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= Abstract =

The authors report the clinical results of ten cases of complex supracondylar fractures treated

by external fixation with a mean follow up of 21 months. Six cases were closed comminuted

fracture, and four cases were open fractures. By AO classification six cases were type C2, two

type C3, one type Al, and one type A3. Four cases had associated vascular injury. Reduction

was performed by closed method in eight cases, and two cases were reduced through open

wound. All cases healed at average of 142 days. Final healing of all cases occurred with an

average range of motion of 3°-119° except one case which required reapplication due to infect-

ed nonunion with a gap. In nine cases of the ten functional results were rated as "good", and one
case was "fair" by Jowa Knee Rating Scale. In conclusion, definitive external fixation can be a
good alternative treatment modality despite previous recommendations to limit external fixation

to temporary application in cases of limb salvage, such as severe comminution or pre-existing

infection
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INTRODUCTION

Prior to 1970 the majority of the cases of supra-
condylar fracture were treated conservatively, but
the trend in the last two decades has been towards
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open reduction and internal fixation by the AO
principle. This has resulted from the greater accep-
tance of such treatment with improvements of sur-
gical skill, rehabilitation, and implants, such as
dynamic condylar plate, compression plate, blade
plate, and rarely interlocking IM nail'"'*'71%23,
However, the extensive dissection required for
placement of these implants may be problematic in
cases associated with severe open wounds, vascu-
lar injury, elderly and polytraumatized patients. In
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addition the extensive stripping may lead to infec-
tion, delayed healing and non-union'>'®. External
fixation can be repeatedly applied through a percu-
taneous technique without additional stripping or
wide operative approaches. External fixation has
been reported as definitive treatment for severe
articular fractures of the tibial plafond and
plateau®'*®,

External fixation has been recommended for
supracondylar fractures of the femur only for tem-
porary stabilization of grossly contaminated or
infected fractures, fractures with accompanying
severe soft tissue injuries, and cases of polytrauma
requiring early mobilization. In such cases defini-
tive treatment was subsequently performed with
one of the aforementioned modalities""*?. To the
best of our knowledge, few reports of the use of
external fixation as definitive treatment in cases of
complex supracondylar fractures exist in the litera-
ture.

The authors will review the technical method,
advantage, disavantages, efficiency, complica-
tions, and outcome in ten cases of complex supra-
condylar fracture treated with external fixation in
order to evaluate the possibility of definitively
treating these fractures in this way.

MATERIALS AND METHODS

Ten cases of fresh complex supracondylar and
intraarticular fractures of the femur were treated
with Orthofix® external fixators at Sung -Ae
General Hospital from 1988 to 1992. One sugeon
performed the operation and the fixator was used
as definitive treatment until healing. The indica-
tion for external fixation were 3 cases of vascular
injury, 4 cases of open fracture(Type II : 1, Type
ITIb : 2, Type Illc :
injury(ISS : 25, 41) and one case of closed fracture

1), 2 cases of multiple

with morbidity and obesity. The patients were fol-
lowed up at a mean period of 21 months with a
range of 12-42 months. There were eight males

and two females with a mean age 41.5 yrs(range
20-76 years). Seven cases were the left side and
three cases were the right side. The mechanism of
injury was motor vehicle accident in eight cases,
gunshot wound in one case, and fall in one case.
Six cases were closed including three cases result-
ing vascular compromise. There were four open
fractures with one type II, two type IIIb, and one
type Illc. All four cases of vascular compromise
involved laceration and thrombosis of the superfi-
cial femoral artery which required emergency
bypass grafting. Eight cases involved multiple
injuries : three cases with tibial fractures(one case
of ipsilateral and two cases of contralateral), three
cases with chest injuries, three cases with closed
cranial injuries, and one case each with ankle
injury, spine injury, abdominal injury, acetabular
injury, patellar injury, and cardiac contusion. The
injury severity score® ranged from 9 to 41 with an
average of 21.9. By AO classification' there
were six cases of C2, two cases of C3, one case of
A2, and one case of A3.

