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ABSTRACT: One hundred and thirty-eight patients

with a closed grade-4 supination-external rotation or
pronation-external rotation ankle fracture (Lauge-Han
sen classification) who were seen in the emergency room
of the University of Chicago Hospitals were entered into
a randomized study of the results of various methods of
treatment. Ninety-six patients with satisfactory initial
closed reduction were randomized between continued
closed treatment in a plaster cast and open reduction
with rigid internal fixation according to the techniques
of the Association for the Study of Internal Fixation
(ASIF). Forty-two patients with unsatisfactory closed
reduction were randomized between open reduction with
internal fixation of only the medial malleolus and open
reduction with rigid internal fixation according to the
ASIF techniques. Of the 138 patients who were admitted
to the study, only seventy-one (51 per cent) could be
followed for an average of 3.5 years (a typical return
rate of urban trauma centers). The outcomes were eval
uated by a scoring system that included clinical, ana
tomical, and arthritis scOres. Statistical analysis of the
data showed that, of the patients with initial satisfactory
closed reduction, the ones treated by open reduction and
rigid internal fixation had significantly higher total
scores, particularly the patients who were more than
fifty years old and those with a medial malleolar fracture.
The small number of patients with unsatisfactory closed
reduction who were treated by one of the two types of
open reduction and internal fixation and were available
for follow-up precluded drawing any conclusions about
the superiority of one method of internal fixation over
the other in that group. The difference in the talocrural
angle between the injured and normal sides was the only
statistically significant radiographic indicator of a good
prognosis.

The most common intra-articular fracture of a weight
bearing joint occurs in the ankle. Two tilethods of restoring
function and preventing arthritis have been used: closed
treatment. including manipulative reduction and itiltilohi
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lization in a plaster cast. and open reduction and internal
fixation. Advocates of open treatment have tiiaintained that
the slightly higher risk of associated complications is
justifiable on the grounds that several studies â€˜¿�â€˜@@ corn

paring open and closed methods of treatment have suggested
that open treatment gives better results.

Several factors make interpretation of the conclusions
of these earlier studies difficult'5. The indications for as
signing patients to open or closed treatnient have often not
been clearly stated. so that it is difficult to determine whether
the treatment groups were sufficiently sitiiilar to he corn
pared. When surgeons select treatment methods on a case
by-case basis. unsatisfactory closed reductions are almost
inevitably treated by open procedures. Comparing the re
suIts of open treatment of ankle fractures that were unsat
isfactorily reduced by closed methods with the results of
ankle fractures that were satisfactorily reduced by manip

ulation and immobilization in a plaster cast does not resolve
the major question of which method gives better results for
a given type of fracture. The indications for O@dflor closed
treatment can become even more unclear when open Irac
tures are included. as was done in sonic studies'Â° â€˜¿�@.

The techniques of open reduction and internal fixation
have varied widely within any OflCstudy and among different
studies. Also. the number of structures that were repaired

and the accuracy and rigidity with which they were fixed
probably affected the ultimate results of open treatment. A
good closed reduction followed by successful itiimohiliza
tion in a plaster cast is certainly likely to give a better
outcome than is a poorly planned and executed open re
duction and internal fixation.

In most studies, a classification system was used that
took into consideration associated ligament injuries. The
system of Lauge-Hansen27. widely used in Europe. groups
ankle fractures into five types based on the mechanism of
injury. with as many as four grades of severity within each
type. The Danis-Weber system'4. used in Switzerland. di
vides ankle fractures into three types. with flO grading ac
cording tO severity. In reporting results. users of both
systems have often disregarded differences in severity
within each fracture typeâ€•'. Including @iioreserious injuries
with injuries of lesser severity (and presumably a better
prognosis3) can skew the outcome for an entire group.

In an attempt to eliminate these problems. we designed
a prospective study to evaluate the results ofopen co)mpared
with closed treatment in a series of severe. closed ankle
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Fto;. I

Modified Lauge-Hansen classification of external rotation fractures of the ankle (SER and PER. Each fracture is classified accowding to the position
of the foiot (first letter) and the deforming force next two letters) at the titie of injury. In the diagram. the thick arrows indicate the directions of the
injuring forces and the thin arrows. the progression in severity )as shown by the numbers I through 4. In grade-4 injuries of both types (SER and
PER). the fihula. anterior and posterior tibiofibular ligaments. and tiiedial malleolus or deltoid ligament) are all disrupted. However. the fracture pattern
and the sequence of structures insured with increasing severity are distinctive for each of these fracture types. as indicated by the series o)f drawings
numbered I through 4. Supination-external rotation )SER): ) I ) rupture of the anterior tihiofihular ligament. 2) spiral fracture of the fibula. (3) rupture
of the posterior tibiofibular ligament or fracture of the posterior tibial malleolus. and 4) rupture of the deltoid ligartient or fracture of the medial
nialleolus. Pronationâ€”external rotation )PER : ) I ) rupture of the deltoid ligatiient or avulsion of the medial tmialleolus. (2 1rupture of the anterior tibiofibular
ligament and the interosseous ligament. 3) short obliqote fibular fracture. t@pieally six to ten centimeters proximal to the joint. and )4) fracture of the
po)sterior tliargin of the tibia or rupture of the posterioir tihiofihular ligatiient. Reprinted from Pettrone. F. A.: Gail. Mitchell: Pee. L)avid: Fitzpatrick.
Thomas: and Van Herpe. L. B.: Quantitative Criteria for Prediction of the Results after Displaced Fracture of the Ankle. J. Bone and Joint Surg..
65-A:668-669.June l983.

fractures as well as to evaluate two different systems of
internal fixation. The patients in this series were randomly
assigned treatment methods.

Materials and Methods

From June 1975 to June 1979. all patients with a closed
supination-external rotation grade-4 or a pronation-external
rotation grade-4 ankle fracture, classified according to the
modification of the Lauge-Hansen system27 shown in Figure
1. who were treated in the emergency rootii ofthe University

of Chicago Hospitals were considered for entry into the
study. We excluded patients who had an open ankle fracture.
a fracture and open epiphyses. a previous fracture of either
ankle, concomitant injuries. or a medical contraindication
to a specific form of treatment that would hamper random
ization. as well as pregnant women.

