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Abstract
The knee is a complex 

structure composed of bone, 
cartilage, menisci, ligaments 
and muscles, which all work 
synergistically to optimize 
congruence, stability, and 
function. Osteotomies are 
procedures addressing an 
abnormal joint alignment, 
shifting the mechanical load from 
a diseased joint compartment 
to a healthier one. Preoperative 
planning is an important art 
of identifying the source of 
abnormal load distribution to 
the joint, enabling the surgeon to 
simulate a deformity correction 
ahead of the surgical procedure.  

Osteotomies Around the 
Knee: A Life-Changing 
Procedure

John Rhea Barton performed 
the first documented osteotomy 
around the knee in 1835.1 The 
patient was a physician who 
had a significant knee flexion 
contracture. The procedure was 
performed without anesthesia and 
lasted no more than five minutes. 
A bone wedge was removed from 
the anterior aspect of the distal 
femur, preserving the integrity 
of the posterior cortex. In the 
postoperative time, the knee was 
gradually straightened with serial 
cast changes. The surgical outcomes 

were so promising that the patient 
was able to work and ride horses 
again, reporting later that the 
procedure gave him a new life.  

A Surgical Treatment for 
Knee Osteoarthritis

The use of osteotomies to 
manage degenerative disorders of 
the knee began in the 1950s. The 
concept was to correct an existing 
metaphyseal deformity around the 
knee by breaking the proximal tibia 
and reorienting the load pattern to 
the joint2 (Figure 1).

The tibial osteotomies for the 
treatment of unicompartmental 
knee arthritis were popularized 
by Jackson (infra-tuberosity 
osteotomy), and Coventry (supra-
tuberosity osteotomy).3,4  The 
only implants available to fix 
osteotomies around the knee were 
staples, and therefore casting in the 
postoperative time was a common 
practice in the postoperative period 
of these procedures.5 The lack of 
surgical standardization, fixation 
techniques, and postoperative 
protocols resulted in multiple 
failures. Infection, malunion, 
nonunion, knee stiffness, obliquity 
of the joint line, patella Baja, 
and a series of other potential 
complications generated a 
perception that osteotomies around 
the knee should be avoided, 
and knee arthroplasty should 

Correction of 
deformities around 
the knee promotes a 
better distribution of 
the load among the 
different compartments 
of the joint, restoring 
the knee mechanical 
homeostasis. 
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be the alternative of choice for the management of 
symptomatic arthritic knees.6–8 It was clear that a total 
knee arthroplasty would be a better choice especially 
for the elderly population.9 The question remained 
open while dealing with young and active adults, 
as in this group of patients the outcomes of joint 
arthroplasty were still mixed.10 In the last two decades, 
recent publications revealed favorable outcomes 
associated with osteotomies around the knee for the 
management of individuals with unstable and/or 
arthritic joints.11–13 The improvement of image study 
modalities, the development of new technologies 
for preoperative and intra-operative guidance, and 
a new generation of implants have contributed for 
reproducible and remarkable outcomes.14–16

Understanding the Deformity 
and its Clinical Implications

Osteotomies around the knee are controlled 
fractures aiming to improve the performance of 
the joint. Osteotomies aim to address any sort 
of deformity or malalignment of the knee. The 
deformity may take place in the coronal plane (varus/
valgus), sagittal plane (procurvatum/recurvatum), 
and/or axial plane (torsion). The deformity may be 
extra-articular (metaphysis/diaphysis) and/or intra-
articular (epiphysis). The precise identification of the 
deformity site(s) is critical for a precise execution of 
an osteotomy around the knee.17 The most typical 
deformities associated with arthritic knees are 
described in the coronal plane. Varus knees (bowed 
legs) are characterized by the pathological shift of the 
mechanical axis to the medial compartment of the 
joint. The opposite occurs with valgus knees (crooked 
legs), which tend to wear out initially on the lateral 
compartment. Valgus knees are also associated with 
patellofemoral malalignment and/or instability.18 In 
the sagittal plane, the measurement of the tibial slope 
is of importance, especially in cases where recurrent 
anteroposterior instability is present. An increased tibial 
slope is associated with anterior translation of the tibia, 
which poses significant tension to the anterior cruciate 
ligament.19 In the other way around, a decreased tibial 
slope may be detrimental to the posterior cruciate 
ligament function.20 In the axial plane, torsional 
deformities determine patellofemoral instability and 
pain.21 The three-dimensional analysis of the knee 
allows for a better understanding of clinical findings 
and optimal decision making. 

