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Lateral condylar prominence is a common problem after corrective osteotomy of the cubitus varus, which is
believed to result from unequal opposing cut surfaces of lateral-based wedge osteotomy using a medial hinge. This study
investigated this issue using a 3-dimensional CT data set consisting of images of the deformed elbow and the normal elbow
of a patient with cubitus varus deformity who was scheduled for corrective osteotomy. A CT scan was performed with 3mm
slice thickness and a reconstruction was done with 1mm interpolated slice thickness on both the left and right humerus. The
CT-data set was then manipulated using reverse engineering software. Three-dimensional models of both the deformed and
normal humeri were studied. Several locations or levels of medial hinge placement, each with 4-degree-tilt wedge osteotomy
cut options, were then virtually performed and evaluated. The degree of correction was determined from the varus angle plus
the normal carrying angle of the normal side. From the study, it was found that the degree of lateral condylar prominence is
directly proportional to the distance of placement of the medial hinge above the joint. Differences in the lengths of the
osteotomy surfaces have no effect on condylar prominence; only the step-off phenomenon affects condylar prominence.
According to our findings, placement of the medial hinge close to the joint with a 10-degree distal osteotomy cut just above the
olecranon fossa will result in optimal minimization of condylar prominence or the step-off phenomenon.
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Cubitus varus is a relatively common, yet
problematic orthopedic complication resulting from the
malunion of the pediatric supracondylar fracture of the
humerus(1,2). This deformity, which is usually easily,
visually identifiable, does not normally cause the patient
significant functional impairment (Fig. 1).

There are many published articles concerning
treatment methods to correct this type of  deformity(3-

17). In osteotomies that employ the use of a lateral based
wedge, a lateral condylar bump usually results. It is
believed that this residual appearance results from a
radial shift of  the distal fragment of the humerus,
relative to the humeral shaft axis, thus causing a
prominence of the lateral condyle (Fig. 2)(4,13,16,18-22). As a result, the authors performed a study

using reverse engineering methods and computer
simulation techniques to evaluate the factors that may
contribute to lateral condylar prominence.

Material and Method
The present study used a 3-dimensional CT

Fig. 1 Cubitus varus of the patient’s left elbow (A) and
radiographs of both elbows (B).
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data set to investigate the deformed and normal elbows
of a 19-year-old female presenting with cubitus varus
deformity, and who was scheduled for corrective
osteotomy. A CT scan was performed with 3 mm slice
thickness and reconstructed with 1 mm interpolated
slice thickness on both the left and right humerus. The
CT-data set was then manipulated using reverse
engineering software. Three-dimensional models of
both the deformed and normal humeri were studied. Six
locations or levels of medial hinge placement above
the joint, with 1 cm intervals, were evaluated in this
study. The degree of correction was determined from
the varus angle plus the normal carrying angle of the
normal side (Fig. 3).

At each medial hinge level location, four
different angle planes of distal osteotomy cut were
simulated including, parallel to the joint line, 5 degrees,
10 degrees, and 15 degrees of medial tilting relative to

Fig. 2 The above images illustrate lateral-base wedge
osteotomy (A) that will create lateral condylar
prominence at the step-off of the opposing
osteotomy surface (B).

Fig. 3 A simulation of osteotomy was performed on CAD
software as a virtual method of installing the medial
hinge in various locations.

Fig. 4 Four different distal osteotomy surface planes for
the location of the medial hinge were used for the
study.

Fig. 5 The diagram shows the lateral condylar prominence
index (LPI) after lateral wedge osteotomy: LPI =
((AB-BC) /AC)x100; distance AA’ represents the
step-off from the difference in the osteotomy
surfaces.

the joint plane. The corresponding wedge osteotomies
for the correction of cubitus varus deformity were then
virtually performed, as previously mentioned (Fig. 4).