Ra,ulonii:atio,i

A satisfactory randomization procedure was difficult
to establish. After preliminary trials and discussion with the
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TABLE I

CRITERIA FOR A SATISFACTORY CLOSED REDUcTIoN6

1. Medial clear space not more than 2 mm wider than the space het@oeeti
the tibial plafond and the dome of the talus

2. Less than 2 mm ofdisplacement ofthe medial malleolus in any direction

3. Less than 2 mm of lateral displacement of the distal end of the fthula
at the fracture

4. Less than 5 mm of posterior displacement of the distal end of the ftbula

5. Less than 25% of the anteroposterior length of the tibtal arttcular sur
face, as seen on the lateral radiograph. included in the posterior fracture
fragment, or less than 2 mm of displacement of a po)sterior fragment
that includes more than 25Â°Tof the anterior-posterior length of the
articular surface

* See text for descriptions of measuring techniques.

open reduction and internal fixation by the ASIF technique.
satisfactory closed reduction followed by continued closed
treatment, unsatisfactory closed reduction followed by open
reduction and internal fixation by the ASIF technique. and
unsatisfactory closed reduction followed by open reduction
and internal fixation of the medial malleolus. The effect of
this procedure did not differ from actual randomization of

the patients to the four different treatments. It served to

Clinical Investigation Committee of our hospital. the fol

lowing protocol was finally adopted. All of the patients who
met our criteria were seen initially by orthopaedic surgery
residents. Standardized anteroposterior. mortise. and lateral
radiographs were made. A closed reduction was then per
formed under parenteral analgesia or hematoma block, or
both, and a toe-to-thigh cast was applied. The patient was
then admitted to the hospital for elevation of the limb and
instruction in crutch-walking. The next morning post-re
duction radiographs were made and were reviewed by an

attending physician. The adequacy of the reduction of the
fracture was assessed according to the criteria that are listed
in Table I.

Since all of these patients came to the emergency room
without a specified attending physician. they were randomly
assigned to one of two members of the orthopaedic attending

staff. These two attending orthopaedists had pre-selected

the treatment protocols specified in the branches of the man
agement algorithm of the experimental protocol shown in

Figure 2 and used these forms of treatment for all patients
who were assigned to them. As a result, there were four
treatment categories: satisfactory closed reduction and then

SER-4or PER-4
AnkleFractures

Group B
@ â€”¿�Closed Reduction â€˜¿�. Unsatisfactory

1
Randomize
to Surgeon

/ \
#1 #@

1 I
Assignto GroupA Satisfactory Repeat Closed Reduction

- (General Anesthesia)

Unsatisfactory

Assign to Group B

FIG. 2

Randomization flow chart. (See text for details. ) SER-4 = supination-external rotation. grade 4: PER-4 pronatton-external rotation. grade 4: and
ASIF = Association for the Study of Internal Fixation.

I

OpenReductionClosedOpen ReductionOpenReductionInternal
FixationCastInternal FixationInternalFixationASIF

TechniqueTreatmentASIF Techniqueof MedialMalleolusOpenClosed.

ASIF. Conventionalâ€•
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eliminate bias in the selection of patients while conforming
to the spirit of the ethical requirements established by the
United States Department of Health and Human Services
and the Clinical Investigation Committee ofour institution.

All randomization procedures were carried out with the
assistance of the staff of the Uni@'ersity's Biomedical Corn

putation Facilities. The attending surgeon (and hence. treat
ment) for each patient was determined in accordance with
the instructions in a sealed. numbered envelope. This en
velope was chosen from a sequential pool maintained by
the statisticians. based on a table of randomized numbers.

The patients were free not to participate in the study.
to choose an alternate treatment. and to drop out of the study
at any time. The procedure recommended by the attending
surgeon was discussed with the patient. as was the study
protocol. the risks of the procedure. and alternate forms of
treatment. We obtained the infortiied consent ofeach patient

for the procedures to he carried out and also obtained the
patients' consent to participate in the study.

Patients who met the criteria for a satisfactory closed
reduction were assigned to Group A and those whose frac

ture was not reduced to meet these criteria were tentatively
assigned to Group B. The patients who initially had an
unsatisfactory reduction were taken to the operating room.
where a second closed reduction was attempted under gen
eral anesthesia to determine whether the patient should be
reassigned to Group A (if a satisfactory reduction was ob
tamed) or remain in Group B (if the reduction was still

unsatisfactory). 1f any operative procedure was necessary it
was carried out under the same anesthetic.

For patients in Group A. surgeon 1 performed an open
reduction and internal fixation according to ASIF techniques
(@â€˜open'â€˜¿�) while surgeon 2 continued closed treatment in a
plaster cast.

For patients in Group B. surgeon I performed an open
reduction and internal fixation according to ASIF techniques
(@â€˜ASlFâ€•)while surgeon 2 performed an open reduction of
the medial nialleolus or repair of the deltoid ligament. closed
reduction of the talus and fibula against the medial malleo
lus. and application of a toe-to-thigh cast.

Teams composed of a resident and one of the two
attending surgeons performed the operations. All surgical
patients received prophylactic antibiotics. One gram of a
first-generation cephalosporin was administered parenterally
one hour before operation and continued by intravenous
infusion postoperatively every six hours for a total of forty
eight hours.

In patients who were treated by the ASIF technique.
the leg was immobilized postoperatively in a below-the
knee plaster cast to minimize swelling. These patients began
walking on crutches without weight-bearing a few days after
surgery. and the cast was removed approximately seven days
after operation to allow early active range-of-motion exer
cises. All patients were instructed not to bear weight for ten
weeks. At that time, trans-syndesmotic screws (if present)
were removed under local anesthesia on an outpatient basis
and weight-bearing was begun.

In patients who were treated by open reduction and
fixation ofthe medial malleolus (@â€˜conventionalâ€•),the limb
was immobilized for six weeks in a toe-to-thigh cast with
the knee flexed 30 degrees. During this time. the patients
were told not to bear weight on the injured ankle. When
the long cast was removed at six weeks. a below-the-knee
walking cast was applied and was worn for an additional
four weeks.

