. 94.3% were referred for at least one x-ray
series and the overall yield for significant fracture was 13.2%.

In Phase I, 155 patients were enrolled in a pilot stage and another 750 in the main
study. The variables with the highest interobserver agreement and their kappa values
were: ability to bear weight (0.83), bone tenderness at the base of the fifth metatarsal
(0.78), at the posterior edge of lateral malleolus (C.75), at tip of the medial malleolus
(0.66), at the posterior edge or tip of lateral malleolus combined (0.76), and at the
posterior edge or tip of medial maileolus combined (0.66).

All 70 significant fractures found in the 689 ankle x-ray series performed were
identified among people who had pain near the malleoli and who either: 1) were age 55
or greater, or 2) had localized bone tendemess of the posterior edge or tip of either
malleolus, or 3) were unable to bear weight both immediately after the injury and in the
emergency department. Combining these four predictors yielded a decision rule that was
100% sensitive and 40.1% specific for detecting ankle fractures, and would allow a
reduction of 36.0% of ankle x-ray series ordered. Likewise, all 32 significant fractures



of the midfoot on the 230 foot x-ray series performed were found among patients with

pain in the midfoot and bone tenderness at either the base of the fifth metatarsal, the
cubeid, or the navicular.

Conclusion

This study confirmed that the majority of ankle injury patients are curreatly being
referred for radiography but that the yield of the x-rays for fracture is relatively low.
Highly sensitive decision rules for the use of ankle and foot x-ray series were developed
and should now be validated and tested in the field. These rules may permit clinicians
to confidently reduce the number of x-rays ordered in adult ankle iniury patients and
thereby reduce unnecessary costs to the health care system.
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1. INTRODUCTION
1.1 Statement of the Problem

Radiographic assessment of acute ankle injury patients is performed primarily to
exclude the presence of a clinically significant fracture that may alter patient management.
The prevalence of significant fracture (further defined in section 5.4) is less than 15%
among patients commonly presenting to emergency departrnents with an acute ankle
injury.! 23 ¢ 3 6 7 Dogpite this relatively low proportion of fractures, the vast
majority of such patients are routinely referred for an x-ray examination.’ * An ankle
x-ray series is typically the second most commonly performed musculoskeletal
examination in the emergency department after a cervical spine series.’

Such a conservative approach to patient management by emergency physicians
leads to many unnecessary radiologic studies. This results in increased radiation exposure
and waiting times for the patient and additional costs to the health care system.!o 1! 12
The Ministry of Health of Ontario reports that more than 180,000 ankle x-ray series are
performed annually in the province of Ontario.”® Based on this experience, we estimate
that some 6 million ankle radiographs are taken each year in Canada and the United
States. The annual billings to the Ontario Health Insurance Plan (OHIP) for a high
volume procedure like ankle radiography exceeds that of a low volume, high technology
procedure such as coronary catheterization ($4,369,667.50 versus $4,102,933.20 in
1989)."* Even a modest reduction in the proportion of ankle injury patients having an
x-ray would lead to larg: savings in health care dollars.

There are no widely accepted guidelines for the use of radiography in ankle
injuries equivalent to those successfully introduced for skull x-rays.'* '3 The few
studies that have addressed this issue have provided contradictory results and have a
number of methodological shortcomings in terms of reliability, validity, sensibility, and
effectiveness.'® None of these studies to develop guidelines has effectively addressed
the issue of the reliability of physical findings.

Without the support of recognized guidelines, emergency physicians tend to follow
the expedient route of ordering a radiograph for most ankle injury patients.!” This
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practice is fostered by the nature of emergency medicine: high case volumes with brief
physician-patient contact and very little follow-up.!® Patients appear to expect an x-ray
and physicians are fearful of lawsuit should they miss a fracture.'

1.2 Contribution of the Study

We feel that emergency medicine reguires sensible guidelines for the use of
radiography in extremity trauma. Emergency physicians and patients, however, are
unlikely to be satisfied with a recommendation that correctly classifies most patients yet
misses a few fractures.2® Hence, our aim in this study was to develop decision rules
that were 100% sensitive for detecting clinically significant fractures on each of the ankle
and foot x-ray series commonly ordered for ankle injury patients. This, we hope, will
permit physicians to be more efficient in their use of radiography in the emergency
department.

1.3 Organization of the Study

The author was assisted by a clinical committee of two experienced emergency
physicians, one from each of the study hospitals. The committee discussed the choice of
variables, the methods of patient assessment, and the final selection of variables for the
decision rules.

The author was further assisted by three research assistants, one medical resident
and two nurses. The research assistants aided with data extraction from the patient charts
in Phase 0, collection of data sheets and radiography reports in Phase I, and data entry.

The author was solely responsible for development of the study protocol, design
of the data sheets, establishment of the computerized database, verification of the
completed data sheets, all statistical analyses, and all written reports, tables, and figures.

This study was supported by a grant (#04050N) from the Emergency Health
Services Division of the Ontario Ministry of Health. This grant provided funding for the
work of the two nurse research assistants.
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2. REVIEW OF LITERATURE
2.1 Methodological Standards

There has been considerable interest, recently, in the area of clinical prediction
or decision rules. These rules attempt to reduce the uncertainty of clinical decision
making by standardizing the interpretation of clinical data. Rules have been developed
to estimate the likelihood of a particular diagnosis or outcome in various clinical scenarios
including: myocardial ischemia or infarction in emergency department chest pain
patients,2> 2 2 opneumonia in patients with acute cespiratory illness,* *
bacteremia in hospitalized patients,®® and relapse in acute asthmatics.?’

Concomitant with the reporting of these prediction rules has been an interest in
the methodological standards for their development and validation. Wasson and
colleagues critically appraised the methods of 33 publisked reports of clinical prediction
rules and suggested principles to be followed in designing such studies.?® Feinstein
assessed hundreds of clinical indexes and rating scales and then devoted an entire book
to the standards of constructing and evaluating such indexes.” The following discussion
of the methodelogical standards for clinical prediction rules depends heavily on the work
of Wasson and Feinstein.

2.1.1 Definition of Qutcome

The outcome or diagnosis to be predicted must be clearly defined and ideally
should be based on biological criteria e.g. biochemical or radiological findings.
Outcomes that depend on behavioural criteria, such as the decision to admit a patient,
may not be reproducible in other settings.

Assessment of outcome is susceptible to bias. Bias, a systematic error in the
conduct or design of a study, may be classified in many ways but two general overall
categories are selection bias and observation bias.*® To avoid observation bias, the
investigator who assesses outcome should be blinded to the predictor variables. Selection ™
bias will be discussed in section 2.1.4.

S



2.1.2 Definition of Predictor Variables

The clinical findings to be used as predictors in a decision rule must be clearly
defined and the method of assessment must be well standardized. Use of a protocol and
a data collection sheet is recommended. Again, to avoid observation bias, the assessment
of the predictor variables must be done without knowledge of the outcome. Predictor
variables can be more accurately assessed, with less bias, when the data is collected

prospectively.

2.1.3 Reliability of Predictor Variables

Clinical prediction rules are highly dependent on clinical findings derived from
physical examination. Unless these clinical findings are reliable, the resuitant rule will
not be dependable. Reliability refers to the consistency or reproducibility of the findings
by the same clinician (intraobserver reliability) or by different clinicians (interobserver -
reliability).>! 3 3 The assessment of clinical predictor variables should be shown
to have good agreement beyond chance.

2.1.4 Selection of Subjects

Selection blas may occur if there are systematic differences in characteristics
between patients included in the study and those not included. The method of selection
of subjects must be described.

One must know about the population and setting used to develop a clinical
prediction rule in order to decide whether the findings are applicable to other populations.
Ideally the patients used to derive the rule (derivation set) should encompass a wide
spectrum of clinical and demographic characteristics and thereby increase the
generalizability of the resvlts. The medical setting and the referral pattern should be
described.

2.1.5 Mathematical Techniques

Many techniques are available for deriving prediction rules and those used should
be identified and described. The most basic approach is that of two-by-two
crosstabulation of the predictor variables and the outcome.. The large number of
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predictors and the complexity of their relationship usually requires the use of multivariate
statistical methods. Commonly used approaches to multivariate analysis include logistic
regression analysis, discriminant function analysis, and recursive partitioning analysis.
The rationale for selecting one of these techniques must be clearly stated.

2.1.6 Sensibility

Clinical prediction rules should exhibit sensibility, a term used by Feinstein to
refer to a composite of many attributes other than reliability and accuracy. These include
purpose, overt format, content validity, and ease of use. The purpose and the application
of the rule must be clearly stated and must be relevant. The overt format of the rule
should be easily comprehensible and should reflect the individual components. The rule
should demonstrate content validity, suitability in the selection and aggregation of
component variables. Finally, the rule must be easy to use in the intended clinical
application; there must be neither too many variables nor excessive complexity in their
interpretation. The use of continuous variables in regression equations may be too
awkward for clinicians; suitable cutpoints may be more appropriate in the final rule.

2.1.7 Accuracy

The investigator should demonstrate that the newly derived prediction rule
accurately classifies patients for their risk of the specified outcome. The proportion of
patients who are correctly classified can be expressed in terms of the true positive rate
(sensitivity) and the true negative rate (specificity). The former is important when the
price of misclassification is the patient receiving inadequate therapy (e.g. not obtaining
a cast for a fracture). The latter is important when misclassification leads to the burden
of unnecessary treatment or diagnostic tests for the patient (e.g. undergoing needless
coronary angiography for misdiagnosed myocardial ischemia). Therefore, the investigator
should indicate the relative cost of misclassifying the outcome as falsely negative or
falsely positive. .

Other useful performance characteristics of a decision rule are the positive
predictive value (probability that the person has the outcome, given a positive prediction
by the rule) and the negative predictive value (probability that the person does not have
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the outcome, given a negative prediction by the rule). The predictive value of a decision
rule depends not only on sensitivity and specificity but also on the prevalence of the
outcome in the population being assessed.

The simplest method of demonstrating the accuracy of a new prediction rule is to
prepare a two by two classification table of the predicted versus the actual outcomes, in
the derivation set population. This permits the calculation of the sensitivity, specificity,
and overall accuracy of the rule, as well as the potential impact on patients (e.g.
diagnostic tests saved or needless admissions prevented). More sophisticated statistical
cross-validation techniques, such as the “jackknife” and "bootstrap”™ methods, can be used
to validate the rule on the original study population from which the rule was derived.

2.1.8 Prospective Validation

The misclassification rate tends to be higher when prediction rules are tested on
a different population (the validation set) than in the original derivation set.*
Consequently, 2 prediction rule can be considered more robust if it stands up to
prospective validation in a second study in the same location. Such a study would also
afford an opportunity for the investigator to assess the reliability or reproducibility of the
rule.

The most stringent test of accuracy is to study the misclassification rate in a new
population in one or more different clinical settings. This demonstrates that the new
clinical prediction rule is not dependent on characteristics specific to the derivation set
and that it may be considered generalizable.

2.1.9 Effect on Patient care

The true value of a prediction rule lies in the ability to improve patient care, such
as a decrease in unnecessary diagnostic tests or admissions to expensive coronary care
units. Despite being methodologically sound, a rule may have little clinical use if it is
not practical or fails to gain acceptance by physicians and patients. For example, the
impact of a rule for the use of radiography may be lessened by patient demands for x-rays
or by physician fear of a malpractice suit. Wasson found that very few prediction rules
had undergone a field trial, wherein the effect on patient care was assessed.?® Such
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studies may be difficult to undertake but must be done to genuinely demonstrate the
effectiveness of clinical prediction rules.’®

2.2 Previous Studies

A number of studies have attempted to assess the clinical variables that might be
useful in predicting the need for radiography in acute ankle injuries. While most work
has been done in the last decade, papers addressing this problem can be identified from
as early as 1960.%® The majority of these studies have been carried out in Great Britain,
perhaps because the National Health Service has traditionally emphasized cost-
effectiveness more than North American hezlth care systems.

2.2.1 Methodological Weaknesses

The results of previous studies have been inconsistent and contradictory and have
left physicians uncomfortable with the concept of not routinely ordering a radiograph.'®
These investigations have not led to widely accepted guidelines to govemn the ordering of
x-1ays for ankle injury patients. Many methodological weaknesses can be found in these
previous studies and will be briefly outlined in the following paragraphs.

Many previous studies have neglected to clearly describe their outcomes in terms
of defining a significant fracture or indicating what anatomical structures were to be
included.! 23 7 8 373%  Another common problem has been the lack of standardized
collection techniques or well defined predictor variables.! ? 3637 2 3 Two studies were
flawed by use of a retrospective chart audit to evaluate the clinical variables.® 3 No
study has attempted to assess the reliability or interobserver agreement of predictor
findings.

