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Objectlve —To validate a prewously derived demsnon rule for the use of radlog-
raphy in patients with acute knee injury. .. .
Design —Prospectively administered survey.
Setting.—Emergency departments of two university hospltals serving adults

Patlents.—Convenience samplié of 1096 of 1251 eligible adults w1th acute knee )

injuries; 124 patients were examined by two physicians. .
Main Outcome Measures.—Attending emergency physicians assessed each

patlent for standardized clinical variables and determined the need for radxography '

according to the decision rule. Patients who did not have radiography underwent
. a structured telephone interview at day 14 to determine the possibility of a fracture.
‘The rule was assessed for ability to correctly identify the criterion standard, fracture
of the knee. An attempt was made to refine the rule by means of umvanate aﬁ'a're-
cursive partitioning analyses.

Results.—The decision rulehad a sensmwty of 1.0 (95% conﬁdence |nterval [Cl]
0.94 to 1.0) for identifying 63 clinically important fractures. Physicians correctly in-
terpreted the rule in'96% of cases, and the x value for interpretation was 0.77 (95%

_Cl, 0.65 to 0.89). The potential relative reduction in use of radlography was
estimated to be 28%. The probability of fracture, if the decision rule were “negative,”
s estimated to be 0% (95% Cl, 0% to 0.4%). Attempts to refine the rule led to-a

model with |mproved specificity but with an unacceptable loss of sensitivity.

Conclusion.—Prospective validation has shown this decision rule to be 100%

_sensitive for identifying fractures of the knee, to be reliable and acceptable, and to
have the potentlal to allow physicians to reduce the use of radiography in. patlents

wnh acute knee lnjury
(JAMA. 1996;275:611-615)
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AN ESTIMATED 1.3 million patlents

~ are seen annually in US emergency de-
-partments with the problem of acute

kmee trauma.!? Although only 6% of
these patients have suffered a fracture,

the vast majority undergo plain radiog-
raphy of the kmee.?® More than 92% of
these radiographic results are negative
for fracture and exemplify “little ticket”

* items, the many low-cost but high-vol-

ume tests that may contribute as much
to health care costs as high-cost but low-
volume -procedures.”® There are no
widely accepted guidelines or decision
rules, such as those recently developed
for ankle radiography,** that would al-
low physicians to decrease the use of”

unnecessary knee' radiography ‘and
thereby diminish costs for health care
systems. Standard eniergency medicine
textbooks imply that radiographs should
be.routinely performed but have little -
data on which to base recommenda-

. tions. 17

For editorial comment see p 641.

To address this clinical problem, we
recently developed a decision rule that
would allow physicians to be more se-
Jective in their use of knee radiography
without missing clinically 1mporta.nt
fractures.® -In. our .previous study,
1047 adult patlents with knee injuries
were systematieally “assessed . for 23
standardized clinical findings. A total of

127 patients were examined indepen-

dently by two physicians to determine
interobserver agreement. Those vari-
ables found to be most reliable and most
highly correlated with a fracture were
then analyzed using a recursive parti-
tioning multivariate technique. The re-
sulting decision rule would have iden-
tified 100% of the 68 fracture cases and
is composed of five clinical findings
related to age, tenderness, a.nd function
(Table 1). )
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The objective of the current study

was to validate prospectively the deci--

. sion rule in a new set of patients to’
" determine its classification accuracy, re-

~ liability, acceptability to physicians, and

potential for reducing use of radiogra~

phy. Clinical prediction rules frequently -

do not perform as well when tested in
patients other than those for whom the

rule was derived.*® We also wished to

explore the potential for refining the
rule by improving simplicity and speci-
ficity while maintaining a sensitivity of
1.0 for identifying clinically important,
fractures of the knee.

METHODS
Study Population

- Thestudy was conducted in the emer- |

gency departments of two teaching hos-
pitals serving adults affiliated with the
University of Ottawa (Ontario) Faculty
of Medicine: Ottawa Civie Hospital and
Ottawa General Hospital. All adult pa-

tients who presented with acute knee

injuries were eligible and “knee” was

- broadly defined to include the patella, -

the head and neck of the fibula, the proxi-
mal 8 cm of the tibia, and the distal 8 cm
of the femur. We excluded patients who
were younger than 18 years, were preg-
nant, had isolated injuries of the skin,
were referred from outside the hospital
with radiographs, whose knee injury oc-

curred more than 7 days previously, had -

returned for reassessment of the same
injury, had an altered level of conscious-
ness, were paraplegic, or had multiple
injuries, The study was approved, with-

out. the need for consent, by the insti- .

tutjonal research ethics committee.