The patients who were treated by the closed method
wore a toe-to-thigh cast with the knee flexed 30 degrees for
six weeks, and during that time they did not bear weight
on the injured ankle. At the end of six weeks a below-the
knee walking cast was applied: this was worn for an ad
ditional four weeks.

Patients were instructed in ankle exercises in the clinic
and were not routinely sent to physical therapy for range
of-motion exercises. All patients were discharged from the
early (fracture and rehabilitation) phase of the study when
they were walking independently and had no major corn
plaints about the ankle.

For long-term follow-up. patients who could be con
tacted were asked to return to the clinic forevaluation. Using
a detailed questionnaire. we recorded any complaints as well
as each patient's functional level and any further injuries to
the ankle. The active ranges of motion of both ankles were
measured and the gait was evaluated subjectively by two of
us (W. A. P. and C. S. K.). Also. using a special jig to
hold the leg. anteroposterior, lateral. and mortise radio
graphs were made of both ankles in comparable positions.

ClinicalMaterial
One hundred and forty-two patients met all of the en

tenia necessary for entry into the study. Of these l42. 138
could be classified as having either a satisfactory or an
unsatisfactory closed reduction and were randomized into
the various groups and subgroups of the study. Ninety-six
patients (70 per cent) were placed in Group A (satisfactory
reduction) and forty-two (30 pen cent), in Group B (unsat
isfactory reduction). As is typical of the populations seen
in urban trauma centers, only seventy-one (5 1 per cent) of

the 138 patients were available for complete analysis after
an average follow-up of 179 weeks (range, eighty-nine to
31 1 weeks). The remaining sixty-seven patients could not
be located or refused to be evaluated. (Charts were missing
for three of these patients.)

As shown in Table 11, there were no significant dif
ferences in the distributions of age, sex, or fracture type in
the four treatment groups composed of the seventy-one pa
tients who were followed. Similarly. comparing the seventy
one patients who were followed and the sixty-seven patients
who were not followed or whose charts were missing. there
were no significant differences except in sex distribution.
A significantly higher percentage of women than of men
returned for follow-up (p < 0.05).

Two patients in Group A who refused surgery were
included in the open-treatment (ASIF) subgroup of Group
A for statistical analysis, as is customary in studies of this
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GroupA iN = 49)Group B(N =22Treatment

Open ClosedFoillow-upTreatmenthiI

los-tipFollowedNot

FollowedASIFConventionalFollowedNotFollowed'(N
= 23(N = 26(N â€”¿�49iN = 471(N = l3iN = 9iN = 22IN =l7Age

(vrs.)Mean41.244.442.840.441.140.841.038.))Range15-7818-7215-7820-6925-6822-6122-6825-66SexFemaleNo.171835I910717Ii)Percent74697l49@77757759MaleNo.6814283257Percent26312960@23222341Fracture

typeSupination-externalrotation.

type4No.2222444))II6172Percent9685908585677771Pronation-externalrotation.

type4No.I4572355Per

cent4151015IS332329
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TABLE II

ClINICAl. MATERIAt.

* Data were missing for three Group-B patients whose charts were lost.

t Significant at p < 0.05.

type. In another Group-A patient who was included in the
closed-treatment subgroup. the reduction was subsequently
lost and open reduction and internal fixation was necessary.
For statistical analysis. she was placed in the closed-treat
ment subgroup.

Scoring System

To obtain quantitative results for each patient. we de
vised three scoring systems that provided clinical. anatom

ical. and arthritis scores. These three scores were combined
to give a total score, which for a perfect result was 150
points. The clinical score was a measure of the functional
result at the time of the final evaluation. Since this score
was determined relatively early (an average of 3.5 years
after fracture). in what may be an evolving process over the
remaining years of the patient's life. the anatomical and
arthritis scores represented attempts to extend the predictive
value of the scoring system. Inclusion of the anatomical
score was based on the assumption that restoration of normal
anatomy is likely to preserve good long-term function after
joint injury. Inclusion of the arthritis score was based on
the assumption that traumatic arthritis is likely to be a pro
gressive process and that the presence of arthritic changes
may predict future functional loss. The assignment of flu
merical values to these scores and the weighting of one
score in relation to the other two was an arbitrary process.

The clinical score (Table III). like that of Mazur et
al. , assigned most points for pain and function. The max
imum possible clinical score was 100 points. Of these 100.
54 points were concerned with pain: 26. with the patient's
subjective assessment of function@ and 20. with the evalu
ation of gait and range of motion in the ankle and subtalar

joints. The clinical score was based on information recorded
in the follow-up questionnaire and on the findings at follow
up physical examination.

The anatomical score' (Table IV ) rated the adequacy
of the reduction based on radiographic measurements that
previous studiesÂ°'â€•72125 had suggested were important. The

maximum possible anatomical score was 35 points. To as
sign this score. we determined the relative positions of pre
selected points on the radiographs showing the final reduc
tions (closed or open) obtained in the acute period of the
study. Any measurements that were based on a cotTlpariso)n
of the injured and normal. opposite ankle were determined
from the radiographs of the normal ankle tiiade at follow
up and from the radiographs of the injured ankle made
immediately after reduction. Distances were determined

with a Tabs Data Tablet (backdrop-lit) that had a 0.1-
millimeter resolution.

