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ABSTRACT

To determine the necessity of ankle and foot radio-
graphs, we used modified Oltawa Anide Rules to eval
uate all cadets seen with an acute ankle or midfoot
injury at the United States bilitary Academy. This s&or-
ing system detesmines the need far radiographs. Each
patient was independently examined and the decision
ruies were applied by a physical therapist and an ar-
thopaedic surgeon. Ankle and foot radiographs wWere
ohtained for afl subjects. Sensitivity, specificity, and the
positve predictive value were calculated in 153 pa-
tients. There were six clinicaily significant ankle frac-
tures and three midfoot fractures, for a total mcidence
of 5.8%. For physical therapists, the sensitivity was
10075, the specificity for ankia injuries was P4, and the
specificity for foot infuries was 79%. For orthopaedic su-
geons, the sensitivity was also 10055, the spedfhicity for
ankde injuries was 46%, and the specificity for foot injuries
was 79%. Intarohserver agresment between the oriho-
paedic surgeons and physical therapists regarding the
overall decision o obtain radiographs-was high, with a
kappa coefficient value of 0.82 for ankle injuries and 0.58
for foot infuries. There were no false-nagative resulis.
Use of the modified Ottawa Arkle Pules would have
reduced the necessity far ankle and foot radiographs by
46% and 79%, respectivety.
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Stiell et al® devcloped clinical-decision rules called the
Ottawa Ankle Rules for healih care providers to w5e in the
emergency department sething. These rutlics were designed
o mimmize uaDceeseary radiographs for patients with
acate ankle and foot injuries. The Ottawa Ankle Bules are
considered positive and radiographs are indicated if there
it hone tenderness ot the posterior edge or tip of ihe
1ateral or medial malleolus (ankle series), the navicular or
base of the fifth metatarsal (foot series), or there i= inabil-
ity to bear weight both immediately after injury and dur-
pog examination.” When clinicians apply these rules prop-
erly, they can acrurately decide whether to order a
radiograph for a patient with an acetely injured ankle or
foat.

The Citawa Aukle Roles were designed to desyease the
pamber of false-negative radiggraphs. These clinical-
depizion rules have been found to significantly reduce costs
and waiting $ime in an emergency department envaren-
ypent. 73 Several praspective studies of the Ottawa Ankle
Rules have been conducted in mniversity and copummity
hagpital emergency and In a university-hosed
commumitty sparts center.* ™12 Resmlts from several of the
stmdies demenskrate that the Ottawa Ankle Rules signifi-
cantly rednoed the need to arder radingraphs withoal result-
ing in missed chinically significant fractures, %1%

Leddy et a1 introdneed 2 modification to these rules:
the “Buffale” rule. The Euffalo modification changed the
area of malleolar tenderness fram the posterior burders ot
the malleoli to over the crests or midportion of the malle -
oli, away from the lignment atiachmends. Their jntent fir
medifying the Ottawn Ankle Buoles was to identify frasture
tepderness while minimiging the effeet of lipament {on-
derness at the posterior edges of the malleoli. Results from
their study suggest that the modified Ottawa Ankle Rules,
ueed in 8 umversity-based community sporfs medicine
center, could significantly decrease the nse of radivgrapby
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Figure . The modified Ottawa Ankle Rules are posilive, and radiographs are indicated, if there is tendemess over the crests
ot midportions of the mallecli {ankle series) or the navicutar or base of the fifth metatarsal (foot aeries) or if therz is inabiity to
bear weight hoth irmediately after injury and during examination,

in patiemés with acute smkle and wmidfoot infuries withowt
resulting in missed dipteally significant fractures. They
found the sensitivity (or the new Buffalo rule wasz the
same as for the origmal Ottawa Ankle Bules (100%), and
the specificity Fer malleclar fracture was significantly
greater than that of the original malleclar role {58% ver-
sus 42%). The poleniial redoction in the need for radio-
graphs was sicnificantly greater at 54£%.