Charts and radiogram were reviewed for all
patients to determine figure of external fixation,
healing and complication of treatment. On radio-
gram initial reduction, changes during treatment
and alignment of final healing were determined.

Pin tract problems were classified as type 0 if
they required no treatment, type A if they resolved
with local pin care and antibiotics, type B if they
required pin change or removal, type C if they
resulted in failure of method and type D if they
resulted in late osteomyelitis. Late arthrosis
changes of the knee were evaluated by grade O(no
arthritic changes), grade 1(minimal narrowing),
grade 2(moderate narrowing and osteophyte for-
mation), grade 3(marked joint space narrowing,
bony collapse and marked bony deformity)'.

All functional results were evaluated using the
Iowa Knee Rating Scale, This 100 points scale
assigns a possible score of 35 points for function,
35 points for pain, 10 points for gait, 10 points for
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ROM, and 10 points for deformity or stability. The
sum is then applied to the rating scale with good
score of 81-100, fair 65-80, and poor score of 25-
65 points.

For purposes of this study, malunion was
defined as angulation greater than 14° valgus, and
5° varus, 10° in lateral plane, and shortening was
defined as greater than 1 inch of shortening.

OPERATIVE TECHNIQUE

The external fixator was applied in the operating
room in conjunction with other procedure. Arterial
repairs, debridements and sugery on other systems
often preceded the fixator application.

The anterior screw is inserted at the junction of
the middle and anterior third of the condyle. The
posterior screw is inserted in the posterior third of
the condyle through the template. Screws are
always placed from lateral to medial with cancel-
lous screws distally cortical screws proximally
under biplane fluroscopic aid.

After fixator application, the reduction can be
finely tuned with reduction forceps and the com-
pression/distraction apparatus. When adequate
reduction is confirmed fluoroscopically, both ball
joints are locked as a usual method. Fluoroscopic
assessment of bone loss, comminution and contact
determines whether bone grafting should now be
done.

Postoperatively the knee joint was splinted.
Gentle knee range of motion exercises are begun,
but these are not forced, and performed only with-
in patient tolerance. The patient is taught screw
care consisting of cleansing with alcohol solution,
followed by a bulky tight sterile dressing.

Partial weight-bearing is begun at a variable
time depending on fracture configuration but most
commonly at 8 th week. Full weight-bearing is
usually possible by three months. All patients
remain in the external fixator until the ambulate
pain-free and there is evidence of fracture consoli-

dation on AP and lateral radiogram. Further pro-
tection with a knee immobilizer is sometimes pre-
scribed.

RESULTS

Details of clincal data in each case are summa-
rized in Table 1. The duration of external fixation
ranged from 123-153 days with a mean of 142
days. Nine of 10 cases healed with initial applica-
tion and one failure occurred in the case of the
injury by gunshot wound which resulted in a large
gap after debridement and curettage. This case
required a free flap to replace his distal quadriceps
which were lost from the injury and bone graft on
6cm bone defect. The graft failed to consolidate
and requried repeated external fixation and bone
graft prior to consolidation. This healed with sub-
sequent external fixation but should be considered
one case of failure treatment(Fig. 1). No other
cases required repeated external fixation or other
procedure to obtain union. Two cases required
remanipulation to improve alignment after recov-
ery in general condition and after swelling at the
pin site led to soft tissue impingement. Bone graft-
ing was performed as part of original treatment(4
cases) to expedite the bone healing in case of
severe comminution and osteoporosis or poor con-
tact(Fig. 2). The other cases healed without bone
graft.

