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Background: Although an appropriate hinge position to prevent unstable lateral hinge fractures is well established in medial
opening wedge high tibial osteotomy, the position during medial closing wedge distal femoral osteotomy has not been elucidated.

Purpose/Hypothesis: The purpose was to evaluate the ideal hinge position that would prevent an unstable lateral hinge fracture
during biplanar medial closing wedge distal femoral osteotomy based on soft tissue coverage and bone density around the hinge
area. The hypothesis was that the ideal hinge position could be clarified by analyzing soft tissue coverage and bone density
around the lateral hinge area.

Study Design: Controlled laboratory study.

Methods: In 20 cadaveric knees (mean age, 70.3 6 19.2 years), the femoral attachment of the gastrocnemius lateral head was
quantitatively analyzed as a soft tissue stabilizer using digital photography and fluoroscopy. Then, medial closing wedge distal
femoral osteotomy was performed, locating the lateral hinge either inside (group 1) or outside (group 2) the femoral attachment
of the gastrocnemius lateral head, and the incidence of unstable lateral hinge fractures was compared between the 2 groups.
Cortical bone density around the lateral hinge was measured using Hounsfield units on 30 computed tomography scans and re-
constructed as a 3-dimensional mapping model. The transitional zone with low bone density was regarded as the safe hinge posi-
tion with an increased capacity for bone deformation.

Results: The upper and lower margins of the femoral attachment of the gastrocnemius lateral head were 9.1 6 0.9 mm above and
8.0 6 1.4 mm below the upper border of the lateral femoral condyle, respectively, and the femoral attachment of the gastrocne-
mius lateral head was widest in the anteroposterior dimension 0.4 6 1.7 mm above the upper border of the lateral femoral con-
dyle. The incidence of unstable lateral hinge fractures during osteotomy was significantly decreased in group 1 compared with
group 2 (group 1: 0/10; group 2: 5/10; P = .01). An isolated transitional zone with low bone density was observed in all 30 knees
and located 1.3 6 0.8 mm above the upper border of the lateral femoral condyle. Bone density of the transitional zone with low
bone density was significantly lower than surrounding femoral cortices (P \ .001).

Conclusion: Only the upper border of the lateral femoral condyle can be recommended as an ideal hinge position to prevent
unstable lateral hinge fractures during biplanar medial closing wedge distal femoral osteotomy based on soft tissue coverage
and bone density.

Clinical Relevance: When the hinge is positioned at the upper border of the lateral femoral condyle during biplanar medial closing
wedge distal femoral osteotomy, the risk of unstable hinge fractures can be minimized.

Keywords: medial closing wedge distal femoral osteotomy; lateral hinge; unstable fracture; gastrocnemius lateral head; bone
density

Medial closing wedge distal femoral osteotomy has gained
popularity as a viable treatment option for the correction of
valgus alignment in active young patients with lateral
compartmental osteoarthritis.3,14,22-24,32 It also can be
a treatment option for patellar dislocations combined
with valgus alignment.5,8 While long-term follow-up data
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are deficient, the survival rate of medial closing wedge dis-
tal femoral osteotomy has been reported as up to 89.9% at
10-year follow-up.4 However, even if closing wedge osteot-
omy has a stable configuration after correction, correction
loss, delayed union, and nonunion are important concerns
in medial closing wedge distal femoral osteotomy.7,13 These
can be caused by unstable osteotomy configurations and
unstable lateral hinge fractures, resulting in functional
disability such as stiffness and the loss of correction, which
requires a reoperation.30 Therefore, to optimize the clinical
outcomes of medial closing wedge distal femoral osteotomy,
the prevention of unstable lateral hinge fractures is
important.

Many studies have been performed to determine the
safe zone to prevent unstable lateral hinge fractures in
medial opening wedge high tibial osteotomy (MOW-
HTO).18,21,25,29 Han et al10 defined the safe zone as an
area from the tip of the fibular head to the circumference
line of the fibular head, where the lateral capsule and
the tibialis anterior muscle attach as a soft tissue stabi-
lizer. Bone properties around the lateral hinge also can
affect the incidence and pattern of hinge fractures. Lee
et al15 analyzed bone density around the proximal tibiofib-
ular joint through the measurement of Hounsfield units
(HUs) on 3-dimensional (3D) computed tomography (CT)
scans and emphasized the risk of lateral hinge fractures
during MOW-HTO with incomplete osteotomy. Bone den-
sity is also known to be correlated with elastic modulus
and stiffness, which can determine the capacity for defor-
mation.1,11 Thus, soft tissue coverage and bone density
around the hinge area can play an important role in the
prevention of unstable displacement during osteotomy.

