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In the past two decades, the insights in the causes and development of valgus leg
deformities as well as the options for treatment with corrective osteotomies have
dramatically changed. New deﬁnitions for deformity analysis and planning for corrections have better deﬁned the patients suitable for femoral valgus deformity corrections. Biomechanical research on new osteotomy methods and stability of plate
ﬁxation have provided scientiﬁc background for the development of improved surgical
techniques that are more accurate, safer, and provide for quicker rehabilitation and
bone healing. This article provides an overview of the basic principles behind the
correction of femoral valgus deformity. Both the analysis and planning of femoral
valgus deformity correction as well as the results of systematic clinical reviews are
provided. The current recommended surgical technique of biplanar medial closingwedge supracondylar osteotomy is explained, and the ﬁrst clinical results are reported.
Finally, the authors describe some of the future directions and needs for treatment
optimization of patients with femoral valgus deformity.

In 1996 in a specialty issue on “Early Gonarthrosis: Osteotomies of the Distal Femur and Proximal Tibia,” the guest
editor stated that after reviewing the literature, little new
knowledge was available in this area.1 Furthermore, he concluded that little advances had been made since the 1980s
solving the technically demanding problems of corrective
osteotomies (OTs) and that the emphasis subsequently had
shifted to arthroplasty. Since then, however, insights have
changed on development and progression of osteoarthritis
(OA) in malaligned limbs, analysis and planning of correction
of malaligned limbs has been better deﬁned, and corrective
OT techniques have dramatically improved.2 In this evolution
the ﬁrst progress has been made in high tibial OTs for
treatment of varus osteoarthritic knees. Only in the past
decade major steps have been made in the treatment of
valgus legs with lateral compartment ostearthritis. It is
only logical that with newly developed surgical techniques
until recently, no clinical studies have been reported. The
interest in treatment of valgus deformed legs with femoral
OTs as a joint preserving alternative to arthroplasty has
rapidly increased though. In the past 5 years, no fewer than

four systematic reviews have been published on varization
supracondylar osteotomies (SCOs).3–6 In these reviews, the
literature available on results of varization SCOs has been
analyzed from articles published between 1961 and 2015.
Not surprisingly, some of the conclusions of these reviews
were similar as often overlapping sets of articles had been
analyzed. ►Table 1 summarizes the most important ﬁndings
and conclusions of these reviews. Because of lack of sufﬁcient
follow-up time for the systematic review criteria, no publications on the biplanar medial closing-wedge SCO technique
were included.
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Causes, Development, and Deﬁnition of
Valgus Leg Deformities
A valgus leg alignment can be present congenitally or occur
after lateral meniscectomy, growth plate disturbances, and/
or post traumatically.7 The valgus alignment itself is a risk
factor for the development of lateral compartment OA and its
progression.8–10 Lateral compartment OA is most often
located posterolaterally in the knee whereas medial

DOI https://doi.org/
10.1055/s-0037-1602138.
ISSN 1538-8506.

Downloaded by: University of Missouri-Columbia. Copyrighted material.

746

Correction of Femoral Valgus Deformity

van Heerwaarden et al.

747

Authors

Aim

Findings

Conclusion

Saithna et al
(2012)

Deﬁne indications, functional
outcome, survivorship, and
complications

- Comparison of selected
studies difﬁcult due to lack of
universal outcome measures.
- No information on return to
sports and impact activities.
HSS score improvements
ranging preoperative 46–56
to postoperative 72–88.
- Survivorship endpoint
arthroplasty ranges 64–82%
at 10-y and 45% at 15-y followup.
- Pooled results overall
complication rate 5.8%.

Varization SCO is technically
demanding and requires a
signiﬁcant period of
rehabilitation for the patient.
However, long-term
survivorship and good
function have been
demonstrated, and it remains
a potential option for valgus
osteoarthritis in carefully
selected patients.

Haviv et al
(2013)

Up-to-date overview of
results varization OT for
valgus OA

- All studies available level 4
small case series.
- Most patients improve after
correction.
- High percentage of
reoperations for nonunions,
mechanical failure, plate
irritation, and unresolved pain.
- Long-term follow-up: overall
failure rate 48.5% at 15 y and
KM survival rate 89.9% (10 y),
78.9% (15 y) 21.5% at 20 year
follow-up.
- Prognostic good factors:
milder OA, adequate
correction, better ﬁxation,
early mobilization, no
advanced osteoporosis.