Average ROM at the time of partial weight bear-
ing at 6-8 weeks was 6°-50°, and at the time of
full weight bearing at 3 months, it was 3°-76°.
Seven of the ten cases had discharge from a pin
tract with 5 cases of the most proximal and 4 cases
of the most distal screw. Of all 54 total screws
applied, 14 had pin tract infection(26%). One pin
developed pin site lysis and required removal 150
days postoperatively after bone union had been
completed. Three cases of type 0 and four cases of
type A pin tract complication resulted. Two cases
demonstrated alignment changes during treatment.
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Table 1. Clinical data

CASE AGE/SEX MECHANISM FRACTURE VASCULAR PIN TRACT
(YRS) OF INJURY CLASSIFICATION INJURY PROBLEM
TYPE
#1 27/M MCA C3 closed Y SFA N
#2 63/M MVA C2 closed N N
#3 20/M MVA A2 closed Y SFA Y
#4 53/M Pedi. Ta C31b N Y
#5 20/M MVA C2 closed N Y
#6 76 /F MVA c21 N Y
#1 55/M MVA C2Illc Y SFA Y
#3 43/F Fall C2 closed N N
#9 34/M MVA A3 closed Y SFA Y
#10 24/M Gunshot C21iIb N Y
DURATION ALIGNMENT FINAL FINAL COMPLICATIONS
OF FIXATOR CHANGES ROM RESULT
(DAYS) (DEGREES)
125 6° valgus 0-135 Y malunion
5° varus
142 N 0-120 Y
150 G- 24 8-140 Y malunion
ant angul
123 N 0-120 Y
150 N 0-119 Y
150 N 7-85 Y
142 N 0-119 Y
142 N 0-119 Y
153 N 0-120 Y
140 N 12-75 Y nonunion
SFA : Superficial femoral artery Y:yes N:no
One of these was reduced in 6° valgus but finally
healed with 5° varus angulation. The other case DISCUSSION

was reduced in 9° anterior angulation but healed
with 24° anterior angulation(Fig. 3).

At most recent follow-up, functional results as
assessed by the Iowa Knee Rating Scale showed a
range of 75-93 points with an average of 88
points. Nine of ten cases evaluated by Resnick's
criteria'® were not seen in any follow-up radio-
gram(all grade 0) even in type C2 and C3.

The final ROM of knee joint was 3°-119° in
average. One case of malunion and one case of
shortening more than 1 inch(Fig. 4) with 5 cases
of shortening less than 1 inch were noted.

Internal fixation is generally accepted as the
treatment of choice for the supracondylar fracture
of femur with various implants* %, However
there are potential problems with internal fixation
such as delayed and non-union, difficulty in vas-
cular repair, prolonged operation time, more blood
loss, bone graft in nearly all cases, soft tissue strip-
ping, increase of infection rate especially in com-
plicated supracondylar fracture™.

Many orthopaedic surgeons agree that external
fixators can be used as temporary stabilization in
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Fig. 1. A. Initial pre-op angiography shows patency of femoral artery.
B. Infected non-union with gap after external fixator application.
C. Post-trauma 3 years shows good union state at last follow-up.

Fig. 2. Post-op 6months radiogram shows good union
stage with bone fraft.

cases of extensive soft tissue injuries, infected
fractures, polytraumatezed patients, and severe
comminution'!*+,

The advantage of external fixator have been
applied to articular involving fracture for plafond
fracture and tibial plateau fracture. Despite few
study, Bone(1990) and Bonar(1993) reported good
result with combined external fixation and limited
internal fixation on severe plafond fracture*".
These studies provided somewhat encouraging
reports of decreased complication rates of the
intraarticular and periartricular fracture with exter-
nal fixation.