Current studies on the surgical technique of medial
closing wedge distal femoral osteotomy simply suggest
that the proper lateral hinge position is just above the lat-
eral femoral condyle.2,17,27,33 A recent cadaveric study only
reported inferior stability in the supracondylar hinge com-
pared with the lateral condylar hinge.19 However, solid evi-
dence on the appropriate hinge area is lacking. Therefore,
this study evaluated the ideal hinge position based on soft
tissue coverage and bone density. The purposes of this
study were to (1) analyze the soft tissue stabilizer by
cadaveric experiments, (2) evaluate the transitional zone
with low bone density around the lateral hinge area using
cortical mapping of HUs, and (3) determine the ideal hinge
position to prevent unstable lateral hinge fractures. The
hypothesis of this study was that the ideal hinge position
could be clarified by analyzing soft tissue coverage and
bone density around the lateral hinge area.

METHODS

Analysis of Soft Tissue Stabilizer

In our pilot test, cadaveric dissection showed a fascia-like
femoral attachment of the gastrocnemius lateral head
that covered the posterolateral cortex of the distal femur,
where the lateral hinge in medial closing wedge distal fem-
oral osteotomy is usually located (Figure 1). Therefore, the
femoral attachment of the gastrocnemius lateral head was
defined as a soft tissue stabilizer and quantitatively ana-
lyzed. Then, medial closing wedge distal femoral osteotomy
was performed using 2 different hinge positions (inside or
outside the femoral attachment of the gastrocnemius lat-
eral head) to compare the incidence of unstable hinge frac-
tures and confirm the role of the femoral attachment of the
gastrocnemius lateral head as a soft tissue stabilizer.
These cadaveric specimens were donated for university
anatomy education, and approval from the institutional
review board was obtained.

Quantitative Analysis of Femoral Attachment of Gas-
trocnemius Lateral Head. Twenty cadaveric knees (mean
age, 70.3 6 19.2 years; 7 female, and 3 male donors)
were evaluated. The femoral attachment of the gastrocne-
mius lateral head on the lateral femoral condyle was iden-
tified, and digital photographs of this area were taken with
lateral and posterior views (LUMIX DMC-GX7; Pana-
sonic). The mediolateral (ML) dimension and the total
height of the femoral attachment of the gastrocnemius lat-
eral head were measured using the posterior view. The
anteroposterior (AP) dimension of the femoral attachment
of the gastrocnemius lateral head and the point at which
the femoral attachment of the gastrocnemius lateral head
showed the widest AP dimension were evaluated in the lat-
eral view using ImageJ software (National Institutes of
Health). A 10 mm–diameter round metal pin was used
for the calibration of measurements (Figure 2). Two inde-
pendent examiners (T.W.K., J.H.C.) measured each
parameter twice at a time interval of 3 weeks.

Fluoroscopic Analysis of the Femoral Attachment of Gas-
trocnemius Lateral Head. Because medial closing wedge dis-
tal femoral osteotomy is usually performed under
fluoroscopic guidance, the extent of the femoral attachment
of the gastrocnemius lateral head was evaluated using fluo-
roscopic images. After guide pins were inserted at the upper
and lower margins of the femoral attachment of the gastroc-
nemius lateral head, fluoroscopic images of the distal femur
in the AP view were obtained (GE Healthcare) and trans-
ferred to a picture archiving and communication system
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with digital imaging and communications in medicine
(DICOM) files. The height and cortical distance of the upper
and lower margins of the femoral attachment of the gastroc-
nemius lateral head were measured from the upper bor-
der of the lateral femoral condyle (Figure 3). The upper
border of the lateral femoral condyle was defined as the
most prominent point at which the metaphyseal and
epiphyseal cortices intersected. The ML dimension and
the total height of the distal femur were also measured
to evaluate the correlation between the distal femoral
dimension and the extent of the femoral attachment of
the gastrocnemius lateral head. All parameters were
also measured twice by the same 2 independent exam-
iners with a time interval of 3 weeks.

