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• This review explores the intricate relationship between knee osteotomy and frontal plane joint line orientation, 
emphasizing the dynamic nature of the joint line’s influence on knee forces and kinematics.

• Consideration of coronal alignments, knee phenotypes, and associated angles (medial proximal tibial angle 
(MTPA), lateral distal femoral angle (LDFA), joint line convergence angle (JLCA)) becomes crucial in surgical 
planning to avoid joint line deformities.

• The double-level osteotomy is to be considered a valid option, especially for severe deformities; however, the 
target patient cannot be selected solely based on high predicted postoperative joint line obliquity ( JLO) and 
MPTA.
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Introduction
Knee osteotomy, a surgical procedure designed 
for the correction of bone deformities, has been in 
use for centuries. Following the introduction and 
exponential development of arthroplasty surgery, this 
practice lost interest. However, in the last two decades 
it has vigorously regained popularity, which is due 
to the adoption of internal devices with improved 
biomechanical properties like locking plates (1) and the 
poor results of knee replacement in young patients with 
high functional demands (2, 3, 4).

Osteotomies around the knee redistribute the load to 
the compartment which is unaffected by osteoarthritis, 
aiming to alleviate symptoms and delay or avoid the 
need for later arthroplasty. Historically, osteotomies 
were directed at correcting a single bone: mostly 
proximal tibial osteotomy (PTO) for varus knees and 
distal femur osteotomy (DFO) for valgus knees. Today 
we know that tibia-based varus deformities account 

for approximately 30% only (5). In other cases, they 
are attributable to femoral, intra-articular, or combined 
deformities. Paley et  al. (6) suggested that deformity 
analysis is crucial to identify its location and prevent 
non-physiological joint line orientation after correction. 
Although PTO is undoubtedly the most widely used 
procedure to manage medial knee osteoarthritis with 
good results (7, 8), single osteotomy may lead to up to 
40% undesired overcorrection (9, 10), impacting middle- 
and long-term results. Change in joint line obliquity 
( JLO) pose a dilemma for orthopedic surgeons. If the 
decision is to accept a secondary deformity, there is a 
risk of compromising knee stability and altering knee 
biomechanics (11).

To overcome this challenge, Babis et  al. (12) proposed 
the use of double-level osteotomy (DLO) (combination 
of PTO and DFO). Initially not widely adopted, this 
approach has gained popularity in recent years, 
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with several authors demonstrating its effectiveness 
in correcting malalignment while avoiding non 
physiological JLO (13, 14).
This review article aims to elucidate the intricate 
relationship between knee osteotomy and joint 
line orientation, delving into the anatomical and 
biomechanical aspects that underscore their 
interdependence. By providing a comprehensive 
exploration of relevant literature, we intend to shed 
light on the current state of knowledge regarding 
management of joint line in the frontal plane throughout 
knee osteotomy, addressing both established principles 
and emerging perspectives.

The joint line: a dynamic concept

The joint line is not merely a geometric measure but a 
dynamic reference influencing the balance of forces and 
the kinematics of the knee.
In a properly aligned lower limb, the joint line typically 
exhibits a slight varus orientation of approximately 3°, 
leading to a medial proximal tibial angle (MPTA) of 87° 
and a lateral distal femoral angle (LDFA) of 87° (Fig. 1). 
This varus inclination is considered physiological, due 
to the distance between the hip joint centers and the 
ankle joint center. Specifically, during one-leg standing 
or the stance phase of gait, the leg undergoes an 
adduction movement that aligns the joint line parallel 
to the ground at a 0° orientation. This ensures that the 
resultant force passing through the articular surface is 
primarily perpendicular to the knee joint line, with a 
minor shear component directed medially (15). However, 
it is important to note that such an ideal lower limb 
alignment may not be present in all individuals.

Evaluating the lower limb alignment in loading 
conditions and in its entirety is crucial, and it is essential 
not to solely rely on this assessment without taking into 
account the positions of the femoral and tibial joint 
lines. A lower limb that appears neutrally aligned in 
static conditions may not necessarily exhibit a neutral 
alignment in the joint line, which is independent of 
mechanical axis.