Beramse cadets at the TTnited States Military Academy
are extremely arctive in athletics and mibitary training,
350 to 400 acute ankle spraine sme evaluated by trainers,
therapists, and orfhepaedic surpeons on ap anoual ba-
sis. % Juckson ot al? found that 33% of cadets sustained
an ankle sprain during their 4-year traising af the Mali-
tary Academy (there are approdmalely 4000 radets at the
Academy each year). Om the basis of thuse previously
mentioned artides and the ncidence of acule ankle and
foot injuries at aur institution, the necessty of obiaining
radiographs for all these injuries has come into guestion,

The purpese of this study was to determine the potential
redwection of the need for rafopraphs using the modified
Ottawa Ankle Rules at our institution, where we see ou-
raorous acute ankle and fool njuries. We also evaluated
the interohserver agreement between physical therapists
and arthopsedic surgeons reparding the necessify to ob-
tain radiographs.

MATERIALS AND WMETHODS

This study includes 21 patients who were examined fer an
acute foot or ankle injury at our srthopasdic walk-in cinic,
“aick caB,” between October 1998 and May 1999, To be
incladed ip this study, patients had to be Military Acad-
emy cadets who had sustaived an acate ankle or midfoot
injuxy within the previon=s 10 daye. The exclosion eriteria,
based on the studies of Stiell et ai.**+'% incuded iojury
more than 10 days old, isolated skin injory, pregnancy,
altered sensorium, obirions ankle or foot deformity, secand
evaluation for the same injury, and prior ipsilateral ankle
or foot injuries. All patients who met the inclusion criteria
in this study apreed to participate and informed consent
was obtained The siudy protecol was approved for human
use hy the Hhmman Subjecis Research Review Board
(HSERB}, West Point, New York. .

Twao physical therapists, both credentialed as meuro-
musculoskeletal physician extenders, served as cvalua-
tore during this study. The primary investigator (BAS), an
Army physical therapist, evaluated 149 ankles, and an Air
Force physical therapist evatuated B. Five orthopaedic
surgeons served s the orthapaedic evaluators, All were
board-certified with subzpecialty training in orthopaedie
sporls medicing. For all subjects, age, sex, side of injury,
and days since mmjury were collected atter informed eon-
sent was obtained. Bach patient was independently exam-
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TABLE 1 standardized fashiom dependme on the diamasis. A fracture

o Lacation ard Number of Fractares wag ¢onsidered clinically sipnificant ¥ there was a bone

Frctur Humber fraproent more than 3 mm in breadth or if any other non-

| Navienlar o 3 avulsitm  frwtre romirmg east  imecbdlization  was

Talas o formd =? Al radiographs were read by one of twe Tadiclo-

Lateral mallealus 2 gists at a later time. The radiologists were hlinded to the
Anlarior process caleaneus 1 modificd (Htawa Ankle Rules predictions.

Pusteriar tikia 1

ined by a phy=ical therapist and then by one of the oxtho-
paedic surgeons, wha were blinded to the results recorded
by the physical therapist.

The modihed Ottawa Ankle Rules were pogitive and
radiographs of the foot or ankie were necessary if the
following conditions existed: 1) Tenderness was prasent
over the midportion or crest of the bone from the tip of

gach malleolus to & ere proximal £o the tip {Boffalo Ottawa -

Ankle Bules modification),” wr over the navienlar or hase
of the fiith metatarsal (Fig. 1)? or 2) The patient could not
bear weight both immedistely after the Injury and in the
clinic.? Weiphtbearing iz deseribed as the ahility to trans-
fer weight twice oato each leg (2 total of four steps),
ropardless of limpmg or discomdort.” Patients ware en-
couraged to walk but were never forced. The modified
COttawa Ankle Rules were considersd negative if there was
oo tenderness over the bone and the sabject conld bear
weight edther immediately aficr the injury or in the clinie.

