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FIG. 6-A
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Type-I failure. As the distal fragment is rotated and displaced posteriorly, the two screws in the distal fragment pull out.

FIG. 6-B

Type-lI failure. As the distal fragment is rotated and displaced, a longitudinal fracture is produced in the proximal fragment. The fracture occurs

along the line of the screws in the proximal fragment and is seen here as the shaded area anterior to the plate. denoted by the arrow.

the lateral or with the antiglide plate are shown in Table I. form it to the lateral surface of the fibula, adding some

difficulty to its application3.
Observations on the Application of the Plates In contrast, the antighide plate was applied easily to

A well contoured lateral plate achieved and maintained the posterior surface of the distal part of the shaft. In this

an anatomical reduction. Use of the plate required accurate position, the use of a straight plate or a plate slightly bent

bending in both the sagittal and the coronal planes to con- in the sagittal plane produced a congruous plate-bone in-



The pathomechanics of an injury by supination and

FIG. 7-A
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TABLE

BIOMECHANICAL PROPE RTIES OF FIX ATION OF FIBULAE

Torque at

Fracture
(Nm)

Angle at

Fracture
(Degrees)

Stiffness of

Intact Bone

(Nm/Degree)

Torque at

Failuret

(Nm)

Failures

Type I (n = 7) 40.3 ± 3.8 27 ± 2 1.8 ± 0.3 24.6 ± 4.6

Type Ill (n = 9)

Type II(n = 3)

40.9 ± 3.9

60.1 ± 9.3

30 ± 3

29 ± 10

1.9 ± 0.2

2.7 ± 0.2

31.2 ± 4.1/31.3 ± 4.9

42.8 ± 2.4

Type IV (n = 5)

Fixation

Lateral plates (n = 10)

60.5 ± 8.7

46.2 ± 8.7

36 ± 5

28 ± 5

2.7 ± 0.1

2. 1 ± 0.5

45.9 ± 2.3/46.5 ± 1.2

30.2 ± 9.5

Antiglideplates(n = 14) 47.9 ± 11.3 32 ± 5 2.2 ± 0.4 36.4 ± 8.2/35.9 ± 8.2

* All values are expressed as mean ± standard deviation.

t The numbers after the slashes are the results of retesting the system after the insertion of a lag screw across the site of fracture.

:� Type-I failure - lateral plate: pullout of a screw from the distal fragment; Type-Il failure - lateral plate: a longitudinal crack through the

screw-holes in the proximal fibular fragment; Type-Ill failure - antiglide plate: pullout of a screw from the proximal fragment and bending of the

plate; and Type-IV failure - antiglide plate: bending of the plate only.

§ NSD = no statistical difference.

terface. Occasionally, application of the antiglide plate to

the posterior surface caused a small forward rotation of the

distal fragment in the sagittal plane, which produced a one

to two-millimeter gap at the posterior aspect of the fracture

line. However, this gap was reduced easily by insertion of

the lag screw. Thus, while the lag screw did not enhance

strength of fixation, it did improve the reduction produced

by the antiglide plate.

Discussion

external rotation are controversial. The sequence of injury.

as postulated by Lauge-Hansen, is marked by a disruption

of the integrity of the anterior tibiofibular ligament before

the fibular fracture. In his original description, all seventeen

ankles that were subjected to this force showed avulsion of

a bone insertion or intraligamentous tearing before the fibula

fractured. This idea was mentioned widely by others7#{176}’.

This sequence has been questioned, however, by those who

believe that the short oblique fracture of the distal end of

the fibula can be produced with no injury to the anterior

tibiofibular ligament9uui. Using our experimental model.

Type-Ill failure. The screws in the proximal fragment pull out as the distal fragment is rotated against the antiglide plate. Minimum bending of the
plate is seen here.