We evaluated the importance ofeach radiographic mea
surement in the anatomical scoring system in an effort to
determine which, if any. of these variables was predictive
ofa good end result. Since each variable with an acceptable
value contributed I or more points to the total score while
each variable with an unacceptable value contributed no
points, a direct comparison of the mean total scores for the
patients with an acceptable value with those of the patients
with an unacceptable value (for the variable in question)
would have caused a built-in bias. To avoid this bias. cor
rected mean total scores were computed with the points
assigned to the variable in question eliminated. The cor
rected mean total score of the patients with an acceptable
value for each variable could then be compared with the
corrected mean total score of the patients with an unac
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ANATOMICAL SCORING SYSTEM(MAXIMUM. THIRn'-FIvE POINTS)No.

ofMeasurement*Acceptable
ValuestPointsTalocrural

angle:5degrees6difference
fromnormalMedial

clear space4millimeters6Integrity

of tibiofibularBoth indicatorsnormal6syndesmosisMedial

malleolar2millimeters6displacementSize

of posterior malleolar< 25 percent6fragmentLateral

malleolar2millimetersIdisplacementLateral

malleolar2millimetersIshortening
comparedwith

normalsideTalar

tilt2millimetersITalar

subluxationAbsentIAnteromedial

cornerâ€”¿�PresentIcontinuity
ofarticularsurface
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adults is 83 Â±4 degrees5. The difference in the angles of
the two ankles of any one individual is normally less than

N f 2 degrees. We considered any difference between the two

Points sides of more than 5 degrees to be abnormal. An angle of

5 degreeswasthesmallestthatwecouldmeasurereliably.
The medial clear space26@'t' was the distance between

0 the lateral border of the medial malleolus and the medial

10 border of the talus at the level of the talar dome on the

@ mortise radiograph. A space wider than four millimeters
40 was considered to be abnormal.

50 The integrity of the tibiofibular syndesmosis was eval

Â¶@uatedby the methodof Pettroneet al. The widthof the
@ tibiofibular clear space (the horizontal distance from the

lateral border of the posterior tibial malleolus to the medial
0 border of the fibula) was measured on the anteroposterior

@, radiograph at the point where the posterior malleolus was

; widest.Awidthoffivemillimetersormorewasconsidered
0 to indicate disruption. The amount of tibiofibular overlap

I) Ofl the anteroposterior radiograph was also measured. This

@ was taken as the horizontal distance between the medial
0 border of the fibula and the lateral border of the anterior

2 tibial prominence at the level of the widest part of the pos

@ tenor malleolus. Disruption was assumed to be present if
@) the overlap was less than ten millimeters. We considered

0 the syndesmosis to be disrupted if either or both of these

3 measurements were abnormal.

0 Displacement of the medial malleolar fragment of more

:!@ than two millimetersin any directionwas considered
4 abnormal9. This was measured at the fracture line on the

S mortise and lateral radiographs.

2 Thesizeoftheposteriormalleolarfragmentwasde
@ termined using the sclerotic line of the tibial subchondral

plate as seen on the lateral radiograph. The size of the

TABLE IV

TABLE III

ClINICAL SCORING SYSTEM MAxIMuM. ONE HUNDRED POINTS)

Subjective (80 points)
Pain (54 pi3ints)

Always after any activity
Prolonged after mild activity
Transient after mild activity
Prolonged after heavy activity
Transient after heavy activity
None

Requires medication for pain regularly
Requires medication occasionally
Requires no medication

Function (26 points
Unable to climb stairs
Uses normal fot first
Requires aid of banister
Climbs normally

Unable to descend stairs
Uses normal foot first
Requires aid of banister
Descends normally

Walks < I block
Walks < 5 blocks
Walks < 10 blocks
Walks@ 10 blocks
Walks unlimited distances

Recreational activities limited
No activities limited

Requires walker
Requires crutches
Requires one crutch
Requirescane
Requires no aids

Dissatisfied
Moderately satisfied
Ve1)@satisfied

Objective (20 points

Gait (6 points)
Antalgic limp
External rotation gait
Normal gait

Range of motion: difference from normal side ( 14 points
Dorsiflexion

Difference > 20 degrees
Difference 10 tO)20 degrees
Difference < 10 degrees
No difference

Plantar tiexion
Difference > 20 degrees
Difference< 20 degrees
No difference

Supination
Difference > 0 degrees
No difference

Pronation
E)ifference > (I degrees
No difference

0
3
6

0
@1

4
7

0
-I

3

0
.)

0
.,

ceptable value for the same variable (Tables IV and VIII).
The talocrural angle2 (Figs. 3-A and 3-B) was defined

as the superior and medial angle formed by the intersection
of a line perpendicular to the distal tibial articular surface
and of a line joining the tips of both malleoli on the mortise
radiograph. The normal range of the talocrural angle in

* See text for definitions.

1@Unacceptable values received zero pciints.
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No)radiographicchanges(IAbnormalities

(non-union .svliosto)sis.osteoporosis
. irregular articularsurface)One

abnormality1Two
or moreabnortiialities3Degenerative

changesMild6Moderate9Severe12
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TABLE V
ARTHRITIS GRAmaNG SYSTEM@ (MAxIMUM. FIFTEEN P0INTS(

Points Subtracted
frotiiMaxitiiuni

ridges of the talus on the mortise radiograph. A difference
of two millimeters was considered to be the upper limit of
normal.

Talar subluxation was deterntined by a subjective as
sessment of the congruence of the talar dome and of the
distal tihial articular surface as seen Ofl the lateral radio
graph. Any incongruence was considered unacceptable.

The continuity of the anteromedial corner of the ankle
mortise was evaluated subjectively on the mortise radio
graph. An uninterrupted. smooth radiographic shadow of
the tibial subchondral plate at the anteromedial corner was

interpreted as representing accurate anatomical reduction.
Any discontinuity was considered to he abnormal.

For the (lrtlI?itis .S(O1@(',which allowed a niaxin@un@of
15 points (Table V). two categories of long-term radio
graphic change were examined: degenerative changes and
abnormalities. The first included osteophytes. joint-space
narrowing. and periarticular cysts: these were graded as
mild, moderate, or severe. with 6. 9. or 12 points. respec
tively. subtracted from the total score for these grades. The
other category included abnormalities such as non-union.

distal tibiofibular synostosis. osteoporosis. and joint-surface
irregularities. One point was subtracted for one such ab
normality and 3 points were subtracted for two or more.

The arthritis score for each patient was determined by
two of us (H. S. S. and W. A. P.) working independently.

6 See text for details.

fragment was expressed as the percentage of the length of
the whole sclerotic line that was included in the posterior
malleolar fragment. Values of more than 25 per cent were
considered abnormal. regardless of the amount of displace
ment.