Most studies suffered from a small sample size, encompassing less than 250 ankle
injury patients, of whom less than 15% had fractures,! 238363738 40 41 &2 This poth
severely limited the validity of multivariate analysis and the generalizability of the
findings. In many instances, investigators did not adequately describe their statistical
methods and did not attempt to describe the accuracy of their conclusions, even for the
derivation seL124636373.,
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Previous guidelines or rules for ankle injury radiography have lacked sensibility
for clinicians. None has offered 100% sensitivity for significant fractures. One guideline
suggested variables that did not make clinical sense, incorporating such illogical predictor
variables as the posterior tibial pulse, the achilles tendon, and the colour of the ankle.’
Some guidelines required the computation of scores and referral to tables of probabilities
or use of handheld computers.” ¢ Others required the measurement of swelling with a
tape or callipers.* ! We feel that busy emergency physicians are unlikely to embrace any
protocol that requires more than a “bare hands™ approach to patient assessment.

No ankle guidelines have been prospectively validated, with the exception of two
studies on the general use of radiography in extremity injuries. © Neither of these
studies had large numbers of ankle injury patients nor gave specific rules for ankle
injuries. Finally, only the study by Brand et al. attempted to demonstrate an impact on
actual patient care and only for the general use of radiography in all extremity injuries.?

2.2.2 Specific Studies

Most previous studies have significant methodological problems, as described
above, and will not be considered in further detail. The author has chosen the four
strongest studies for closer scrutiny of the methods and results. _

Brooks et al. studied 241 patients, aged 12 to 65 years, at the accident department
of the Royal Infirmary in Edinburgh.? Assessments were performed, using a data sheet,
by a variety of physicians, including residents and general practitioners. Five factors,
including pain, swelling, and bruising were rated on a four point scale and maximal
tendemness at one of three sites was indicated. Specific definitions of inclusion criteria
and outcome measures were not given. Statistical met.ods were not described and
sensitivity and specificity were not provided. The authors conclude that x-rays are
unnecessary in inversion ankle injuries if there is not severe tenderness over the lateral
malleolus. This guideline, however, would have missed 12 fractures (total fractures not
given) in their own study population, suggesting inadequate sensitivity.

Vargish et al. examined 150 patients, including infants, over six months in an
emergency department in Iowa City.> Clear definition of the outcome measure in terms
of clinically significant fractures was not given. Whereas some 24 predictor variables



9

were assessed, we are given no information about the methods and the personnel involved
in the assessments. The data was analyzed using contingency tables to determine the
association of predictor variables with fracture. By inspection rather than multivariate
analysis, the authors chose two of nine significantly associated variables for their
guidelines. They conclude that patients without tenderness below the lateral malleolus
and "who could bear some weight” do not require an ankle x-ray series. Sensitivity and
specificity are not given and cannot be calculated, with certainty, from the data Jrovided.
The guidelines suggested, however, appear to miss 13 of the 19 fractures, a very poor
classification rate.

Dunlop and colleagues performed a more robust study on 500 ankle injury
patients, also at the Edinburgh Royal Infirmary.® Outcomes were independently assessed
and classified either as important fractures or as injuries requiring only symptomatic
treatment. Fifteen predictor variables were assessed by "the casualty officer on duty",
using a data collection sheet. The reliability of these predictor variables was not
determined. Logistic regression identified three variables that contributed significantly
to the identification of fractures: tenderness localized to the lateral malleolus, inability to
bear weight, and age over 60 years. This model would have identified 95% of 60
clinically significant fractures. Unfortunately, standardized and reproducible definitions
of localized tenderness and ability to bear weight were not given. Furthermore, 21
fractures of the base of the fifth metatarsal were not considered by this approach.
Finally, the authors did not discuss the importance of prospectively validating their
findings. -

Brand et al. produced a more methodologically sound study which developed
protocols for radiography in all extremity injuries.® While this investigation involved
1,712 patients in the development and validation of the protocol, the derivation set
included only 248 ankle injuries. Significant outcome fractures were not defined for the
ankle region. Nine predictor variables were assessed by chmml assistants (non-
physicians) for ail extremity injuries. The reliability of the findings was not determined.
Recursive partitioning techniques developed protocols for various body regions.
Fractures distal to the knee could be predicted with 88.0% sensitivity by identifying
patients with gross signs or point tendemess. Unfortunately, this does not permit the
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clinician to specifically assess the ankle and we cannot estimate the sensitivity for this
subgroup.  Furthermore, the major predictor, point tendemess, was not defined
sufficiently to be clinically useful. This study did prospectively validate the findings and
did demonstrate a 16% reduction in the ordering of lower limb radiography. Use of a
poorly described control group, however, limited the validity of the latter conclusion.

2.3 Relevant Clinical Variables

At least 29 different clinical variables based on the history and physical
examination have been assessed in previous studies as predictors of fracture in ankie
injury patients (Tables 1 and 2). Very few of these have been found to be consistently
useful, perhaps reflecting the methodological weakness of the majority of the studies.
Tables 1 and 2 indicate the relative predictive value of the various variables in the four
studies described in the above sections.

The weak statistical reporting in these studies does not permit a quantitative
analysis of the sensitivity or odds ratios of individual predictor variables. Consequently,
a qualitative rating has been used to indicate the relative value of the predictors within
each study. This process, therefore, was more useful for identifying potential predictors
for the current study rather than for attempting a meta-analysis of previous findings.

Age was the only variable based on iustory found to be useful in more than one
of these studies. Ability to bear weight was helpful in three studies but the association
with fracture was inconsistent. Furthermore. ability to bear weight was never precisely
defined nor assessed for interobserver agreement. Localized tenderness was consistently
useful but was not well defined as to the exact location of the tenderness. Several of the
weaker studies found ecchymosis and swelling to be highly predictive, contrary to the
findings presented in Tables 1 and 2. Numerous other findings were found to be slightly
useful in at least one study.

No consistent picture of the usefulness or reliability of these predictor variables
emerges from review of the previous investigations. The author felt that 2 broad
selection of variables for the present study was justified, in view of these inconsistent
findings. More details about variable selection are given in section 5.2.1.
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Table 1. Clinical predictor variables based on history as assessed in previous studies
Variable Vargish®  Brand® Dunlop® Brooks?

Age

Sex

Time from injury
"Cracking™ sound
Mechanism of injury
Previous ankle fracture
Bear weight immediately
Left or right foot
Manner of arrival
Immediate onset pain
Pain at rest

Type of activity at injury
Medical risk bone injury
Impaired sensation

+
+

++ 0

'0' 00+ +"'++00+
]
]

+

+++ most useful  +<4 moderately useful + slightly useful
O not useful ~ not assessed

L _______________________________________________________________________________________________ ]
Table 2. Clirical predictor variables based on physical examination as assessed in previous
studies

Variable Vargish®  Brand® Dunlop®*  Brooks®
Ecchymosis 0 O 0 0
Range of motion 0 + - -
Drawer sign - - - o
Ability to bear weight +++ + ++ -
Swelling location o - 0] 0
Swelling degree 0 + 0 0
Tenderness - point +++ +<4+ +++ +++
Tenderness - bone/soft ++ L +++ +++
Bone conduction + - - -
Impaired mentation - + - -

Pain with motion 0 - - o
Open wound - + - -
Gross deformity + +++ - -
Neurovascular deficit 0 - - -
Palpable mass - + - -

+++ most useful ++ moderately useful + slightly useful
O not useful - not assessed '
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3. GOALS AND OBJECTIVES

The work of this thesis comprises two distinct phases. Phase 0 is a review of
medical records to determine the current use of radiography for ankle injury patients: the
proportion of patients referred for an x-ray series and the yield of the x-rays for fracture.
This is followed by Phase I, a cross-sectional survey, which develops clinical decision
rules to guide emergency physicians in their use of radiography. Phase I alters physician
behaviour, hence Phase 0 must come first in order to accurately reflect the true x-ray
ordering practice in emergency departménts.

The Discussion will describe two further phases that might complete this work in
the future: Phase II would prospectively validate the rules; Phase III would implement
the rules and assess the actual impact on patient care. |

3.1 Phase 0: Baseline Assessment

3.1.1 Goal

The goal of Phase 0 of this study was to determine the current use of radiography
in ankle injury patients in two major hospital emergency departments. This information
will then be used to describe the potential impact of the clinical decision rules for
reducing the numbers of unnecessary radiographs. This data may also serve as a control
for a future effectiveness study (Phase IIT), to be described in the Discussion section.

3.1.2 Objectives .

To collect baseline information about the current use of radiography, at two
hospitals, for emergency department patients with ankle injuries:

a) demographic and clinical characteristics of patients

b) proportion referred for ankle and foot X-1ay series (referral fraction)

c) proportion of x-rays positive for significant fracture (yield)

d) costs to OHIP of radiography

¢) waiting times for patients with and without radiography.
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3.2 Phase I: Development of the Rules

3.2.1 Goal

The goal of Phase I was to develop clinical decision rules that are 100% sensitive
for detecting clinically significant fractures in ankle injury patients.

3.2.2 Objectives

a) To develop and pretest standardized assessment methods for ankle injury
patients

b) To perform standardized clinical assessments on patients with ankle injuries
and determine which variables are most predictive of a fracture

c¢) To test the interobserver reliability of the assessment of these clinical variables

d) To use multivariate techniques to develop highly sensitive clinical decision
rules for guiding the use of radiography in acute ankle injuries

e) To assess the classification performance of the derived decision rules
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4. METHODS - PHASE 0: BASELINE ASSESSMENT
4.1 Patient Population

4.1.1 Inclusion Criteria

All patients presenting to the Ottawa Civic and Ottawa General Hospital
emergency departments, with any pain or tendemness of the ankle after sustaining acute
blunt injuries (including twisting injuries, falls from a height, direct blows, and vehicle
accidents) were eligible. "Ankle" was broadly defined to include the area generally
involved in common twisting injuries and was subdivided into two 2ones representing the
malleolar region and the midfoot respectively. These zones, as depicted in Figure 1,
correspond to the areas that generally require assessment by a standard ankle x-ray series
(zone I or the malleolar region) or a standard foot x-ray series (zone II or the midfoot).
We defined the zones to include the following anatomical structures and their overlying
soft tissues: a) zone I (the malleolar region): distal 6 cm of tibia, distal 6 cm of fibula,
and talus b) zone II (the midfoot): navicular, cuboid, cunieforms, the anterior process
of the calcaneus, and base of the fifth metatarsal. The body and the tuberosities of the
calcaneus were not included in this definition.® “

4.1.2 Exclusion Criteria

a) Patients under the age of 18 years. Young patients with immature skeletal
development may have different clinical characteristics than adults o

b) Pregnant women, due to concern about exposure to radiation and harm to the
fetus

¢) Isolated injuries of the skin. Superficial lacerations, superficial abrasions,
puncture wounds, and bums rarely require radiography

| d) Patients referred from outside the hospital and who have already had x-rays.

Patients with known fractures would bias the clinical assessment

e) Patients whose ankle injury occurred more than 10 days previously are not
considered to have an acute injury
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Figure 1. Anatomical zones included in the study
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f) Patients who return for reassessment of the same ankle injury have already had
radiography and would therefore bias the assessment. These patients have likely already
been entered into the study

4.2 Data Collection

We reviewed the records of treatment for all ankle injury patients seen at the
Ottawa Civic (OCH) and Ottawa General Hospital (OGH) emergency departments over
a five month period, February 1 through June 30, 1990. Slightly different methods were
used for this retrospective chart review at each hospital. At OGH, our research assistant
screened all records of treatment for ankle injury patients. At OCH, the emergency
records were pre-screened for ankle or foot problems by the billing nurse. The research
assistant then assessed the selected charts for eligible cases. This approach was
augmented by a review of the daily log of patient visits. Data abstraction was performed
by the three research assistants and some of the charts were selected and verified by the
investigator.

The following data was collected and entered into a computerized database, using
the SPSS Data Entry I programme:*

a) Patient demographic information: unique number, age, sex, date of visit

b) Radiography use and resuits: ankie / foot / ankle and foot / none,
corresponding OHIP codds, result of x-ray, and total time spent in emergency department
from registration until discharge or referral to orthopedic service (available at OGH only)

¢) Physician information: staff / resident / intern (to detect differential patterns
of radiography use)

4.3 Data Analysis

Descriptive statistics were tabulated for the following information:

a) Demographic and clirical profile of patients: age, gender, date seen,
mechanism of injury, prevalence and type of fractures

b) Use of radiography:
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i) proportion of patients referred for x-ray

ii) mean number of x-ray series per patient

iif) proportion of x-rays positive for significant fracture

iv) patterns of x-ray use

v) cost of x-rays performed based on the estimated 1991 OHIP schedule
of benefits for physicians services. The 1991 OHIP schedule has not yet been published
but the rates have been estimated to equal the 1988 schedule® plus 8% (the recently
approved fee increase)

vi) mean time spent in emergency department

c) Physician use of radiography by status



5. METHODS - PHASE I: DEVELOPMENT OF THE RULE
5.1 Patient Population

5.1.1 Inclusion and Exclusion Criteria
The criteria were those used for Phase 0.

5.1.2 Sample Size

750 patients were assessed, in total, at the two hospitals during this phase and 100
of these were studied for interobserver agreement. Since no hypothesis was tested, the
sample size was primarily based on the precision of the sensitivity and specificity of the
derived decision rule for malleolar region (zone I) injuries. Zone II (midfoot) injuries
are less common and less important clinically, hence we felt that sample size
considerations for these cases should be secondary to those of zone I. 95% confidence
interval estimates for zone I will be preseated.