USING LATERAL AND ANTIGLIDE PLATING SYSTEMS*

Angle at

Failuret

(Degrees)

Per Cent Strength

Stiffness of

Entire System

(Nm/Degree)

Energy

Absorbed

(Nm.Degrees)

Stiffness of

Fixation System

(Nm/Degree)

32

30 ± 2

± 2/33 ± 2

61.1 ± 7.0-i

�p<0.01
77.4 ± 9.6-i

1.1

1.4

± 0.2-i

Ip<0.05

± 0.2-i

240

322

± 53-i

�p<0.01

± 44-’

2.8 ± 1.2-,

Ip<0.0l
6.0 ± 1.6-i

31

31 ± 3

± 4/32 ± 3

71.9 ± 6.81J NSD�

76.8 ± 7.7

2.0

25

± 0.3-�

I p < 0.05
± 0.2-i

405

440

± 40-�

NSD�

± 57

9.6 ± 6.2-,

I r < 0.05

30.0 ± l1.4-J

32

30 ± 2

± 3/33 ± 3

64.3 ± 8.4,

j p<0.01
77.2 ± 8.7

1.3

1.8

± 0.4,

�p<0.05
± 0.4-i

290

364

± 93.,

�p<0.o5
± 74-i

4.8 ± 4.4-,

lp<0.05

14.9 ± 14.0�1

FIG. 7-B

Type-IV failure. In strong bone. the screws in the proximal fragment do not pull out, but rather the plate bends at the site of the most distal screw
in the proximal fragment.
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twenty-two of the twenty-four ankles had no ligamentous

injury associated with the fibular fracture. The other two

did have tearing of the anterior tibiofibular ligament. This

discrepancy suggests that there may be several variants of

the short oblique fracture of the lateral malleolus.

Exact anatomical reduction of the lateral malleolus is

desirable in treating fractures of the fibula. Poor reduction

of the distal part of the fibula by persistent lateral displace-

ment37 or residual shortening’’2 will lead to a poor clinical

result. Both the lateral and the antiglide plating systems can

achieve an anatomical reduction. Maintenance of the ana-

tomical reduction until union should lead to a good clinical

result based on published criteria5#{176}.

We think advantages of fixation with the antighide plate

are the enhanced strength and stiffness; therefore, it is better

able to maintain the reduction until union occurs. In rela-

tively weaker bone, both the lateral plate without a lag screw

across the site of the fracture and the antiglide plate failed

when the bone could not withstand the forces to which it

was subjected. However, the location of the screws that

pulled out differed, thus providing an explanation for the

increased stability using the antighide plate. Two bicortical

screws in the proximal part of the cortex that were used

with the antighide plate had better purchase in the bone than

the two screws in the cancellous bone of the distal part of

the fibular metaphysis that were used with the lateral plate.

The fibulae with stronger bone showed different modes

of failure. The antighide plates deformed as the moment was

transmitted through the firmly fixed screws. The lateral

plates held the distal fragment securely enough to create a
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posteriorly directed force on the proximal screws, which

vertically fractured the proximal part of the shaft through

the line of the screw-holes. Again, analysis of the pattern

of failure yields insight into the biomechanical difference

of fixation with the two plating systems. Fixation with the

lateral plate failed because the bone failed, while fixation

with the antiglide plate failed strictly due to failure of the

plate.

The superiority of the antiglide plating system, without

a lag screw across the site of the fracture, over the lateral

plating system was most evident at low and middle ranges

of bone strengths and less evident for the stronger bones.

Thus, the antiglide plating system is particularly advanta-

geous for use in patients who have osteoporosis of any

etiology.

There are two major goals of surgery for an intra-

articular fracture: anatomical restoration of the normal anat-

omy and achievement of rigid stability to allow for early

functional recovery. In our study the forces that normally

are encountered during the period of recovery after fixation

of this type of fracture were examined. Axial loading is not

seen clinically, as patients who have this type of fracture

are kept non-weight-bearing until union. Also, when these

fractures redisplace after early reduction, the initial defor-

mity is recreated. The improved fixation of the lateral mal-

leolus with the antighide plate would be better able to resist

displacement of the fracture should the clinician choose to

institute early motion. This may facilitate rehabilitation in

patients who have this common injury.