Assessment of frontal 
plane alignment

Correcting the deformity can take place in a single 
plane (frontal, sagittal, transverse) or multiple planes. A 
comprehensive radiological assessment is crucial for a 
thorough understanding of the deformity. Even today, 
more than half of the cases show a non-anatomical 
correction after osteotomy because the correction 
is not carried out at the site of the deformity (16). 
Regarding the frontal plane, it is mandatory to analyze 
and be aware of the normal values of the following 

parameters: MPTA, LDFA, and JLCA. Once the values are 
obtained, it is possible to determine the origin of the 
deformity requiring correction. Usually, the assessment 
of coronal plane alignment is performed using long-
leg radiography (LLR). Several methods have been 
proposed to measure the mechanical axis in standard 
anteroposterior weight-bearing knee radiographs to 
avoid excessive radiation, time, and costs, but they are 
significantly less accurate (17). It has been demonstrated 
that varus malalignment increases from double-leg to 
single-leg stance, with a significant increase in joint line 
convergence angle (JLCA) due to lateral laxity. Therefore, 
the single-leg stance can be useful during planning to 
avoid postoperative overcorrection (18).

Lower limb alignment can be influenced by foot 
rotation. External rotation (ER) causes an increase in 
varus, while internal rotation (IR) leads to the opposite 
(19). Similarly, a deficit in knee extension underestimates 
varus angulation (20). The correlation between joint line 
orientation and the distance between the feet is evident, 
with a notable shift of 3.7° observed when transitioning 
from a position where the feet are kept together to a 
separation of 10 centimeters (21). Correct alignment 

Figure 1 

Lower limb angles. Femorotibial angle (FTA); lateral distal femoral angle 
(LDFA); medial proximal tibial angle (MPTA); lateral distal tibial angle 
(LDTA); joint line obliquity (JLO).
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can be achieved using the patellar orientation method 
described by Paley (22), with necessary adjustments 
for patients with patellar malalignment. Likewise, 
the appearance of the trochanter minor on the long-
leg standing radiograph provides information on hip 
rotation which is also susceptible to alter alignment.

Measurement methods for 
osteotomy planning

Effective angular correction starts with thorough 
preoperative surgical planning. The surgeons’ 
goal should be to restore proper alignment while 
simultaneously avoiding the development of new 
deformities, such as JLO, which can alter the patient’s 
constitutional phenotype. Various techniques have 
been presented in preoperative planning studies to 
ensure precise alignment in MOWPTO, among these, 
the Miniaci technique stands out as the most commonly 
used technique (23) (Fig. 2). Studies have demonstrated 
its effectiveness compared to others (24). However, 
uncertainties persist regarding potential measurement 
or correction errors that could lead to less-than-ideal 
outcomes.

To minimize these unexpected errors, it is mandatory 
to carefully consider all the factors that play a role in 
defining the extent of the deformity. Of these, the most 
relevant is the JLCA (reference value 0° ± 2°). Various 
equations have been proposed to balance its effect and 
avoid overcorrection (25, 26, 27). In our clinical practice, 
we commonly use the one proposed by Micicoi et  al. 
(28), an equation that is easy to read and apply: ( JLCA – 
2)/2. The obtained value represents the amount of intra-
articular deformity resulting in overcorrection, and by 
subtracting this value from the established correction 
angle, the desired result can be achieved. Recently, 
the validity of this method has been demonstrated; for 
JLCA values ≥4°, there is a significant reduction in MPTA 
compared to not using the correction equation (29).