Displacement of the lateral malleolus was evaluated on

the mortise radiograph. Any shift of the distal fragment of
more than two millimeters at the fracture site was considered
abnormal.

Shortening of the lateral rnalleolus was determined as
the difference between the measurements of the normal and
of the affected ankle on the anteroposterior radiographs.

FIG. 3-A Fio;. 3-B

Figs. 3-A and 3-B: The talocrural angle is the superior and tiiedial angle formed by the intersection of a line joining the tips of boith tiialleolt and
of a line perpendicular to the distal tibial articular surface.

Fig. 3-A: A normal talocrural angle of 80 degrees.
Fig. 3-B: An abnormal talocrural angle of 87 degrees due to) shortening of the lateral malleolus.

The measurements were niade along a line perpendicular to
a line drawn along the distal tibial articular surface. the
distance measured being that between the tip of the lateral
malleolus and the line along the tibial articular suthtce. If
the affected tibula was more than two millimeters shorter
than the normal fibula, abnormal shortening was considered
to be present.

Talar@ was any difference in the widths of the joint
space measured directly proximal to the tiiedial and lateral

When there was a difference in the scoring by the two
observers. the lower (worse) score was used.

The sums of the three ratings of the patients in the
different groups were analyzed with the assistance of the
conversational version (SCSS)'6 of the Statistical Package
for the Social Sciences (SPSS) on the University@s DEC
computer system. The mean scores for each group were
calculated and conipared by Student@s two-tailed t test for
a separate estimate of variance.
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mean total scores for the two groups was statistically
significant only when the differences between the anatom
ical scores were statistically significant (Table VII).

The mean total score of the twenty-eight Group-A pa
tients with a deltoid ligament tear was higher than that of

the twenty-one Group-A patients with a medial malleolar
fracture. Compared with closed treatment. open treatment
yielded higher mean total scores in the patients with either
one of these medial-side injuries. However, the difference
between the scores after open and closed treatment was
significant (p < 0.05) only for the patients with a medial

malleolar fracture.
The thirty-four patients who were less than fifty years

old had better results than did the fifteen older patients.
Although in the patients who were less than fifty years old
there was no significant difference between the results of
open and closed treatment, for the patients who were older
than that the mean total score of the ODCSwho had open
treatment was significantly higher than that of the patients
who had closed treatment.

No significant difference in the results of closed and
open treatment was found in the forty-four patients with a
supination-external rotation grade-4 fracture and in the five

Results

The mean final total score for the forty-nine Group-A
patients (with satisfactory closed reduction) was 12 1.6 Â±
2.5 points (range. 68 to 143 points). and the mean final
total score for the twenty-two Group-B patients (with un
satisfactory closed reduction) was 113.0 Â± 6.4 points
(range. 27 to 146 points). This difference of 8.6 points was
not significant (p = 0.22). However. comparing the scores
of the patients with satisfactory closed reduction with the
scores of those with unsatisfactory closed reduction was
subject to the errors that always occur whenever dissimilar
groups that are not randomized are compared. Any sus
pected difference (here. the severity of the injury) between
baseline populations makes interpretation of the differences
in the total scores difficult, since the effect of identical
treatment on these two different sets of patients is not
known.

Group A (Initial Closed Reduction Satisfiutorv.

Sub.s'eqiu'nt Opei: or Closed Treat,iu',,t)

The tiiean total score for the open-treatment subgroup
ofGroup A (twenty-three patients) was 127.0 Â±2.9 points

Closed
8F@ _ Open

(I)
C

i
E 4@

z

2F

60-70 9â‚¬E100

Total Score by Tens

Fi;. 4

Histogram showing the distributions of the toital scores according to) treatment for patients in Group A (satisfactory closed reduction. open ASIF
versus cloised treatment).

(range. 92 to 142 points). and the mean total score for the
closed-treatment subgroup ofGroup A (twenty-six patients)
was 116.7 Â±3.8 points (range. 68 to 143 points) (Fig. 4).
This difference was significant at p < 0.05 (Table VI). it
should be noted that the surgically treated Group-A patients
consistently had higher clinical. anatomical. and arthritis
scores, but the difference in the clinical and arthritis scores
were not statistically significant. The difference between the

with a pronation-external rotation grade-4 fracture. Also.
there was no significant difference in the results of closed

and of open treatment related to the patient's sex (thirty
five female and fourteen male patients).

Group B (Initial Closed Reduction Unsatisftictorv
Subsequent AS/F or Conventional Treatment)

The mean final total score for the thirteen patients in
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RESULTS (MEANPOINT SCORES)ACCORDINGTO TREATMENTGROUPSGroup

A (N= 49)Group B (N=22Open

Treatment*Closed Treatment*Differencep ValuetASIF Treatment*CoinventionalTreatment*DifferencepValuetAll

patients127.0 (23)116.7 (26)10.3< 0.05118.2 (13)105.6 (9)12.6NS.0.39Deltoidtear(n

=28)130.0(11)121.0(17)9.0NSMedial

malleolar
fracture (n = 21)124.3

( 12)108.7 (9)15.6<0.05Patients

< 50 yrs.
old (n = 34)125.6

( 19)122.7 (IS)2.9NSPatients

@ 50 yrs.
old (n = 15)133.8

(4)108.5 ( 1I )25.3< 0.01

ASH
Open TreatmentClosed TreattiieniDifferencepValuerAll

fractures )n =49@Clinical88.884.34.5NSAnatomical26.722.

I4.6<0.05ArthritisI

I .510.4I .INSTotalI
27.1)I 16.70.3<:0.05Medial

malleolar fractures in â€”¿�21)Clinical87.482.94.5NSAnatomical26.26.44.8<

0.05Arthritis10.89.3.5NSTotall24.3108.715.6<

0.05
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TABLE VI

* Numbers in parentheses are numbers of patients for whom follow-up data were available.

t NS = not significant.