Insertion of a lag screw through the antiglide plate and

across the site of fracture did not alter the strength of fix-

ation. When sufficient torque was generated to cause failure

of the more proximal screws or bending of the plate, or

both, the lag screw in essentially cancellous bone also pulled

out easily. However, this screw did help obtain anatomical

reduction of the fracture and it should be used, if possible.
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Surgical versus Non-Surgical Treatment of Ligamentous Injuries

following Dislocation of the Elbow Joint

A PROSPECTIVE RANDOMIZED STUDY*

BY PER OLOF JOSEFSSON, M.D.t, CARL-FREDRIK GENTZ, M.D.t, OLOF JOHNELL, M.D.t, AND BO WENDEBERG, M.D.t,

MALMO, SWEDEN

From the Departments of Orthopaedics and Diagnostic Radiology, Ma/mo General Hospital, University of Lund, Maim/i

ABSTRACT: Thirty consecutive patients who had dis-

location of the elbow without concomitant fracture and

who were sixteen years old or more were examined under

general anesthesia for stability of the joint at an average

of four days after the injury. All of the elbows showed

medial and sixteen showed both medial and lateral in-

stabihity The patients were then randomly assigned to

undergo either non-surgical or surgical treatment of the

higamentous injuries. All of the surgically treated elbows

showed complete rupture or avulsion of both the medial

and lateral collateral ligaments, and in about half of

these patients the muscle origins were found to be torn

from the humeral epicondyles.

At follow-up, both groups showed generally good
results; the differences were not statistically significant.

There was no evidence that the results of surgical repair

of the ligaments were any better than those of non-sur-

gical treatment.

In a previous study of acute dislocation of the elbow

without concomitant fracture5, all of the elbows were found

to have a complete rupture of both the medial and the lateral

collateral ligaments and extensive damage to the anterior

capsule. Injuries of varying degree were also found in the

muscles surrounding the elbow. In the past, although most

authors27-9’#{176}2 have recommended closed reduction fol-

lowed by a short period of immobilization for patients who

have this injury, � have recommended primary sur-

gical repair of the ligaments.

We conducted a randomized prospective study of pa-

tients who had dislocation of the elbow that was treated

either by primary surgical repair of the ligaments and im-

mobilization in a cast or by closed reduction and immobi-

lization in a cast. The purpose of the study was to attempt

to determine if one form of treatment was superior to the

other.

* No benefits in any form have been received or will be received from

a commercial party related directly or indirectly to the subject ofthis article.
No funds were received in support of this study.

1� Department of Orthopaedics. Malm#{246}General Hospital, 5-214 01
Malmri, Sweden. Please address requests for reprints to Dr. Josefsson.

Materials and Methods

Thirty consecutive patients who had acute dislocation

ofthe elbow were included in this study. Only those patients

who were sixteen years old or older and whose injured elbow

had been free from symptoms before the injury were in-

cluded. Patients who had a dislocation with a concomitant

fracture, except for those with a small avulsed fragment.

were excluded. The largest avulsed fragment that was ac-

ceptable was two by three millimeters in size and was the

only one from the coronoid process.

There were ten male and twenty female patients. The

average age at the time of injury in the surgical group was

35 ± 13 years (range, sixteen to sixty-three years) and in

the non-surgical group. 34 ± 18 years (range. sixteen to

seventy years). Eighteen dislocations were of the left and

twelve, of the right elbow.

Twenty-eight patients had a posterior or posterolateral

dislocation and two, a lateral dislocation. Most of the pa-

tients had fallen on a level surface and only three had fallen

from an elevation. The circumstances of the accidents var-

ied, but the largest group (nine patients) had been injured

while playing a sport.
All of the dislocations were initially reduced in the

emergency room, without anesthesia for most patients. and

the limb was then immobilized in a plaster cast. A roent-

genographic examination was performed to confirm the re-

duction in all patients. The patients were then examined

under general anesthesia at an average of four days (range.

one to seven days) after reduction in order to compare the

stability of the reduced joint with that of the contralateral

elbow. When the patients were tested with the elbow in full

but unforced extension, all ofthe reduced elbows had medial

ligamentous instability and sixteen elbows, lateral ligamen-

tous instability also. The lateral instability was generally

less severe but one of the elbows with lateral instability

redislocated when lateral stress was applied. Eleven elbows

could be redislocated easily with the patient under general

anesthesia; this occurred most often when the elbow was in

approximately 45 degrees of flexion.