Interpreting Image Studies
An extremity alignment study (EAS) is a gold 

standard radiograph obtained to assess the alignment 
of the knee in the coronal plane.22 This image 
study includes a single radiograph that captures the 
alignment of the hip, the knee, and the ankle. The line 
that connects the center of the hip to the center of the 
ankle corresponds to the mechanical axis of the lower 
limb. If the alignment of the knee is neutral, this line 
will seat slightly medial to the medial tibial spine, close 
to the center of the knee. Deviations of the mechanical 
axis from the center of the knee to either one of the 
compartments of the joint determines excessive load 
to that compartment and, therefore, increases the 
likelihood of degenerative changes in that site.23

A tangent line to the femoral condyles, and a 
tangent line to the tibial plateau should intersect 
the mechanical axis to determine joint alignment 
angles. Three angles are of critical importance. The 
mechanical proximal tibial angle (MPTA) which is 
determined by a tangent to the tibial plateau and the 
mechanical axis on the medial side of the joint. The 
MPTA normally ranges from 85 to 90 degrees, and its 
standard value is 87 degrees.17,22 On the lateral aspect 
of the knee, the angle determined by the tangent to 
the femoral condyles and the mechanical axis is named 
mechanical lateral distal femoral angle (mLDFA). The 
mLDFA normally ranges from 85 to 90 degrees and 
its standard value is 88 degrees.17,22 Another important 
angle is determined by the tangent lines to the femoral 
condyles and to the tibial plateau. These two lines 
should be parallel or slightly convergent medially. 
These two lines determine the Joint Line Convergence 
Angle (JLCA) which varies from 0 to 2 degrees.17,22 The 
angle determined between the mechanical axis of the 
femur and the mechanical axis of the tibia is named 
mechanical tibiofemoral angle, which normal value 
varies from 0 to 2 degrees (Figure 1).

Joint orientation angles are of critical importance 
while determining the biomechanics of the knee and 
how the joint is routinely loaded. Knee deformities in 
the coronal plane will generate bowed or crooked legs. 
The bowed legs are present when the knee has a varus 
alignment, while the crooked legs are associated with a 
valgus alignment of the joint. Joint orientation angles 
will guide the surgeon to determine if the deformity is 
originated at the level of the femoral metaphysis, tibial 
metaphysis, joint surface, or a combination of these 
sites. 
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Deformities in the axial plane will generate 
abnormal torsion to bone segments. They may 
be constitutional or inherited post-trauma. They 
have significant impact to the mechanics of the 
patellofemoral joint. 

Varus Knees 
A varus deformity implies in the shift of the 

mechanical load to the medial compartment of the 
knee. As a result, degenerative changes may take place 
in this compartment, which may cause pain and 
mechanical symptoms.24 Traditionally, the deformity 
was meant to be originated in the upper metaphysis 
of the tibia and, therefore, osteotomies to correct 
varus knees were traditionally performed on the 
upper portion of the tibia. However, the systematic 
measurement of the joint orientation angles revealed 
that in some cases the deformity is not located in the 
proximal tibia but in the distal femur or at the level of 
the joint line (Figure 2). 

Osteotomies should be considered as a joint 
preservation option in the management of symptomatic 
varus knees. The main goal of this procedure is to 
shift the mechanical load from the diseased medial 
compartment to a healthier lateral compartment of 
the joint. Medial open wedge high tibia osteotomies 
became the most popular method of correcting varus 
knees25 (Figure 3). Sometimes, however, the deformity 
is not located on the tibia, but on the femur, which 
prompts the correction to take place at the level of the 
distal femur (Figure 4).

Meticulous preoperative planning helps to 
determine how to improve the alignment of the lower 
limb, as well as the distribution of loads in the joint, 
without generating a secondary deformity at the level 
of the knee. If the osteotomy is not correctly indicated 
or is placed at a site that does not correspond to the 
center of the deformity. In a few cases, we have noticed 
that the deformity was not located just in one of 
the long bones, but in both. In these cases, a double 
level osteotomy, which implies in performing two 
simultaneous osteotomies, one at the level of the femur 
and one at the level of the tibia should be carried out26

(Figure 5).

