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Background: Total knee arthroplasty (TKA) aims for optimal patient satisfaction, yet outcomes remain
inconsistent despite advancements in implant design. Traditional mechanical and anatomical alignment
strategies have dominated clinical practice for decades but may not account for individual morphological

variations.

Objective: This article reviews contemporary alignment philosophies in TKA, with a specific focus on the

methodology, surgical principles, and clinical outcomes associated with inverse kinematic alignment (iKA).

Key Points: Mechanical alignment (MA) utilizes perpendicular resections to the mechanical axes to achieve
a neutral hip-knee-ankle (HKA) angle, often necessitating soft tissue releases. Kinematic alignment (KA)
seeks to restore native anatomy through bone resurfacing, though restricted KA (rKA) is often employed to
avoid extreme component orientations. Inverse kinematic alignment (iKA) prioritizes the restoration of
native tibial joint line obliquity, targeting a medial proximal tibia angle (MPTA) between 84° and 92°.
Subsequent femoral resections are performed using gap-balancing techniques to achieve ligamentous
stability without soft tissue release. Postoperative HKA is maintained within 6° varus and 3° valgus. Clinical
evidence indicates that iKA achieves higher patient satisfaction and superior Oxford Knee Score (OKS)
thresholds compared to MA at 12-month follow-up. Successful implementation requires a far-medial

subvastus approach to preserve the soft tissue envelope and an accurate assessment of rotatory stability.

Conclusion: Transitioning from systematic to patient-specific alignment strategies like iKA allows for the
preservation of native joint kinematics and soft tissue integrity. Precise execution of these techniques,
supported by a thorough understanding of knee anatomy, may enhance functional outcomes and patient-

reported success in TKA.
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Achieving optimal patient satisfaction with total knee arthroplasty (TKA) is the goal for knee replacement
surgeons. Over the past four decades, better implant designs, enhanced surgical techniques, and optimized
perioperative patient management were installed. However, patient satisfaction after TKA is still in need for
improvement. In this perspective, the positioning or alignment of the implant components could further enhance
functional outcomes. The two classical concepts of mechanical and anatomical alignment have been used for the
last 40 years with no changes. To further improve patient’s outcome several new alignment philosophies had been

proposed during the last decade.

1. Mechanical alignment (MA)

Described by Insall et al [20] (Figure 1) has the advantage of simplicity. In the coronal plane, perpendicular cuts
are made to the tibial and femoral mechanical axes. The aim postoperatively is a straight leg (HKA 180°). Yet, MA
does not consider the variability of existing morphotypes and requires soft tissue release to balance the ligament
balance. It does not restore the natural varus joint line obliquity. These elements possibly contribute to the

imperfect functional results [21],[36].

MECHANICAL INVERSE KINEMATIC
ALIGNMENT ALIGNMENT
FEMUR FEMUR
TIBIA TIBIA

Figure 1: Alignment concepts Left: mechanical alignment (MA). Right inverse kinematic alignment (iKA).

2. Anatomical Alignment (AA)

has been proposed by Hungerford and Krackow in the late 8o’ies. With AA, a systematic 3° varus joint line
obliquity is created in every knee while targeting the postoperative HKA still at 180° [19]. Inconsistent functional,
mainly due to the type of implant, and the lack of precision in the surgical technique have undermined this

concept. They can however be considered as the precursors of kinematic alignment [21].

3. Kinematic Alignment (KA)

The individualization of the alignment and the desire to restore each patient’s native anatomy is embodied in the

philosophy of kinematic alignment (KA) by Howell in 2008. Bone resection, femoral and tibial, corresponds to the
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metal thickness of the prosthesis. The femoral anatomy is reconstructed by pure resurfacing (cartilage and bony
defects) and the balancing of the knee is achieved by adjusting the tibial resection to the soft tissue frame. The goal
is to restore the native joint laxity without performing any soft tissue releases. [36]KA results sometimes in quite
extreme implant orientations, therefore a restricted KA protocol had been proposed by Venditolli. This restricted
kinematic alignment (rKA) philosophy [35]reduces extreme morphotypes, limb alignments and joint line
obliquities by using strict boundaries for the overall alignment, lateral distal femur angle (LDFA) and medial

proximal tibia angle (MPTA). The thresholds for these boundaries remain still controversial.

4. Inverse Kinematic Alignment (iKA)

More recently, Winnock de Grave introduced the inverse kinematic alignment (iKA) as new patient specific
alignment concept [39]. iKA favors the restoration of tibial joint line obliquity as first step (Figure 1). This is
followed by resection of the posterior and distal femur bone by using the gap balancing technique to achieve
ligament balance without releasing soft tissues. By resecting equal amounts of bone on the medial and lateral
tibial condyle the native tibial joint line obliquity is restored (Figures 2, 3, 4). In iKA also boundaries are set to
attenuate extreme morphotypes. When the target zones of iKA, rKA and MA are compared, the iKA target zones
matches a higher proportion of native knee alignment, followed by rKA and MA [40]. Analysis of the tibial position
in iKA in the coronal plane shows a mean postoperative MPTA of 86,5°, corresponding to the native joint line
obliquity [40]. The femoral position with the iKA shows a mean external rotation of 2° relative to the posterior
condylar axis (PCA) and 2° varus position according to the native LDFA of 86° [8],[29],[39]. Whereby, when using
off the shelf implants, this varus orientation of the trochlear groove leads to an optimal patellofemoral tracking
[36]. A clinical study comparing iKA with MA at 12 months follow up shows that higher proportions of iKA knees
are satisfied and higher proportion of iKA knees that reach the patient accepted symptom state (PASS) thresholds
for the Oxford Knee Score (OKS) [39].