St'andardized Patient Assessment

" Patients were assessed for 14 clinical
variables that were either components
of the decision rule or were felt to be
potentially valuable in refining the rule.
Patients were assessed by one of 31 at-
tending staff physicians who were all
certified in emergency medicine by ei-
ther the American Board of Emergency
Med1c1ne, the Royal College of Physi-
cians and Surgeons of Canada, or the
College of Family Physicians of Canada.
The physicians were trained to assess
the clinical variables and interpret the

decision rule in a 1-hour lecture. A stan- -

dardized description of examination
techniques was appended to the data
collection sheet that the physicians com-
pleted before radiography. Radiography
was ordered according to the usual clini-
cal practice of the individual physicians.
The physicians were asked to rate their
theoretical comfort in implementing the
decision rule for that patient, using a

five-point scale from “very comfortable”

612 JAMA, February 28, 1996—Vol 275, No. 8

to “very uncomfortable.” Whenever fea-

sible, a second data collection form was
completed by-another attending physi-
cian (usually not one of the authors) who
was blinded to the results of the first

» agsessment.

Outcome Measure

The criterion standard that the deci- -

sion rule was developed to identify was
a clinically important fracture of the knee

demonstrated on a standard knee ra-

diographic series. The radiographs were

. interpréted by qualified radiologists who _
» were blirided to the contents of the data
-+ collection sheet. Qur definition of clini-"
cally important fracture was developed
by a consensus of orthopedic surgeons :
" and emergency physicians at the Uni-
versity of Ottawa.!® Clinically unimpor-
tant fractures are small avulsion frag- -

ments that generally require no specific
treatment with a cast or surgery. We
defined a clinically important fracture

as any bone fragment at léast 5 mm in -

breadth or any avulsion fracture, re-
gardless of size, if associated with com-

plete disruption of tendons (patellar or

quadriceps) or ligaments (medial collat-
eral, lateral collateral, anterior cruciate,
or postenor cruclate) Such a diagnosis
of complete ligamentous disruption was
confirmed during follow-up assessment
by qualified orthopedic surgeons. We
have successfully used an analogous defi-

nition of clinically important fracture in-
thé application of the Ottawa ankle

rules.?102% -
A structured telephone interview at

14 days after initial examination was -

used to assess the possibility of fracture
in those patients discharged without ra-
diography. We believed that the study
could not demand radiography for all
patients because the referral rate for
radiography at the study institutions be-
fore this study was only 70% of patients
with a knee injury. Patients were asked

to return for reassessment if they failed -

to satlsfy all of these explicit criteria:
(1) pain is beiter, (2) ability to walk is
better, (3) does not require assistance
to walk (crutches, cast, or splint), and
@ has returned to norma.l occupatmna.l
activities. The assessment of these cri-
teria was made by research assistants
unaware of the patient’s status for the
decision rule. These criteria had been
successfully: applied in previous ankle
and knee radiography studies.1%'18

Statistical Analysis

The classification performance of the
decision rule foridentifying patients with
a clinically important fracture was as-
sessed by calculating sensitivity and
specificity with 95% confidence inter-
vals (ClIs).2 Because of the binary pre-
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*-ing the decision rule was measured by

“the decision rule to achieve a sen51t1v1ty

. blow,” as well as “inability to bear weight
. immediately and in the emergency de-

'RESULTS

Table 1.—Decision Rule for Hadiography In,
Knee Injuries .

A'knee x-ray examination |s only required for acute
kriee injury patients with one or more of these - -
findings related to age, tendemess, or function

Aged 55 years or older
Tendemess g; head of fibula
'isolated tend(:’mess of patella*
Inability to ﬂ:): to 90°

Inability to bear weight both immediately and
In the emargéncy department (four steps)t

*No bone tenderness of knee other than patelfa, - -
tUnable to transfer welght twice onto each lower Ilmb
regardless of IImpIng

_dictive nature of the decision rule, n
attempt was made to construct .a
ceiver operating characteristic curve.2
The physicians’ accuracy in interpret-