Recently, the reverse Miniaci method for lateral closing 
wedge distal femoral osteotomy (LCWDFO) has been 
validated (30), and, similar to its tibial counterpart, it 
plans the correction of deformity on a single segment, 
in this case, the femur. When dealing with severe 
deformities or those with a mixed component (tibial, 
femoral, and intra-articular), and a single osteotomy 
cannot predict acceptable JLO values, the DLO 
becomes necessary. In this case, planning is exclusively 
carried out using advanced software through virtual 
segmentation, such as mediCAD (Hectec GmbH, 
Germany), PreOPlan (Siemens; Synthes, Solothurn, 
Switzerland), AutoCAD (Autodesk Inc., San Rafael, CA), 
and TraumaCad (Brainlab AG, Munich, Germany).

In these software applications, X-ray images can be 
uploaded, and the user subsequently marks a series of 
skeletal landmarks. The various geometric calculations 

Figure 2 

Planning OWPTO according to Miniaci’s technique using AP long-leg 
standing radiograph. The line 1 was drawn from the hip center through 
the pre-established correction point at the knee tibial plateau (this point 
can be positioned between 50% and 62.5% of the tibial plateau from the 
medial edge; the more lateral it is, the more overcorrection of the valgus 
axis is achieved). The hinge point H was identified, approximately 15–20 
mm from the joint line and 5–10 mm from the lateral cortex. Line 2 was 
drawn connecting point H with the center of the ankle A. Subsequently, a 
circular arc was drawn with the center at point H and a radius of HA from 
point A to the intersection with line 1, resulting in point A′. The angle α 
between lines HA and HA′ represents the correction angle. Finally, a 
predicted osteotomy line O was drawn from point H to the predicted 
medial osteotomy site, approximately 40 mm inferior to the medial tibial 
plateau. A predicted opening line O′ was drawn from line O at the 
determined correction angle, and the correction gap was measured.
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are preestablished but still depend on the positions 
of the landmarks. The software also has the ability to 
manipulate and rotate segments of the X-ray around 
hinge points, simulating osteotomy. This enables the 
extraction of correction angles and the thickness of the 
tibial and femoral wedges.

To our knowledge, a recently proposed manual method 
for DLO planning is the new Mikulicz-joint line (NM-
JL) stands out as the only tool available. This method 
uses a vertical line passing through the selected 
correction point on the tangent to the tibial plateau, 
creating the NM-JL angle medially. The latter can be 
adjusted according to the desired JLO. Finally, the tibial 
and femoral correction angles are calculated using 
the Miniaci method. The authors compared it with 
results obtained using software and found remarkable 
agreement (31). Further validation studies are needed, 
but it could be a useful tool, especially for those who do 
not have access to specific software.

Angles for joint line measurement: 
challenges and considerations

Various angles have been suggested in the literature for 
the measurement of joint line inclination in the coronal 
plane. They are of use both for preoperative planning 
and for postoperative assessment of the achieved 
correction and include the joint line orientation angle by 
the femoral condyles (JLOAF), the joint line orientation 
angle by the middle knee joint space (JLOAM), the joint 
line orientation angle by the tibial plateau (JLOAT), the 
MPTA, and the Mikulicz joint line angle (MJLA) (Table 1) 
(Fig. 3) (32).

Reference values for these measures have not 
undergone extensive study and validation. In some 
instances, certain authors have identified thresholds 
beyond which the JLO was considered excessively high, 
potentially compromising long-term clinical outcomes. 
However, a threshold from which a negative clinical 
impact can be expected after osteotomy has yet to be 
defined. Babis et  al. (12) proposed a JLOAT cutoff of 4°. 
Nakayama et al. (33) established a cutoff value of 95° for 
MPTA. Lobenhoffer et al. (35) characterized a pathological 

JLO as a MJLA ≥94° (Table 2). Between these angles the 
most used are JLOAT and JLOAM. They represent two 
very similar concepts. The first is based exclusively on 
the bony configuration of the tibia, thus representing 
a clear and easy to define reference point. The second 
method has a higher inter- and intra-observer variability 
in identifying the mid-point landmarks of the medial 
and lateral compartment (35). Both may show a slight 
difference in the measured value and it is currently 
unknown which is the most accurate.