Group B who were treated with the ASIF technique was
I18.2Â±6.8points(range.73 to146points).andthemean
final total score for the nine patients who were treated by
conventional fixation of the medial malleolus was 105.6 Â±
12.4 points (range. 27 to 134 points). However. there was
no significant difference between the mean scores of these
two small groups (Table VI).

Comparisons of the results in Group B based on age.
fracture type. and type of medial-side injury (deltoid tear
or medial malleolar fracture) also showed no significant
differences.

Radiographic Evaluation qf. Reduction

The radiographs of the seventy-one patients who were
seen at follow-up were used to determine the anatomical
scores (Table IV). Mortise, anteroposterior. and lateral ra
diographs of the normal ankles were available for all of
these patients. The radiographs of these patients made im
mediately after reduction included the same three radio
graphs but. of a total of 213 possible radiographs. twenty
four were missing. and measurements based on them had
to be eliminated from the analysis. The patients whose mea
surements were within the acceptable ranges. with the cx
ception of the measurement of the posterior malleolus. had
corrected mean total scores for the anatomical variables that
were higher than the corrected mean total scores of the

patients whose measurements were outside the acceptable

ranges (Table VIII). Three measurements showed significant

differences (p < 0.05) when the patients with corrected
mean total scores that were within the acceptable value
ranges were compared with the patients with scores outside
the acceptable ranges. These three measurements were of
talar subluxation, lateral rnalleolar shortening. and the dif
ference between the talocrural angles on the nortiial and
fractured sides. The p value for the difference in the tab
crural angles was less than 0.01.

Arthritis

The severity ofthe arthritis in the patients in the various
treatment groups is shown in Table IX. In Group A. none
of the patients who had open treatment had moderate or
severe arthritis, whereas 23 per cent of the patients who had
closed treatment had moderate or severe arthritis. Approx
imately equal percentages of patients in Groups A and B
had no arthritis. Synostosis of the distal tibiofihular syn
desmosis was detected on the follow-up radiographs of
seven patients. The presence of a synostosis. which was

defined as the absence ofany radiolucent interosseous space.
was thought to suggest a fused distal tibiofihularjoint. Three
of these seven patients were in Group A and had had closed
treatment, while the other four were in Group B and had
been treated by fixation of the tiiedial malleolus only . The

TABI.L VII

RESUlTS MEAN POINT ScoRI:S Ao('(iRI)is(; 1(1 1RE:'TMFNi Stt1;Rnt IN

GRoUI A IS,si I5I.5(t(iRY (t (iSFt) RI:umcTIos

* NS = not significant.
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Values forCorrectedDifferenceinMeasuretients:Mean
Total ScoiresCorrected MeanTotalAnatomical

Variables*Acceptable. UnacceptableAcceptable UnacceptableScores:
Acceptable Minus

UnacceptablepVaIueiTalocrural-angle

difference:
affected compared with normal side<

5or> 5@I 19.9 )49)/l()4.7l415.20.01Medial

clear space: width4 mm> 4 mmI 17.0 42FI 13.0294.0NSTihiotibular

syndesmosis:
both indieators.either indicatorNoirmal!ahnormalI2I

.9 (7)/I 19.538)2.4NSMedial

malleolardisplacenient2 mni> 2 mm116.3 59)1102.5(12)13.8NSPosterior

malleolar< 25@%/@ 2S@%I 12.2 (24)/I 18.9(8)â€”6.7NSfragment
size as per cent

of articularsurfaceLateral

malleolar displacement2 mm > 2 mmI 18.9 (30); I 18.2(41)0.7NSLateral

malleolar shoirtening
compared with noirmal side2

mm.> 2 tam123.8 (41 (/1 13.4(22)I0.S0.05Talar

tiltr@/ 2 mm:> 2 mmI 18.4 (65)/I 13.3 (6)5.INSTalar

subluxationAbsent;present120.4 )6())/I07.33(13.10.05Anteromedial-corner

cointinuityPresentabsentI 19.9 (52)/I 19.2 (12)0.7NS
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TABLE VIII

RElATIONSHIP OF ANATOMRAI MEASUREMENTS TO) CORRECTED MEAN TOTAl. POINT ScoRE

* See text for definitions oif variables.

t See text for definitions of corrected mean toiial scores. Numbers in parentheses are numbers oif patients.

NS = not significant.

seven patients with a synostosis had a mean total score of
97. 1 Â± 14.6 points. compared with a mean total score of
12 1.3 Â±2.4 points for the other 13 1 patients in both groups.
This difference between the mean scores was not statistically
significant.

Comnplieations

There was one death during the course of the study.
This occurred in a thirty-five-year-old man in Group B. who
was randomized to the ASIF subgroup and died intraoper
atively of malignant hyperthermia. One woman in Group
A, who was randomized to the closed-treatment subgroup.
required open reduction and internal fixation after the initial
satisfactory closed reduction was lost. For statistical anal
ysis. she was placed in the closed-treatment subgroup. One
patient in Group B who had fixation of just the medial
malleolus required ankle arthrodesis for pain twenty-one
months after injury. Two patients in Group A who had
closed treatment had pressure sores that resolved with out
patient treatment. There were two superficial skin sloughs
in the patients who were treated surgically: one in Group
A and the other in Group B. Both wounds healed with local
care. One patient in Group B had a non-fatal pulmonary
embolism. There were no non-unions and no deep infec
tions.

Discussion

This study showed that the Group-A patients with a
severe ankle fracture and satisfactory initial closed reduction
had a significantly higher mean total score after treatment
by open reduction and internal fixation according to ASIF
guidelines than after treatment by continued immobilization
in a plaster cast. This is not a new finding. but this study
is the first in which the significance of the difference was

substantiated by a randomized, prospective analysis. By

randomly assigning patients to surgeons who used fixed
treatment protocols and using standardized criteria for sat
isfactory reduction. we made an effort to ensure that the
patients and fractures being compared were truly compar
able.

Patients with a medial malleolar fracture7 and patients
who were more than fifty years obdi were shown to have a
worse prognosis in sonic studies. We confirmed these
findings and demonstrated that both categories did signif
icantly better when treated by open methods.