For most patients roentgenograms of the injured elbow

were made after the examination under general anesthesia
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FIG. 1-A FIG. 1-B

Figs. I -A and I -B: Roentgenograms of the left elbow of an eighteen-year-old woman who had a posterior dislocation that was treated non-operattvel�.
Fig. 1-A: An increased joint space was seen on the roentgenogram that was made with the patient under anesthesia.
Fig. I-B: At nine days postoperatively. the joint space had returned to normal.

in order to confirm that the joint had remained reduced. In

the non-surgically treated patients an increased width in the

joint space of the reduced elbow was often seen on the first

roentgenograrn (Fig. 1-A) that was made under anesthesia,

but a roentgenograrn that was made a few days after the

examination under general anesthesia with the patient awake

and with tonus in the muscles invariably showed that the

width of the joint space had returned to normal (Fig. 1-B).

Surgical or non-surgical treatment of the elbow was

determined by random selection from a pool of thirty sealed

envelopes. Fifteen of the envelopes indicated surgical and

fifteen indicated non-surgical treatment. In this manner, an

equal number of patients were assigned to each treatment

group.

surgically, both the medial and the lateral side of the joint

were explored by two separate lengthwise incisions. The

muscles originating from the epicondyles were found to be

either completely or partially avulsed, medially in twelve

patients and laterally in six patients. Both the medial and

lateral collateral ligaments were found to be totally ruptured,

although only eight elbows showed lateral instability. The

major part ofthe ruptured ligament in each patient was found

to be localized to the humeral attachments. Six of the eleven

elbows that were easily redislocated were treated surgically.

Of these the muscles were found to be torn on the medial

side in all and on the lateral side in four. The anterior capsule

and the brachialis muscle could only be partially inspected

through the lateral incisions, but extensive damage was

seen. Ligamentous and muscular injuries were sutured in

FIG. 2

This diagram shows the grouping of the patients.
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TABLE I

Loss OF RANGE OF MOTION (IN DEGREES) COMPARED WITH THE CONTRALATERAL SIDE AT FIVE WEEKS AND TEN WEEKS

AFTER INJURY AND AT FINAL FOLLOW�UP*

Group

At 5 Weeks At 10 Weeks

At

Than

Extension

More

1 Year

FlexionExtension Flexion Extension Flexion

Surgical

(n = 14)

55±21

(10-90)

21 ± 16

(0-50)

39±20

(10-80)

10± 10

(0-35)

18± 15

(0-45)

1±2

(0-5)

Non-surgical

(n = 14)

44 ± 22

(20-95)

12 ± 10

(0-35)

28 ± 21

(0-75)

4 ± 6

(0-20)

10 ± 14

(0-50)

I ± 2

(0-5)

Easily

redislocated

55±20

(30-95)
23± 15

(5-50)

38± 18

(15-75)

8± 10

(0-25)

20± 19

(0-50)

2±3

(0-5)

(n = 11)

Others 47±23 14± 13 31 ±22 6±9 10± 11 1±2

(n = 17) (10-90) (0-45) (0-80) (0-35) (0-30) (0-5)

* Average and standard deviation, with ranges in parentheses.

their substance if possible, but very often drill-holes in the

epicondylar bone were employed. Absorbable sutures (poly-

glycolic acid) were used.

After the examination under anesthesia in the non-

surgical group and after surgery in the surgical group, the

elbows were immobilized for about two weeks in a plaster

cast at approximately 90 degrees of flexion. The average

duration of immobilization in the surgical group was 19 ±

3 days (range, thirteen to twenty-five days) and in the non-

surgical group, 17 ± 2 days (range, fourteen to twenty

days). After removal of the cast, active motion of the elbow

without force was encouraged.