Valgus Knees 
The lateral compartment of the knee is the one 

exposed to extra loading in cases of a valgus deformity. 
The patellofemoral joint is also exposed to mechanical 

forces which pull out the patella towards the lateral 
aspect of the femoral trochlea. Correction of a valgus 
deformity offloads the lateral compartment of the 
knee and improves the patellofemoral tracking. The 
most typical site for deformity correction is the distal 
aspect of the femur27 (Figure 6). Occasionally, the 
osteotomy should be performed at the level of the tibia 
or at a double level, femur, and tibia, as it has been 
demonstrated in the examples of varus knees. 

Torsional Deformities
Deformities in the axial plane are not very 

intuitive as they are not easily caught by radiographs. 
The clinical exam with a detailed analysis of the gait, 
rotations of the hip, and thigh-foot angle are an 
essential part of the assessment of these patients. The 
computed tomography is the image modality that 
determined with precision the alignment of the limb in 
the axial plane. Torsional corrections are obtained when 
the osteotomy is performed perpendicular to the axis of 
the long bone allowing for detorsion of the segment28

(Figure 7).

Conclusion
The alignment of the knee has direct implications 

on its mechanical performance. Knee pain could be 
the expression of degenerative changes caused by 
mechanical overloading of one of the compartments 
of the joint. Extremity alignment studies are of 
critical importance to understand how the loads are 
distributed on the knee. The mechanical axis of the 
lower limb should connect the center of the hip, 
the center of the knee, and the center of the ankle. 
A deviation of the mechanical axis in the coronal 
plane is present in cases of varus deformities or valgus 
deformities. Correction of deformities around the knee 
promotes a better distribution of the load among the 
different compartments of the joint, restoring the knee 
mechanical homeostasis. Deformity correction is a 
precise art. It requires meticulous preoperative planning 
based on the identification of the site(s) of deformity. 
The site of deformity is indicated by abnormal joint 
orientation angles. The location of the abnormal angle 
should correspond to the site of the osteotomy aiming 
to restore the mechanical axis. The goal of deformity 
correction is not only to shift the mechanical load to 
a healthier compartment of the joint, but to perform 
it without causing an obliquity of the joint line, 
or significant leg length discrepancy. Preoperative 
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planning allows for a three-dimensional understanding 
of the deformity and its correction in one or more 
spatial planes. Restoring knee alignment and stability 
may preserve the joint for many years until a joint 
replacement may be at consideration. This is especially 
important in young and active individuals, where the 
survivorship of a joint replacement is not expected to 
be greater than the patient’s life expectancy.
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Figure 1. Assessment and interpretation of extremity alignment studies in a 21-year-old male. A: Extremity alignment revealing 
a right lower extremity (R) neutral mechanical axis. Observe that the yellow line (Mikulicz line) connecting the center of the 
hip and the center of the ankle, bisects the knee at its center (yellow asterisk). The left lower extremity (L) has a shift of the 
mechanical axis to the lateral compartment of the joint. Observe that the Mikulicz line (red) is bisecting the joint (asterisk) on 
the lateral compartment, which determines a valgus alignment of this lower extremity. B: A software is utilized to determine 
the joint orientation angles on each one of the lower extremities. Observe that all joint orientation angles around the 
right knee are marked in green, indicating that they are within normal values. In the left lower extremity, there is a valgus 
mechanical femoral tibial angle of 5.5 degrees. In this case the deformity is generated at the level of distal femur, as the 
mechanical lateral distal femur is 81.2 degrees (normal range 85 to 90 degrees). Preoperative planning using digital software 

Figure 2. The importance of 
preoperative planning. This is an 
alignment study of a 25-year-old male 
with complaints of medial knee pain. 
His extremity alignment study shows 
varus alignment, with displacement 
of the mechanical axis to the medial 
compartment of the left knee. He was 

arthroscopy for the management of 
a medial meniscal tear. The patient 
was also told that a possible high 
tibial osteotomy to correct the varus 
deformity would be necessary. We 
were asked to evaluate the patient 