Other considerations were the precision of the estimates of interobserver variability
and the logistic regression coefficients. The sample size had to accommodate both the
large number of clinical variables (32) being assessed and the large number of physicians
(21) making the assessments. A sample size of 750 clearly exceeds the ten subjects per
variable recommended as a rule of thumb for multivariate analyses.

a) Sensitivity and specificity for zone I injuries: The goal of the study was to
develop a decision rule that was 100% sensitive for detecting fractures with the highest
possible specificity. We wished to achieve this goal with 95% confidence that the
estimated parameter was within + 0.05 of the true value. Seasitivity is calculated from
the number of ankle series (zone I) fracture cases, which was estimated, from the Phase
0 findings, to be 10% of the total number of ankle injury péﬁmts seen. Specificity is
calculated from the number of non-fracture cases, which was estimated to be 90% of the
patients. The following formula was used to calculate sample size for fracture and non-
fracture cases, based on varying levels of sensitivity and specificity:*
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N -4Z2PQ-p W

N = total number of patients required
Z, = 1.96 for 95% confidence level

P = expected proportion (sensitivity or specificity)

W = total width of confidence interval

Table 3 shows the sample sizes required for various levels of sensitivity and
specificity. As no confidence interval can be calculated for the desired sensitivity of
100%, the final sample size was conservatively based on the number of fracture cases
required for a sensitivity level of 95%. Therefore, given the requirement of 73 ankle
series fracture cases and a fracture prevalence of 10%, the total sample size was estimated
to be 730 ankle injury patieats. This would clearly surpass the number of patients
required for a specificity of 90% or less. Considering that a total of 250 eligible patients
are seen monthly at the two hospitals, the minimum accrual period would be three
months. To be conservative, six months were allowed to reach the target of 730 ankle

injury patients.

Table 3. Sample size required to estimate various levels of sensitivity and
specificity with 95% confidence + 0.05 for zone I injuries

Fracture Patients Required Non-fracture Patients Required
Sensitivity Sample Size Specificity Sample Size
0.95 73 0.50 384
0.90 138 0.40 0.60 369
0.85 196 0.30 0.70 323
0.80 246 0.20 0.80 246

0.10 0.90 138

b) Sensitivity and specificity for zone H injuries:

One can estimate 55%

confidence intervals, for various levels of sensitivity and specificity for zone II injuries,
given a total sample size of 730. From phase 0, we would expect 30% (220) of the
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patients to have zone II pain or tenderness and 4% (30) to have midfoot fractures. The
95% confidence intervals were calculated, based on the normal approximation of
proportions:*?

P:19%/P(A-PN
Table 4 indicates that the estimate of 95% sensitivity for detecting 30 zone II

fractures would be within + 0.08 of the true value. The least precise estimate of
specificity for 190 non-fracture zone II injuries would be within + 0.07 of the tres value.

— ]}
Table 4. 95% confidence intervals for various levels of sensitivity and
specificity for zone II injuries

30 Fracture Patients 190 Non-fracture Patients
Sensitivity 95% C.L Specificity 95% C.1L.
0.95 =+ 0.08 0.50 =+ 0.07
0.90 +0.11 0.40 0.60 =+ 0.07
0.85 . +0.13 0.30 0.70 + 0.07
0.80 +0.14 0.20 0.80 + 0.06
0.10 0.9 +0.04

¢) Interobserver agreement: The number of patients required for the
measurement of interobserver agreement was dictated primarily by considerations of
feasibility. The clinical committee felt that it would be logistically impossible to have
all 730 patients assessed by two physicians and that 100 would be a managezable number.
Therefore, expected 95% confidence intervals, for various kappa levels, were calculated
for a sample size of 100. These confidence intervals were estimated by the normal
approximation of proportions. Table 5 indicates that the least precise estimate, for a
kappa of 0.50, would be within 4 0.10 of the true value. A more accurate method of
determining sample size for the kappa statistic may have resulted in broader confidence
intervals but was felt to be too complex for the scope of this thesis.
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]
Table 5. 95% confidence intervals for various kappa values measured in 100

patients
Kappa Value 95% Confidence Interval
090 0.10 £ 0.06
0.80 0.20 + 0.08
0.70 0.30 +0.09
0.60 0.40 +0.10
0.50 ) +0.10
5.1.3 Patient Selection

Consecutive ankle injury patients were entered into the study if they met the
inclusion and exclusion criteria and if one of the 21 designated assessor physicians
(described in section 5.2.5) was available. One of the assessor physicians was on duty
in the ambulatory arez of the two emergency departments approximately 90% of the time,
For the duration of the study, interns and residents were asked not to see ankle injury
patients. The decision to enter a patient into the study was made by the assessor
physician based on the criteria described in sections 4.1.1 and 4.1.2., i.e. any pain or
tenderness in zone I or zone IT after blunt trauma. Regular review of all patient charts
revealed that very few eligible patients were not entered into the study by the assessor
physicians.

5.1.4 Ethics

The research ethics committees of the participating hospitals agreed that informed
consent need not be obtained for this study. Normal patient management would not be
altered and patients would not be subjected to additional risk.
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§.2 Standardized Patient Assessment

5.2.1 Selection of Variables

Patients underwent a standardized assessment of clinical variables that had been
defined by the clinical committee of emergency medicine specialists. These variables
were felt to be potentially useful in predicting whether or not ankle injury patients were
likely to have a fracture and would therefore require x-ray examination. This judgement
was based on the experience of the committee and on the results of previous studies,
described above.

We decided that several variables, found not to be useful in most previous studies,
were unlikely to be of value in predicting which patients require an x-ray. Consequently,
the following factors were not assessed: right or left foot, manner of arrival at hospital,
time of onset of pain, pain at rest, activity at time of injury, use of analgesics after
injury, medical risk of fracture (cancer, chronic renal failure, Paget’s disease), history
of impaired sensation in lower limbs, altered level of consciousness, wound overlying
bone tenderness, bone conduction, pain with motion, vascular deficit, neurological
deficit. The presence of bone deformity or crepitation obviously mandates an x-ray and
was felt to be an unnecessary variable in this study.

5.2.2 Pilot Stage ,

The data collection sheets (Appendix A) and the assessment techniques were
evaluated and revised during a one month pilot period that involved 155 patients, prior
to the actual study. This pilot period also allowed additional time for the training and
education of the assessor physicians (described in section 5.2.5).

' This stage prompted a number of alterations and refinements to the data collection
sheets (Appendix B). Omitted were questions dealing with recent use of analgesics,
history of impaired sensation in the lower limbs, and evidence of an altered level of
consciousness. Questions about swelling, range of motion, and ability to bear weight
were changed from a “"yes/no® response to a four point scale of
*none/mini;nal/moderate/marked”, in order to gain more information about these
findings. More specific instructions about assessing ability to bear weight were given to
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the treating physicians. Two points of bone tendemess on the malleoli were dropped and
two in the midfoot were added. The anatomical diagrams were subdivided into two zones
to allow the physicians the option of ordering ankle or foot x-ray series, or both.
Finally, the physicians were asked to predict the probability of a fracture in both zones
and to indicate their theoretical degree of comfort in not ordering any x-rays for each
patient.

5.2.3 Variables from History

The following information, based on the patient’s history, was gathered by the
assessing physician:

a) Age

b) Sex

¢) Ability to bear weight on ankle immediately after injury (yes and continued
current activity / yes but with difficulty / no)

d) Popping or cracking sound at time of injury

¢) Mechanism of injury (twisting / fall from a height / direct blow / vehicle
accident / other)

f) Direction of injury (inversion / eversion / plantar flexion / unknown / not
applicable)

g) Time from injury to assessment in hours

h) Application of ice in previous 6 hours

i) Ankle fracture within previous 12 months

5.2.4 Variables from Physical Examination
The following information, based on the physical examination, was gathered by
the assessing physician:
a) Ecchymosis (yes / no)
b) Visible swelling (none / minimal / moderate / marked):
i) Medial malleolus ii) Lateral malleolus
iii) Anterior talofibular ligament  iv) Anterior aspect of ankle
¢) Restriction of active plantar-dorsiflexion (none / minimal / moderate / marked)
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d) Bone tendemness (yes / no):

i) Proximal fibula (B0) ii) Base of fifth metatarsal (B1)

iii) Cuboid (B2) iv) Lateral malleolus anterior (B3)
v) Lateral maiieolus inferior (B4) vi) Lateral malleolus posterior (BS)
vii) Navicular (BS) viii) Medial malleolus antericr (B7)

ix) Medial malleolus tip (BS) x) Medial malleolus posterior (B9)
¢) Soft tissue tenderness: _
1) Anterior talofibular ligament (S1)ii) Calcaneofibular ligament (S2)
iii) Deltoid ligament (S3) iv) Anterior aspect ankle (S4)
f) Anterior drawer sign (positive / negative) “Positive™ was defined as greater
anterior displacement of the foot on the tibia compared to the uninjured ankle
g) Ability to bear weight now by questioning (yes / no)
h) Degree of difficulty in walking demonstrated in emergency department; must
be able to bear weight for a minimum of four steps (none / minimal / moderate / marked
/ unable / refused / not applicabie)

5.2.5 Patient Assessment

All eligible patients were entered into the main study when one of the 21
designated assessor physicians was on duty. The assessor physicians were all fulltime
certified emergency staff physicians (i.e. not intemns, residents or general practitioners)
at the two hospitals. We trained these physicians, by means of a one hour lecture and
a practical demonstration, to assess the clinical variables in a uniform manner. The
physicians examined the patients, recorded their findings on the data collection sheets,
and then sent all patients for an x-ray examination.

5.2.6 Physicians’ Predicted Probability

. To help evaluate the potential usefulness of the clinical decision rule, each
physician assessor estimated the likelihood that the patient had a significant fracture in
zone I and zone II. This was done before the patient was x-rayed and estimated
probability to the closest ten percentile. The purpose of this question was to allow
comparison between the judgement of experienced physicians and the final decision rules.
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Physicians were also asked to indicate their theoretical degree of comfort in not
ordering any x-rays for each patient, on a five point Likert scale (very comfortable to

very uncomfortable). This would provide another indication of the potential to reduce
use of radiography.

5.3 Assessment of Interobserver Reliability

One hundred of the patients were assessed for the 23 physical examination
variables by a second emergency physician who was blinded to the results of the first
assessment. This was carried out, on a convenience basis, whenever two fulltime
emergency staff physicians were available together in the department.

5.4 Outcome Measures

All patients in the study had at least one x-ray series performed. Patients with
tenderness in zone I (malleolar region) underwent a standard ankle x-ray series
examination and those with tendemess in zone IT (midfoot) had a standard foot x-ray
series examination. Patients with tenderness in both zones, therefore, underwent both an
ankle and a foot series. Phase 0 data indicated that only 15% of ankle injury patients
routinely underwent both an ankle and a foot x-ray series. Consequently, we felt that the
ordering of both series in all patients would be excessive and unacceptable to physicians.
We felt that the risk of missing a significant fracture within one of the zones, given the
absence of any pain or tenderness in that zone, was remote.

The x-rays were interpreted by independent, qualified radiologists who were
blinded to the contents of the data collection sheets. They classified the presence of
traumatic lesion in the zone I and zone II structures as follows:

a) No Significant Fracture, defined as no fracture or avulsion fractures of less
than or equal to three millimetres across

b) Clinically Significant Fracture, defined as all other fractures

This definition of fracture was agreed upon by members of the orthopedic
departments. The concept of significant fracture reflects clinical management in that
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avulsion fractures of three mm or less are not treated with plaster immobilization in the
study institutions. In order to be conservative and consistent with the 3 mm definition,
we classified fractures of the base of the fifth metatarsal as significant, even though these
are rarely treated with a cast.

In summary, therefore, clinical decision rules were developed separately for the
outcome measures in each zone i.e. clinically significant fractures in 2one I as
demonstrated on ankle x-ray series and in zone II as demonstrated on foot x-ray series.