Some authors prefer the use of the MJLA that does not 
depend on the floor as a reference point, eliminating 
the limitation associated with alterations in lower 
limb adduction/abduction positioning during long-leg 
radiographs (36). However, it utilizes the JLCA, which, 
conversely, may be influenced by potential intra-
articular changes, and by the impact of weight-bearing 
status on soft tissues. Furthermore, it turns out to be 
more complicated to perform and time-consuming. 
Also, MPTA has the advantage of not being influenced 
by the position of the lower limbs during the execution 
of the radiograph. This is because it depends solely on 
the geometry of the tibia, which remains unchanged in 
every situation (32). However, as previously stated, from 
our perspective, the joint line is not a simple geometric 
entity but rather dynamic. Its influence on knee 
kinematics is closely related to the position of the tibia 
relative to the ground, and in this regard, other factors 
come into play, such as the position of the hip and 
ankle. Studies of comparison and agreement between 
the various methods proposed are certainly necessary.

Kim et  al. (37) recently proposed a deep learning 
algorithm to measure various parameters related to 
knee alignment, including JLOAT, based on long-leg 
radiographs. They considered over 11 000 radiographs 
taken with different machines, and 19 landmarks along 
the entire lower limb were manually defined by two 
orthopedic surgeons. The measurements obtained 
showed excellent accuracy and reliability, comparable 
to those performed by orthopedic specialists, with 
significant time savings and the ability to measure 
large volumes. At present, this method still has some 
limitations, such as operator-dependent landmark 
identification and the inability to differentiate 
radiographs with rotational defects. However, with 

Table 1 Various angles described to measure joint line obliquity.

Reference Angle Definition

Oh et al. (61) JLOAT Angle between a line tangent to tibial plateau and the horizontal line
Lee et al. (74) JLOAM Angle between the middle knee joint space line and the horizontal line
Akamatsu et al. (71) JLOAF Angle between a line tangent to distal femoral condyles and the horizontal line
Rosso et al. (36) MPTA Angle between a line tangent to proximal tibia and tibial mechanical axis
Rosso et al. (36) MJLA Angle between the Mikulicz line (weight-bearing line) and the bisector of the 

joint line congruency angle

JLOAT, joint line orientation angle by the tibial plateau; JLOAM, joint line orientation angle by the middle knee joint space; JLOAF, joint line orientation angle 
by the femoral condyles; MPTA, medial proximal tibial angle; MJLA, Mikulicz joint line angle.
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careful development, it can prove to be a game 
changer in both clinical practice and research, providing 
extensive data for analysis.

Biomechanical implications of JLO

Osteotomies may lead to the development of secondary 
deformities, such as excessive JLO. In these cases, the 
knee can undergo degenerative changes. The risk is 
related to the amount of shear forces generated and 
compressive forces discharged in areas not able to 
absorb them.

In a knee with a normal joint line, the load distribution 
is determined by the adduction moment, which is the 
moment acting in the frontal plane during walking 
(38). Typically, it acts by medially rotating the tibia 
on the femur and shifting most of the load to the 
medial compartment, inducing opening of the lateral 
compartment (39). An increase in the adduction moment 
has been observed in patients with varus alignment 
and osteoarthritis, because of the increased flexion-
extension moment and muscular forces to compensate 
for malalignment (40). Furthermore, the generated 
forces are almost exclusively perpendicular to the joint 
line, allowing for better dissipation of these forces due 
to the so-called cushion principle. Excessively oblique 
joint line results in an increased adduction moment and 
increased shear forces. This leads to excessive stress 
on the cartilage and may induce the release of pro-
inflammatory cytokines and chondrocyte apoptosis (41). 
Studies on cadavers have demonstrated that an increase 
in the joint line causes the femur to slide along the 
tibial plateau with a mediolateral subluxation, resulting 
in a shift in areas of higher pressure but not an increase 
in peak pressures. Femoral translation is greater in the 
case of a medially tilted joint line. The areas where the 
load shifts include the intercondylar eminence and the 
menisci, which act as opposing structures against the 
sliding of the femoral condyle. The menisci resist a force 
pushing them out, generating significant stress at the 
roots and meniscofemoral ligaments. The shift of the 
load to areas and structures not suitable for absorbing 
it has been correlated with degenerative changes (11). 