proximal tibial angle was withing 
normal values (86.4 degrees), but the 
varus was originated on the distal 
femur (abnormal mLDFA superior to 
90 degrees). In this case, preoperative 
planning was able to identify that the 
correct site for the osteotomy in this 
case would be the distal femur and 
not the proximal tibia. 
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Figure 3. Medial open wedge valgus 
producing high tibial osteotomy. A: 
Extremity alignment study of a 47-year-
old male with bilateral knee pain and 
varus deformity. He was told that the 
best option for his knee would be 
bilateral total knee replacement when 
he would get older. He is currently not 
able to stand on his feet to perform the 
activities of his daily living. B: Patient 
underwent a staged treatment for 
his lower extremities. Initially he was 
submitted to a left high tibial osteotomy. 
After complete recovery of this surgical 
procedure, he received a right high tibia 
osteotomy. Patient was able to resume 
his professional activities with minimal 
discomfort in his lower limbs, improved 
gait pattern, and improved alignment of 
the lower limbs. 

Figure 4. Status after failed left distal femur periprosthetic fracture. A: Extremity alignment study of a 

femur. Patient has varus alignment (yellow line) and shortening of the left lower limb. The leg length 
discrepancy may be noted by the obliquity of the pelvis (red line). The list of problems includes 

on chronic antibiotic suppression, short distal femur segment, left knee arthritis. B: Intraoperative 
image illustrating the direction of an medial distal femur open wedge valgus producing osteotomy. 
C: A special tool is used to open a wedge of 18mm on the medial aspect of the distal femur; D: Final 
intraoperative aspect of the osteotomy on the anteroposterior and E: lateral projections of the knee; 
F: Final extremity alignment study revealing neutral alignment of the lower limb and neutral pelvis 

ability to perform her activities of daily living.
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Figure 5. Illustrative case of a double level osteotomy to correct a varus alignment. A: Extremity 

of age. B: Digital preoperative planning revealing a varus deformity of 15.2 degrees and abnormal 
MPTA, mLDFA, and JLCA; C: A simulation to correct the varus deformity with an osteotomy performed 
at the level of his previous fracture resulted in correction of the mechanical axis to the expense of 
obliquity of the joint line (green asterisk). This indicated that the correction could not be performed just 

a double level osteotomy, opening a medial wedge on the distal femur and on the proximal tibia. We 
were able to propose a correction superior to 2cm in length discrepancy bringing the MPTA and mLDFA 
to a normal range. E: Simulation of the alignment study revealing neutral mechanical axis and normal 
joint orientation angles; F: Postoperative radiograph on the anteroposterior projection. Bone graft was 

(yellow line) and normalization of the pelvic obliquity (red line). This patient has four years of follow up 
and has not complained of any knee pain since his lower extremity alignment has been corrected. 
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Figure 7. Illustrative case of torsional 
deformity. A: Radiographs of a 63-year-
old female who underwent a right total 
knee replacement elsewhere. She had 
previous valgus alignment and a history 
of patellectomy many years ago. After 
her knee replacement she developed 

mechanism, with recurrent dislocations. 
She received the indication to revise 
her total knee replacement. B: In our 
clinic a computed tomography was 
performed, and we noticed that she 
had 24 degrees of internal torsion of 
the distal femur. She was two months 
out of her total knee replacement. 
Instead of revising the components of 
the knee replacement we proposed 
an osteotomy to correct the torsional 
deformity. C: Intraoperative pictures 
illustrating the orientation of the 
osteotomy, perpendicular to the axis 
of the femur; D: The osteotomy has 
been completed. The femur does 
not displace because it has been 

after surgery with complete healing of 
the osteotomy. Patient has no more symptoms of extensor mechanism dislocation; F: Final alignment study depicting that 
the osteotomy did not introduce deformity in the coronal plane. MM

Figure 6. Illustrative case of a valgus deformity correction. A: Extremity alignment study of a 46-year-old male who complains 

similar deformity. B: Intraoperative image illustrating the resection of a medial distal femur cortical. The wedge has a base 
measuring 16 mm. C: Fluoroscopy pictures revealing the wedge resection, prior to correction of the deformity; D: The 
osteotomy gap is gently closed. Observe that the opposite hinge is intact and no translation between the distal and proximal 
fragments take place; E: Final radiograph depicting a good coaptation of the osteotomy. F: Final extremity alignment 
study revealing neutral alignment of the lower limb. This procedure was performed four years ago, and the patient has not 
complained of knee pain since. 