External fixation specific to the supracondylar
fracture has the following advantages. First, reduc-
tion by closed method and fixation through percu-
taneous pinning without soft tissue stripping.
Second, sturdy unilateral frame allows more earli-
er vascular surgery and ease of debridement.
Third, there are less need for bone graft and rema-
nipulation of fragment is easily performed. Fourth,
early mobilization with rehabilitation enable short
hospital stay. Finally infection control is more eas-
ily accessed compared to internal fixation.
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Fig. 3. A. Post-reduction 2 months 9° anterior angulation was noted

B. Post-reduction 8 months 24° anterior angulation was noted.

However external fixation has few indications lim-
ited to extensively traumatized extremities, mas-
sive comminution, severe osteoporsis, pre-existing
infection, severely contaminated soft tissue that
require debridement such as limb salvage proce-
dure'" because it presents several disadvantages
in applying such as delayed or non-union, pin tract
problem, alignment changes due to frame instabili-
ty, possible knee stiffness due to pins.

The major problems of external fixation are
delayed union and nonunion in severe open com-
minuted fractures. Bony union can be promoted by
the rigidity of the fixating frame, accuracy of
reduction, and adequate amount of physiologic
load, which are somewhat dependent of the frac-
ture character. These factors are especially impor-
tant in the early stages of bone healing®. The basic
process of bone healing with external fixators is
achieved by the formation of lamellar bone and

secondary osteon growth linking areas of contact
or bridging of a gap*¢®.

The most common problems with external fixa-
tor are pin problems. Those problems of pin
drainage, pin tract infection, pin loosening, and
infected ring sequestrum are still common®”. The
surgeon must be able to distinguish pin tract infec-
tion from pin tract granulation, because this is a
common misjudgement resulting pin and fixator
removal. In this series 14 pins among 54 pins had
some uncomplicated drainage except one that
loosened and required removal after bone healing.
Thus, the possibility exists that the fracture can be
managed until bone healing without significant
problems despite some changes in the pins.

The third problems is changes in alignment dur-
ing treatment. This may be ascribed to early
removal of frame solely by clinical status, and car-
ries a risk of malunion or delayed nonunion.
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Fig. 4. A. Post-fixator setup radiogram shows good alignment and axis.
B. At last follow-up(18 months), radiogram shows 5° varus and 2.5cm shortening

Therefore removal of the device must be per-
formed through radiological confirmation of solid
union. The authors experienced two cases of
change in alignment. In case of lack of frame sta-
bility, we used cementing on ball joint of frame to
prevent loosening and motion. Finally, loss of
knee ROM after bony union presents a more sig-
nificant problem and must be considered when
using external fixation. This is especially problem-
atic in cases of type C fracture, severe soft tissue
injury, and open injuries. The most important mea-
sure to prevent loss of knee ROM is early postop-
eratve physical therapy with knee ROM exercise
program. Eventual knee stiffness should always be
anticipated if the frame is to be maintained until
bony union is achieved®. In this series average
knee ROM was improved from 43° at partial
weight bearing to 73° at full weight bearing and
further to 119° at final follow up with strict reha-

bilitation program.

In summary, external fixation with sturdy unilat-
eral frame connected to 2 - 3 proximal and 2-3 dis-
tal pins provides adequate stabilizztion for utility
as supracondylar fractures of the femur. In cases of
condylar extension, 2 cancellous screws may be
effectively used to fix condyles after anatomic
reduction using large reduction forceps under C-
arm control and prior to external fixator applica-
tion. This treatment offers a good surgical alterna-
tive not only in complicated supracondylar frac-
tures of the femur but in isolated comminuted
supracondylar fractures as well. Strict adherence
to postoperative rahabilitation to prevent loss of
knee ROM and careful pin tract care are requisite
for good outcome.

Even if we consider the weaknesses of this study
being a small treatment group, retrospectivity, and
uncontrolled comparisons, the results cannot be
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ignored. The fact that all cases had good results
without complications of osteomyelitis, marked
loss of knee ROM indicates that this alternative
treatment of supracondylar fractures can be effec-
tive, especially in light of no previous report.

The authors suggest that external fixation can be
a good alternative method of treatment not only in
cases of severe trauma, polytrauma, soft tissue
damage, but also in cases of isolated comminuted
supracondylar fractures of the femur. However,
careful pin care and strict postoperative rehabilita-
tion is required to attain these good results.
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