RIGHT LEFT

{]

Mechanical inverse Kinematic

Figure 2: Bilateral TKA. Right knee: Mechanical Alignment (MA). Left knee: inverse Kinematic Alignment
(iKA)
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Figure 3: Bilateral TKA with iKA Restoring joint line obliquity with iKA by performing a native tibial resection
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Figure 4: Typical iKA case with robotic system

1. In the coronal plane

With iKA, the aim is to restore the native joint line obliquity (JLO), by restoring the individual MPTA and to
restore the native limb alignment (HKA axis). The native MPTA is restored by performing equal bony resections
medial and lateral on the tibial plateau. The MPTA is restored within the boundaries of 84° (varus) and 92° (valgus)
preventing extreme implant positions. These boundaries represent native tibial alignment in 93% of Caucasian
knees. [40] The postoperative coronal limb alignment (HKA) is restored within the boundaries of 6° varus and 3°
valgus. Postoperative limb alignment up to 6° varus have shown no deleterious effect on implant survival in long

term survival studies. [1],[19],[35] On the femoral side, the femoral component is positioned using the gap
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balancing technique to gain a symmetric extension gap. Furthermore the femoral implant restores the native
medial joint line height as good as possible which will result in MCL isometry and prevent mid-flexion instability

[24].

2. In the sagittal plane

The slope of the tibial resection is performed parallel to the native medial tibial slope, with a maximum of 8°
posterior slope [11]. The femoral flexion is set to match the native anatomy, yet it is a compromise between
femoral posterior offset, respecting the posterior condyle and avoiding notching the anterior cortex. The
adjustment of the femur component size and flexion between o and 8° enable us to optimize this positioning in

the sagittal plane [42].

3. In the axial plane

The rotation of the femoral component determines the balancing of the flexion gap by using the balanced gap
technique. Concerning the medial compartment in flexion, the target is to restore the native joint line level. When
the PCL is retained, a slight over resection of the posterior condyles is sometimes necessary to open up the flexion
gap and enable the entrance of the minimal insert thickness. This is allowed in iKA, but not in KA. The medial
compartment in flexion must be balanced, with a remaining laxity of 1 or 2mm. On the lateral side however, the
native laxity is reproduced with a joint opening up to 4 mm according to the native patient’s laxity. Rotation of the

tibial component is set to Akagi’s line [2].

When performing iKA or any kind of patient specific alignment, it is key to maintain and respect the patient’s
unique soft tissue envelope and ligaments. On the contrary, an adequate exposure and access to all corners of the

knee is mandatory to properly implant the components.

Generally, during a classic anteromedial approach to the knee (parapatellar, midvastus, subvastus) a quite
important medial release is already performed during the approach by releasing the fibers of the deep MCL
(meniscotibial band) and peeling off the soft tissues attached to the anteromedial tibia. In our opinion, the best
approach to get an adequate access to the joint, without the need of a medial soft tissue release, is the far medial
subvastus approach. Exposure is made by a subvastus approach and the medial joint capsule is incised in 2
distinct layers. (Fig 5) The eventual arthrotomy is performed far-medial, just in front of the medial collateral
ligament (MCL). When reaching the medial tibia with this vertical arthrotomy (from proximal to distal), the
longitudinal capsular incision (vertical) is redirected 9o degrees (horizontal) parallel to the tibial plateau in the

anterolateral direction. No soft-tissues are peeled off from the anteromedial tibia [13]
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TIGHT IN EXTENSION AND
FLEXION

Recut tibia

TIGHT IN EXTENSION

Recut distal femur
or recut tibia and posteriorize femroal
component

antriorize femroal component

(tight medial - tight lateral)

(25 TIGEHT IN FLEAION or recut tibia and distalize femur
- LOOSE IN EXTENSION AND : :
Q FLEXION use thicker insert
g LOOSE IN EXTENSION distalize femoral component
postriorize femoral component

< LOOSE IN FLEXION or proximalize tibia (or use thicker insert ) +
[0 recut distal femur

EXTENSION "

(tight medial - loose lateral) add varus to distal femur

EXTENSION

add valgus to distal femur

FLEXION IMBALANCE

adjust femoral rotation

SOFT TISSUE RELEASE (<5%)

if HKA>6° varus: medial release
if HKA>3° valgus: lateral release

Table 1: Guidelines for preoperative positioning of implants according iKA principles

CORONAL varus/valgus

« parallel to the native joint line
« equal bone resections, taking into
account bony wear when present

ALIGNEMENT

AXIAL rotation (flexion
gap)

TIBIA o parapllel to native slope of medial
tibial plateau in cruciate retaining
SAGITAL Slope design
« reduced slope in cruciate sacrficing
designs
« parallel to tibial resection with soft
tissue envelope tensioned in extension
CORONAL varus/valgus [« equel gaps medial and lateral in
(extension gap) extension
« medial distal resection according to
implant thickness
FEMUR

o parallel to tibai resection with soft
tissue envelope tensioned in flexion
(90%)

« equal gaps medial and lateral in flexion
or slighty more loose lateral gap

« medial posterior resection according
implant thickness

Table 2: Guidelines for balancing durin
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Rotatory instabilities are more difficult to assess and interpret. Their diagnosis requires an examiner to be skilled,
systematic and detailed in his physical examination. Accurate diagnosis is the stepping stone on which pillars of
successful treatment are built. It is of outmost importance to understand the contribution of anatomic structures
to the stability of the knee. By being thorough in the anatomy of the knee esp the posteromedial and the
posterolateral corner of the knee and taking into consideration the function of these structures an orthopedic
surgeons ability to clinically diagnose patterns of knee injuries and various types of knee instabilities can be

greatly enhanced.
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