The role of varus osteotomy
remains poorly deﬁned. The
literature generally supports
this procedure in active and
cooperative patients to
reduce pain and delay the
need for knee replacement.
Corrective varus osteotomy is
a demanding procedure that
follows important
biomechanical principles and
requires careful preoperative
planning. New techniques
hold promising results
regarding shortening of
rehabilitation time and low
reoperation and complication
rates.

Chahla et al
(2016)

Review on the survival,
outcomes, and complications
of SCO for genu valgum with
lateral OA

- Good to excellent patientreported outcomes in 9
closing-wedge and 5
opening-wedge SCO studies
included
- Survival decrease from 100%
at 6.5 y to 21.5% at 20-y
follow-up.
- Low complication rate;
symptomatic HW most
prevalent postoperative
complication.

Highly heterogeneous
literature exists for both
opening- and closing-wedge
SCO for the treatment of
isolated lateral compartment
osteoarthritis with valgus
malalignment. A mean
survival rate of 80% at 10-y
follow-up was reported,
supporting that this
procedure can be a viable
treatment option to delay or
reduce the need for joint
arthroplasty.

Wylie et al
(2016)

To determine the radiologic
c/h rate, patient-reported
outcomes, reoperation rate,
and complication rate after
SCO
To summarize the results of
MCW and LOW SCO

- Mean radiographic
correction to a near-neutral
mechanical axis, with 3.2%
nonunion and 3.8% delayed
union rates.
- A 9% complication rate and a
34% reoperation rate with
15% conversion to
arthroplasty.
- Similar results reported for
MCW and LOW techniques,
with higher conversion to
arthroplasty in the MCW
group that was confounded
by longer mean follow-up.

SCOs for the valgus knee with
lateral compartment disease
provide improvements in
patient-reported knee healthrelated quality of life at
midterm follow-up but have
high rates of reoperation. No
evidence exists proving
better results of either the
LOW or MCW techniques.

Abbreviations: c/h, correction/healing; HSS, Hospital for Special Surgery; HW, hardware; KM, Kaplan-Meier; LOW, lateral open wedge; MCW, medial
closing-wedge; OA, osteoarthritis; OT, osteotomy; SCO, supracondylar osteotomy.
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compartment OA is located anteromedially.11,12 Anatomically the lateral tibia plateau is convex, instead of concave
medially; congruency of the lateral compartment is to a
much larger extent maintained by the shape of the lateral
meniscus, and loss of the integrity of the lateral meniscus
decreases this congruency.13 The biomechanics of a valgus
malalignment, therefore, might be entirely different compared with a varus malalignment.14 Various authors have
looked at the differences between lateral and medial OA.
Recent research on cartilage forces and associations between
variations in anatomy around the hip and leg alignment
might better explain why cartilage in lateral OA deteriorates
more rapidly in speciﬁc patients.11,14–24
Deformity analysis will help ﬁnd the patient in which a
valgus leg deformity is caused by a femoral deformity.
Paley25 describes a comprehensive system of measurements
of bones and joint line angles, and deﬁnes that a femoral
valgus deformity is present when the so-called mLDFA
(mechanical lateral distal femoral angle) is < 88 degrees.
In knee joints with distal femoral deformities and valgus
joint line obliquity, a femoral correction not only corrects the
leg alignment but also normalizes the knee joint line obliquity and the mLDFA. In many patients, however, the valgus
malalignment may be found to be caused by a tibial or a
combined tibial and femoral deformity.26 The principles of
deformity correction as formulated by Paley25 dictate that in
these cases either a tibial correction or a double-level OT
should be performed with a resultant normal knee joint line
orientation. Planning of correction using present and desired
weightbearing lines provides for the angle of correction as
well as the length of the wedge base on the cortex (►Fig. 1).
Besides patients with OA of the lateral compartment in
combination with valgus deformity of the femur, indications
for corrections consist of patients with posttraumatic and
congenital valgus deformities of the femur.27 In addition, an
SCO may be considered in valgus malaligned legs (1) with
ligamentous deﬁciency that has failed primary repair or
reconstruction requiring revision, (2) with focal lateral compartment cartilage defect requiring treatment, (3) with
lateral meniscus deﬁciency, and (4) with recurrent patella
instability.6 Contraindications for an SCO consist of patients
with OA of the medial compartment ( grade 3 on Outerbridge scale) and patients who have a total loss of the medial
meniscus after previous surgery. Furthermore, acute or
chronic infections around the knee as well as rheumatoid
arthritis are reasons to exclude patients. Finally, patients
with knee extension or ﬂexion deﬁcit > 20 degrees and poor
soft tissue conditions on the site of surgery as well as heavy
smokers should preferably not be indicated for an SCO.