Biplanar Medial Closing Wedge Distal Femoral Osteot-
omy. Biplanar medial closing wedge distal femoral osteotomy
was performed to investigate whether the femoral attach-
ment of the gastrocnemius lateral head can be a soft tissue
stabilizer against unstable lateral hinge fractures during
medial closing wedge distal femoral osteotomy. In each pair
of distal femur specimens, one side was randomly allocated
to either group 1 (hinge inside the femoral attachment of
the gastrocnemius lateral head) or group 2 (hinge outside
the femoral attachment of the gastrocnemius lateral head),
with the contralateral side allocated to the other group. In
group 1, the lateral hinge was located at the upper border
of the lateral femoral condyle, where the femoral attachment
of the gastrocnemius lateral head was nearly the widest in
the AP dimension. In group 2, the lateral hinge was located
15 mm above the upper border of the lateral femoral condyle,
which was not covered by the femoral attachment of the gas-
trocnemius lateral head. Biplanar medial closing wedge dis-
tal femoral osteotomy was performed as described by
Lobenhoffer et al17 with 5 to 10 mm of a lateral cortical hinge.
Medial and posterior cortices were resected with an electric
saw, and the osteotomy end was precisely finished using an

osteotome. The closing gap was also determined as 8 mm
based on the mean value of the osteotomy gap (7.6 mm) in
Lobenhoffer et al’s study. The incidence and stability of lat-
eral hinge fractures were then compared between the 2
groups. An unstable hinge fracture was defined as cortical
breakage of the lateral hinge with displacement.

Statistical Analysis. Statistical analysis was performed
using SPSS version 25.0 (IBM). All data were described as
mean 6 SD for continuous variables. A power analysis
was performed with a 50% difference in the incidence of
hinge fractures between the 2 groups, and the sample size
was determined to be 10 knees in each group (a = .05, b =
0.80). Differences in the continuous variables were analyzed
with the Student t test. Correlations between continuous
variables were analyzed using the Pearson correlation
model. Differences in categorical variables were analyzed
using the Pearson chi-square test. Statistical significance
was set at P \ .05. Interobserver and intraobserver reliabil-
ity were assessed with the intraclass correlation coefficient.

Analysis of Bone Density Around Hinge Area

Cortical bone density around the hinge area was measured
with HUs on CT scans as previously described,6,9 and the
transitional zone with low bone density was evaluated
using 3D cortical mapping of HUs.

Study Population. Thirty CT scans of the knee (mean
age, 55.3 6 9.2 years; 22 female, 8 male) obtained from
patients who had undergone MOW-HTO for the treatment
of medial compartment osteoarthritis were retrospectively
analyzed. All CT scans were obtained to evaluate the post-
operative osteotomy configuration of the proximal tibia on
postoperative day 3. Exclusion criteria were as follows:
major trauma (fracture, ligament injury), prior surgery,
infection, severe inflammation, inherent bony deformity
of the distal femur, and osteoporosis. Except for excluded

Figure 2. Quantitative analysis of the femoral attachment of
the gastrocnemius lateral head (FA-GNLH) on digital photo-
graphs. Dotted area, FA-GNLH; yellow circle, upper border
of the lateral femoral condyle; AP, anteroposterior dimension
of the FA-GNLH; d, distance between the upper border of the
lateral femoral condyle and the point at which the AP dimen-
sion of the FA-GNLH is widest; H, height of the FA-GNLH;
ML, mediolateral dimension of the FA-GNLH.

Figure 1. Soft tissue attachments on the posterolateral
aspect of the distal femur. Dotted area indicates the femoral
attachment of the gastrocnemius lateral head. , gastrocne-
mius lateral head; , lateral collateral ligament;

� � ���

, popliteus;
, lateral femoral epicondyle.
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patients, the CT scans were from patients who were con-
secutively enrolled from January 2017 to December 2018.
This study received approval from the institutional review
board (B-1903-531-102).

