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Abstract: In the last 10 years many studies have questioned if the strive to mechanical align any knee may pose 

some problems related to ligament misbalancing that could explain the high rate of disappointed patients, almost 

20% in some reports. Proper indication and difference between patient’s and surgeon’s expectations are among 

the most important one’s but it must be underlined that, there is indeed a sharp difference between normal knee 

kinematics, prosthetic knee kinematics and arthritic knee kinematics being the last one extremely variable. A so 

called kinematic alignment has recently been developed in order to improve patient’s knee function and pain control 

minimizing any surgical gesture focused on ligaments balance. The amount of bone resections may not affect limb 

alignment but has an important consequence in ligament tension and balance, clinical result and function therefore 

a measured bone resection technique is essential in order to perform a proper kinematic alignment. Purpose of this 

paper is to briefly review the different alignment procedures used for TKA and to discuss their definitions, concepts 

and evidence on outcome.
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Introduction

Restoration of knee alignment is considered one of the 
mainstays of a successful total knee arthroplasty (TKA) in 
order to achieve a neutral mechanical axis passing from the 
center of femoral head thorough the center of the knee joint 
line to the center of the ankle.

In the last 10 years many studies have questioned if 
the strive to mechanical align any knee may pose some 
problems related to ligament misbalancing that could 
explain the high rate of disappointed patients, almost 20% 
in some reports (1,2).

According our opinion unsatisfactory results are related 
to multifactorial causes. 

Proper indication and difference between patient’s and 
surgeon’s expectations are among the most important 
one’s but it must be underlined that there is indeed a sharp 
difference between normal knee kinematics, prosthetic knee 

kinematics and arthritic knee kinematics being the last one 
extremely variable.

Paradoxically, an operation performed on an extremely 
painful patient affected by a severe knee arthritis can be less 
problematic because that given knee kinematics is already 
totally gone and that knee will benefit from anything else 
that will restore sufficient function and motion.

On the contrary, a different surgical behavior and 
approach must be considered when dealing with the 
majority of knee arthritis where ligaments imbalance and 
bone deformity don’t affect knee kinematics so deeply.

These patients may be more challenging for the 
inexperienced surgeon, they only have indeed a very modest 
alteration of knee kinematics and the consequences of a TKA 
operation (ligament release, cruciate ligament sacrifice, new 
alignment) coupled with the new prosthetic kinematic may 
explain a significant part of unsatisfactory results.

Aiming to mechanical alignment only, may arise 
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undesirable kinematic consequences if femoral and tibial 
components are positioned in such a way that the new 
joint line is raised and not parallel or perpendicular to the 
three axes that describe tibiofemoral and patella femoral 
kinematics.

TKA alignment is a relative concept; indeed there are 
two separate ideas of alignment: component alignment and 
limb alignment as a whole and both may strictly interact 
with each other and may result in the same limb alignment 
but with a very different knee kinematics, motion and 
clinical results (3).

A so called kinematic alignment has recently been 
developed in order to improve patient’s knee function and 
pain control minimizing any surgical gesture focused on 
ligaments balance (4-6).

The amount of bone resections may not affect limb 
alignment but has an important consequence in ligament 
tension and balance, clinical result and function therefore a 
measured bone resection technique is essential in order to 
perform a proper kinematic alignment. 

The idea of kinematic alignment is not totally new: it is 
inspired indeed from the concept of anatomical alignment 
of Hungerford and Krackow (7). 

Purpose of this paper is to briefly review the different 
alignment procedures used for TKA and to discuss their 
definitions, concepts and evidence on outcome.

Alignment axes

The vertical axes is a vertical line that in normal AP RX  
weight bearing goes from the center of the pubic symphysis 
to the ground (8).

The mechanical axis of the lower limb is a line extended 
from the center of the femoral head to the center of the 
ankle and in normal condition it crosses the center of the 
knee joint (9).