Basic Principles behind Osteotomies for
Valgus Correction
While a varization SCO is biomechanically efﬁcient in the
extended knee, it should be noted that in ﬂexion the OT has
no effect.28 In 90 degrees of ﬂexion, the contact point of the
loaded posterior condyles on the tibia remains unchanged by
the SCO. Patients, therefore, should be warned that while
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excellent symptoms relief may be expected in extension and
during gait, symptoms are likely to persist during activities
that load the knee in high ﬂexion.
There is no consensus in varus SCO on the optimal amount
of correction. A correction of the anatomical femorotibial
axis to 6 to 10 degrees29–34 or mechanical femorotibial axis
between 0 and 3 degrees varus has all been recommended.14,35–38 Miniaci et al39 reported that poor results
were associated with longer time to follow-up and failure to
correct the tibiofemoral angle to 0 degrees. Similarly Mathews et al40 reported that good results were associated with
adequate correction of the valgus deformity, to < 2 degrees
from 0. McDermott et al31 and Cameron et al,35 on the other
hand, found no correlation between alignment and outcome.
All these authors aimed for correction of the anatomical axis
of the femur to 0 degree. Teitge14 noted that with correct
alignment deterioration was slow and that those with a less
than good result were poor from the start; in those the
indication to perform an OT might not have been correct. The
current authors correct the mechanical axis to a line passing
the knee joint just medial to the deepest point of the trochlea.
In severe lateral OA, in the presence of a normal medial
compartment, a line slightly medial to that, that is, just
medial of the medial eminence of the tibial plateau, is used.
The medial closing-wedge technique, with saw cuts either
parallel to the joint line or oblique downsloping from the
medial cortex to the lateral cortex hinge point, ﬁxed with an
angled blade plate, has had the most widespread
use.14,29–33,39,41 Stähelin et al42 showed by measurement
of bone diameters at the level of the bone cuts that, using
oblique directed bone cuts of equal length forming an isosceles triangle, the bone diameter at the level of the OT cuts is
equal (►Fig. 1). After closure of the OT, the medial cortex can
be compressed without change of correction, contrary to
bone cuts aligned parallel to the joint line, resulting in
unequal bone diameters causing impaction and overcorrection after compression of the OT. In recent years the conventional single plane OT technique has been replaced by the
biplanar technique. An important limitation of the single
plane medial closing-wedge technique is the position of the
OT relative to the trochlea and the soft tissue gliding surface
on the anterior side of the femur.37,43 While in the standard
single plane technique the patellofemoral (PF) joint is
avoided by proximal positioning of the saw cuts, the OT
disrupts the soft tissue gliding mechanism causing a hematoma with subsequent pain and swelling that slows rehabilitation. A modiﬁcation was, therefore, developed: the
biplane medial closing-wedge technique.37 In this technique
the two saw cuts for the closing wedge are made only in the
posterior three-quarters of the femur after which an ascending saw cut is performed on the anterior surface of the femur,
completing the OT. By avoiding the trochlea, this technique
enables a more distal positioning of the lateral hinge point in
better healing metaphyseal bone. As the soft tissue gliding
mechanism is not disrupted, rehabilitation is faster.44
Furthermore, the ascending saw cut increases the cortical
contact area, which enhances stability and bone healing
potential.37,45
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Fig. 1 Planning of a medial closing-wedge supracondylar osteotomy according to Miniaci et al. 39 (A) The present mechanical axis is drawn from
A, the center of the femoral head, to B, the center of the ankle joint. Line B–C is of equal length as line A–B and passes the knee just medial of the
medial eminence (arrow) representing the desired postoperative mechanical axis. (B) The hinge point of the osteotomy (D) is marked just
proximal from the upper border of the lateral condyle and 0.5 1 cm within the lateral cortex. The angle of correction (α) is deﬁned by line A–D
between the present femoral head center and the hinge point and line C–D connecting the new femoral head center position and the hinge
point. (C) Correction angle α is projected at the distal femur using two oblique down sloping lines of equal length converging at the hinge point.
The distance measured between those two lines at the level of the medial cortex (arrows) represents the osteotomy wedge base length to be
removed during surgery. (Reprinted with permission from Brinkman JM. Fixation stability and new surgical concepts of osteotomies around the
knee, [PhD. dissertation]. Utrecht, The Netherlands: Utrecht University Medical Center; 2013).57
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The general principles of bone healing apply to closingwedge OTs, which can be considered optimally controlled
fractures treated according to standard protocols for fracture
treatment, with radiographs taken at regular intervals to
monitor bone healing. Bone healing in closing-wedge OTs,
however, may be faster than in fractures if initial stability is
optimal because the hinge point remained intact. Bone healing
in the distal femur then is normally complete after 6 to 8
weeks. Methods to prevent hinge point fracture are careful
clearance of uneven saw cut surfaces and bone remnants after
wedge removal, weakening of the lateral cortex before closure
by chisels or small bur holes, and a slow-paced wedge closure.
Initial stability can be furthermore optimized by using oblique
saw cuts and compressing the OT using either a compression
device or a compression screw technique. Similar to fractures,
bone healing in OTs is slowed by smoking and instability,
insufﬁcient implant ﬁxation strength, and hinge fracture. Bone
geometry and wedge volume after SCO have been found
superior in biplane medial closing-wedge SCO as compared
with lateral open and single plane medial closing techniques;
in the biplane technique, a smaller wedge volume and a larger
bone surface contact area are created, which improves bone
healing and stability.45
More recently angle stable implants, based on the LCP
concept, speciﬁcally designed for the ﬁxation of SCO have
become available.36–38,46 By changing the ﬁxation technique
to a plate ﬁxator, the difﬁculties encountered using an angled
blade plate, which caused surgeons to refrain from SCO
altogether, are avoided. These difﬁculties include inaccurate
positioning of the seating chisel and loss of stability after