‘the percentage agreement with the ac-
tual rule as judged by the investigators.
The reliability of the physicians’ inter-.
pretation was assessed by the k coeffi-
cient of interobserver agreement.” The”
potential relative reduction in radiog--
raphy referral was estimated by com--
paring the theoretical referral rate in.
this study with the baseline referral rate -
documented at area hospitals.? Finally,
likelihood ratios and the probabilityofa . .
fracture, given a “negative” decision rule,
were calculated from the combined data
of the derivation and validation sets.?+%

. The data collected were further ana-. -
lyzed to assess the potential for refining

of 1.0 with the highest possible speci-
ficity and with the fewest number of
variables. Two combined variables were
created by grouping the individual vari-
ables “patellar tenderness” and “direct

partment.” The 16 individual and com-
bined variables were assessed for in-
terobserver agreement by calculating
the « coefficient with 95% CIs.22"% Fur-
thermore, the association of the vari-
ables with clinically important fracture
was assessed by the x* test with 1 df.
Those variables found to be both reli-
able (highest k values) and strongly as-
sociated with a fracture (highest x¢ val-
-ues) were analyzed by a x? recursive
partitioning technique to confirm the
best c¢ombination- of predictor vari-
ables. B

Patient Characteristics

During the study period, January 1994
to March 1995, a total of 1108 (89%) of
1251 eligible patients were enrolled in
the study; 12 of these patients were ex-
cluded from further analysis because



“Table 2.—Characteristics of Knee Injury Patients
Entered Into the Study ’

Patients

Characteristic (n=1096)
Age, y .
- Mean (SD) { 37 (16)
Range ! 18-92
Male, No. (%) 60Q (55)
Hospital, No. (%)
Ottawa Civic 582 (53)
Ottawa General 514 (47)
Mechanism of injury, No. (%)
Twisting 573 (52)
Direct blow (fall or object) 440 (40)
Other indirect 83(8)
Activity at time of injury, No. (%) .
Work 159 (15)
Sports 396 (36)
Other 541 (49)
isolated knee injury, No. (%) 942 (86)
Clinically important fracture, No. (%)* 63 (6)
Patella 28 (3)
Proximal tibia 22(2)
Head of fibula . 8(1)
Distal femur’ 9(1)
Tiblal spine . 5(0.5)
Tibial tuberosity " 1(0.1)
Clinically unimportant
fracture, No. (%) -5.(0.5)
Radiography performed, No. (%) .
Knee 739 (67)
Patella 60 (5)
Follow-up In cases
without radiography (n=357),
fracture ) 0
Immediate management, No. (%)
Referred to orthopedics 74(7)
Admitted . 24 (2)
Mean time in emergency
department for nonfracture’ .
cases, min (SD)
Radiography 123 (49)
No radiography 83 (41)

*Patients may have fracture in more than one location.

they did not undergo radiography and
could not be reached in follow-up. Of the
remaining 1096 patients, 63 (6%) were
determined to have clinically important
fractures and another five (0.6%) were
found to have clinically unimportant frac-
tures (Table 2). Of the 857 patients who
"did not have radiography and were suc-
cessfully reached in follow-up, none re-
quired reassessment. The 143 eligible
patients not enrolled in the study were
gimilarin clinical and demographic char-
acteristics to the overall study group
“ except for a higher prevalence of clini-
cally important fractures (13%); this.re-
flects the fact that physicians sometimes
missed filling a data form on the more

severely injured patients: The subset of

124 patients examined independently by

" two physicians were also similar to the

overall group but had a higher mean age-

(40 years). . - :

Prospective Validation » ‘

The prospective classification perfor-
mance of the decision rule is shown in
Table 3. All 63 clinically important frac-
tures were identified by the decision
rule. (sensitivity, 1.0; 95% CI, 0.94 to
1.0). Furthermore, 511 nonfracture pa-
tients did not require radiography ac-
cording to the rule (specificity, 0.49; 95%

.
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Table 3.—Classification Performance of the Deci-

sion Rule for Identifying Clinically Important Kne:

Fractures Among the Study Patients* .. S
e

Fracture
1
Yes No
Decision rule
Positive 83 522
Negative 0 511
Sensitivity (95% Cl) 1.0 (0.94-1.0)
Speclficity (85% CI) 0.49 (0.46-0.52)
Negative predictive
value (95% CI) 1.0 (0.99-1.0)
Positive predictive
value (85% Cl) . 0.11 (0.08-0.13)

*Cl Indicates confidence interval.