Figure 3 

JLO measurement methods on AP long-leg 
standing radiograph. The description is provided 
in Table 2. (A) Joint line orientation angle by the 
tibial plateau (JLOAT). (B) Joint line orientation 
angle by the middle knee joint space (JLOAM). (C) 
Joint line orientation angle by the femoral 
condyles (JLOAF). (D) Medial proximal tibial angle 
(MPTA). (E) Mikulicz joint line angle (MJLA).

Table 2 Different JLO cutoff values proposed in the 
literature.

Reference Value

Babis et al. (77) JLOAT post-op ≥4°
Kim C W et al. (78) JLOAM post-op >5°
Akamatsu et al. (71),  
Kim et al. (79), Schuster et al. (73), 
Goshima et al. (9), Sohn et al. (59)

MPTA post-op >95°

Rosso et al. (36) MJLA post-op ≥94°
Song et al. (72) JLOAT post-op ≥4° 

(predictor inferior KSS)
JLOAT post-op ≥6° 
(predictor inferior KSS and 
joint space narrowing)

KSS, Knee Society score.
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In a 3D finite element analysis, Nakayama et  al. (33) 
illustrated that an increase in JLO exceeding 5 degrees 
could potentially result in harmful shear stresses on 
the articular cartilage, while axial stress does not show 
significant changes up to 7.5 degrees.

These biomechanical changes are significant, but it has 
not yet been definitively established how negatively 
they affect clinical and radiological outcomes.

Knee phenotypes

The understanding of the variability and distribution 
within the population of coronal alignment has made 
significant strides in recent years. Efforts have been 
made to define the constitutional alignment of the 
healthy population, examining how it differs from the 
osteoarthritic population, with the aim of customizing 
surgical treatment and improve clinical and radiological 
results.

From a population of young healthy individuals, 43 
different, clinically relevant, functional knee phenotypes 
have been described, resulting from the combination of 
various values of HKA, mLDFA, and mMTPA. The eight 
most common phenotypes represent two-thirds of the 
entire population. About half of it has 180 ± 3° HKA, 
90 ± 5° mLDFA, and 90 ± 5° mMPTA (42).

The Coronal Plane Alignment of the Knee (CPAK) 
classification system presents a groundbreaking insight 
to unveil the intricate relationship between alignment 
and joint line. To assess constitutional alignment, the 
system uses LDFA and MPTA measurements. HKA and 
JLO are determined by calculating their difference and 
summing values, resulting in nine phenotypes covering 
different HKA conditions and JLO orientations. The JLO 
direction is defined as apex distal, neutral, or proximal, 
representing a medially tilted, neutral, or laterally 
tilted joint line, respectively. Notably, the neutral value 
of JLO is fixed at 180° ± 3°, while HKA is fixed at 0° ± 2° 
(Fig. 4) (43).

Both in healthy individuals and those with arthritis, the 
most common phenotypes are CPAK type I and CPAK 
type II. The prevalence varies among different patient 
groups analyzed in various geographic areas, Indian and 
Japanese populations have shown a prevalence of CPAK 
type I above 50%, compared to Caucasian populations 
with values ranging from 20% to 30% (44). A significant 
finding is that individuals, both healthy and arthritic, 
across various populations, typically demonstrate 
approximately 40% constitutional varus, 40% neutral 
alignment, and the remaining portion exhibits valgus 
alignment. While at least two-thirds exhibit an apex 
distal JLO (43, 44). Varus alignment was more common 
in men, while neutral and valgus alignment was more 
common in women (45).