repositioning. This also avoids secondary displacement due
to fracture of the hinge after removing the seating chisel and
inserting the angled blade plate.
Baseline data on the initial stability of the various SCO
techniques have become available.43,47,48 In three biomechanical studies, partial and full weightbearing conditions
after SCO corrections in replicate bones were studied. In the
ﬁrst study the biomechanical properties of ﬁve different SCO
techniques have been evaluated.47 The angled-blade plate
and the TomoFix Medial Distal Femur plate (Synthes GmbH,
Solothurn, Switzerland), using an oblique OT direction, provided the largest amount of initial stability. The parallel OT
compared with the oblique OT and the lateral open technique, whether ﬁxated with angle stable or spacer plates, were
less stable. In a second study the aforementioned biplane OT
was found to be more stable than the standard single plane
SCO.43 Subsequently, in a third study previous results on
biplane SCO stability were reconﬁrmed using an improved,
more anatomically shaped version of the angle stable (TomoFix) plate.48

New Surgical Technique and First Clinical
Results
The senior author’s preferred surgical technique is a biplane
medial closing-wedge OT ﬁxated with an LCP concept–based
plate ﬁxator called TomoFix medial distal femur plate (TomoFix MDF, Synthes GmbH, Solothurn, Switzerland) (►Fig. 2).37
Arthroscopy, which is considered as indispensable by some,
can be performed prior to the OT to assess the cartilage and