5.5 Data Analysis

The research assistants added information from the records of treatment and
radiography reports to the data collection sheets. All data sheets and radiography reports
were reviewed by the author prior to data entry into the computerized database. Analyses
were performed on the University of Ottawa mainframe computer and an IBM compatible
personal computer using SPSS statistical software packages.®®

5.5.1 Interobserver Agreement

The interobserver agreement for each variable was measured by calculating the
kappa coefficient, the proporr.ion of potential agreement beyond chance that was
achieved.’! 52 ¥* The basic, unweighted kappa calculations were used for simplicity.
Even though weighted kappa values may be more appropriate for ordinal data, we found
that the weighted and unweighted values would be approximately the same because the
number of cases more than one category different was less than five percent of the total.
95% confidence intervals were calculated, where sigma represents the standard error of
kappa, as:%

K+19 ¢

Appendix C presents a sample calculation of kappa, applied to the interobserver
agreement on the presence or absence of moderate to marked swelling over the medial
malleolus.* A kappa value of +1.0 represents perfect agreement and values greater
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than O represent observed agreement greater than that due to chance. The following
guidelines for interpreting the strength of agreement from kappa values has been
suggested: less than 0.40 poor to fair, 0.41 to 0.60 moderate, 0.61 to 0.80 substantial,
and greater than 0.80 almost perfect agreement. ™

5.5.2 Univariate Analysis

Univanate analyses determined, for each variable, the strength of association with
fractures in the ankle and foot x-ray series, respectively. All tests assumed independent
samples and a P value of less than 0.05 was considered significant. No adjustment for
multiple testing was made as the purpose of the univariate analyses was the screening of
variables and not the testing of a hypothesis. The appropriate univariate technique was
chosen according to the type of data: for nomina! datz, the chi-square test with continuity
correction; for ordinal variables, the Mann-Whitney U test; and, for continuous
variables, the unpaired 2-tailed t-test, using pooled or separate variance estimates as
appropriate. Swelling and restriction of range of motion were assessed using an ordinal
scale of "none, minimal, moderate, marked”. Analysis of these variables was done
twice: first as ordinal data and secondly as data that had been dichotomized as "none-
minimal” or "moderate-marked”.

5.5.3 Multivariate Techniques

Multivariate techniques were used to analyze those variables found to be both
reliable (kappa > 0.6) and strongly associated with a significant fracture (P < 0.05).
The objective was to find the models with the best combination of predictor variables for
the ankle and the foot x-ray series, separately. We sought models that would be 100%
sensitive for detecting significant fractures while achieving the maximum possible
specificity.

5.5.4 Logistic Regression

Logistic regression analysis was considered to be more appropriate than several
alternative techniques to develop a model that could predict the binary outcome of
fracture or no fracture from the independent predictor variables. Logistic regression is
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used for analyses with a binary dependent varizble because the assumptions necessary for
hypothesis testing in multiple linear regression analysis are violated: the distribution of
errors cannot be assumed to be normal.>® Another multivariate technique, discriminant
function analysis, requires that many of the independent variables be continuous for
optimal performance. In this study, however, most of the predictor variables were
nominal.

In the logistic regression model the risk of developing a fracture may be expressed
as a function of the predictor variables X;, Xz, «eey X

1

Probabtluy ofﬁme = 1+ e-(cobxx,*...tb,x,)

The logistic model can be rewritten in terms of the odds of having a fracture, as

the log odds or logit:
Prob(Fracture)

Logit - Lo - a+bx +..+b
g 8 Prob(NoFraczre) & & rat T O%

Therefore, the simple odds can be calculated as:

Prob(Fracture)  _ R A
Prob(No Fracture)

Model building proceeded with forward stepwise variable selection until no
variables meet the entry (0.05) or removal (0. 10) criteria for the significance level of the
likelihood-ratio test.>” In order to provide 2 more simple model for clinicians,
cutpoints were sought for continuous variables. Such variables were categorized by
entering several different clinically significant cut-off values into the logistic regression
equation to determine which had the best predictive value. For example, increased age
was found to be significantly associated with fracture by univariate analysis. Age was
eniered into the logistic regression, initially using age forty-five as a cutpoint, and then
at five year intervals for successive analyses. -
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The logistic regression software programme provided a classification table of
predicted versus observed fracture status for the cases in each model. The predicted
status was based on a fracture probability threshold of 0.5. Such a threshold provided
very high overall accuracy and specificity but was relatively insensitive for fractures.
- This appeared to be a result of the low prevalence of fractures.

In order to improve the sensitivity of the logistic regression models for fractures,
the author sought alternate probability thresholds. This was done by manually reviewing
~ the casewise listings of the predicted probability of fracture and the actual status for
fracture for each case. A lower probability threshold could be chosen that provided
100% sensitivity for fractures. The classification was then retabulated, with the new
threshold value, to give the accuracy and specificity of the model.

Further classifying the cases at different probability threshold levels provided a
series of sensitivity and specificity values, which were used to construct a receiver
operating characteristic (ROC) curve.® The ROC curve is a graphic method for
indicating the trade-off between the true-positive rate (sensitivity) and the false-positive
rate (1 - specificity) of a test or diagnostic manoeuvre. One can compare two tests by
assessing their areas under the ROC curve: the most discriminating tests have the largest
area. Our goal, however, was to develop models with maximum specificity, given 100%
sensitivity, and not necessarily with maximum discrimination or accuracy. Consequently,
areas under the ROC curve were not calculated.

5.5.5 Recursive Partitioning

A recursive partitioning technique was used as an alternative to logistic regression,
in the expectation of achieving better classification of the fracture cases. Logistic
regression, while providing good overall accuracy, could only offer 100% sensitivity for
fractures after manipulation of the probability threshold. The resultant models had
relatively low specificity. The recursive partitioning process could be guided to correctly
classify one outcome group at the expense of the other. In this study, identification of
all the fracture cases was the priority of the model building, even at the expense of
misclassifying more of the nonfracture cases.
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Recursive partitioning, as described by Friedman and Ciampi, is able to
summarize complex data by identifying and describing homogeneous strata.”  €!
These subpopulations are defined by values of certain clinical variables and are
homogeneous for a specified outcome, such as the risk of having a fracture. The
resultant models may be easier to interpret for clinicians in that they are based on the
simple presence or absence of predictor variables, rather than regression coefficients.

The recursive partitioning approach successively divides the population into
subpopulations of increasing homogeneity until no further splitting can be done. The
splits are based on the predictor variables so that the subpopulations can be described in
direct clinical terms. The first split is based on the variable with the largest significant
chi-square statistic and the population is then subdivided according to the values of that
variable. The procedure is repeated for each subpopulation until no variable produces a
significant chi-square.

Several statistical software packages are available for performing recursive
partitioning, % S but the author chose to perform the technique using simple
repetitive cross-tabulation analyses. The eligible predictor variable with highest chi-
square value, with one degree of freedom, was chosen for the first partitioning. All cases
positive for this variable were put aside as being at high risk for fracture. All cases
negative for this variables then underwent repeat cross-tabulation 2nalysis. Again, those
positive for the predictor with the highest chi-square value were put aside as high risk.
This process was repeated until all fractures cases had been identified for the high risk
group. Those remaining were considered to be at low risk for fracture. Those predictor
variables responsible for the partitioning steps were integrated into a decision rule model.

The performance of this model was assessed by developing a two by two
classification table of predicted versus actual fractures. As for the logistic regression
model, sensitivity and specificity could be calculated. Construction of an ROC curve
from this simplistic model required further manipulation of the data. The predictor
variables of the model were forced into a logistic regression analysis to estimate fracture
probabilities for the cases. Again, creating classification tables for various probability
thresholds alluwed calculation of a series of sensitivity and specificity values, which could
then be used to create an ROC curve.
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6. RESULTS - PHASE 0: BASELINE ASSESSMENT

The information gathered in this phase describes the general demographic and
clinical features of patients commonly presenting to emergency departments with acute
ankle injuries. This data allows us to confirm that typical ankle injury patients were used
in the rule development in Phase 1. Phase 0 datz will also provide a baseline of
physicians’ radiography ordering practices that can be used as a historical control for a
future impact study, Phase III.

We used several different data collection approaches in order to ensure
completeness of the sampling process. At the Ottawa General Hospital (OGH), all
emergency records were reviewed manually to select eligible cases. At the Ottawa Civic
Hospital (OCH), a manually performed audit determined that some 10% of cases had
been missed during the primary chart identification by the emergency department billing
nurse. Consequently, a research assistant manually reviewed the daily patient visit log
and reviewed all cases that might be eligible and were not already in the Phase 0
database, This process reassured us that virtually all eligible ankle injury patients at both
hospitals were included.

6.1 Characteristics of Patients

Table 6 demonstrates the demographic and clinical features of 1,290 ankle injury
patients seen between February 1 and June 30, 1990 at the two study hospitals. The
patient profiles are very similar at the two hospitals and further remarks will refer to the
overall descriptive statistics. Patients were young, on average, but the age range
extended to 92 years. Males and females were equally represented and the majority had
experienced a twisting mechanism of injury.

The overall prevalence of significant fracture was 14.5%: 10.7% in the malleolar
region and 3.8% in the midfoot. A further 4.3% experienced clinically insignificant
avulsion fractures. Figure 2 reveals the striking rise in prevalence of malleolar region
fracture with increased age, from 5.0% to 27.9%. 34.1% of the fractures were found
in patients aged 53 or greater, 2 group that represented only 13.4% of all patients. More
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patients were seen in May and June but the prevalence of malleolar fracture was much
higher in February (Figure 3).

6.2 Use of Radiography

Use of radiography for ankle injury patients was similar 2t the two hospitals, with
referral fractions of 96.2% at OCH and 92.3% at OGH (Table 7). Overzll, 81.3% of
patients were referred for an ankle series and 28.9% for a foot series. 15.8% of the
patients had both an ankle and a foot series leading to an overall mean of 1.1 x-ray series
per patient. The yield of radiography, the proportion of x-ray series positive for a
significant fracture, was 13.2% for the ankle series and 13.1% for the foot series. In
other words, 86.8% (1,235) of the 1,422 radiographs performed were negative for a
significant fracture. '

The costs to the Ontario Health Insurance Plan of five months of radiographs for
ankle injury patients was estimated to exceed $45,000.00. The mean time in the
emergency department at OGH was 35.8 minutes greater if a patient was referred for an
X-Tay series.

The use of radiography by different groups of physicians, as shown in Table 8,
is very similar whether the treating physician is an intern, a resident, a parttime
emergency physician, or a fullime emergency physician. This data is presented for
descriptive purposes rather than hypothesis testing; hence, no formal tests of significance
have been performed.
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Table 6. Characteristics of ankle injury patients seen over five month period at Ottawa Civic and

x )

Ottawa Genera! Hospital emergency departments (Phase 0)

Characteristic

Mean age in years (+ SD)
range

Male (%)

Mechanism of injury (%)
Twisting
Direct Blow
Fall from a height
Vehicle Accident
Other

Significant fractures (%)

Malleolar region (%) *
lateral malleolus
medial malleolus
posterior malleolus
talus

Midfoot (%) *
base Sth metatarsal
navicular
anterior process calcaneus
cuboid
cunieforms

Avulsion fractures (%) *
lateral malleolus
talus
medial malleolus
base 5th metatarsal
cuboid
navicular
anterior process calcaneus
posterior malleolus
cunieforms

OCH
N = 657)

36.8 +15.9
18-88 18-92

353 (583.7)

555 (84.5)
64 9.7)
20 (3.0)

8 (1.2)

10 (1.5)

103 (15.7)
73 (11.1)
67
19
11
1
30 (4.6)
26

— N AN

32 (4.9)

foy
—t

— ) = W) B LA \D

OGH
(N = 633)

35.4 + 14.5
18-92

341 (54.0)

543 (85.8)
38 (6.0)
16 (2.5)

6 (0.9)

30 @.7)

84 (13.3)
65 (10.3)
56
14
7
2
19 (3.0)

CRTIFN
= 'S

24 (3.8)

* Patients may have fractures in more than one location

Total
(N=1290)

36.1 £15.2

694 (53.8)

1098 (85.1)
102 (7.9)
36 (2.8)

14 (1.1)

40 (3.1)

187 (14.5)
138 (10.7)
123
33
18
3
49 (3.8)

Nh\DO\S

56 4.3)
19
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Table 7. Use of radiography in ankle injury patients seen over five month period at Ottawa Civic

and Ottawa General Hospital emergency departments (Phase Q)

OCH

Radiography N = 657)
Patients referred for x-ray (%)

Ankle series 544 (82.8)

Foot series 204 31.1)

Either series 632 (96.2)
Total x-ray series performed 748

Mean per patieat 1.14
X-rays positive for significant fracture (%)

Ankle series 73 (13.9)

Foot series 30 (14.7)

Both series combined 103 (13.8)
Pattern of x-ray series ordered (%)

None 25 (3.9)

Ankle-only 428 (65.1)

Foot only 88 (13.9)

Ankle and foot 116 (17.7)
Cost of x-ray series performed ($)

Ankle (@ $33.30) * 14,252.40

Foot (@ $33.30) * 2,930.40

Ankle and foot (@ $55.40) * 6,426.40

Total 23,609.20
Mean time in ED (minutes)

Overall

X-ray

No x-ray

Difference

OGH
N = 633)

505 (79.8)

169 (26.7)
584 (92.3)

674
1.07

65 (12.9)
19 (11.2)
84 (12.5)

49 (1.7)
415 (65.6)
79 (12.5)
90 (14.2)