The femoral part of this line that goes from the 
center of the femoral head to the center of the knee (the 
intercondylar notch of the distal femur) is called femoral 
mechanical axis while the distal or tibial part that goes from 
the center of the tibial proximal epiphysis to the center of 
the ankle joint is called tibial mechanical axis.

In normal condition the two axes, femoral and tibial one 
describe a straight angle or more precisely a medial angle 
slightly less than 180° (10,11).

The femoral and tibial anatomical axes are identified 
within the intramedullary bone canal and may be drawn 
with a line bisecting both the femur and tibia in an one half 

or, less precisely, drawing a line connecting the center of the 
femoral or tibial shaft to point 10 cm above or below the 
knee joint respectively.

On anteroposterior evaluation the femoral anatomical 
axis has a 5–7 degree of inclination difference than 
his mechanic axis while in normal condition the tibial 
anatomical axis coincides with the mechanical one and as 
consequence these 2 anatomical axis of femur and tibia 
describe a lateral angle called femorotibial angle (FTA) 
whose range depends on sex, height, femoral hip offset, 
rotation and physical anthropology.

The FTA is approximately 178° and 175°–176° in 
Caucasian men and women respectively while slightly less in 
Asian people but may markedly deviate in case of associate 
torsional or flexion deformity (12).

Kinematic axis

Mechanical and anatomical axes are well described on a 
plain long standing X-ray. The kinematic axes are the 3 axes 
that describe knee motion (13). ‘Kinein’ in old Greek means 
to move and the word kinematics is the part of classical 
mechanics that describe the motion of points, bodies and 
system of bodies without consideration of the masses of 
those objects nor the forces that may have caused the 
motion.

The three kinematic axes are functional axes of movement 
about which the knee flexes and rotates. Kinematic alignment 
is therefore a dynamic and 3D alignment and cannot be 
represented but only partially at plain X-ray.

As stated before we have 3 kinematic axes: (I) the 
transverse axis in the femur about which the tibia flexes 
and extends located in the center of a circle inscribed in the 
femoral condyles (13); (II) the transverse axis in the femur 
about which the patella flexes and extends, parallel to the 
patellar axis and parallel to the first transverse femoral axis 
(5,6); and (III) the longitudinal axis in the tibia about which 
the tibia internally and externally rotates on the femur. The 
longitudinal axis in the tibia is then perpendicular to the 
previous 2 axes (8).

Normal knee alignment

Normal FTA is slightly more valgus in women than men. 
In general the normal knee joint alignment is 2°–3° of varus 
compared with the mechanical axis although healthy non-
arthritic patients may have different values. In fact obesity, 
activity and muscle strength, all play a crucial role in the 
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development of arthritis also with a perfect aligned knee. 
Several studies have shown the prevalence of a constitutional 
varus knee with a significant percentage of valgus 
morphology moreover even individuals characterized with 
different alignment between left and right knee (3,14,15).

Total knee arthroplasty (TKA) alignment

Anatomic alignment

Purpose of this technique originally described by 
Hungeford and Krackow (7) is to position the femoral and 
tibial component in order to anatomically recreate the joint 
line with the overall component alignment at 2°–3° of varus 
in relation to the mechanical axis of the lower limb (7).

According this technique it is postulated a normal 6 
degrees FTA therefore this angle may be reached with a 
femoral cut made at approximately 8-9° of valgus combined 
with the 2°–3° of varus angulation of the tibial cut. 
Additionally purpose of this alignment is to provide for a 
joint line that is parallel to the ground during normal gait (7).

Mechanical alignment

Described by Insall et al., the mechanical alignment is 
the widest method used in TKA probably for the high 
reproducibility and easiness (16). It requires an initial 
femoral cut that must be perpendicular to the mechanical 
axis of the femur; the tibial resection must be performed 
perpendicular to the mechanical axis of the tibia. The 
result is a knee that is aligned at 4°–5° valgus in general 
but may be changed according to patient’s height and limb 
morphology. Purpose of this alignment is to create and even 
load distribution on the new joint line; According to Insall, 
the knee joint aligned thorough the anatomical alignment 
may be loaded more medially with a medial tibial plateau 
fixation failure. He also promoted the femoral component 
positioning at 3° of external rotation in order to balance 
flexion and extension gaps.