Fig. 2 Stepwise schematic representation of the surgical technique for a biplane closing-wedge supracondylar femur osteotomy ﬁxated by an
internal ﬁxator plate. (A) After the transverse cuts have been made, the ascending cut of the biplane osteotomy is performed parallel to the
posterior cortex. (B) The wedge is removed and the osteotomy closed. (C) After distal plate ﬁxation, a lag screw is inserted to compress the
osteotomy. (D) The lag screw is replaced with a locking screw after the other proximal holes have been ﬁlled. (Reprinted and modiﬁed with
permission from Brinkman JM. Fixation stability and new surgical concepts of osteotomies around the knee, [PhD. dissertation]. Utrecht, The
Netherlands: Utrecht University Medical Center; 2013).57
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menisci; if needed, additional procedures, including microfracturing, can be performed.49 The whole leg should be
draped free and a sterile tourniquet can be applied. The
starting position of the knee is in full extension. An image
intensiﬁer ﬂuoroscope is mandatory, with visualization possible in two directions. The medial side of the distal femur can
be exposed by either a median or anteromedial incision and a
standard subvastus approach, in which the muscle needs to be
stripped of the septum severing vessels and nerves at a length
enabling plate ﬁxation. A blunt Hohmann retractor is positioned dorsomedially at the level of the OT to protect the
neurovascular structures. The height and direction of the OT
cuts are marked with K-wires using ﬂuoroscopy. The ﬁrst Kwire for the distal saw cut is inserted at the medial cortex
aimed at an approximately 20 degrees downsloped direction
ending a few millimeters above the upper portion of the lateral
femur condyle and 5 to 10 mm medial to the lateral cortex
(►Fig. 1). The second K-wire is inserted proximally at the
preplanned wedge base distance on the medial cortex; the
ends of both K-wires meet at the hereby created hinge point of
the OT. Ideally, the K-wires form an isosceles triangle which
can be checked by measuring the length of the K-wires outside
the bone. Two additional K-wires can be positioned more
posterior at the same height to guide the saw blade. Alternatively, a special saw guide can be used to precisely determine
wedge size and direction. Two saw cuts are made parallel to
and within the K-wires, but only in the posterior threequarters of the femur. A third ascending saw cut is then
performed to complete the OT, parallel to the posterior cortex,
usually at an angle of 90 to 95 degrees to the other saw cuts.
After wedge removal, the OT is closed by applying gentle
pressure; this can take a couple of minutes to allow for plastic
deformation of the bone. All bone should be removed from the
gap before closure to prevent incomplete closure and lateral
cortex fracture. After closure, the alignment is checked using a
rigid bar over the center of the femoral head and center of the
ankle joint; the new mechanical axis should run as preoperatively planned. If needed, adjustments can still be made to the
OT at this time. The plate is slid proximally under the vastus
medialis (VM) muscle until it is aligned with the femur shaft
and then positioned anteromedially on the distal femur. After
distal ﬁxation, the OT is compressed manually. For additional
compression, an eccentrically placed screw in the dynamic
part of the combination hole directly proximal the OT is used.
The plate is secured proximally using three unicortical screws,
and one bicortical screw just proximal from the OT replacing
the compression screw. The wound is closed after placement of
a low vacuum suction drain under the VM.
Postoperative cryotherapy and intermittent venous compression are recommended to reduce swelling. Starting on
the ﬁrst postoperative day, partial weightbearing (15–20 kg)
is allowed for the ﬁrst 6 weeks. It is increased thereafter
depending on pain and signs of bone healing on follow-up
radiographs. For SCO in clinical studies reporting on the
single plane technique with the TomoFix implant, no bone
healing problems have been reported with a standard rehabilitation protocol consisting of 6 to 8 weeks of partial
weightbearing.37,38,44 However, after introduction of the
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biplane technique, a faster recovery of knee function was
observed by the current authors as compared with the single
plane patient groups. Patients themselves increased the
amount of weightbearing within the ﬁrst 6 weeks after the
OT as they experienced sufﬁcient stability to allow full
weightbearing. Although Brinkman et al43 demonstrated
that the biplane OT is much more stable than single plane
OT under axial loads, they found torsional stability to be
slightly decreased. Therefore, postoperatively physical activities, which produce high torsion loads on the femur, are
probably best avoided until bone healing has been observed.
Clinical results seem to correlate with the biomechanical
observations concerning construct ﬁxation strength and
bone healing of the biplane OT technique. Van Heerwaarden
et al38 reported no loss of correction related to the implant
and no failures of ﬁxation material in 59 single plane OTs
ﬁxated with the TomoFix plate. Freiling et al37 reported on 60
medial closing-wedge OTs half of which were biplane and
found three nonunions overall, none of which were related to
implant failure. Lobenhoffer et al50 analyzed bone healing
clinically in a consecutive series of 107 biplanar SCOs and
found uneventful progression to full bone healing within 4 to
6 weeks after the surgery in 103 patients. In four patients a
delayed union was treated with spongiosa plasty and reinforcement of the lateral hinge point using an additional
small-fragment plate.
Patient evaluations on the medial closing-wedge biplane
SCO can be found in two large studies.37,51 Freiling et al
(2010) described the results of their ﬁrst series of 30
biplanar closing-wedge varization OTs together with the
results of 30 single plane closing-wedge OTs. At a mean
follow-up of 21 months, the preoperative Tegnerscore of 2.8
(1–4) had improved to 5.6 (2–9). The mean visual analogue
scale (VAS) scores decreased from 6.8 (9–2) preoperatively
to 3.1 (0–8) at follow-up. The patients were also evaluated
using the IKDC (International Knee Documentation Committee) classiﬁcation (18 patients grade A, 27 grade B, 9
grade C, and 6 grade D). No comparison has been made
between the single plane and biplane technique, so no
speciﬁc clinical results can be attributed to the biplanar
technique. In the study by Elson et al (2015), 80 biplanar
medial closing-wedge varization SCOs were part of a group
of 109 SCOs reported on in a multicenter case series. At a
mean follow-up of 28 months in the combined group, all
outcome measures improved: mean KOOS 38.8 to 61.8,
mean OKS 21.4 to 33.3, VAS pain 54.8 to 24.7. Postoperative
VAS satisfaction was 8.0. Complications observed were:
3 delayed unions, 3 deep infection, 2 thromboembolic
complications (1 deep vein and 1 fatal pulmonary embolus),
2 SCOs were converted to arthroplasty and 2 were revised
for under correction. Studies on the results of biplanar
medial closing-wedge SCOs with longer follow-up times
will be published in the next years.