13,819.50
2,630.70
4,986.00
21,436.20

110.3
113.1
77.3
35.8

Total
(N = 1290)

1049 (81.3)
373 (28.9)
1216 (94.3)

1422
1.10

138 (13.2)
49 (13.1)
187 (13.2)

74 (5.7)

843 (65.3)
167 (12.9)
206 (16.0)

28,071.90
5,561.10
11,412.40
45,045.40

* Estimated 1991 OHIP fee schedule, based on 1988 fee schedule x 1.08%
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Table 8. Ankle injury patients seen and use of radiography by experience of attending physician
in Phase 0

Fulltime Parttime
Emergency Emergency Resident Intern

Radiography Physician  Physician = Housestaff Housestafl
Number of patients seen 667 194 127 264
Patents referred for x-ray (%)
Ankle series 81.2 814 84.3 78.4
Foot series 29.1 23.4 29.9 30.7
Either series 94.9 93.0 95.3 92.8
Mean series per patient 1.11 1.05 1.13 1.09
X-rays positive for fracture (%)
Ankle series 13.2 11.4 15.9 14.0
Foot series 11.9 6.5 2.6 17.3
Both series combined 12.8 10.3 124 14.9
Pattern of series ordered (%)
None 3.1 6.2 4.7 7.2
Ankle only 65.8 70.1 65.4 62.1
Foot only 13.0 12.4 11.8 14.8
Ankle and foot 16.0 11.3 18.1 15.9
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7. RESULTS - PHASE I: DEVELOPMENT OF THE RULE

7.1 Descriptive Statistics

Seven hundred and fifty ankle injury patients were entered into Phase I of the
study from July to December, 1990: 513 (68.4%) at OCH and 237 (31.6%) at OGH.
Another 377 eligible patients, 97 (25.7%) at OCH and 280 (74.3%) at OGH, were not
recruited into the study. The study patients were found to range in age from 18 to 92
years and to be evenly distributed by gender (Table 9). The great majority of injuries
(84 %) were of a twisting nature. The patients were found to have 70 (9.3%) significant
malleolar fractures and 32 (4.3%) significant midfoci fractures. Another 5.7%
experienced insignificant avulsion fractures. The mean number of x-ray series per patient
was 1.2 and the yield of the x-rays for significant fracture was 10.2% for the ankle series
and 13.9% for the foot series (Table 10).

There was 2 slightly lower prevalence of malleolar region fractures in Phase I
(9.3%) than in Phase 0 (10.7%). Otherwise, the demographic and clinical data suggest
that there were no important differences between the Phase 0 and Phase I patients (Tables
6 and 9). Hence, despite the difference in recruitment rates at OCH and OGH, the
patients used to develop the rules in Phase I can be considered typical of ankle injury
patients commonly seen at the two institutions .
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Table 9. Characteristics of patients included in Phase I, development of the

decision rules

Characteristic

Mean age in years (+ SD)
range

Male (%)

Mechanism of injury (%) (N = 747)
Twisting
Direct blow
Fall from a height
Vehizle accident
Other

Significant fractures (%)

Malivolar region (%)
lateral malleolus
medial matleolus
posterior malleolus
bimalleolar
wrimalleolar
talus

Midfoot (%)
base 5th metatarsal
navicular
anterior process calcaneus
cuboid
cunieforms

Avulsion fractures (%) *
lateral malleolus
talus
cuboid
navicular
anterior process calcaneus
medial malleolus

N = 750

35.1 + 149

18 - 92

389 (51.9)

627 (83.9)

52 (7.0)

35 (4.7)

15 2.0)

18 (2.4)

102 (13.6)

70 (9.3) N =170
41 (58.6)
7 (10.0)
2 (2.9)
12 (17.1)
8 (11.4)
0

32 (4.3) N =32
28 (87.5)
2 (6.3)
2 (6.3)
0
0

43 (5.7) N = 43
18 (41.9)
13 (30.2)
7 (16.3)
5 (11.6)
5 (11.6)
1(2.3)

e * Patients may have fractures in more than one location
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Table 10. Use of radiography for 750 ankle injury patients in Phase I

Radiography Number
Patients referred for x-ray (%)
Ankle series 689 (91.9)
Foot series 230 (30.7)
Either series 750 (100)
Total x-ray series performed 919
Mean per patient 1.2
X-rays positive for significant fracture (%)
Ankle series 70 (10.2)
Foot series 32 (13.9)
Both series combined 102 (11.1)

#
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7.2 Physicians’ Predictions and Attitudes

We found that physicians clearly expected a low yield from many of the x-rays
that they requested. In 57.8% of cases where an ankle x-ray series was ordered (N =
682), the physician felt there was only a 0 to 0.1 probability of a significant fracture
(Figure 4). Likewise, they expected a 0 to 0.1 probability of fracture in 47.3% of the
foot x-ray series ordered. Furthermore, the physicians stated that they theoretically
would have been either comfortable or very comfortable in ordering no x-rays for 45.9%
of the 655 patients for whom the question was answered (Figure 5). There was,
however, a low but important prevalence of fractures (2.0%) among patients for whom
the physicians indicated that they would have been either very comfortable or comfortable
in ordering no x-rays.

Table 11 shows that these experienced physician assessors would have missed 29%
of fractures on the ankle series if the threshold for ordering an x-ray had been their own
predicted probability for fracture of at least 0.5. Only with the threshold reduced to at
least 0.1 probability for fracture would they have performed reasonably well, although
even then they would have missed two of the fractures (Table 12).

Figure 6 shows the receiver operating characteristic (ROC) curve for the
physicians’ predicted probability as a model for detecting ankle series fractures. While
the shape of the curve indicates good discrimination between the fracture and non-fracture
cases, we can see that 100% sensitivity is not achieved until the specificity is 0%.
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Table 11. Classification performance of physicians’ predicted probability of
ankle series fracture with 0.5 probability threshold for ordering x-rays

Actual Fracture
Yes No
Predicted Fracture
Yes 49 87
No 20 526
Total 682
Sensitivity 71.0%
Specificity 85.8%
Accuracy 84.3%

Table 12. Classification performance of physicians’ predicted probability of
ankle series fracture with 0.1 probability threshold for ordering x-rays

Actual Fracture
Yes No
Predicted Fracture
Yes 67 383
No 2 230
Total 682
Sensitivity 97.1%
Specificity 37.5%
Accuracy 43.5%

.. |
4
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7.3 Interobserver Agreement

One hundred of the study patients were independently assessed by two physicians.
The demographic data, type of injury, and incidence of fracture are given in Table 13 and
suggest that, despite some differences, these patients were comparable to the larger group
used to derive the decision rule (Table 9). There was a good spectrum of fracture and
nonfracture cases.

General physical findings, with the exception of ability to bear weight, did not
show good agreement (Figure 7). The 'reliability of judging restriction of range of
motion was improved by dichotomizing the four-point scale but offered, at best, only fair

‘agreement. Neither ecchymosis nor soft tissue tenderness at any of four areas were found
to have substantial agreement and the anterior drawer sign fared poorly. In contrast,
ability to bear weight in the emergency department, when dichotomized, proved to be the
most reliable variable, with 2 kappa value of 0.83, reflecting nearly perfect agreement.

Judgement of the degree of swelling at four locations, on an ordinal scale,
generally demonstrated only slight to moderate agreement (Figure 8). Dichotomizing the
scale improved results significantly for swelling over the lateral and medial malleolus.

Other than ability to bear weight, the best agreement (kappa values greater than
0.6) was found for localized bone tendemess (Figure 9). Substantial interobserver
agreement was obtained for tenderness at the base of the fifth metatarsal, the anterior and
posterior edges of the lateral malleolus, and the inferior tip of the medial malleolus.
Furthermore, the best agreement was seen when bone areas were combined, as for the
posterior edge and inferior tip of each of the malleoli.

The data used to calculate the interobserver agreement for the various findings are
given in Appendix D.
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. ________________________________________
Table 13. Characteristics of patients assessed for interobserver agreement in
Phase I

Characteristic N =100
Mean age in years (+ SD) 373 £ 15.1

range 18 - 83
Male 51
Mechanism of injury

twisting 91

direct blow 4

fall from a height 2

vehicle accident 2

other 1
Fractures 18

Malleolar region 17

Midfoot 1
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7.4 Derivation of Ankle X-ray Series Rule

7.4.1 Univariate Analysis

Table 14 shows that 14 nominal variables were strongly associated (P < 0.001)
and one was weakly associated (P < 0.05) with significant fracture of the ankle x-ray
series. These included several ordinal variables that had been dichotomized for the
analysis: ability to bear weight immediately, ability to continue current activity, range
of motion, and degree of swelling (in four areas).

. Two continuous variables based on the history, age and time from ‘injury. were
also associated with fracture. Figure 10 demonstrates the strong association between
increased age and prevalence of fracture, as noted in‘Phase 0. These two continuous
variables were dichotomized at various cutpoints and their association tested for
significance by chi-square analysis. The cutpoints yielding the most significant
associations were used for the multivariate analysis.

Two other variables based on history also had sufficient significance (P < 0.05)
t0 be used in the multivariate analysis: ability to bear weight immediately and ability to
continue current activity. We assumed that variables based on the history would have
adequate interobserver reliability for further use in model development.

Association of ordinal data with ankle series fracture was generally high (Table
15). However, poor reliability restricted the use of these data to the dichotomized form.
This was done by reducing a four point scale (none / mirimal / moderate / marked) to
a two point scale (none-minimal / moderate-marked). .

Figures 11 to 14 show the relative risk, with 95% confidence intervals, for
significant ankle series fracture for each of the predictor variables.3?
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Table 14. Univariate association of continuous and nominal variables with significant fracture on
ankle x-ray series

Significant Other
Fracture Cases

Variable N = 70) N = 619)
History (%)
Mean age (+ SD) 43.1 + 18.4 4.1 £ 14.1*
Female : 61 46

Mean time in hours from injury (+ SD) 9.1 + 13.3 20.7 & 33.7*

"Cracking” sound heard 29 24
Twisting mechanism 19 15
Ankle fracture previous 12 months 2 1
Unable to bear weight immediately# 62 2] xwwn
Able to continue current activity# 3 25%xw
General findings (%)
Ecchymosis 32 22
Range of motion moderctely limited# 73 LY sl
Anterior drawer sign 14 2w
Unable to bear weight in ED (four steps) 80 3Quunx
Moderate-marked swelling (%)
Medial malleolus# 40 [Q»w==
Lateral malleolus# 84 42ummx
Anterior talofibular ligament# 56 44
Anterior aspect of ankle# 29 I} R
Soft tissue tenderness (%)
Anterior talofibular ligament 69 80
Calcaneofibular ligament 19 17
Deltoid ligament 25 20
Anterior aspect of ankle 31 26
Bone tenderness (%)
Proximal fibula 7 2%=
Lateral malleolus -anterior edge S0 SQxwwx
-inferior tip 62 30w
-posterior edge 69 264 %*>
Medial malleclus -anterior edge 32 Y hsas
-inferior tip 38 L3wwnw
~-posterior edge 34 - Sewww

* P < 0.001 by t-test
** P < 0.05, ***P < 0.001, **** P < 0.0001 by continuity adjusted chi-square
# Dichotomized from original ordinal data -
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Table 15. Univariate association of ordinal variables with significant fracture
on ankle x-ray series

Variable* P Value**

Ability to bear weight immediately (3) <0.0001

Range of motion (4) <0.0001
Swelling (4)
medial malleolus <0.0001
lateral malleolus <0.0001
anterior talofibular ligament 0.01
anterior aspect of ankle 0.0001
Difficulty bearing weight in ED (5) <0.0001
Predicted probability of fracture (11) <0.0001
Theoretical comfort with no x-ray (3} <0.0001

* No. of points on ordinal scale
*» Mann-Whitney U test

{40
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Figure 14. Relative risk with 96%
confidence intervals of ankle series
fracture for areas of bone tenderness
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7.4.2 Multivariate Analysis

Those variables based on physical examination were used for multivariate analysis
if significantly associated with ankle x-ray series fracture (P < 0.05) and if their
interobserver agreement was high (kappa greater than 0.6). The following variables,
while statistically significant, did not show sufficient interobserver agreement to be
included in the model: ecchymosis, range of motion, anterior drawer sign, swelling of
medial malleolus, swelling of anterior aspect ankle, and bone tendemess of either
proximal fibula, inferior tip lateral malleolus, anterior edge medial malleolus, or posterior
edge of medial malleolus.