As stated before most surgeries and clinical studies are 
based on mechanical alignment that for this reason must 
still be considered the so called ‘gold standard’. One of the 
most important studies was conducted by Fang et al. (17): 
their retrospective study was based on 6,070 TKA looking 
for survivorship in well aligned knee compared with that 
of their outliers (more than 3 degrees valgus or varus). 
They found 51 failures: 21 in the neutral cohort (0.5%), 
18 in the varus (1.8%) and 12 (1.5%) in the valgus group. 

They concluded that the goal of TKA should be to restore 
alignment within 2.4°–7.2° of valgus. Jeffery et al. (18) 
reported on a much smaller cohort (115 knees). They 
recorded a 3% rate loosening when the mechanical axis 
crossed the middle one third of the prosthesis (2 out of 
78 TKA) while the loosening rate (24%) was significantly 
increased when the mechanical axis was shifted either 
medially or laterally (9 out of 37 TKA). Ritter reviewed 
6,070 knees in 3,992 patients with a minimum of 2 years 
of follow-up (19). Each knee was classified on the basis of 
postoperative alignment (overall tibiofemoral alignment 
and alignment of the tibial and the femoral component in 
the coronal plane). Failure was most likely to occur if the 
orientation of the tibial component was <90° relative to the 
tibial axis and the orientation of the femoral component 
was ≥8° of valgus (failure rate, 8.7%; P<0.0001). In contrast, 
failure was least likely to occur if both the tibial and the 
femoral component were in a neutral orientation (≥90° 
and <8° of valgus, respectively) [failure rate, 0.2% (9 of 
4,633); P<0.0001]. Vanlommel et al. (20) studied a cohort of  
132 consecutive patients (143 knees) with pre-operative 
varus alignment that was evaluated with a mean follow-
up period of 7.2 years. Based upon the post-operative 
alignment, patients were stratified into three groups: 
neutral, mild varus, and severe varus. All patients had post-
operative improvements in Knee Society Score (KSS). 
Knees that were left in mild varus scored significantly 
better for the KSS and the Western Ontario and McMaster 
Universities Arthritis Index, compared with knees that 
were corrected to neutral and knees that were left in severe 
varus exceeding 6°. No revisions occurred in any of the 
groups at midterm follow-up. Parratte et al. (21) reviewed 
retrospectively the clinical and radiographic data following 
398 primary total knee arthroplasties performed with 
cement in 280 patients from 1985 to 1990 to determine 
the 15-year Kaplan-Meier survival rate. At the time of the 
latest follow-up, 45 (15.4%) of the 292 implants in the 
mechanically aligned group (knees with a mechanical axis of 
0°±3°) had been revised for any reason, compared with 14 
(13%) of the 106 implants in the outlier group (knees with 
a mechanical axis of beyond 0°±3°). They concluded that a 
postoperative mechanical axis of 0°±3° did not improve the 
15-year implant survival rate following these 398 modern 
total knee arthroplasties and that describing alignment as a 
dichotomous variable (aligned vs. malaligned) on the basis 
of a mechanical axis goal of 0°±3° is of little practical value 
for predicting the durability of modern TKA implants. 
Recently, two systematic literature reviews were conducted 
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to investigate the association between malalignment 
following primary TKR and revision rates: Hadi et al. (22)  
concluded that their meta-analysis on the effect of 
malalignment on revision rates is likely to be modest and 
interestingly, studies that used mechanical alignment in the 
coronal plane demonstrated no association with revision 
rates. Abdel et al. (23) pointed to review the anatomic 
alignment of the knee, the historical and contemporary data 
on a neutral mechanical axis in TKR, and the feasibility 
of kinematically-aligned TKRs. According their literature 
review, a neutral mechanical axis remains the optimal guide 
to alignment.