Analysis of Cortical Bone Density. A CT scanner (SOMA-
TOM Definition [Siemens]; MX8000, Brilliance-64, or iCT
[Philips]) was used for all knee joint scans. Collected images
were saved in DICOM files and imported into Mimics 21.0
software (Materialise). Initially, cortical bone of the distal
femur was isolated from other bony structures and 3D-recon-
structed through segmentation and remesh processes. Then,
the HUs of each cortical segment were matched to a prepared
3D femoral model using finite element analysis.6,9,16 Thus,
the 3D HU mapping model of the distal femur was created,
and HUs were visualized using different color scales (inter-
val: 200 HUs, in order of red, yellow, green, and blue). In
our pilot test, an isolated transitional zone with low bone
density was observed at the posterolateral cortex of the distal
femur adjacent to the upper border of the lateral femoral con-
dyle. Therefore, the center of the transitional zone with low
bone density was defined as the point at which the AP dimen-
sion of the transitional zone with low bone density was the
widest, and the distance between the upper border of the lat-
eral femoral condyle and the center of the transitional zone
with low bone density was measured (Figure 4). In addition,
the AP and superoinferior (SI) dimensions of the transitional
zone with low bone density were measured, and the statisti-
cal difference in HUs between the transitional zone with low
bone density and the surrounding cortices (anterior, superior,

and inferior) was evaluated with 5-mm regions of interest.
The estimated transitional zone with low bone density was
considered to be the safe hinge position in terms of the capac-
ity for cortical deformation.

Statistical Analysis. An a priori power analysis was per-
formed with the assumption that bone density differences
more than 200 HUs were significant, with an SD of 80
HUs between the transitional zone with low bone density
(red zone) and surrounding cortices (yellow zone). Thirty
cases were sufficient for a statistical comparison (a = .05,
b = 0.95). Statistical analysis was performed using SPSS
version 22.0.

RESULTS

Analysis of Soft Tissue Stabilizer

In the quantitative analysis of the femoral attachment of
the gastrocnemius lateral head using digital photographs,
the ML dimension, total height, and AP dimension were
28.7 6 2.2 mm, 19.2 6 1.7 mm, and 13.4 6 2.3 mm, respec-
tively. The AP dimension of the femoral attachment of the
gastrocnemius lateral head was widest 0.4 6 1.7 mm above
the upper border of the lateral femoral condyle. In the fluo-
roscopic analysis of cadaveric knees, the upper and lower
margins of the femoral attachment of the gastrocnemius
lateral head were 9.1 6 0.9 mm above and 8.0 6 1.4 mm
below the upper border of the lateral femoral condyle,
respectively. The cortical distances between the upper or
lower margins of the femoral attachment of the gastrocne-
mius lateral head and the upper border of the lateral fem-
oral condyle were 11.8 6 1.3 mm and 9.1 6 1.4 mm,
respectively (Table 1). The cortical distance of the upper

Figure 4. Cortical mapping of Hounsfield units in a
3-dimensional distal femoral model and evaluation of the tran-
sitional zone with low bone density (TZ-LBD). Black circle,
upper border of the lateral femoral condyle; red circle, isolated
TZ-LBD around the lateral hinge; a, anteroposterior dimension
of the TZ-LBD; b, superoinferior dimension of the TZ-LBD; d,
distance between the upper border of the lateral femoral con-
dyle and the TZ-LBD; ROIs, 5-mm regions of interest for
Hounsfield units (A, anterior cortex; C, center of the TZ-LBD;
I, inferior cortex; S, superior cortex).

Figure 3. Fluoroscopic analysis of the upper and lower mar-
gins of the femoral attachment of the gastrocnemius lateral
head. Red circle, upper border of the lateral femoral condyle;
yellow dot, adductor tubercle; f H, height of the distal femur;
f M-L, mediolateral dimension of the distal femur; LD, lower
cortical distance; LH, lower height; UD, upper cortical dis-
tance; UH, upper height.
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margin was significantly related to the ML dimension and
total height of the distal femur (ML dimension: R = 0.673,
P \ .05) (Table 2). The intraclass correlation coefficient of
all parameters measured on digital photographs and fluo-
roscopic images was over 0.8.

After biplanar medial closing wedge distal femoral
osteotomy with an 8-mm closing gap, 2 hinge fractures
occurred in group 1 (hinge inside the femoral attachment
of the gastrocnemius lateral head), and all were stable
with soft tissue anchorage. On the contrary, 6 hinge frac-
tures occurred in group 2 (hinge outside the femoral
attachment of the gastrocnemius lateral head), and 5 of 6
fractures were unstable (Figures 5 and 6). There was a sig-
nificant difference in the incidence of unstable lateral
hinge fractures between the 2 groups (0 in group 1 and 5
in group 2; P = .01).