Constitutional varus (HKA <177°) results from increased 
medial compartment forces during walking or physical 

activity. This may be linked to delayed medial physis 
development during growth (15, 46, 47). These 
individuals show higher tibia vara (MPTA 83.3° ± 2.1°) 
and lower femoral valgus (LDFA 87.4° ± 1.9°) compared 
to neutral alignment (MPTA 85.8° ± 2.1° and LDFA 85.7° 
± 1.8°) (48). However, this does not equally affect the 
joint line inclination relative to the ground; the tibia 
is pushed laterally, maintaining JLO within neutral or 
slightly medial-tilted ranges (49, 50).

Frontal plane joint line values are impacted by the 
equation used for measurement. A modified version 
of the CPAK classification has proposed the use of 
the following equation: JLO = 90° – (LDFA + MPTA)/2 
and enlarged boundaries of HKA between 0° ± 3° for 
neutral alignment (Fig. 5). According to the authors, this 
approach takes better account of the deviation of the 
joint line from the ground. Using this equation, about 
30% of the study population shifts from an apex distal 
to a neutral joint line, with high clinical significance (51).

It should be emphasized that these results are from an 
Asian population, which might influence them.

The used radiological method does also influence the 
distribution of knee phenotypes; comparing LLR to a 
CT-based 3D model shows an increased prevalence of 
constitutional varus and apex distal JLO with the latter. 
This is because, on average, lower values are obtained 
for both MPTA and LDFA with 3D reconstruction, as it 
allows the identification of the correct points through 
which weight-bearing occurs, whereas in radiography, 
one usually relies on the anterior or posterior cortical 
bone (52). Despite the potential for this modality to 
correct positioning errors and analyze all planes, it 
is performed under non-weight-bearing conditions. 

Figure 4 

Coronal plane alignment of the knee classification (43). Nine different 
phenotypes of knee. HKA, hip–knee–ankle angle; JLO, joint line obliquity 
angle; LDFA, lateral distal femoral angle; MPTA, medial proximal tibial 
angle.
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Consequently, it may not be directly comparable to 
images obtained through LLR.

Analyzing knee phenotypes guides clinical efforts to 
restore constitutional alignment for optimal kinematics 
and soft tissue balance. Considering constitutional 
varus, which represents the most commonly managed 
patients, the challenge arises because changes in 
coronal plane alignment occur during osteoarthritis (53).

Determining the pre-arthritic knee phenotype is still 
a subject of debate. The use of the contralateral limb 
has been set aside because alignment correspondence 
between the right and left sides is not always present 
(54). Recently, an equation has been proposed that 
considers all factors influencing phenotype change: 
Kellgren–Lawrence grade, current CPAK phenotype, 
LDFA, MPTA, JLO, and JLCA. It has been validated for 
CPAK phenotypes I and II, which constitute most of the 

population (55). However, further large-scale studies are 
needed to validate it comprehensively.

Factors associated with 
postoperative JLO in medial open 
wedge proximal tibial osteotomy

The JLO is influenced by a combination of factors rather 
than a single factor. The correction angle targeted 
remains the only parameter under the surgeon's 
control, while the other parameters are predetermined 
before the surgery.

Preoperative MPTA, LDFA, JLCA, and JLO are all 
factors associated with an undesirable increase in 
postoperative JLO. Specifically, JLCA (0° ± 2°) plays a 
significant role; it represents the angle formed by the 
tangent to the femoral condyles and the tibial plateau. 
JLCA progressively increases with the development of 
unicompartmental osteoarthritis. Therefore, it reflects 
the wear of the articular surfaces and quantifies the 
level of deformity resulting from it. It can be used 
as a classification parameter for the progression of 
osteoarthritis, like the Ahlbäck and Kellgren–Lawrence 
classification systems (56). Additionally, JLCA reflects the 
laxity of surrounding soft tissues, both on the medial 
and lateral sides (26, 57). Neglecting this parameter 
causes the degrees of intra-articular deformity which 
are wrongly attributed to the extra-articular bony 
component. Therefore, if an overestimated extra-
articular deformity is obtained during planning, it will 
result in a high postoperative MPTA and JLO.