The Future: Gait, Sports, and MIS
Optimization of rehabilitation protocols with normalization
of gait pattern and ability to return to sports activities will
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further improve functional outcomes. Furthermore, a miniinvasive surgical approach causing less soft tissue damage
will probably improve the results of biplanar medial closingwedge SCOs.
Recently a prospective study has been published on the
changes in kinetics and kinematics of gait and clinical outcomes after a varus OT in patients with OA of the knee and a
valgus leg alignment.52 In that study preoperative and postoperative gait parameters were analyzed and compared with
healthy subjects in three groups of varization OTs: medial
closing-wedge tibial OTs, medial closing-wedge SCOs and

double OTs. A differentiated approach was used based on
retention of normal knee joint orientation after correction
resulting in the three different patient groups with isolated
tibial, isolated femoral or combined tibial and femoral valgus
bone deformities, respectively. Postoperatively, the patients
showed kinetics and kinematics of gait similar as that of a
healthy control group. A signiﬁcant increase in the knee
adduction moment during stance phase was found for patients after all types of correction OTs, which was related to
the degree of correction. The HKA angle toward zero degrees
caused a medial shift in the dynamic knee loading.
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Fig. 3 Less invasive approach for medial closing-wedge distal femoral osteotomy. (A) Medial view of less invasive approach in a cadaveric right
leg. Distal part of the vastus medialis muscle is retracted ventrolateral with small soft tissue retractors. K-wires inserted to guide saw cuts of
biplanar osteotomy cuts, and small Hohman retractor protects posterior soft tissues. (B) Plate ﬁxation: distal screws and ﬁrst screw proximal of
osteotomy inserted, drill sleeve positioned in most proximal plate hole through stab incision. (C) Left femur cadaver specimen cryomicrotome
coronal section 12 cm above the knee joint line. The traditional subvastus approach (gray striped line) and the percutaneous approach
(arrowhead white lines) are projected (1 femur; 2 vastus medialis muscle). (D) Schematic representation of the descending genicular artery
(arrow) and its branches as found within the vastus medialis muscle projected on the femur. Femoral artery, adductor magnus tendon, biplane
osteotomy, and plate are also projected on the femur. (E) Schematic representation of the periosteal vascularization (upper transverse artery
and venae comitantes) and osteotomy cuts of biplanar closing-wedge osteotomy projected on the femur. (Figs. A-D Reprinted and modiﬁed, with
permission, from Brinkman JM. Fixation stability and new surgical concepts of osteotomies around the knee, [PhD. dissertation]. Utrecht, The
Netherlands: Utrecht University Medical Center; 2013).57
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collateral supply. Effectively, in the mini-invasive approach,
the surgeon now can rely on the position of these periosteal
vessels as the insertion place of K-wires for an optimized
location of the OT cuts.
Instruments to assist the surgeon in mini-invasive OT
surgery need to be developed to further optimize this
surgical technique.

Conclusion
Correction of valgus femoral deformity is a viable treatment
option for a well-deﬁned patient group suffering from valgus
malalignment and lateral compartment OA. The new biplane
medial closing-wedge OT technique ﬁxed with a locking
compression plate has evolved from the previously used
single plane technique and has extensively been investigated.
This technique is very stable, and bone healing potential is
optimal, which allows for shortening of rehabilitation time
without loss of correction. More patient studies with longer
follow-up are necessary to enable a comparison with alternative surgical techniques and historical cohort studies.
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