Ankle znd foot radiographs were them obtained on all
patients. Ankle mdiopraphs mneluded AP, lateral, and mor-
tize views. Foot Tadwprphs meleded domsplantze, lateral,
and cbligue views. The octhapasdic sorpeon wha exannoned
the patient and. applied the modified Ottawa Ankle Fales
then interpaeted the radiorraphs and recorded the resnlts
hefire nitiating 2 treatment plan Patiends were treated ina

Using two-by-twoe contingency tables, we determined
the speciflicity, sensitivity, positive predictive values, and
nepative predictive values for the results with 95% confi-
dence intervals. Ioterrater spreement between the physi-
cal therapists and orthopaedie sargeons was evaluated by
calenlation of a kappa coefficient.

RESULTS

From Oxtober 1998 to May 1299, 156 patients gave -
formed consent to particdipate m the study. Three were
excluded when the initial evelvation revealed one with
Achilles tendinitis, one with & stress peaction of 2 meta-
tarsal, and toe with no gipnificant ankle or {foot injury.
Therefore, 153 patients were enrolled in the stody. Four
patients sustained hilateral ankle injuries during the
study tollection period, making the €otal number of inju-
rigg 157. Correspmndingly, 157 anlde radiograph= were
obtained. Three patients did not have complete foot radio-
graphs, leaving 154 foot radiopgraphs for evaluation. All
patients were evaluated initially by a phywical therapist
and then by an orthopaedic surgesn.

The svexape ape of the pebeonts was 200,25 years (ranpe,
13 to 25}, Thers were 123 men and 30 women. The left
lower extremity was injured in 72 patients, the right in 85
patientz. The mechanizm of injury was tranma during
sports activity, running, or military trainmp. Patients

TAELE &
Omtcome of the Maodified Qttawa Ankle Hules for Tdentifying the Need for Ankls and Foot Badigpraphs
When Ward by Phymacs] Thersposls

Ankls Faoot
Fraciore Na frarture Preucbyrs: Nr froctoo

Modified MMiara Ankle Rules

Positive 6 a0 3 a2

MNepgative 0 &l 0 119
Sensitivty 1.0(0.23-1.0} 1008210}
Specilicaty 140 (0.32-0.48) 0.7% (0.730.85)
Positive predictive value 0.062 (0.024-¢.10} 0.086 (0.042-0. 1.3}
Negative predictive valoe 1.0 {D.23-1.0) 1.0#.93-1.0)

TADLE 3 '

Ouloen: of the Modified Ottawa Ankle Rules for Identifving the Meed for Ankle aod Foot Badiegraphs
When Used by CGrthopaedic Surgeons

Ankle Fogat
Frachoe Mo {ratore Froctme Ho fractnre

Madificd Ottawa Ankle Foles

Positive 6 Bl 3 ax

Megative 1] il 0 119
Sengitivity 1ei{093-10 100500
Specificity 0.46 {(0.36-0.54) .79 (0. 730 B5)
Positive predictive valoe 06D (0.0290.103) 0086 (0,04:5~0.130)
Nepalive prediciive value L0 {08510} 1.0 (0.83-1.0}
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were evaluated on average 2.17 days (range, 1 to 10} after
njury.

There were six clinically sipnificant ankle fractnres, for
+n incidence of 3.8%, and three chnically significant mig-
oot frachres, for an incidence of 1.95%. This provided a
Wital incidence of 5.8% of patients who bad at least one
Fracture {Table 1). No subjects hed fractures of bath the
ankle and midfoot. Eight of the nine subfects with elini-
cally sippificant fraclures were male.

When physical therapists used the modified Oitawa
Ankie Rules to prediet the neces=ity for ankle radiegraphs,
=enzitivity was 100%, sperifidty was 40%, and the pesitive
predictive value was 0.062. The negative predictive value
was 1.0. Applying these rules to predict the necessity for
foot radiographs, we found the sensitivity remained at
100%, specificity was T9%, and the positive predictive
veloe was D086, with a negative prediciive value of 1.0
(Tablc 2).