The authors used the lateral prominence index
(LPI) described by Wong et al(18) to measure the degree
of prominence of the lateral condyle of the humerus.
The LPI was calculated on the affected side as the
difference between the measured medial and lateral
widths of the bone from the longitudinal mid-humeral
axis (Fig. 5)(18).
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Osteotomy Tilting AB (mm) BC (mm) AC (mm) LPI (%) Step-off (mm)
Level Angle (Degree)

0 Level 0 33.9 22.6 56.5 20.1 13.1
5 33.9 22.6 56.5 20.1 11.2
10 33.9 22.6 56.5 20.1 7.0
15 33.9 22.6 56.5 20.1 4.1

1st Level 0 36.0 20.5 56.5 27.4 12.8
5 36.0 20.5 56.5 27.4 7.6
10 36.0 20.5 56.5 27.4 5.2
15 36.0 20.5 56.5 27.4 2.9

2nd Level 0 38.1 18.4 56.5 34.8 8.8
5 38.1 18.4 56.5 34.8 6.0
10 38.1 18.4 56.5 34.8 4.5
15 38.1 18.4 56.5 34.8 2.6

3rd Level 0 40.2 16.3 56.5 42.3 7.1
5 40.2 16.3 56.5 42.3 5.6
10 40.2 16.3 56.5 42.3 3.6
15 40.2 16.3 56.5 42.3 2.3

4th Level 0 42.4 14.1 56.5 50.0 6.0
5 42.4 14.1 56.5 50.0 4.6
10 42.4 14.1 56.5 50.0 3.2
15 42.4 14.1 56.5 50.0 2.4

5th Level 0 44.6 11.9 56.5 57.7 5.7
5 44.6 11.9 56.5 57.7 4.4
10 44.6 11.9 56.5 57.7 3.3
15 44.6 11.9 56.5 57.7 2.4

Table 1. Results from the simulation study, including the lateral condylar prominence index (LPI) and the step-off  phenom-
enon of the osteotomy surface at each location or level of  medial  hinge with different angles of distal osteotomy
cut surface tilt

Fig. 6 Different degrees of tilting of the distal osteotomy
cut surface at the same medial hinge level above the
joint will affect only the step-off phenomenon,
with a similar lateral condylar prominence index at
each angle of cut.

Results
According to this study, which was based on

three-dimensional models, it was found that the amount
or degree of lateral condylar prominence is directly
proportional to the level of medial hinge placement
above the joint line. A difference in the degree (0, 5, 10
or 15 degrees) of the osteotomy surface cuts has no
effect on the condylar promince, but only on the step-
off phenomenon (Table 1).

The step-off of the cut surfaces had a similar
appearance with the normal humerus (Table 1 and Fig.
6). The lowest level of the medial hinge with osteotomy
passing through the olecranon fossa resulted in lowest
LPI. However, at the medial hinge tilting of the distal
osteotomy surface at 10 to 15 degrees, it will reduce the
step-off phenomenon. It was also found that the tilting
plane of osteotomy will pass above the olecranon fossa
and provide more area of bone opposition.

Discussion
Cubitus varus is a common complication

resulting from the malunion of  supracondylar fractures

in children. Reported incidence varies from 4% to
58%(1,2).  This disorder is believed to result mostly from
inadequate reduction or loss of reduction during the
healing process(7,23-27). Although various techniques
of corrective osteotomy for cubitus varus deformity
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have been described(4-14), the lateral closing-wedge
osteotomy is the most commonly used procedure.
However, the lateral closing-wedge osteotomy with
medial hinge usually results in prominence of the lateral
condyle of the humerus. This prominence was believed
to result from the radial shift of the distal fragment of
the humerus, relative to the proximal humeral
shaft(4,13,16,18). Wong et al reported on this problem with
an incidence of 64% in a series consisting of 22
patients(18). To minimize this complication, medial
displacement of the distal fragment after osteotomy
with firm fixation was recommended by some
authors(14,25,27). Some authors believe that lateral
condylar prominence after corrective osteotomy may
spontaneously correct if the osteotomy is performed
early, before skeletal maturity(18,24). From the results of
the present study, the authors conclude that the level
of the medial hinge above the joint line is a dominant
factor regarding lateral condylar prominence. More
specifically, the higher the level of placement of the
medial hinge above the joint line, the higher the amount
of lateral condylar prominence. Our findings also show
that the degree of osteotomy surface cut (0, 5, 10 or 15
degrees) only affects the step-off phenomenon, but
does not affect lateral condylar prominence. Lowering
the level of the medial hinge closer to the joint just
above the olecranon fossa with a 10 degree distal
osteotomy cut is the best configuration in terms of
minimizing lateral condylar prominence and the step-
off of the cut surfaces and resulting in a similar
appearance to a normal humerus.
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⌫ ⌦  ⌫⌫ 
  ⌫    ⌫⌫⌫⌫⌫
 ⌫⌫⌦⌫   
⌫ ⌫    ⌦ ⌫    ⌫ 
      ⌫
⌦      ⌫  ⌫
⌫  ⌫⌫        
⌫    ⌫ ⌦ 
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