Analysis of Bone Density Around Hinge Area

In the bone density analysis of the distal femur through 3D
cortical mapping of HU, an isolated shallow transitional
zone with low bone density was observed around the upper
border of the lateral femoral condyle of the posterolateral
femoral cortices on all 30 CT scans (Figure 4). The center
of the transitional zone with low bone density was located
1.3 6 0.8 mm above the upper border of the lateral femoral
condyle in the posterolateral femoral cortex and corre-
sponded well with the point at which the femoral attach-
ment of the gastrocnemius lateral head was widest in the
AP dimension (0.4 6 1.7 mm above the upper border of
the lateral femoral condyle). The AP and SI dimensions of
the transitional zone with low bone density were 19.2 6

2.3 mm and 10.0 6 0.6 mm, respectively. HUs of the transi-
tional zone with low bone density were significantly lower
than those of anterior, superior and inferior cortices, respec-
tively (transitional zone with low bone density, 184 6 32
HU; anterior, 345 6 78 HU; superior, 389 6 82 HU; inferior,
422 6 45 HU; P \ .001).

DISCUSSION

The principal findings of this study were that (1) the fem-
oral attachment of the gastrocnemius lateral head broadly

covered the posterolateral femoral condyle and served as
a soft tissue stabilizer against unstable lateral hinge frac-
tures during biplanar medial closing wedge distal femoral
osteotomy and (2) an isolated transitional zone with low
bone density was observed consistently on the posterolat-
eral femoral condyle in the 3D HU cortical mapping model.
Interestingly, the cortical area at which the AP dimension
of the femoral attachment of the gastrocnemius lateral
head was the widest (0.4 6 1.7 mm above the upper border
of the lateral femoral condyle) and the location of the tran-
sitional zone with low bone density (1.3 6 0.8 mm above
the upper border of the lateral femoral condyle) were
very close to each other. In this area, cortical breakage
can be reduced with an increased capacity for plastic defor-
mation. Also, even if breakage occurred, the femoral
attachment of the gastrocnemius lateral head can stabilize
the broken hinge without displacement. Therefore, only
the upper border of the lateral femoral condyle can be rec-
ommended as an ideal hinge position to prevent unstable
displacement during medial closing wedge distal femoral
osteotomy based on soft tissue coverage and bone density.

The supracondylar area of the lateral femoral condyle is
known to have few soft tissue attachments available to sta-
bilize hinges in medial closing wedge distal femoral osteot-
omy.20 However, during cadaveric dissection, a fascia-like
femoral attachment of the gastrocnemius lateral head
was observed that covered the posterolateral cortices of
the distal femur (see Figure 1). Although various anatomic
studies on muscular and neurovascular structures of the
gastrocnemius exist,12,26,31 anatomic information regard-
ing the origin of the gastrocnemius lateral head is rare.
To our knowledge, this is the first study that quantitatively
analyzed the femoral attachment of the gastrocnemius lat-
eral head at the supracondylar areas of the distal femur. In
this study, the upper and lower margins of the femoral
attachment of the gastrocnemius lateral head were
9.1 mm above and 8.0 mm below the upper border of the
lateral femoral condyle, respectively, and the extent of
the femoral attachment of the gastrocnemius lateral head
was correlated with the ML dimension of the distal femur
(R = 0.673, P \ .05). Also, the AP dimension of the femoral
attachment of the gastrocnemius lateral head was 13.4 6

2.3 mm and was widest at 0.4 6 1.7 mm above the upper
border of the lateral femoral condyle.

The role of the femoral attachment of the gastrocnemius
lateral head as a soft tissue stabilizer was proven during
biplanar medial closing wedge distal femoral osteotomy
in our cadaveric study. In 2 cases of cortical hinge fractures
in group 1 (hinge inside the femoral attachment of the gas-
trocnemius lateral head), we observed soft tissue anchor-
age of the femoral attachment of the gastrocnemius
lateral head that prevented displacement of hinge frac-
tures (Figure 6). On the contrary, 5 of 6 cortical hinge frac-
tures in group 2 (hinge outside the femoral attachment of
the gastrocnemius lateral head) were unstable without
soft tissue anchorage. Considering that the proximal tibio-
fibular joints and ankle syndesmosis are known to be soft
tissue stabilizers against unstable hinge fractures during
high tibial osteotomy and supramalleolar osteotomy,
respectively,10,20 the femoral attachment of the

TABLE 1
Fluoroscopic Analysis of Upper

and Lower Margins of FA-GNLHa

Extent of FA-GNLH and Femoral
Condyle Dimension, mm Mean 6 SD

Height of upper margin 9.1 6 0.9
Cortical distance of upper margin 11.8 6 1.3
Height of lower margin 8.0 6 1.4
Cortical distance of lower margin 9.1 6 1.4
ML dimension of distal femur 80.3 6 5.1
Height of distal femur 44.8 6 3.4

aFA-GNLH, femoral attachment of gastrocnemius lateral head;
ML, mediolateral.
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gastrocnemius lateral head also can be suggested as a soft
tissue stabilizer that can prevent unstable hinge fractures
during medial closing wedge distal femoral osteotomy.