We found that several combinations of variables had acceptable reliability (Figure
9) and were highly associated with fracture and were therefore entered for further
analysis: inability to bear weight both immediately and in emergency depaﬁmcnt.
swelling of lateral malleolus in first 6 hours, bone tendemness of either inferior tip or
posterior edge of lateral malleolus, and bone tenderness of either inferior tip or posterior
edge of medial malleolus. Table 16 shows the variables used in the multivariate analyses
as well as their chi-square values (with one degree of freedom), which were the basis for
the recursive partitioning process.
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Table 16. Variables used in multivariate analyses

Variable Chi-square* Variable Chi-square*
Age Bone tenderness

45 or greater 25.5 lateral malleolus

55 or greater 29.5 -anterior edge 379
65 or greater 23.6 -postenior edge 51.1

-inferior or posterior 39.2

Swelling medial malleolus

lateral malleolus 42.7 -inferior tip 26.6
lateral malleolus < 6 hr  47.9 -inferior or posterior 345
Inability to bear weight

immediately 51.5

continue current activity  16.1

in ED 65.7

both immediately and ED  68.3

* Continuity adjusted chi-square with one degree of freedom

7.4.3 Logistic Regression Analysis

Logistic regression (LR) analysis used 674 of a possible 689 cases due to missing
data in 15 cases: age in one case and bone tendemness in 14 cases. Stepwise forward
selection yielded a model consisting of six variables (Table 17). The odds ratios for each
variable, adjusted for the other variables, are given along with the 95% confidence
intervals. One can calculate the probability of having a fracture for a patient with a
specific set of predictor variables. For example, a patient negative for all of the variables
would have a probability of significant fracture of 1/ (1 + ¢*?) = 0.005. Alternately,
a patient who was positive for all of the variables would have a fracture probability of
1/ + 2% = 0.881, '

A decision rule using this model would have correctly classified 92% of patients
yet would have missed 68% of the fractures on the ankie x-ray series, based on the preset
predicted fracture probability of 0.5 (Table 18). Clearly, a sensitivity of only 32.4%
would be unacceptable. Inspection of a listing of cases revealed that the sensitivity could
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have been improved to 100% only by reducing the threshold for ordering an x-ray to a
0.015 predicted probability of fracture (Table 19). We felt that such a model was

unsatisfactory due to the low specificity (29.0%) and the complexity of incorporating such
a large number of variables (six) into a decision rule.

7.4.4 Recursive Partitioning Analysis

Chi-square recursive partitioning (RP) techniques successfully yielded a model
(Figure 15) that was 100% sensitive to ankle series fractures with fewer variables (four)
than the LR model. The final variables in this model were: 1) age 55 or greater, 2)
inability to bear weight both immediately and four steps in the emergency department,
3) bone tendemess at posterior edge (distal 6 cm) or inferior tip of the lateral malleolus,
and 4) bone tenderness at posterior edge or inferior tip of the medial malleolus. The final
variables have been grouped into a clinical decision rule that would permit physicians to
categorize ankle injury patients into high and low risk groups for fracture (Figure 16).

This model was derived by choosing the partitions based on the variable with the
highest chi-square value at each step. Other models could be developed by manipulating
the order of the partitioning process, and usually involved the variables swelling over the
lateral malleolus or bone tenderness at the anterior edge of the lateral malleolus. None
of these other solutions to the problem of achieving 100% sensitivity offered comparable
specificity or as few variables as the original model.
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Table 17. Variables in iogistic regression model

Variable Coefficient Significance Odds Ratio 95% C.L
Age 55 or greater 1.8 <0.0001 6.18 29-125
Unable to bear weight _

immediately & in ED 1.3 <0.0001 3.78 20-6.9
Swelling lateral malleolus

< 6 hours 0.7 0.04 1.93 1.1-3.8
Bone tenderness

lateral malleius anterior 1.2 0.008 3.40 1.3-8.2
lateral inferior/posterior 1.2 0.004 3.45 14-7.7
medial inferior/posterior 1.1 0.0006 3.07 1.6 - 5.7

Constant -5.3 <0.0001

Table 18. Classification performance of logistic regression model using predicted fracture

probability of 0.5 as threshold for ordering an ankle x-ray series

Actual Fracture
Yes No
Predicted Fracture
Yes 22 7
No 46 599
Total 674
Sensitivity 32.4%
Specificity 98.8%
Accuracy 92.1%

Table 19. Classification performance of logistic regression model using predicted fracture

probability of 0.015 as threshold for ordering an ankle x-ray series

Actual Fracture
Yes No
Predicted Fracture
Yes 68 430
No 0 176
Total 674
Sensitivity 100%
Specificity 29.0%

Accuracy 36.2%




3S#

128

LEGEND

# Fracture

0%

689 and in emergency deparment
@ Age 55 or greater

@ Bone tendemess posteror edge of

[WEIGHT BEAR] inferior tip lateral malleolus

(© Unable 1o bear weight immediately

@ Bone tenderness posterier edge of

~ane arn > B0l
Ces No 314 intenor tip medial malleotus
561

No 1#
283

{TENDER B8 or BS]

No

HIGH RISK

@8

LOW RISK

O#

248

Figure 15. Recursive partitioning of predictor variables for ankle series fracture



1) AN ANKLE X-RAY SERIES IS ONLY NECESSARY IF:
THERE IS PAIN NEAR THE MALLEOLI AND ONE OR MORE OF THESE

FINDINGS:

m\\\ \ Mm / a) AGE 55 OR GREATER
.\._“....\\...”v_. \ \.\.\.\
7 Yy b) UNABLE TO BEAR WEIGHT
§ o A]  (both Immediately and In ED - 4 steps)

7

ﬂ! Y o) BONE TENDEANESS
% _—>{at the posterior edge or tip
\ of elther malleolus)

§\.\§§§_M§

MEDIAL VIEW

Figure 16, Clinical decision rule for ankle x-ray series in adulls



&5

7.5 Classification Performance

The classification performance of the ankle series decision rule as derived by
recursive partitioning is shown in Table 20. We see that the goal of 100% sensitivity was
achieved at a higher specificity (40.1%) than that of the logistic regression model but at
a lower overall accuracy (46.2%). Mﬁch better accuracy could be achieved but only by
reducing the sensitivity below our required level of 100%. An ROC curve was generated
for the RP model by forcing the constituent variables into a logistic regression analysis
and calculating sensitivity and specificity for the various fracture probabilities. An ROC
curve was also developed for the LR model and was found to be similar to that of the RP
rule except for achieving 100% sensitivity at a lower specificity level (Figure 17).

L
Table 20. Classification performance of clinical decision rule for ankle x-ray
series

Actual Fracture
Yes No
Predicted Fracture
Yes 70 371
No 0 248
Total 639
Sensitivity 100%
Specificity 40.1%
Accuracy 46.2%
Negative predictive value 100%
Positive predictive value 15.9%

L . __________________________________ "~

Similarly, the RP rule can be compared to the classification performance of the
physicians’ predicted probability, as shown in Tables 10, 11, and 19. Figure 18
compares the ROC curves of the RP Rule and the physicians’ predicted probability: the
physicians have better overall discrimination but fail to achieve 100% sensitivity (true
positive rate of 1.0).
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7.6 Derivation of Foot X-ray Series Rule

7.6.1 Derivation

A similar process determined the: best predictor variables for fracture on a foot x-
ray series (Table 21 and Figure 19). Neither age nor ability to bear weight were
significantly associated with fractures, the majority of which were at the base of the fifth
metatarsal. The only variable that had high interobserver agreement (kappa greater than
0.6) and was significantly associated with fracture was bone tenderness at the base of fifth
metatarsal. However, using this variable alone would have led to a model that was only
93.8% sensitive. Recursive partitioning could only achieve a 100% sensitive model when
bone tendemness at any one of the base of the fifth metatarsal, the cuboid, or the navicular
were included. This was somewhat below our ideal standard for reliability as the kappa
value for this combined variable was 0.53. Nevertheless, we felt that 100% sensitivity
was paramount and that a small sacrifice in reliability was acceptable. No ﬁnempt was
made to use logistic regression analysis for the foot series rule.

The final decision rule for foot x-ray series is presented in Figure 20. The
classification performance for this rule (Table 22) shows a sensitivity of 100% achieved
at a specificity of 24.7%.
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Table 21. Univaniate association of variables with significant midfoot fracture
on oot x-ray series

Significant Other
Fracture Cases

Variable (%) N = 32) (N = 198)
Mean age (+ SD) 36.7 +£ 14.5 40.1 + 16.9
Unable to bear weight immediately 29 18
Ecchymosis 35 27
Bone tenderness

base Sth metatarsal 94 34>

cuboid 47 58

navicular 3 10

any one of above 100 75*
Unable to bear weight in ED 38 33

*P < 0.01, ** P < 0.0001 by continuity adjusted chi-square

L ______________________ " ]

o
Table 22, Classification performance of clinical decision rule for foot x-ray

series
Actual Fracture
Yes No
Predicted Fracture
Yes 32 149
No 0 49
Total 230
Sensitivity 100%
Specificity 24.7%
Accuracy - 35.2%
Negative predictive value . 100%

Positive predictive value 17.7%
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7.6.2 Classification Performance

Table 23 illustrates the classification performance of the two rules combined for
the 919 x-ray series done in the study. None of the 102 fractures would have been
missed, reaffirming our goal of 100% sensitive decision rules. '

Table 23. Classification performance of ankle series and foot series decision

rules combined
Actual Fracture
Yes No
Predicted Fracture
Yes 102 520
No 0 297
Total 019
Sensitivity 100%
Specificity 36.4%
Accuracy 43.4%
Negative predictive value 100%
Positive predictive value 16.4%

#

Table 24 compares the use of radiography in this study with what could potentially
be achieved if the two decision rules had been invoked. The potential savings of x-ray
saries would be: ankle series 36.0%, foot series 21.3%, and both series combined 32.3%.
24.7% of the patients would require no radiography and only 7.5% would require both
an ankle and a foot series. These potential reductions in use of radiography would
represent some 30% less dollars spent on x-ray services for ankle injury patieats.

The somewhat higher referral rates for radiography in phase I compared to phase

0 (ankle: 91.9% vs. 81.3%; foot: 30.7% vs. 28.9%) may have inflated the potential
saving.



L]

. __________________________________ . )
Table 24. Comparison of use of radiography in Phase I to that possible if decision rules had been

implemented
Actual
Phase I

Radiography N = 750)
Patients referred for x-ray (%)

Ankle series 689 (91.9)

Foot series 230 (30.7)

Either series 750 (100)
Total x-ray series performed 919

Mean per patient 1.23
X-rays positive for significant fracture (%)

Ankle series 70 (10.2)

Foot series 32 (13.9)

Both series combined 102 (11.1)
Pattern of series ordered (%)

None 0@

Ankle only 520 (69.3)

Foot only 61 (8.1)

Ankle and foot 169 (22.5)
Cost of x-ray series performed ($)

Ankle (@ $33.30) 17,316.00

Foot (@ $33.30) 2,031.30

Ankle and foot (@ $55.40) 9,362.60

Total 28,709.90

Applying
Rules
N = 750)

441 (58.8)
181 (24.1)
565 (75.3)

622
0.83

70 (15.9)
32 (17.7)
102 (16.4)

185 (24.7)
385 (51.3)
124 (16.5)
56 (7.5)

12,820.50
4,129.20
3,102.40
20,052.10

Per-
centage
Saving

36.0
21.3

32.3

30.2
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8. DISCUSSION
8.1 Phase 0: Baseline Use of Radiography

The baseline data collected in phase O depict a clear profile of the ankle injury
patients that present to an adult emergency department. These patients are generally
young, have usually suffered a twisting mechanism of injury, and are more frequently
seen in the summer months. Only 14.5%, however, have suffered significant fractures.
These more seriously injured patients are proportionately more common among those over
age 55 and those seen in the winter months, the latter undoubtedly due to the hazards of
ice and snow.

Use of radiography for ankle injury patients is ubiquitous in the emergency
departments of the two study hospitals. 94.3% of patients are referred for at least one
x-ray series even though the yield for significant fracture is only 13.2%. The total cost
~ annually for the radiography of ankle injury patients at OCH and OGH can be estimated
at $110,000.00. For the province of Ontario, the cost of this one “low technology”
procedure is in excess of $4,000,000.00.

Physicians, no matter what their level of training or experience, continue to rely
heavily on radiography despite their awareness that most of the x-rays will be negative.
In our survey, we found that physicians estimated a zero or 0.10 probability of fracture
in the majorify of patients referred for an ankle series. Similarly, they claimed they
would have been comfortable in ordering no x-rays in almost one-half of the patieats.

Why do emergency physicians order so many apparently inappropriate and
wasteful x-rays for ankie injury patients? Clearly, we believe that a major reason is the
lack of dependable and widely accepted clinical guidelines and, thus, the rationale for this
study.

Other non-clinical factors, however, likely play a significant role in the emergency
physician’s decision to order radiographs for most patients.!® ! 20 5 The transient
nature of the physician-patient relationship, the high patient volume, the lack of follow-
up, the fear of medicolegal repercussions, and the demands of patients in emergency
departments all contribute to the expediency of routine ordering of ankle x-rays. Hence,
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any effort to alter physician x-ray ordering practices must consider these nonclinical
determinants of decision-making. Consequently, we feel that physicians are unlikely to
accept any clinical guidelines that do not offer a very high sensitivity to detecting
fractures. Future research, such as the field trial proposed in section 8.3.2, may assess
the nonclinical issues and the success with which they may be overcome.