Twenty-eight of the thirty patients (Fig. 2) were avail-

able for the final follow-up examination; one patient in each

group had left the country. The average length of follow-

up in the fourteen patients in the surgical group was 3 1 ±

15 months (range, fourteen to fifty-nine months) and in the

fourteen patients in the non-surgical group it was 24 ± 1 1

months (range, twelve to forty-eight months).

Assessment of the range of motion was done at ap-

proximately five and ten weeks after the injury and at the

final follow-up examination. Extension, flexion, pronation,

and supination were measured with a goniometer that was

accurate to 5 degrees.

Valgus and varus stability was tested without anes-

thesia with the elbow in the extended position.

A neurological evaluation of the forearm and hand,

including an assessment of the strength of the grip as tested

by the vigorimeter (Martin; G. BrUder Martin, Postfache

60, D-4200 Tottingen, West Germany), was done. The vig-

onmeter is a testing device consisting of a rubber ball con-

nected with a manometer.

Anteropostenor and lateral roentgenograms of the in-

volved elbow and the contralateral elbow were made and

were evaluated.

In ten surgically treated patients and eight non-sur-

gically treated patients the strength in flexion and extension

of both elbows was tested with the Cybex-II instrument

(Division of Lumex, Bay Shore, New York). These mea-

surements were isometric at right angles and isokinetic at

the rate of 60 degrees per second.

Results

The extension of the elbow at five and ten weeks after

the injury and at the final follow-up evaluation was better

in the non-surgically treated group than in the surgically

treated group and better in those elbows that had not been

easily redislocated primarily. However, these differences

were not statistically significant (Table I). Of the eleven

elbows that initially were easily redislocated, six were

treated surgically but did not have a better range of extension

and flexion than the five non-surgically treated elbows. Nei-

ther the patients’ age at the time of injury nor the duration

TABLE II

COMPLAINTS ABOUT THE ELBOW THAT WAS

INJURED IN RELATION TO TREATMENT

Surgical

Group

(N= 14)

Non-Surgical

Group

(N= 14)

Limited motion (extension) 7 4

Weakness 4 2

Weather-related discomfort 3 0

Pain on effort 2 4

Tenderness 2 2

Pain at rest 0 1

Feeling of instability 0 0

of immobilization had any influence on the final range of

motion. At the follow-up evaluation no restriction of pro-

nation or supination was seen in either group, nor was there

any difference in grip strength. There was also no significant

reduction of strength of the injured elbow when compared

with the contralateral elbow, as measured by the Cybex-lI

instrument. None of the patients showed evidence of neu-

rological disturbances in the hand, although two elbows that

were operated on had recurrent dislocation of the ulnar

nerve.

At the final follow-up evaluation, none of the patients

in either group complained of sensations of instability, sub-

luxation, or redislocation of the injured elbow. None of the

patients had changed occupations because of the injury of

the elbow. One patient who lacked 45 degrees of full ex-



I

I#{149}#{149}....� �

FIG. 3

Calcifications in the epicondylar areas are seen fourteen months after a
dorsal dislocation in a twenty-six-year-old man who was treated non-
surgically.
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tension could not return to sports activity (gymnastics) after

the injury. Although no patient complained of severe dis-

comfort in the elbow, seven of the fourteen patients in the

non-surgical group and ten of the fourteen patients in the

surgical group thought that the injured elbow was not as

good as the uninjured elbow. A decrease in extension was

the most common complaint in both groups (Table II).

Roentgenograms that were made at the time of the

follow-up evaluation showed either extraskeletal calcifica-

tions in the infra-epicondylar area or irregularities of the

epicondyles, or both, in most patients (Fig. 3). One elbow

from each group had small areas of myositis ossificans in

the volar aspect of the joint. Both of these patients had

reduced extension, one having lost 5 degrees of extension

and the other having lost 30 degrees of extension.