Kinematic alignment

Despite good alignment a significant part of the patients 
(15–20%) (1,2) are still disappointed with their artificial 
knee. For this reason several studies have questioned if the 
classical or mechanical alignment may actually be the right 
technique in order to create a well-balanced and functioning 
knee. The development of a kinematic alignment aims to 
realize a well-balanced artificial joint during the whole arc 
of motion. The concept of kinematic alignment has gained 
interest since the description of the different transverse axis 
of the femur and of the cylindrical shape of the posterior 
part of the knee condyles: some authors have questioned 
if the strive to mechanically align the knee may have 
undesirable kinematic consequences because positioning 
of the components may change ligaments tension and arise 
stress on an altered joint line and thus being a source of pain 
during knee motion and function. The concept of kinematic 
alignment is to restore normal knee function by aligning 
the distal and posterior femoral joint line of the femoral 
component according the functional femoral transverse 
axes and joint line of the tibial component to those of the 
normal or pre arthritic status. Alignment of the femoral 
component with the normal joint line may be reached when 
the calipered thickness of the distal and posterior femoral 
resection after correcting for cartilage and bone wear equal 
the thickness of the distal and posterior femoral component. 
Such alignment may, in some cases, align the knee in the 
outlier categories in a way that it might compromise correct 
load on the prosthesis posing a higher risk of failure. In 
2012, Dossett et al. (6) reported the short-term radiological 
results of a randomized controlled trial comparing 
kinematically aligned total knee replacement (all performed 
using patience specific femoral and tibial cutting guide, 
OTISMED) and mechanically aligned TKR and in 2014 the 

same group of authors reported on the 2-year clinical results 
from this trial (24). A total of 88 patients (88 knees) were 
randomly allocated to undergo either kinematically aligned 
TKR using patient-specific guides, or mechanically aligned 
TKR using conventional instruments. In the last clinical 
review the authors concluded that the use of a kinematic 
alignment technique performed with patient-specific guides 
provided better pain relief and restored better function and 
range of movement than the mechanical alignment technique 
performed with conventional instruments. Another study has 
been published by Howell et al. (5) on functional outcomes 
of 214 manually kinematically aligned TKA for 3 alignment 
groups differentiated by alignment as in range (−2.5° and 
7.4° valgus), varus (more than −2.5°) and valgus (more than 
7.4°). They found no significant difference according the 
Oxford Knee Score and Womac score.

Discussion and conclusions

Although neutral alignment is still considered the gold 
standard to obtain a long implant survivorship it is not 
sufficient so far to achieve a global pain free TKA during 
the whole arc of motion in a significant percentage of cases. 
Good clinical results depends on sound surgical technique 
and patient selection but it seems hard to believe that 
an alignment difference within 2°–3° between different 
alignment might explain poor patient outcome, increased 
implant stress and decreased survivorship. Encouraging 
results obtained with few reports about kinematically 
aligned TKA must be explained from a tridimensional point 
of view rather than bi-dimensional X-ray; a randomized trial 
showed that kinematically and mechanically aligned TKAs 
had similar limb and knee alignment but the tibial joint line 
was in more varus in the first group which is consistent with 
average 3° varus tibial joint line of the general population. 
Such a kinematic approach is still under evaluation and 
larger studies are needed to establish which alignment 
method will promote the best clinical outcome after TKA. 
The concept of restoring the normal or prearthritic status 
when performing a TKA may be valid for a large number of 
patients but not all. Severe disease and severe preoperative 
metaphyseal malalignment makes difficult to apply a 
kinematic alignment without any risk to fall in the extreme 
outliers then increasing the risk of catastrophic failure. 
Concepts like ligament balancing and measured resection must 
always belong to the orthopaedic surgeon armamentarium in 
order to help him in the quest of the best possible result rather 
than blindly trusting one single method of alignment. 
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