8.2 Phase I: Development of the Rules

8.2.1 Interobserver Agreement

Data from this study demonstrate that there is a wide variation in interobserver
agreement for the physical findings used to assess ankle injury patients. The best
agreement was found forjudging ability to bear weight four steps, an assessment that was
also found to have good predictive value for the severity of injury. Agreement for most
areas of bone tenderness was generally good and suggests that physicians should
emphasize these findings in their assessments. The major exception was the proxifnal
fibula, which may reflect the very few positives found. Combinations of two areas of
bone tenderness tended to have higher kappa values than some of the individual points
and indicates that improved reliability can be achieved by grouping points of tenderness.

The results clearly indicate that some findings are not dependable. Those that we
found could not be relied upon in ankle injury patients are ecchymosis, range of motion,
soft tissue tenderness, and the anterior drawer sign. l;erhaps the lack of agreement
reflects a lack of attention by physicians towards variables not deemed clinically useful.
The drawer sign would appear to be extremely unreliable but this may, in part, be an
artefact of the very low prevalence of this characteristic. In the 100 study patients, the
drawer sign was only judged to be positive on six occasions yet never by the same two
physicians. Kappa values are known to be dependent on the prevalence of the
characteristic being assessed and this can complicate their interpretation.%¢ As the
prevalence of a characteristic approaches 0 or 1, the value of kappa approaches 0.

Further assessment of the drawer sign is required before concluding that it is completely
unreliable.
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Reasonable interobserver agreement on swelling could only be achieved when the
ordinal scale was dichotomized and then only for areas over the lateral and medial
malleoli. This suggests that physician agreement is not good for physical findings rated
by an ordinal scale and that a simple binary scale (e.g. "present” or "absent™) may be
more clinically useful. The gain in information provided by the use of an ordinal scale
is offset by the loss in reliability.

This part of the study could have been statistically strengthened and have provided
narrower confidence intervals by having more patients assessed by fewer physicians.
Obtaining double assessments on more than 100 acutely injured patients in a reasonable
period of time would be logistically formidable. The use of 21 experienced clinicians
may lend more generalizability to the findings.

8.2.2 Clinical Decision Rules

The study successfully achieved the goal of developing clinical decision rules that
are highly sensitive for predicting significant fractures in ankle injury patients. These
rules may aid clinicians to be more selective and have the potential to reduce use of
radiography by one-third in acute ankle injuries.

The final variables in the decision rules should be easy for physicians to remember
and apply. The age guideline for ordering an ankle x-ray series is very clear and
biologically plausible. Thirty-four percent of the fractures in the ankle series were seen
in people aged 55 or greater, a group that constituted only 13% of the patients. The
increased frequency of malleolar fractures above age 55 is likely to be due to
osteoporosis. On the other hand, there was no age association for fractures of the
midfoot. .

Judging ability to bear weight for four steps in the smergency department was
shown to be very reliable in our study but is still subject to interpretation and to the
reluctance to ask patients to attempt to walk. Many patients were in wheelchairs but were
able to bear weight for the requested four steps with little difficulty and minimal coaxing
by the physicians. We also found that many patients with sprains had walked initially but
had increased difficulty the next day, often associated with increased swelling. Hence,
ability to bear weight was 4 more specific predictor of ankle fracture when one took into
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account the patient’s difficulty both initially and at the time of assessment. There was
no association between ability to bear weight and midfoot fractures.

Localized bone tendemness, as expected, was found to be a good predictor of
fracture, but less reliable than age or ability to bear weight. Soft tissue tendemess ana -
swelling frequently make bone tenderness difficult to assess and this is likely the major
reason that most ankle injury patients are referred for radiography. We believe that
reliance on tenderness of the posterior edge (distal six centimetres) and inferior tip of the
lateral malleolus will help to avoid confusion with the tendemess of the anterior
talofibular ligament that is so often injured in ankie sprains. Bone tenderness of the
medial malleolus is relatively uncommon but, if present, indicates that the patient is at
high risk for a fracture.

Soft tissue swelling is highly associated with fractures, a finding frequently
reported by radiologists.!! ** We found, however, that swelling was also influenced by
time from injury and had less interobserver agreement than bone tenderness. Hence, we .
feel that our decision rules will be more reliable without the inclusion of swelling.

Physician judgement and common sense should always take precedence over
clinical guidelines, which are not meant to be inflexible or dogmatic. For example,
patients with gross deformity clearly need an x-ray without the need for invoking a
decision rule. Caution must be used in interpreting physical findings of patients with
altered mental status due to head trauma or drug intoxication.

We ould have devised an ankle decision rule with much greater potential savings
of x-rays. For example, dropping the inferior tip of the lateral malleolus would have
improved the potential savings to 49.8% and improved the specificity to 55.7%. This,
however, would have also missed three small fractures and reduced the sensitivity to
95.7%, which we feel would be unacceptable to physicians in the current context of
North American medical practice. However, it may be that society will come to accept
the small price of occasional missed fractures (which would have likely led to very little
morbidity for the patients) in order to improve the efficiency and cost-effectiveness of the
medical system.



8.2.3 Methodological Issues

We believe that the methodology of this study adhered to the principles and
standards for clinical prediction rules as espoused by Wasson and Feinstein.*® * The
following discussion will review these principles and indicate the strengths and
weaknesses of the study relative to previous research on ankle injuries.

The outcomes, clinicaliy significant fractures of the ankle and midfoot, were
clearly defined, based on objective criteria, and were assessed by an investigator blinded
to the predictor variables. Likewise, these predictor variables were explicitly defired and
collected in a prospective and standardized fashion by a committed group of experienced
clinicians. These clinicians used specific data coliection sheets and were blinled to the
outcome at the time of the assessment.

The study assessed the reliability or consistency of the predictor variables by
measuring the interobserver agreement and considering only those variables with high
kappa values. No previous study, to the author’s kmowledge, has assessed the
interobserver agreement of clinical findings in ankle injury patients.

The generalizability of the findings were increased by the use of a sample that
included a wide spectrum of severity of injury. The clinical and demographic features
of the patients were described and were typical of ankle injury patients commonly seen
in emergency departments. This study has the largest reported, prospectively studied,
sample of ankle injury patients. 7

The mathematical techniques, including the univariate analyses and the use of
logistic regression and recursive partitioning, were identified and described. Logistic
regression was unable to provide a satisfactorily sensitive model without a large decrease
in specificity and increase in complexity. This appeared to be because of the tendency
of logistic regression to achieve maximum accmacy in distinguishing between the two
outcome groups, without regard to sensitivity and specificity separately. In our case, the
nonfracture group was ten times as populous as the fracture group leading to a relative
lack of accuracy for the latter patients. Therefore, despite the high overall accuracy of
the model developed, we were disappointed by the poor sensitivity for fractures.

Recursive partitioning is a less commonly used multivariate method but seemed
much better suited to our purpose of identifying all patients within one of the groups.
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The investigator performed this procedure manually by repeated crosstabulations of the
data, a rather intensive technique. Commercially available software would perform a
similar analysis much more quickly, but likely would not afford the same insight into the
data 63 64

The study attempted to develop guidelines that are sensible for clinicians. The
purpose and application of the rules have been clearly established and are relevant to
curren. 2mergency department practice. The overt format should be easy to comprehend
and reflects suitable component predictor variables. We believe that the simplicity of the
rules, unlike the more complex model produced by logistic regressiom, will make them
easy to remember and easy to use at the bedside.

The accuracy of the rules has been demonstrated, meeting the goal of 100%
sensitivity for significant fractures. This is the first study to offer guidelines with such
high sensitvity. The specificity is an acceptable 40% for the ankle series fractures and
24% for the foot series fractures. This performance classification, however, has only
been assessed on the original derivation set of patients.

8.2.4 Limitations of the Study

Several potential areas of bias in the conduct of the study must be carefully
considered. Selection of patients was based on the judgement of the assessor physicians
who determined whether the patients had any pam or tenderness in zone I or zone Il or
both. The reliability of this determination has not been shown and ineligible patients may
have been admitted and eligibie patients overlooked. We feel, however, that the threat
to the validity of the findings, from selection bias, should be minimal. We kmow that the
demographic and clinical profile, including the prevalence of fractures, was very similar
between the derivation set in phase I and the patients seen in the phase O baseline period.

While outcome assessments were made independently of knowledge of the
predictor findings, one can argue that the potential for assessment bias exists because all
750 patients did not have both an ankle and a foot x-ray series. There is the theoretical
possibility that zone I fractures were missed in the 61 patients who did not have an ankle
series x-1ay or that zone II fractures were missed in the 520 patients who did not have
a foot x-ray series. We feel that this is very unlikely for several reasons. All patients
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had at least one x-ray series and there is significant overlap in the anatomical areas
included in the two series. Significant fractures close to the zone being x-rayed would
likely have been apparent. Furthermore, the assessor physicians were liberal in their use
of radiography, ordering an ankle or foot x-ray series if there was any subjective pain or
detectable tenderness in the respective zones. Comparing Tables 7 and 9, we can see that
the referral rates for ankle series (91.9% versus 81.3%) and for foot series (30.7% versus
28.9%) were higher during phase I than in phase O Finally, ordering both x-ray series
on all patients would have involved 63% more senes than actually ordered. Such a large
increase from the normal use of radiography wo-ul‘d have been unacceptable to the
physiéians and to the ethics committees.

Clinicians may be concerned that the ankle series rule was derived from a patient
set that had no significant fractures of the talus. Clearly, such fractures are relatively
uncommon (none among 905 ankle injury patients in the pilot stage or main study of
Phase I and three among 1290 patients in Phase (). Several significant talar fractures
have been seen by the investigator since the completion of the study and would have been
detected by the rule. This issue would be further addressed in any subsequent validation
studies.

This study remains incomplete on two counts: prospective validation and
demonstration of impact on patient care. No clinical decision rule can be considered
valid undl it has been prospectively assessed onr a new set of patients. Previous ankle
injury guidelines, other than the two studies on the general use of radiography in
extremity injuries,® 42 have not been prospectively validated. The investigator proposes
to conduct a prospective validation study of the decision rules on a new patient set, as
described in section 8.3.1. Otherwise, consideration would have been given to the use
of a cross-validation technique, such as the “jackknife” method. Should others choose
to validate the rules in different settings, the generalizability of the findings will be
enhanced. |

Furthermore, one cannot be satisfied that a clinical decision is effective untl an
impact on patient care has been demonstrated. This has been attempted in only one other
 extremity injury study.® Should these rules stand up to prospective validation, we
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propose to then study their ability to actually change physician radiograph ordering
behaviour, as described in section 8.3.2.

8.3 Future Research

In view of the Limitations described above, one can argue that prospective
validation and a field trial should follow the current study. The following sections briefly
describe possible objectives and methods for such studiss, phase II and phase II.

8.3.1 Phase II: Prospective Validation

The objective of this phase will be to prospectively assess the validity and
reliability of the clinical decision rules on a new set of patients.

One thousand patients with acute ankle injuries will be assessed by the same
emergency staff physicians at the Ottawa Civic and Ottawa General Hospitals. The
physicians will apply the decision rules to each patient and record whether or not the
decision rules would have required ankle or foot x-ray series. All patients will then
undergo radiography on the same basis as in phase I, i.e. an ankle series if there is any
pain or tenderness in zone I and a foot series if there is any pain or tendemess in zone
II.

The outcome will be determined by a qualified radiologist who will evaluate each
x-ray for the presence or absence of a clinically significant fracture. This evaluation will
be made without knowledge of the result of the decision rulcs.

The validity of the clinical decision rule will be assessed by calculating the
sensitivity and specificity for detecting which patients have a significant fracture. 100%
sensitivity may be difficult to duplicate in a validation set of patients. Several other
clinical variables, not included in the rules but close to contributing to the model (such
as swelling), will be retained from Phase I to reassess their predictive value prospectively,
If sensitivity proves to be inadequate in this phase, the rules may be derived anew, based
on the total population of phases I and II.
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The reliability of the decision rules will be assessed by measuring interobserver
agreement of the physicians’ application of the rule. 100 of the patients will be examined
by a second physician who will also classify the patient according to the rule.

Data Analysis will be performed as follows:

a) Sensitivity, specificity, positive predictive value, and negative predictive value
will be calculated for the clinical decision rules.

b) Kappa coefficient of interobserver agreement for the rule will be estimated by
the methods described in Phase 1.

¢) The referrai fraction for ankle and foot x-ray series and the predicted yield of
the x-rays with and without the rules will be calculated. This will permit an estimate of

the potential to reduce the cost and the number of x-rays ordered, if the rule had been
applied.

8.3.2 Phase III: Field Trial

The objective of this phase will be to test the clinical and cost effectiveness of
implementing the decision rules into practice.