Discussion

Several authors have reported good results after sur-

gical repair of torn collateral ligaments in unstable elbows

following dislocation, but they did not compare the results

with those in elbows ofpatients who underwent non-surgical

treatment’”. However, there have been a number of re-

ports2479’#{176}’2 of favorable results after non-surgical treat-

ment, even after a long-term follow-up4. Recurrent dislo-

cations of the elbow are uncommon6’. The results of our

study do not support the decision to surgically repair the

ligaments in an unstable elbow after a dislocation without

concomitant fracture.

Although all of the injured elbows were unstable when

the patient was examined under general anesthesia, as com-

pared with the contralateral side at the time of injury, dif-

ferent degrees of instability were present. All of the elbows

were obviously unstable on the medial side when tested in

valgus position, but usually only slight or no instability was

seen on the lateral side when the elbows were tested in varus

position. Some elbows were easily redislocated, most easily

when they were in the semiflexed position. This greater

degree of instability was probably caused by relatively more

extensive muscular injury, but surgical management of these

elbows did not appear to have any advantage. To prevent

redislocation, the safest angle of immobilization should,

according to the observations made during this study, be at

90 degrees or less. The period of immobilization in plaster

for our patients was between two and three weeks, but in

practice the duration of immobilization should be individ-

uahized. For elbows without a tendency to redislocate, im-

mobilization in a plaster cast at 90 degrees for no more than

one week should suffice. For elbows with a tendency to

redislocate, two to three weeks of such immobilization is

advised. Very unstable elbows should also be evaluated by

a roentgenogram of the limb in plaster a few days after the

injury.

The two recurrent dislocations of the ulnar nerve pos-

sibly were caused by release of the nerve during the iden-

tification that was done as part of all explorations of the

medial aspect of the elbow.

Our data do not support surgical treatment for simple

dislocation of the elbow joint that can be reduced by closed

methods, whatever the degree of ligamentous and muscular

damage to the elbow.
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The clinical diagnosis of a talocalcaneal coalition re-

quires radiographic confirmation before surgical correction

is undertaken. The radiograph described by Harris and Beath

it. Computerized axial tomography not only eliminates the

shortcomings of the radiograph of Harris and Beath, but

also provides additional information regarding the extent of

FIG. 1-A FIG. I-B
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FIG. 1-C FIG. I-D

Fig. 1-A: This computerized axial tomographic scan (slice four) shows a coalition of the middle facet of the talocalcaneal joint in the right foot that
extended one slice anterior to this cut. Note the obliquity of the middle facet. The plane of this facet is at a 45-degree angle to the plane of the posterior
facet. The slice of the left foot is placed anterior to the middle facet. Differences in the level of the scan commonly occur when both feet are imaged
at the same time since both feet are not held in exactly the same position.

Fig. 1-B: This computerized axial tomographic scan (slice five) shows the coalitions bilaterally. In this slice the anterior portion of the middle facet
in the left foot is in a plane that is parallel to the plane of the posterior facet. A small amount of the coalition remains cartilaginous in the right foot.
The left coalition contains more cartilaginous material than the right one.

Fig. I-C: This scan (slice six) shows that the obliquity of both coalitions increases as the posterior aspect of the middle facet is approached.
Fig. 1 -D: Slice seven shows that the coalition of the middle facet extends posteriorly through four slices and thus must measure more than two

centimeters in sagittal width. The cartilaginous portion of the coalition in the left foot is also well demonstrated on this slice.

has been used in the past, but not all coalitions of the middle the coalition. Computerized axial tomographic scans of the

facet of the talocalcaneal joint can be seen adequately on feet are made with both knees on a pillow and the feet

parallel and flat on the table in the gantry of the computerized
* No benefits in any form have been received or will be received from axial-tomography machine. Scans are made at five-milli-

acommercialpanyrelateddirectlyorindirectlyto the subject ofthis article. meter intervals. These scans provide an effective means of

.t 517 East 71st Street, New York, N.Y. 10021. appraising the extent ofthe coalition and the amount of bone