The difference between the talocrural angles of the
normal opposite ankle and of the fractured ankle was the
only radiographic measurement that correlated with the
mean total score and had a p value of less than 0.01 . Ac
ceptable values for this difference were associated with a
significantly higher mean total score.

The usefulness of the difference between the tabocrural
angles as a measure of reduction is enhanced by the ease
with which it is measured and by the reproducibility of the
measurement. The landmarks defining the angle are easily
discernible and are not influenced by small changes in ra
diographic technique. It is a means of assessing fibular
length without the influence of magnification.

The p values for the differences in the scores for talar
subluxation and for lateral rnalleolar shortening were less
than 0.05, but we are reluctant to attach any significance to
these measurements. Throughout the study. we consistently
analyzed the total score in terms of two treatment variables.
This procedure was predetermined and was done intention
ally to minimize the effect of elements of chance on the
data. When the number of variables was expanded (as when
we examined the total score in terms of the ten radiographic
variables), the population became increasingly stratified, the
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SrvERITY OF ARTHRITIS AccoRDING TO GROUP AND TREATMENTMt:iuonArthritisModerateNoneMildand

SevereTotalNo.Per

CentNo.Per CentNo.Per CentNo.PerCentGroup

AOpen
(ASIF)83515650023lOt)Closed8311246623201(8)Group

BASIF43153843113100ConventionalT22222255691(8)
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TABLE IX

* Abnormalities or mild degenerative changes. or both.

1-Open reduction and fixation ofjust the medial malleolus.

data were diluted, and the possibility that a significant dif
ference might occur by chance alone increased3. For these
reasons we upgraded our biostatistical level of significance
to the ninety-ninth percentile (p < 0.01 ) in an effort to
minimize the spurious effect that chapce might have on the
data.

Other anatomical variables. such as the medial clear
space9 and the integrity of the syndesmosis'7. were found
by others to be associated with better results. Our study did
not support these findings.

We had hoped to determine which of the two methods
of open treatment gave better results. Unfortunately. be
cause of the small size of Group B (twenty-two patients).
a statistically significant conclusion could have been drawn
only if the difference between the mean total scores was
more than 40 points. In our series of Group-B patients.
fixation by the ASIF technique gave a mean total score that
was only 12.6 points higher than the score after fixation of
just the medial malleolus.

The relatively small total number of patients in our
study makes it pecessary to be cautious about attributing
statistical significance to the differences observed. In a small
sample. there is a high possibility ofobtaining what is corn
monly considered a significant result. p < 0.05. due to
chance alone rather than due to some meaningful relation
ship in the data. On the other hand. what may well be a
real difference between two groups may remain unsubstan
tiated because of the limited statistical power when the sam
pIe size is small5. We believe that we have been appro
priately cautious in drawing conclusions from our data.

As we have noted, the method of open reduction and
internal fixation chosen for patients in Group A was the
ASIF technique. The instruments and techniques used in
this method are standardized and have been well described'4.
in the hands of its originators, this method gave very good
results. Also. it represents a fairly aggressive approach to
fracture management and thus provides a good contrast to
closed treatment with a plaster cast. Group B was designed
to permit evaluation of the efficacy of the ASIF technique
compared with a simpler technique of open reduction and
internal fixation.

The ASIF technique emphasizes anatomical reduction

and rigid internal fixation to allow early active motion. The
early active motion provides the advantage of mobilizing
edema fluid and decreasing swelling, and it prevents or
minimizes disuse atrophy of the muscles that control the
ankle joint. After an intra-articular fracture. early motion
may minimize damage to the articular cartilage by avoiding
problems related to the nutrition of the cartilage in an im
mobilized joint and by preventing the formation of intra
articular adhesions2'.

The AS1F technique also includes reduction and
fixation of the lateral malleolus. Laboratory and clinical
evidence has suggested that the lateral malleolus is essential
forthe maintenance ofstability ofthe mortise21'. Small lateral
shifts in the lateral malleolus greatly alter the tibiotalar con
tact area'9. Non-unions of the lateral malleolus are rare hut
usually symptomatic23. whereas non-unions of the medial
malleolus are more common and are often asymptomatic2.
No controlled studies of different methods of internal
fixation have been reported. but several investigations have
demonstrated better results when the lateral malleolus was
fixed2426.

We acknowledge that some patients. even those with
a severe fracture of the ankle, can be treated successfully
by closed reduction and immobilization in a plaster cast or
by fixation of the medial malleolus alone. Additionally.
while the clinical score alone (which assesses short-tertii
functional results) was better after ASIF techniques than
after other modes of therapy . the differences were not sta
tistically significant. However. open reduction with rigid
internal fixation and early active motion appears to he a
more certain way of obtaining a good long-term result as
measured by the sum of all elements of the pre-selected
scoring system. The risk of complications after operative
treatment of ankle fractures is low . hut it is higher than after
non-operative management. The death o1 an otherwise
healthy patient from malignant hypertherinia in our series
emphasizes that the decision to operate should not he made
lightly. Other factors not discussed here. such as the ability

of a morbidly obese patient to tolerate a toe-to-thigh cast
or the ability of a patient with heart disease to remain non
weight-bearing for ten weeks. must also he considered in
the decision-making process.
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Conclusions patients who were more than fifty years old both had much
In patients with a severe fracture of the ankle that had less favorable results after closed treatment. The difference

been satisfactorily reduced initially by closed manipulation. between the tabocrural angles of the affected and the normal
open reduction and internal fixation performed according to side was an easily and reproducibly measured indicator of
ASIF guidelines gave significantly better results. as mea- a good reduction.
sured by our 150-point scoring system. than did closed

. . . - Noit: The aultior'. @khtothani. T. Kani..iin for statistical a.'@ioanrc and R . Sasor mr is@iOancc

treatment. Pattents with a medtal malleolar fracture and withthcdatatat'ict

References

1. BEAUCHAMP.C. G.: ClAY. N. R.: and THEXTON. P. W.: Displaced Ankle Fractures in Patients over 50 Years of Age. J. Bone and Joint Surg..
65-B(3): 329-332. 1983.