The proposed unit of study will be the hospital, using before-after and concurrent
control groups. Randomization of patients or physicians to study and control groups,
using or not using the decision rule, is not likely feasible within the same institution.
Contamination by the previous experience of the physician or by fellow physicians would
heavily bias application of the rule. Therefore, all patients within the intervention and
control hospitals will be treated in the same fashion.

The rule will be introduced to all physicians (interns, residents, staff) working in
the Ottawa Civic and Ottawa General Hospital emergency departments. We will evaluate
the effectiveness of implementing this rule on all ankle injury patients presenting over a
five month period, which will parallel the months studied in Phase 0. Patients classified
as being unlikely to have a fracture will not be sent for x-ray (assaming the co-operation
of patient and physician). All other patients will have standard ankle x-rays.

Outcomes will be assessed by classifying the x-rays or by following those patients
not x-rayed, at five day intervals. This latter group will be followed until clinical
improvement confirms the absence of a fracture. These patients will be x-rayed if their
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clinical status does not improve. Note will also be made of patients presenting %o another
facility and having an x-ray.

The referral fraction for ankle and foot x-ray series will be evaluated for each
hospital and compared to the baseline data of Phase 0. Similar data will be collected
before and during the field trial, at a control hospital, the Queensway-Carleton Hospital.
This community hospital will serve as a concurrent coatrol to demonstrate that the x-ray
referrel rates do not fall other than in the intervention groups.

This comparison to Phase 0 will allow an estimate of the actual reduction in
numbers of x-rays ordered. Cost effectiveness will be determined by comparing the cost
of all x-rays required (both at the initial visit and on follow-up) to the baseline costs. We
will also compare, with the baseline data, the actual time spent in the emergency
department for all ankle injury patients. Finally, we will survey the physicians and the
patients to determine the acceptability of the rule. The physicians will be interviewed to
assess the impact of non-clinical factors in their decision-making process.

8.4 Conclusion

Phase 0 of this study has confirmed our belief that physicians continue to order
radiographs for the vast majority of patients presenting to emergency departments with
acute ankle injuries. This practice continues despite the low yield of these radiographs
for significant fraciure. This practice also continues despite the belief of the emergency
physicians that the majority of these radiographs will be negative.

Phase I has successfully achieved the goal of developing 100% sensitive decision
rules for the use of radiography in acute ankle injury patients. ‘T data indicate that
patients with pain near the malleoli only require an ankle x-ray series if they have one
or more of these criteria: age 55 or greater, unable to bear weight both immediately and
in the emergency department, or bone tenderness at the posterior edge or inferior tip of
either malleolus. Likewise, ankle injury patients with pain in the midfoot only require
a foot x-ray series if they have bone tenderness at the base of the fifth metatarsal, the
cuboid, or the navicular.
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These clinical decision rules have the potential to reduce the use of radiography
and the associated costs by more than 30% in adult ankle injury patients. The rules,
however, must now be prospectively validated, ideally in several different settings. The
final test of these rules will be to demonstrate their impact on patient care, in terms of
actually reducing the use of radiography in ankle injury patients.
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Appendix A. Pilot stage data collection sheets

UNIVERSITY OF OTTAWA ANKLE INJURIES STUDY

***FOR FULLTEGAE EMERGENCY STAFF PHYSICIANS ONLY***

All patients who have suffered acute biunt ankle injurics, including twisting, falls from a height,
direct blows, and vehicle acciaents.
See back of form for znaromical structures to be included.

1§) Patients under the age of 18 years

2) Pregnant women

J) Injuries of the skin (superficial lacerations or abrasions, puncture wounds, burns)
4) Patients referred from outside the hospital and who have already had ankie x-rays
5 Pazents whose ankle injury occurred more than 10 days previously

6) Patients who return for the same ankle injury

1) Name: 2) Chary/Unique No:
3) Able 1o bear weight immediarely after injury? YES / NO
4) Cracking or popping sound at time of injury? YES / NO
5) Mechanism of injury: TWISTING / FALL FROM A HEIGHT / DIRECT BLOW
/ VEHICLE ACCIDENT / OTHER
6) Direction of injury: INVERSION / EVERSION / PLANTARFLEXION / UNKNOWN
7) Time from injury o assessment: _ HOURS ___MINUTES
8) Application of ice in previous 6 hours? YES / NO
9) Use of anaigesics in previous 6 hours? YES / NO
10) Ankle fracture in previous 12 months? YES / NO
11) History of impaired sensation in lower limbs (e.g.multiple sclerosis, diabetes)? YES / NO

12) Altered level of consciousness (e.g.head injury, intoxication)? YES / NO
13) Bone deformity? YES / NO
14) Visiblc swelling medially? YES / NO

15) ®  over lateral majleolus? YES / NO
16 - *  over anterior @lo-fibuiar ligament? YES / NO.
) I *  anteriorly? YES /NO

18) Ecchymosis? YES / NO

19) Range of motion (plantar-dorsiflexion): NORMAL / LIMITED
20-29) Bone tenderness - mark diagram on back of form

30-34) Soft dssue tendemess - mark diagram on back of form

35) Wound overlying bony tendemness? YES / NO

36) Anterior drawer sign positive (compared to other ankie)? YES / NO
37) Able to bear weight now (can ke at least 4 st=ps)? YES / NO

38) Name:
39) Interobserver reliability wested? YES / NO
40) If "YES"®, name of physician:
41) Predict probability of significant fracture:

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
COMMENTS:

sax -YOU FOR YOUR HELPpe**=

42) Ager __ 43) Sex: 44) Dare: I 45) Hospinl: OCH / OGH
46) x-ray result for fracture: NONE / INSIGN'IFICANT / SIGNIFICANT
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Appendix B. Final data collection sheets

UNIVERSITY OF OTTAWA ANKLE INJURIES STUDY
***FOR FULLTIME EMERGENCY STAFF PHYSICIANS ONLY***

INCLUSION All patients who have suffered acute blunt ankle injuries, including twisting, falls from a height,
CRITERIA direct blows, and vehicle accidents. See back of form for anatomical structures to be included.
EXCLUSION 1) Patients under the age of 18 years 2) Pregnant women
CRITERIA 3 Isolated injuries of th= skin (superficial lacerations or abrasions, puncture wounds, burns)
4) Patients referred from outside the hospital and who have aiready had ankie x-rays
5) Patients whose ankle injury occurred more than 10 days previously
9) Patients who return for the same ankie injury
PATIENT * 1) Name: 2) Chart/Unique No: PDate: /[
INFO 4) Able to bear weight immediately after injury?

PHYSICAL
EXAM

PHYSICIAN
INFO

YES (CONTINUED CURRENT ACTIVITY) / YES (WITH DIFFICULTY) / NO
3) Cracking or popping sound at time of injury? YES / NO
6) Mechanism of injury:

TWISTING / FALL FROM A HEIGHT / DIRECT BLOW / VEHICLE ACCIDENT / OTHER
7) Direction of injury: INVERSION / EVERSION / PLANTARFLEXION / UNKNOWN / N/A
8) Time from injury to assessment: __ HOURS
9) Application of ice in previous 6 hours? YES / NO
10) Ankle fracture in previous 12 months? YES / NO

* 11) Ecchymosis YES / NO
* 12) Visibie swelling 2) medially? NONE / MINIMAL / MODERATE / MARKED
*  b) over lateral mallecius? NONE / MINIMAL / MODERATE / MARKED
* &) over anterior talo-fibular ligament? NONE / MINIMAL / MODERATE / MARKED
*  d) anteriorly? NONE / MINIMAL / MODERATE / MARKED
* 13) Restriction of active plantar-dorsiflexion? NONE / MINIMAL / MODERATE / MARKED
* 14) Bone tenderness - MARK DIAGRAM on back of form
* 15) Soft tissue tenderness - MARK DIAGRAM on back of form
* 16) Anterior drawer sign positive (compared o other ankie)? YES / NO
'IT)Askthepaﬁcnt:'Amyouablemw:lknow.unaided,g:didyoubmwﬁghtonyourmyinm
the ED.?° YES/NO If "NO", skip question #18.
* 18) Ask the patient to walk and rate the degree of difficulty:
NONE / MINIMAL / MODERATE / MARKED / UNABLE / REFUSED / N/A

19) Name: 20) Interobserver reliability tested? YES / NO
* 21) If “YES"®, name of physician: (DO QUESTIONS MARKED WITH *)
® 22) Predict probability of significant fracture in:
a) Zone I (True Ankle) 0% 10% 20% 30% 40% 50% 60% 70% 80% 9% 100%
b) Zone I (Midfoot) 0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%
* 23) Bow comfortable would you be in not ordering any x-rays for this patient?
(I)Very Comfortable (2)Comfortable (3)Neutral (4)Uncomfortable (5)Very Uncomfortable

*¢**PATIENTS WITH ZONE I TENDERNESS NEED AN ANKLE X-RAY AND THOSE WITH
ZONE II TENDERNESS NEED A FOOT X-RAY. DO BOTH AT YOUR DISCRETION#sss

RESEARCH
ASSISTANT

oxe -YOU FOR YOUR HELPvsss

24) Age: ___ 25) Sex: __26) OCH/OGH 27) Ankle x-ray: ND/N/NS/S 28) Foot x-ray: ND/N/NS/S
29) Fracture: a) Lat Mall NS/S b) Med Mall NS/S c) Post Mail NS/S d) Talus NS/S ) Calc NS/S
f) Nav NS/S g) Cun NS/S h) Cub NS/S i) Sth Met NS/S
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Appendix C. Sample calculation of kappa coefficient (after Sackett et al.%%)

The accompanying figure illustrates the calculation of kappa, applied to the
interobserver agreement on the presence or absence of moderate to marked swelling over
the medial malleolus. Whereas the observed agreement between physicians appears to
be 89%, this is inflated by the amount of agrcement that could occur by chance, given
the two physicians’ overall observations. In the example, the physicians might be
expected to agree, based purely on chance, that 86% of 83 (71.4) patients would have
no or minimal swelling and 14% of 17 (2.4) patients would have moderate or marked
swelling. Therefore, the overall agreement expected on the basis of chance is calculated
to be 74% (71.4 + 2.4/ 100). This means that the actual agreement beyond chance is
89 - 74, or 15%. The kappa value (0.58) represents the ratio of actual agreement beyond
chance (15%) to the potential maximum agreement beyond chance (26%).
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Appendix D. Interobserver agreement data for 100 patients

Table i. Number of cases rated as present or absent for general physical findings by two physicians*

1st Present 1st Present 1st Absent 1st Absent**

Variable 2nd Present 2nd Absent 2nd Present 2nd Absent Kappa
Ecchymosis 14 9 14 59 0.39
Soft tissue tenderness
Anterior talofibular ligament (S1) 62 13 10 15 0.41
Calcaneofibular ligament (S2) 6 Y 9 76 0.29
Deltoid ligament (S3) 14 10 16 59 0.34
Anterior aspect of ankle (54) 18 14 10 58 0.42
Anterior drawer sign 0 2 4 85 -.03
Ability to bear weight in ED 34 4 4 56 0.83

* Not all variables were assessed in 100 patients
== 1st = present or absent according to first physician; 2nd = present or absent according to second
physician

Table ii. Number of cases rated as none-minimal or moderate-marked for physical findings by two
physicians

1st Marked 1st Marked 1st Nome 1st None*

Variable 2nd Marked 2nd None  2nd Marked 2nd Nome  Kappa
Restriction of range of motion 39 20 13 28 0.34
Swelling .
Medial malleolus 10 7 4 79 0.58
Lateral malleolus 45 7 7 41 0.72
Anterior talofibular ligament 27 22 16 35 0.24
Anterior aspect of ankle 3 7 13 77 0.12

* 1st = rating of first physician; 2nd = rating of second physician;
None = rated as none or minimal for abnormality;
Marked = rated as moderate or marked for abnormality
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Table iii. Number of cases rated as present or absent for bone tenderness by two physicians

1st Present 1st Present 1st Absent 1st Absent*

Variable 2nd Present 2nd Absent 2nd Present 2nd Absent Kappa
Proximal fibula (B0) 0 2 1 97 -.01
Midfoot
Base 5th metatarsal (B1) 8 2 2 88 0.78
Cuboid (B2) 8 5 10 77 0.43
Navicular (B6) 1 3 1 95 0.32
Either Bl or B2 or B6 14 7 9 70 0.53
Lateral Malleolus
Antenior edge (B3) 52 10 7 31 0.64
Inferior tip (B4) 33 13 13 41 0.48
Posterior edge (BS) 34 10 2 54 0.75
Either B4 or BS 50 6 6 38 0.76
Medial Malleolus
Anterior edge (B7) 7 4 7 82 0.50
Inferior tip (BS) 15 3 3 74 0.66
Posterior edge (B9) 7 5 3 85 0.59
Either B8 or B9 17 5 17 71 0.66
Any one of B4 or BS or
B8 or B9 58 5 6 31 0.76

* 1st = present or absent according to first physician; 2nd = present or absent according to second
physician