In a multiple logistic regression analysis, it has been 
demonstrated that an increase in JLCA associated with 
elevated values of LDFA poses a higher risk of having 
JLO ≥5°. Specifically, if LDFA ≤87°, JLO remains in normal 
values for any associated JLCA value. As the LDFA 
increases, JLO values exceed the threshold at lower 
JLCA values (58). In another study, it was found that the 
combination of JLCA ≥5° associated with a preoperative 
JLO ≥3° results in an almost 80% incidence of having a 
postoperative MPTA ≥95° (59).

On the other hand, the factors that may influence JLO 
after MOWPTO are MPTA and changes in hip abduction/
adduction and ankle JLO. JLO changes are usually 
smaller compared to those of MPTA. This is mainly 
due to a compensatory effect provided by the change 
in orientation in the ankle joint relative to the ground, 
facilitated by subtalar joint mobility (60, 61). Following 
the valgus osteotomy of the proximal tibia, the ankle JLO 
also transitions from varus to a neutral alignment (62).

Tseng et al. (63) demonstrated through a multiple linear 
regression analysis that the angle between the tangent 
to the tibial plateau and the articular surface of the 
distal tibia (knee ankle joint line angle) is a significant 
risk factor for elevated JLO. They also established 

Figure 5 

The calculation of the joint line obliquity (JLO) according to Hsu et al. (51). 
For a neutral knee with an apex distal JLO, having its mechanical axis 
(MA) vertical to the ground, involves two angles. The α angle is 
determined as 90° − lateral distal femoral angle (LDFA), and the β angle is 
calculated as 90° − medial proximal tibial angle (MPTA). Both α and β 
angles contribute equally to half of the apex distal JLO. Therefore, the JLO 
to the ground is calculated as JLO = (α + β)/2, which is equivalent to 90° 
− (LDFA + MPTA)/2.
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a reference threshold of 9.6°, beyond which the 
ankle's compensatory ability is nullified, consequently 
increasing JLO.

After MOWPTO, there is an increase in femoral 
adduction to ensure proper contact of the foot with the 
ground. An increase in femoral adduction is positively 
correlated with changes in JLO. However, it has a less 
strong effect compared to changes in ankle loading. 
This is likely due to the distance from the knee and  
the correction of JLCA, which mitigates femoral 
adduction (62).

Factors associated with 
postoperative JLO in DFO

Recently, the lateral closing wedge DFO (LCWDFO) 
has been proposed for patients with isolated varus 
deformity (LDFA >90°) to preserve the JLO. In 
patients primarily affected by femoral deformity, the 
preoperative JLO is already laterally tilted by about 
2° (64); this is a contraindication for performing a 
MOWPTO. In the literature, there are no defined 
thresholds for the various radiological parameters 
analyzed so far. However, Ollivier et  al. (65), in a case 
series of 75 LCWDFO, achieved excellent clinical 
results without a change in JLO for postoperative LDFA  
values >85°.

More commonly, DFO is used for valgus malalignment. 
Medial closing wedge (MCWDFO) and lateral open 
wedge (LOWDFO) are described, with no evidence of 
the superiority of either (66). It is important to know 
that only 24% of valgus deformities are femur-based 
(67), this increases the risk of obtaining a high JLO if 
the deformity involves the tibia or is mixed. Wu et  al. 
(68), in a finite element analysis, found that the ideal 
correction angle for valgus knees is neutral or slightly 
varus (0° ± 2°). Overcorrection is discouraged as it could 
lead to increased stress on the medial compartment 
and accelerate the osteoarthritis process. Schröter et al. 
(69) have proposed an LDFA threshold between 85° and 
90° as a reference, which allows for excellent clinical 
outcomes compared to LDFA >90°. If it is not feasible 
to keep LDFA below this threshold in preoperative 
planning, DLO should be considered.