CI, 0.46 to 0.52). The physicians cor-

rectly interpreted the rule (as deter-

mined by the investigators) in 96% of
cases and would not have missed any
fractures due to misinterpretation. Phy-
sician interobserver agreement for in-

retation was excellent, witha k value

' of 0.77 (95% CI, 0.65 to 0.89). The phy-

sicians indicated that they would have
been uncomfortable or very uncomfort-
able in implementing the rule in fewer
than 5% of cases. Three of the five clini-
cally unimportant fractures would not

- have been identified by the rule; none of

these cases were treated with a cast.
Application of this decision rule to the
study patients would have to led a rela-
tive reduction in the use of knee radi-
ography of 28% from baseline levels

(from 74% to 53%).® Among nonfracture .

patients in this study, those who did not
undergo radiography spent an average

of 39 minutes less in the emergency de-

partment than those who did undergo
radiography (84 minutes vs 123 minutes).
Based on the combined 2143 patients in
the derivation and validation sets, the
likelihood ratio negative for a fracture is
estimated to be 0 (95% CI, 0 to 0.07).
Consequently, given the prevalence of
fracture in these patients, if the decision
rule were negative, the probability of a
clinically important knee fracture would
be 0% (95% CI, 0% to 0.4%).

Attempted Refinement

- of Decision Rule

Table 4 lists the proportion of patients
with and without clinically important
knee fractures who were positive for 16
clinical predictor variables. All associa-
tions demonstrated statistical signifi-
cance at a P value less than .01. The ¥*
values corresponding to a distribution

with 1 df, the basis for the recursive:

partitioning splits, are also given. In-

-terobserver agreement was substantial

(x=0.6) for 12 variables; agreement for
classifying patients as age of 55 years or
older was not measured but was assume
to be good, ' -
A series of )2 recursive partitioning
analyses yielded a model that was more

specific than the original decision rule. "

. This refined model was identical to the -
original rule except that “inability to~ -
. flex to 90°” was replaced by “inability to

flex to 60°.” Application of this refined

‘model to the current study population

would have yielded a sensitivity of 1.0,
a specificity of 0.56, and a potential rela-
tive reduction in radiography of 86%.
Application of the refined model to the
1047 derivation set patients (1992 to
1993), however, revealed that five clini-
cally important fractures would have
been missed. The investigators felt that
this loss in sensitivity was unacceptable
and that the refined model should not be
adopted. :

COMMENT

This study demonstrates the validity
of a previously derived decision rule for

. theuse of radiography when applied pro-

spectively to a new population of pa-
tients with an acute knee injury. In par-
ticular, the rule has proven to be highly
sensitive for identifying clinically im-
portant fractures and to be reliable in
the hands of different clinicians. Busy
emergency physicians were able to in-
terpret the rule accurately and were
comfortable with its use. Physicians can
be confident that if radiography is or-
dered according to the decision rule the
likelihood of missing a clinically impor-
tant fracture is remote. Application of
this rule could lead to a large reduction
in the use of radiography and decreased
waiting times for patients. Ultimately,
widespread use of the decision rule could
lead to large financial savings for health
care systems. . _
Clinical decision _rules (prediction
rules) reduce the uncertainty in patient
care for both diagnostic and therapeutic
decigion making. Methodological stan~
dards for the development and testing -
of clinical decision rules have been well
established, and this study satisfies most
of the recommended criteria.)*® The few
previous studies to develop guidelines
for knee radiography have been rela-
tively small, have had one or more meth-
odological shortcomings, or have not
been validated. %" In this study, the out-
come measure, fracture, was clearly de-
fined, was biological in nature, and was
assessed without knowledge of the pre-
dictors. The predictor variables were
well . standardized, assessed without
knowledge of the outcome, and were
shown to have good interobserver agree-
ment. The study subjects were selected
without bias and represented a wide
spectrum of clinical and demographic
characteristics. The mathematical tech-
niques, including k analyses as well as
univariate and multivariate recursive
partitioning techniques, were described.
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Table 4. —Unlvarlate Correlation and k Values of Cllmcal Flndlngs for Clmically lmportant Fracture in 1096/ ’

Knee Injury Patients -

i ‘Clinically Important - .~ - ° .