Another remarkable finding of this study was that an iso-
lated transitional zone with low bone density was observed
1.3 6 0.8 mm above the upper border of the lateral femoral
condyle in the posterolateral femoral cortex through 3D cor-
tical mapping of HU. In addition, it corresponded well with
the cortical area at which the AP dimension of the femoral
attachment of the gastrocnemius lateral head was widest.
In this area, cortical bone density was lower than that in
the lateral femoral epicondyle, gastrocnemius tubercle, and
proximal metaphyseal bone. The transitional zone with low

bone density in our study is very similar to the intact postero-
lateral cortical bridge after medial closing wedge distal fem-
oral osteotomy in the cadaveric study by Nha et al.20 In
that study, the intact cortical bridge observed on 3D CT scans
was suggested as a hinge stabilizer against unstable lateral
hinge fractures. Therefore, the transitional zone with low
bone density can be suggested as a cortical hinge in which
the risk of hinge fractures can be reduced by an increased
capacity for deformation.

There are also some limitations in our study. First, bipla-
nar medial closing wedge distal femoral osteotomy was per-
formed after dissection of the femoral attachment of the
gastrocnemius lateral head, and therefore, possible other
soft tissue stabilizers of lateral hinge fractures might have
been stripped away. However, this study concentrated on
the femoral attachment of the gastrocnemius lateral head
as a soft tissue stabilizer, and the femoral attachment of
the gastrocnemius lateral head was preserved well with
the surrounding periosteum before osteotomy. Second,
bone density analysis was performed using different knee

TABLE 2
Relationship Between FA-GNLH Parameters and Distal Femoral Dimensiona

Height of Upper Margin Cortical Distance of Upper Margin Height of Lower Margin Cortical Distance of Lower Margin

ML dimension of distal femur
r value 0.664 0.134 –0.274 –1.47
P value .01 .647 .365 .616

Total height of distal femur
r value 0.585 0.213 0.46 0.152
P value .028 .465 .881 .603

aDifferences in variables were analyzed with the Pearson correlation model. FA-GNLH, femoral attachment of gastrocnemius lateral
head; ML, mediolateral.

Figure 5. Comparison of hinge fractures after biplanar
medial closing wedge distal femoral osteotomy between
the inside and outside the femoral attachment of the gastroc-
nemius lateral head (FA-GNLH) groups. (A) Inside FA-GNLH
group without a hinge fracture. (B) Outside FA-GNLH group
with an unstable hinge fracture.

Figure 6. Soft tissue anchorage (*) of the femoral attachment
of the gastrocnemius lateral head (FA-GNLH) that prevents
displacement of a lateral hinge fracture after medial closing
wedge distal femoral osteotomy in the inside FA-GNLH group.
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CT scans. However, we used early osteoarthritic knees with
similar conditions. Third, a stability assessment was per-
formed subjectively after osteotomy. However, existence of
cortical breakage and displacement was clear and easily
agreed between participants of the experiment because
the degree of stability was too different between the 2
groups. Fourth, there could be more factors that can affect
stability during osteotomy such as surgical techniques and
osteotomy gaps. As in previous studies, incomplete osteot-
omy in MOW-HTO can result in unstable lateral hinge frac-
tures.18,21 Increased osteotomy gaps also can increase the
risk of hinge fractures in opening or closing wedge high tib-
ial osteotomy.28 However, the clinical relevance of our study
is that the proper hinge location based on soft tissue cover-
age and bone density can reduce the risk of unstable dis-
placement during medial closing wedge distal femoral
osteotomy.

CONCLUSION

Only the upper border of the lateral femoral condyle can be
recommended as an ideal hinge position to prevent unsta-
ble lateral hinge fractures during biplanar medial closing
wedge distal femoral osteotomy based on soft tissue cover-
age and bone density.
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