When orihopaedic surgeens appiied the meodified O
tawa Aokle Rules, the sensitivity fir ankle injuries was
100%, specificity was 46%, the positive predictive value
was 0.069, and the negative predictive value was 1.0,
When these same rules were applied for the necessity of
foot radipgraphs, the sensitivity remained 100%, specifie-
ity was T9%, the positive prediclive value wasg (.036, and
the nepative predictive value was 1.0 {Table 3).

The modified Ottawa Ankle Roles decreased the need
for ankle radiographs hy £0% when applied by the physi-
cal therspists and by 46% when used by the orthopacdic
surgeons. The need for foot radingraphs was decreased by
79% in hoth sronps. Intexohserver agreement betwsen
physical therapists and orthopaedic surgeons yegarding
the overall decision to obtzim radiographs was high, with
a kappa coefficient valwe of 082 (95% confidence interval,
.75 ta 0.87) for ihe ankle and O 88 (95% confidence nter-
val, 083 40 0.93) for the foot. Physical therapistz and
orthopacdic sargeons agreed in 82% of the cases regarding
the gverall dedsion to order ankle radiopraphs and in 538%
of the cares regarding the necessity for fool radiographs.

Interpbserver agreements of each of the six components
of the decision rules was high. The kappa value for mmedial
malleclar tenderness was 0.82, for lateral malleolar tea-
devpess it was 0.50, and for inability to bear weight hoth
immediately after injury and in the clinic it was 0.95 for
the ankle and 0.97 for the foct. The kappa value for na-
wicular tenderness wag .81 and for tenderness at the haze
of the fifth metatarsal was ¢.94 The best agreement was
found with the inability to bear weight criterion, and the
worst agreement was with lateral malleslar tenderness.
The best interpbserver agreement using palpalion was at
the base of the fifth metatarsal.

DISCUSSION

Ankls and midfoot injuries are seen froquently in a num-
ber of clinicnl sethings. Emergency trestment arcas, vut-
patient dlinics, training Tuoms, and sports raedizine clinies
evaluate puch, injuries on a daily basis. In an effort o
reduce the mumber of unnecessary tadiographs, and
thereby reduce radiation exposure, cost, and patient wait-

Modified Ttfeum Ankle Roles in o Militery Popudation BeT

ing times, Stiell et al.,” at the University of Otftawa and
the Ontarie Ministry of Heelth, developed the Ctiawa
Ankle Bnles. The anthers designed these rules to be T00%
sensitive and therehy awvoid false-nerative rosults and
miszed disgnoses. The authors applied these rules to pa-
tients with significant ankle and midfeot injuries and
veduced the nuraber of radiographs by one-third.™*? In
contrast, two other ins@tutions failad to achisve 100%
sensitivity when these rules were applied % Kelly ot al.*
reported a sensitivity of 33% and a falsenegative rate of
4% bazed on 75 fractores in 350 palients. They concluded
that five fractures would have been oissed with the ap-
plication of these dinieal-decision rules. In a study by
Lucchesi et a].*F the sensitivily was 94.6% for ankle frac-
tares and 93.1% for midfoot fractures. The Ottawa Ankle
Rules failed to predict 5 of the 93 ankle fractures and 2 of
the 29 midfnot fractares.

Although the Ctbkawa Ankle Rules were originally in-
tended for Gse in an emergency depsrsment or trauma
center setiing, Leddy et al.® reported the application of
the=e rules i a university-hased community sports med-
icine center. They introduced a modification to the original
rules and coinad the term, ithe Buffalo mle. This rule
emphasizes palpation over ihe miderest of the mallechi
and away from lgament attachments so as o improve
specificity for fracture diagnosis. Using this modification,
Leddy et al. reported 100% scositivity, with a speeificity of
5o% for walleolar fracture.