* Fracture, %
) " Yes - No x
Clinical Finding " (n=63) " (n=1033) * P (n=124)

Age =55y 48 13 58.4 <.001
Mechanism ) o

Twisting 33 53 , 96 <01 0.76. -

Direct blow 64 -39 15.2 <.001 0.84
Effusion C

Visibie 62 28 31.7 <.001 0.58.

Tense 40 ~ 10 54.4 <.001 0.50
Flexion ) . :

<90° 64 22 547 <.001 0.74 -

<60° 48 10 . 743 <.001 0.83
Lack of extension =15° 39 ' 14 27.3 <.001 0.67
Tendemess R ) '

Patella 52 .23 27.0 <.001 - 0.69

Isolated patella 27 . 13 1086 = <.001 0.60

Patella and direct biowt 446 - - 18 35.3 <.001 072

Head of fibula 32 8 400  <.001 0.64
Patellar/quadriceps tendon tear 9 1 203 .. <.001 —0.01
Inability to bear weight : _ i )

Immediately 4. . 79 39.1 <.001 0.81.

In emergency department (four steps) 28 - 76 675 <.001 0.68

Immediately and in emergency departmentt .53 18 59.5 <.001 0.81

*The ¥ value for 1 df.
tVariable created by combination.

The decision, rule may be considered
clinically sensible in that it has a clear

purpose, is easy to remember, can be-
rapidly applied, and gives a simple yes/
no direction. The classification perfor- -

mance regarding sensitivity and speci-
ficity was clearly documented. Finally,
the greatest strength of this study is the
prospective validation of the rule in a
new set of patients. Many rules either
performn less well when tested prospec-
tively or have never been subjected to
validation and consequently have had
little impact on clinical practice.®

The testing of this decision rule for
knee radiography remains incomplete
in one important aspect: an implemen-
tation trial to demonstrate a true re-
duction in the use of radiography. The

" true value of a decision rule lies in the

ability to alter actual clinical practice.!®%
The impact of a decision rule may be
lessened by patient demands or physi-
cian compliance.®® We have previously
demonstrated that properly developed
and derived decision rules for ankle ra-
diography led to significant reductions
inradiography when used by many phy-
sicians in many different settings.!0'?
This decision rule for knee radiography
must now undergo the rigorous assess-
ment, of an implementation clinical trial,
ideally in multiple locations.

Readers may be concerned that not -

all patients underwent radiography. Re-

quiring radiography for all patients, how- -

ever, would have been unethical in that
only 70% of ehglble patients routinely
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undergo knee radiography at the study
institutions. Allowing the physicians to
enroll only those patients for whom they
- felt radiography was indicated would
have introduced selection bias and would
have denied us a clear and reproducible
patient definition, We are confident that

the use of a structured telephone inter--

view eliminated the possibility of missed

 fractures. This follow-up technique has.
been successfully applied in three pre-

" vious studies.101218

- Readers may dispute our decision to-

discard the apparently more efficient
decision model developed during the re-
finement stage of this study. The re-
fined .model, by altering one variable
(mabxhty to flex to 60° rather than to
90°) would have improved specxﬁmty and
the potential relative reduction in radi-

ography. This would have been associ-
ated, however, with a reduction in sen-
sitivity (0.92) in the original derivation
population. We are convinced that North
American emergency physicians are un-
willing to miss clinically important frac-
tures and, hence, would not adopt a de-
cision rule with less than near perfect
sensitivity. Emergency physmans have
been shown to be conservative in or-
dering radiography, likely due to the
nature of emergency department prac-
tice.?®® These physicians deal briefly
with large numbers of patients whom
they have not previously met and for
whom follow-up is uncertain. Physicians
must deal with the “chagrin” of patient
expectations and the fear of lawsuits. 4+

The crrent medicolegal climate of No
American medical practice does not fo
ter the most efficient use of diagnostic
tests:

Physicians can, however, be assured’
that they are unlikely to miss a clinically
important knee fracture if they apply:

the radiography decision rule accurately.
Patients aged 55 years or older are at

significantly increased risk for fracture, -
- possibly due to osteoporosis. Specific ar-

eas of bone tenderness, either at the
patella or the head of the fibula, are high
risk features. The specificity of the pa-
tellar finding is increased by ordering

radiography for patients whose boneten- . ~

derness is isolated to the patella only.
Patients are also at higher risk for frac-