Role of double-level osteotomy

The goal of implementing a double-level osteotomy for 
varus and valgus deformity around the knee is to either 
restore normal anatomy or relieve stress on an affected 
joint compartment. Simultaneously, the objective is 
to normalize knee joint angles and orientation. DLO 
addressing malalignment in both the femur and the 
tibia is recommended when deformity analysis reveals a 
substantial misalignment in both bones (Fig. 6).

In recent years, it has become popular, especially as an 
alternative to MOWPTO. The guidelines in use state that 
DLO should be contemplated when, during the planning 
of a single-level correction, the resulting JLO >5˚ or 
the MPTA >95°, and/or predicted wedge size >15 mm  
(Table 2) (70).

However, these thresholds have been mainly defined 
based on the worst clinical outcomes observed in some 
patient cohorts after MOWPTO, without using logistic 
regression and without excluding potential confounding 
factors (71, 72, 73). The clinical outcome after osteotomy 
is multifactorial, influenced by covariates such as age, 
gender, preoperative knee arthritis, body mass index, 
preoperative patient-reported outcome, overcorrection 
of valgus alignment, and JLCA. Additionally, other 
study groups have not found an association between 
these thresholds and worse clinical outcomes (9, 
74). Biomechanical studies on cadavers, which have 
contributed to establishing these thresholds, are also 
subject to criticism (11, 33, 75). In vivo, we do not 
know the changes that occur and the impact on the 
degeneration of joint structures. All studies have been 
conducted in a static environment, while the role of the 
joint line manifests in vivo during walking.

Figure 6 

Example of double level osteotomy for left varus knee. Lateral closing 
wedge distal femur osteotomy and medial open wedge proximal tibia 
osteotomy.
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Analyzing the distribution of JLO values within the 
healthy population, it is observed to roughly follow 
the shape of a Gaussian curve centered around JLO 
values just above zero, with a range approximately 
from −6° to 6° (50). This can provide information about 
our target since most individuals have neutral JLO 
values. Therefore, using these cutoffs can be helpful in 
restoring alignment as anatomically as possible.

These values individually cannot be considered as 
an indication for DLO but rather can be regarded as 
warning signs to thoroughly analyze the complex 
interplay of all the different parameters. For example, 
Sohn et  al. (59) proposed a treatment algorithm in 
which he defines DLO as mandatory for preoperative 
JLO values ≥3° associated with JLCA ≥ 5°. Recently, DLO 
has been proposed for bifocal valgus knees (MPTA 
>90° and LDFA <84°). The surgical technique involved 
patient-specific cutting guide and medial closing 
wedge osteotomy on both the femur and the tibia. It 
has proven to be effective and safe without affecting 
lower limb length or compromising JLO (14). Taylor and 
Getgood (76) recommended a DLO for knee with valgus 
over 10° or when the deformity at both distal femur 
and proximal tibia are present.

Further studies are needed to delve into this topic and 
potentially develop treatment algorithms which may 
be stratified based on the specific patient phenotype. 
Despite these limitations, DLO maintains a leading role 
in knee realignment procedures and has demonstrated 
excellent outcomes with a relatively low rate of 
complications. It has the advantage of easily preserving 
proper JLO, avoiding extensive corrections on a single 
bone segment, and facilitating a potential conversion 
to total knee arthroplasty. The downside includes 
increased invasiveness, costs, and surgery duration.

Conclusion

The joint line, traditionally viewed as a static geometric 
measure, is recognized in this review as a dynamic 
entity influencing knee forces and kinematics. 
Incorporating modern classification systems for 
phenotyping coronal alignments in candidates for 
osteotomies is a progressive step. This allows for a more 
precise definition of our patients, aids in specifying 
the intended correction strategy, and enhances the 
ability to accurately compare results. The challenges 
in measuring joint line inclination and the associated 
angles necessitate a comprehensive understanding 
of the factors influencing these measurements. MPTA, 
LDFA, JLCA, and hip and ankle joints significantly 
influence postoperative JLO values.

The DLO emerges as a valuable option, particularly in 
cases of substantial deformities. However, it should not 
be based solely on the thresholds established so far for 
JLO and MPTA.
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