2. BURWEI.t.. H. N. . and CHARNI.EY. A. D. : The Treatment of Displaced Fractures ot' the Ankle by Rigid Internal Fixation and Early Joint Movement.
J. Bone and Joint Surg. . 47-B(4): 634-66(). 1965.

3. BYAR. H. P.: Editorial. Sound Advice for Conducting Clinical Trials. New England J. Med. . 297: 553-554. 1977.
4. CEDEI.I.. C-A. : Supination-Outward Rotation Injuries of the Ankle. A Clinical and Roentgenological Study with Specific Reference to) the Operative

Treatment. Acta Orthop. Scandinavica. Supplernentum I 10. 1967.
5. DERSIMONIAN. REBECCa.:CHARETTE. JOSEPH: MCPEEK. BUCKNAM:and MOSTEI.I.ER.FREDERICK:Reporting on Methods in Clinical Trials. New

England J. Med.. 306: 1332-1337. 1982.
6. GOERGFN.T. G.: DANZI;. L. A.: RESNKK.DONAlD:and OwEN. C. A.: Roentgenographic Evaluation of the Tihiotalar Joint. J. Bone and Joint

Surg. . 59-A: 874-877. Oct. 1977.
7. HUGHES. J. L.: WEItER. H.: WILI.ENEGGER.H.; and KUNFR. E. H.: Evaluation of Ankle Fractures: Non-Operative and Operative Treatment. Clin.

Orthop..138:111-119.1979.
8. INMAN. V. T.: The Joints of the Ankle. Baltimore. Williams and Wilkins. 976.
9. JOY. GREGORY;PATZAKIS.M. J .: and HARVEY. J. P. . JR.: Precise Evaluationof the Reductionof Severe Ankle Fractures. Technique and Correlation

with End Results. J. Bone and Joint Surg. . 56-A: 979.993. July 974.
10. K1.OSSNER.Ot.LI: Late Results of Operative and Non-Operative Treatment of Severe Ankle Fractures. A Clinical Study. Acta Chir. Scandinavica.

Supplenientum 293. pp. 26-76. 1962.
II. MAI.KA.J. S.. and TAIIIARn. W.: Results ofNonoperative and Operative Treatment ofFractures ofthe Ankle. Clin. Orthop.. 67: 159-168. 1969.
12. MAZUR. J. M.: ScHwARTz. EVAN: and SIMON. S. R.: Ankle Arthrodesis. Long-Term Follow-up with Gait Analysis. J. Bone and Joiint Surg..

61-A: 964-975. Oct. 1979.
13. MITHEI.L. W. G.: SHAFTAN. G. W.: and SCI.AFANI. S. J. A.: Mandatory Open Reduction: Its Role in Displaced Ankle Fractures. J. Trauma.

19:6()2-6l5.1979.
14. MUlLER. M. E. : A1.i.oaiwi/R, M. : SCHNEIDER. R.: and WI1.i.ENEooER. H. : Manual of Internal Fixation. Technique Recommended by the AO

Group. Ed. 2. pp. 282-299. Ness York. Springer. 1979.
15. Nw. N. H.: Hut.i.. C. H.: FRANKlIN. M. N.: JENKINS. J. G.: SCURS. K. J.: NoRusIs. M. I.: and BEADlE. V.: SCSS: A Users Guide to the

SCSS Conversational System. New York. McGraw-Hill. 1980.
16. PANKOVKH.A. M. . and SHIVxRAM.M. S.: Anatomical Basis of Variability in Injuries of the Medial Malleolus and the Deltoid Ligament. I.

Anatorniical Studies. II. Clinical Studies. Acta Orthop. Scandinavica. 50: 217-236. 1979.
17. PETTRONE.F. A.: GAIl.. MITCHEll.: PEE. DAvID: FITZPATRKK.TH0SIAs: and V;N HERPE. L. B.: Quantitative Criteria for Prediction ofthe Results

after Displaced Fracture of the Ankle. J. Bone and Joint Surg. . 65-A: 667-677. June 1983.
18. PHII.I.Iis. W. A. . and SPIEGEl.. P. G.: Editorial Comment. Evaluation of Ankle Fractures. Non-Operative vs Operative. Clin. Orthop.. 138: 17-

19.1979.
19. RAMSEY. P. L.. and HSMI1ToN. WIllIAM: Changes in Tihiotalar Area of Contact Caused by Lateral Talar Shift. J. Bone and Joint Surg., 58-A:

346-357. April 1976.
20. SALTER. R. B.: SIMMONDS.D. F.: MAI.col.M. B. W.: RUMBLE. E. J.: MAUSIIcHAEI.. l)oUo;I xs: and CI.EMENTS. N. D.: The Biological Effect of

Continuous Passive Motion oti the Healing of Full-Thickness Defi@ctsin Articular Cartilage. An Experimental Investigation in the Rabbit. J. Bone
and Joiint Surg.. 62-A: 1232-1251 . Dec. 1980.

21 . SARKISIAN.J. S.. and CouY. S. W.: Closed Treatment of Ankle Fractures: A Ness Criterion fir Evaluation â€”¿�A Review of 250 Cases. J. Trauma.
16: 323-326. 1976.

22. SNEPPI:N. OTTO: Long-Term Course in I 19 Cases of Pseudarthrosis of the Medial Malleolus. Acta Orthop. Scandinavica. 40: 807-816. 1970.
23. SNEPPEN. OTTO: Pseudoiarthrosis of th@Lateral Malleolus. Ada Orthoip. Scandinavica. 42: 187-2(8). 1971.
24. SvEND-HANSEN. H.: BREMFRSKOV.V.: and BAEKGAARD.N.: Ankle Fractures Treated h@ Fixation oif the Medial Malleoilus Alone. Late Results

in 29 Patients. Acta Orthop. Scandinavica. 49: 21 1-214. 1978.

25. WHEEl HOUSE. W. W. . and ROSENTHAl.. R. E.: Unstable Ankle Fractures: Comparison of Closed versus Open Treatment. Southern Med. J. . 73:
45-50. 1980.

THE JOURNAL OF BONE AND JOINT SURGERY