- ture if function is compromised, that is,

if they are unable to flex their knee to
90° or to bear weight both immediately

. and in the emergency department. Pa-

tients are judged to be able to bear

weight if they can transfer weight twice

onto each'lower limb, regardless of the
presence of limping. This clinical finding

" has proven to be reliable with good «
scores for this decision rule and for the -

Ottawa ankle rules,®*

Physmla.ns should not expect the de-
cision rule to be dependable in certain
situations. The rule has not been tested
in patients younger than 18 years and
should not be applied to the pediatric

popu.latlon The decision rule should not -

be used in circumstances in which clini-

cal assessment is unreliable: alcohol or
other drug intoxication, head injury, mul-
tiple painful injuries, paraplegia, or di-
minished limb sensation. Patients should
be given written instructions that in-
clude the advice to seek further medical
care if pain or ability to walk have not
improved in 5 to 7 days.

Physicians should also realize that the
vast majority of patients with a knee
injury have suffered soft-tissue injuries,
which may include serious ligament, ten-
don, or meniscal tears. In most cases,

plain radiography does little to aid the .

diagnosis of soft-tissue injury.’3% Un-
commonly, avulsion fractures of the tibial
spine and the lateral tibial condyle
(Segond fracture) are associated with

ligamentous disruptions.“* Further- -

more, sophisticated diagnostic measures,
such as magnetic resonance imaging or
arthroscopy, are rarely available for the
emergency department assessment of
acute knee injuries. Consequently, phy-
sicians must rely on the accuracy of their
clinical examination to identify patients
at high risk for delayed functional re-

~ covery due to major soft-tissue injury of

the knee. We are currently developing
and validating a decision rule to help
with the diagnosis of these patients in
the emergency department.
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Use of plain radiography in emergency
departments is an important economic
issue for health care. Approximately 18.5
million patients undergo extremity ra-
diography annually in US ermergency
departments.! Based on the experience
in Ontario, we estimate that more than

$1 billion are spent annually in the

United States and Canada on outpatient
knee radiography.*® Current use of ra-
diography for patients with a knee in-
jury is inefficient, with more than 92%
of radiographic results being negative
for fracture.®* Physicians have lacked

evidence-based guidelines that wouldal- -

low them to be more selective in their

References

‘1. McCaig LF, National Hospital Ambulatory Medi-

cal Care Survey: 1992 emergency department sum-
mary. Ad; Data. 1994;245:1-12.

-2. National Center for Health Statistics. Na.twnal

Hospital Ambulatory Medical Care Survey 1998.
Hyattsville, Md: Na’aonal Center for Health Sta-
tistics; 1994.

3. Stiell IG, Wells GA, McDowell I, et al. Use of
radiography in acute knee injures: need for clinical
decision rules. Acad Emerg Med. 1995;2:966-973.
4. Gleadhill DNS, ThomsonJY, Simms P. Can more
efficient use be made of x-ray examinations in the
accident and emergency department? BMJ. 1987;
294:943-947.

5. Gratton MC, Salomone JA III, Watson WA, Clini-

" cally significant radiograph misinterpretations at
. an emergency medicine residency program. Ann

Emerg Med. 1990;19:497-6502.

6. McConnochie KM Roghmann KJ, Pasternack J,
Monroe DJ, Monaco LP. Prediction rules for selec-
tive radiogmphic assessment of extremity injuries
in children and adolescents. Pediatrics. 1990;86:45-
57.

7. Moloney TW, Rogers DE. Medical technolog" a
different view of the contentious debate over costs
N Engl.J Med. 1979;301:1418-1419.

8. Angell M. Cost containment and the physician.
JAMA. 1985;254:1203-1207.

9, Stiell IG, Greenberg GH, McKnight RD, et al.
Deas:on rules for the use- of radiography in acute
ankle injuries: refinement and prospective valxda-
tion. JAMA. 1993;269:1127-1132.

10. Stiell IG, McKnight RD, Greenberg GH, et al.
Implementatlon of the Ottawa ankle rules, JAMA.
1994;271:827-832.

11. McDonald CJ. Guidelines you can follow and
can trust: an ideal and an example. JAMA. 1994;

.271:872-878.

12. Stiell I, Wells G, Laupams A, et al. A multi-
centre tnal to mtroduce clinical decision rules for
the use of radiography in acute ankle injuries. BMJ.

1995;311:594-597.