Cadets at the United States Military Academy pertici-
pate i clab, intramural, and varsity athlsties, 25 well as
in demanding military training. (o a consistent basis, 350
to 400 ankle spruins ave evaluated annuaakly at the Arad-
erty. We decided to implement the modified Ottawa Ankle
Rules as proposed by Leddy <t al to investigate the ne-
cessity for oblaining radiographs in patienis with acutc
ankle and midfoot injuries. We rationalized that at the
Arademy ankle and fool imjuries oeeur for the most part
during lew-velocity sporting and military training, Thns,
onx climical envirommest is similar to that deseribed by
Leddy ot al. When these rules were applied al our msi-
tution, we docomented 100% scositivity for mmkle and
mizdfent fractures, which iz coneigtent with scveral previ-
vasly mentioned stadies. Compared with these other stud-
ies, we foomd the rules ta have moderate specificily for
ankle fractores (40% to 46%) and high specficity for mid-
foot fractures (T9%). Although we had & small oumber of
cimically significant fractvres (9 fractures in 157 injurics,
for an ncidence of 5.8%), this is consistent with the inci-
dcnce reported by several ather authors when evaluating
guch injuries accmming during sporte parlicipation. Gar-
rick,? in his retrospective study, reported an incidence of
only 24% ankle fractores {4 of 164 ankle mjories) in a
similar sports medicine cenler prartice. Leddy et al®
frond an £.2% incidenece of fractures (11 of 132 patientsim
their outpatient university-based community sports med-
irine wenter. The relatively low nomber of fractares 1n
these studies reflect the Jow-energy mechanisms of mjury
that pecur with athletic frauma, as opposed to high-energy
trauma associated with motor wehicle aceidents, for
example,




B63  Springer =t al.

Upique to our study was the attempt to compare the
- overall ag:reemmtufthemodfﬁadﬂttawahﬂejﬂaﬂes
between orthopaedic surgeons znd physical therapists.
There is one previons stady comparing the agreement of
these rules between physicians and nonphyzicians.” In
that study, by Pigman et al,” the authors used triage
purses and emergency department phy=icians to apply the
rules and found no significant difference between these
excarniners and the overzll accuracy of the decision rules.
They reported a moderate 61% nterobserver agreement
between physicians and triage registered purses. Theyr
demonstrated perfect, agreement an all components of the
clinical decision rutes in only 47% of the cases. In our
study, we compared physical therapists and orthopaedic
surpeons and found a significant overall agreement. to
grder radiographs in 82% of ankle injuries and 88% of foot
injuries. Eappa eocfficients for each of the components of
the Ottzwa Ankle Rules remained high and ranged from
.80 for lateral malleclar tendemess to (.97 fox the inahil-
ity to bear weight.

We must strongly emphasize that military physical
therapists are typically used as physician extenders, cre-
dentialed as neuromusculoskeletal screeners, and fre-
quently receive additional trainmg in ¢linicat disgnoses of
musculeskeletal injuries. They perform initial evaluations
for a myriad of orthopaedic and sports injuries, often with-
out physicians’ direct referral. This study provides further
evidence that physical therapsts, when appropriately
{rained, can fonction well as physidan extenders and can
ohiain interchserver agreement with orthopaedie sur-
geons when applying the modified (itawa Ankle Bules as
uzed in this zettiog.

Physical therapists and arthepaedic surgecns can use
the modified Ottaowa Anlle Rules in a sporis medicioe
clinic seiting. In our stody, no dinically significant frae-
tures were missed, and the decision rules theorefically
reduced the need to order ankle radicgraphs by 40% for
phiysical therapists and by 46% for orthopsedic surzeons.
Furthermore, the necessity for ohtaining fook radicgraphs

American Journal of Sports Medicine

womnld have been reduced by 79%. We were able to dem-
onstrate that physical therapiste with additional trainenge
in orthopacdic sports physical therapy and crthopaedic
surpeons can have high overall interphserver agreement
about when to order ankle and foot radiographs based on
the modified Ottawa ankle rules.
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