13. Simon RR, Koemgslmecht SJ. Emammcy Or-
thopedics: The Extremities. 8rd ed. East Norwa.lk,
Conn: Appleton & Lange; 1995.

14. Harwood-Nuss A. The Clinical Practice of
Emergency Medicine. Philadelphia, Pa: JB Lippin-
cott Co; 1991.

15. Callaham ML. Current Therapyin Emergmcy
Medicine. Toronto, Ontario: BC Decker Inc; 1987.

16. Tintinalli JE, Krome RL, Ruiz E. Emergency
Medicine: A Comprdwnnvc St'udy Guide. 3rd ed.

Montreal, Quebee: McGraw-Hill Inc; 1992.

17, Rosen P, Barkin RM, Braen GR, et al. Emer-
gency Medicine: Concepts and Clinical Practice.
8rd ed. Toronto, Ontario: CV Mosby Co; 1992..
18. Stiell IG, Greenberg GH, Welis GA, et al. Deri-

JAMA, February 28, 1996—Vol 275, No. 8

use of knee radiography without jeop-
ardizing patient care. Implementation
of validated decision rules would lead to
large savings of health care dollars.®
The clinical decision rule validated in
this study has been shown to be accu-
rate, reliable, and acceptable to physi-
cians, and to have the potential to re-
duce radiography for patients with a
knee injury by 28%. This reduction could

lead to important health care savings.

This study was supported by grant 08893N from
the Emergency Health Services Branch of the On-
tarip Ministry of Health, Toronto. :

We thank the followmg emergency physmans

vation of a decision rule for the use of rad.xog’raphy- .
" in scute knee injuries. Ann Emerg Med. 1995,26

405-413.

19. Wasson JH, Sox HC, Neff RK, Goldman L
Clinical predlct:on rules: apphcatlon and method-
ological standards. N Engl J Med. 1985;318:798-

" 799,
20. Charlson ME, Ales KL, Simon R, MacKenzie
.CR. Why predlctlve mdexes perform less ‘well in

validation studies, Arch Intern Med. 1987;147:2155-
2161.

21, Diamond GA. Limited assurances. Am J Car-
diol. 1989;63:99-100.

22. Hanley JA, McNeil BJ. The meaning and use of
the area under a receiver operating characteristic
(ROC) curve. Radiology. 1982;148:29-36.

23. Fleiss JL. Statistical Methods for Rates and
Proportions. 2nd ed. New York, NY: John Wiley &

+ Sons Inc; 1981.

24. Sackett DL, Haynes RB, Guyatt GH, Tugwell
P. ClzmcalEptdemwlogy ABa.stcwnce forClzm—

cal Medicine. 2nd ed. Toronto, Ontario: Little Brown

& Co Inc; 1991.

25. Sox HC, Blatt MA, Higgins MC, Marton KI.
Medical Decmon Malcmg Boston, Mass Butter-
worths; 1988.

. 26. Koopman PAR. Confidence intervals for the

ratio of two binomial proportions. Biometrics. 1984;
40:518-517.

27. Kramer MS, Feinstein AR. Clinical biostatis-
tics, LIV: the biostatistics of concordance. Clin -

Pharmacol Ther, 1982;29:111-123.

28. Landis JR, Xoch GG. The measurement of ob-
server agreement for categorical data. meetncs
1977;33:159-174.

29. Cismpi A, Hogg SA, McKinney S, Thxﬁ'aulr. J
RECPAM: a computer program for recursive par-

tition and amalgamation for censored survival data’

and other situations frequently occurring in bio-

- statisties, I: methods and program features. Com-

put Meth Prog Biomed. 1988,26.239—256

30. Ciampi A, Chang CH, Hogg S, McKinney 8.

Recursive partition: a versatile met.hod for explor-
atory data analysis in biostatistics. In: MacNeill IB,
Umphrey GJ, eds. Time Series and Econometnc
Modelling / Bwstat‘wtws Boston, Mass: D. Reidel
Publishing Co; 1987;5:23-50.

31. Friedman JH. A recursive partitioning deci-

sion rule for nonparametric classification. IEEE
Trans Comput. 1977;16:404-408. .

32.- Ciampi A, Thltfault J, Nakache J, Asselain B
Stratification by stepwme regression, correspon-
dence analysis and recursive partition: a compari-
son of three methods of analysis for survival data
with covariates. Comput Stat Data Anal. 1986; 4
185-204.

33. Feinstein AR. Chmmems NewHaven, Conn:

. the nmnusmpt

" gion that reflects major ligam

for their patience and cooperation in conducting the

study: Hany Aeta, MD, Jan Ahuja, MD, Raymond
Aubin, MD, Brian Chung, MD, Sharon Cirone, MD,
Garth Dickenson, MD, Catherine Duchesne, MD,
Brian Elder, MD, Peter Graves, MD, Sandy Henry,
MD, Christine Johns, MD, Peter Johns, MD,
Jacques Lee, MD, Anna Malawski, MD, Justin
Maloney, MD, Manuela McKirdy, MD, Louise
McNaughton-Filion, MD, Janet Nuth, MD, James
V. Quinn, MD, Mark Reardon, MD, Patrick Stew-
art, MDD, Gordon Wallace, MD, Brian Weitzman,
MD, James Worthington, MD, Ashley Yeats MD,
and Marianne Yeung, MD,

We also thank Pamela Sheehan, RN, Pasquale

Rinfret, RN, and Micheline Goetz, RN, for their -
help with data collection; Fiona Campbell-Daigle -

and My-Linh Tran for their help with data man-
agement; and Silvia Visentin for assistance w:th

4

Yale University Press; 1987.
34. Saxena AC, Norris RL, Finstuen K, Madison

_DE. The role of knee radiographs in the emergency

department: a prospective study. Ann Emm-g M ad.

- 1992;21:658. Abstract.

'85. Seaberg DC, Jackson R. Clinical decision rule
for knee radlographs Am J Emerg Med. 1994;12:
541-H43.

' 36. Weber JE, Jackson RE, Peacock WF, Swor

RA, Carley R, Larkin GL. Clinical decision rules

. discriminate between fractures and nonfracturesin »

acute isolated kmee traums. Ann Emerg Med. 1995
26:429-433.

37. Bauer SJ, Hollander JE, Fuchs SH, Thode HC
A clinical decision rule in the evaluatxon of acute
knee injuries. J Emerg Med. 1995;13:611-615.

- 38. Lee TH. Evaluating decision aids: the next pain-

ful step. J Gen Intern Med. 1990;5:528-529.

39. Lloyd S. Selective radiographic assessment of
acute ankle injuries in the emergency department:
barriersto lmplementahon. Can Med AssocJ. 1986

' 185:978-974.

40, Stiell IG, McDowell I, Nair RC, et al. Use of

- radiography in acute ankle injuries: phymcmns at-

titudes and practice. Can Med Axsoc J. 1992;147:

© 1671-1678.
- 41. Feinstein AR. The ‘chagrin factor’ and quali-

tative decision analysis. Arch Intern Med. 1985
145:1257-1259.

42. Long AE. Radiographic demmon-malcmg by the
‘emergency physician. Emerg Med Clin North Am.
- 1985;3:487-446.

43. SvensonJ. Need for radxographs in the acuf.ely
injured ankle. Lancet. 1988;1:244-245.

44, Matthews MG. Gmdelmes for selective: ra.d.\o-
logical assessment of inversion ankle i nuune& BMJ o

1986;293:969.

- 45. Baugher WH, White GM. Primary ‘evaluation

and management of knee injuries. Emeryg Med Clin

. North Am. 1984;2:347-859.

46. Dietz GW, Wilcox DM, Montgome.ryJB Seg-

- ond tibial condyle ﬁ-acture lateral capsular. ligs-

ment avulsion. Radiology. 1986; 159:467-469, ]
47. Fairclough JA, Johnson SR Ski mjxmes, the

: mg'mﬁcanee of flake fractures Irigury. 1988;19:79-

8. Goldman AB, Pavlov H, Rubenstein D, The
) Segond fracture of the proxlmal tibia: & small avul-

entous damage. AJR
Am J Roentgenol. 1988;151:1168-1167. :

9. Ontario Ministry of Health. The Ontario Sta-

tistical Reporting System 1991-98. Toronto, On-
tario: Ministry of Health; 1992.
50. Anis AH, Stiell IG, Stewart DG, Laupacis A.

Cost-effectiveness analysis of the Ottawa ankle -
rules. Ann Emerg Med. 1995,26:422-428.

- . ‘ _ Use of Radiography in Acute Knee Injuries—Stiell et al 615




