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Current concepts for aligning knee implants:
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B Mechanical or anatomical alignment techniques create a
supposedly ‘biomechanically friendly” but often function-
ally limited prosthetic knee.

B Alternative techniques for alignment in total knee arthro-
plasty (TKA) aim at being more anatomical and patient-
specific, aiming to improve functional outcomes after TKA.

B The kinematic alignment (KA) technique for TKA has
shown good early clinical outcomes. Its role in extreme
anatomical variation remains to be defined.

B The restricted KA technique for TKA might be a reasonable
option for patients with extreme anatomical variation.

B While unicompartmental knee arthroplasty (UKA) has
many advantages over TKA, the revision rate remains
higher compared with TKA. One major explanation is the
relative ease with which a UKA can be converted to a TKA,
compared with revising a TKA. This can be considered as
an additional advantage of UKA. Another reason is that
surgeons favour revising a UKA to a TKA in cases of degen-
eration of the other femorotibial compartment rather than
performing a relatively simple re-operation of the knee by
doing an additional UKA (staged bi-UKA).
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Introduction

Knee arthroplasty surgery is becoming more common
with an increasing prevalence of osteoarthritis (OA) and
increasing life expectancy.! Knee arthroplasty can be
either partial (PKA) or total (TKA), depending on the extent

of joint disease, with both approaches having shown
favourable long-term survivorship and functional out-
comes.23 However, by comparison with total hip arthro-
plasty, TKA provides overall inferior functional outcomes
with a high prevalence of residual symptoms and lower
patient satisfaction.#¢ Technological advances leading to
better implant design and surgical precision have unfortu-
nately not helped to significantly improve TKA patients’
functional outcomes.”®# Considering this and other
improvements such as better wear-resistance with mod-
ern polyethylene and better cementation, some authors
have started to challenge the basics of the mechanical
alignment (MA) technique and recently developed and
tested more anatomy-friendly techniques for TKA.°
Because the optimal knee soft-tissue tension’ and com-
ponent alignment in TKA remain a matter of debate,® this
instructional review aims to classify the multiple tech-
niques (systematic, patient-specific and hybrid alignment
techniques) for knee implant positioning (Fig. 1) and to
summarize the evidence behind each one.

Systematic alignment techniques for knee
arthroplasty

A systematic implant positioning results in implants
being always positioned in the same way for every
patient, which disregards patient-specific knee joint
anatomy. This has been described as ‘biomechanically-
friendly’. In order to optimize implant survivorship by
reducing the risk of accelerated polyethylene wear, early
implant loosening and patella instability, the recom-
mended positioning for TKA implants has been to create
a straight limb with a perpendicular tibiofemoral joint
line (TFJL). In order to do so, as initially described by
Insall et al, implants were systematically positioned per-
pendicular to the mechanical axis of the femur and tibia



EFORT Open revieus

V%

Native KA ‘ rkKA

: ’ p—A = [Retease ;
H \

]

87° \

Se

-
N |elesse
L)

aMA ] lAA MAJ

| Release

Patient-specific technique

Hybrid technique

! |

Systematic technique

Fig. 1 Different techniques for aligning total knee arthroplasty implants on a patient with 6° constitutional varus limb alignment.
From left to right, kinematic alignment (KA), restricted KA (rKA), adjusted mechanical alignment (aMA), anatomical alignment (AA),
mechanical alignment (MA). Excepting the KA technique, all techniques necessitate varying amounts of soft-tissue release (more so

for systematic techniques than hybrid techniques).

in the frontal plane.’ 2 This systematic positioning, the
MA technique, does not take into account patient-specific
knee anatomy and generated a similar biomechanically-
friendly but non-physiological prosthetic knee geometry
for almost every patient. Traditionally, the axial rota-
tional alignment of the femoral component was sug-
gested to be systematically externally rotated 3° relative
to the posterior condylar line (measured resection tech-
nique) in order to compensate for the frequent varus ori-
entation (3° on average in the Caucasian population) of

the proximal tibia joint line.'? However, because the
proximal tibia joint line orientation varies between
patients, this frequently resulted in the necessity for bal-
ancing a non-rectangular flexion gap. However, the
technical demands of properly balancing a TKA and the
frequently observed post-operative clinically deleterious
knee imbalances generated by this conventional tech-
nique3'3 led to the development of the gap-balancing
technique to adjust the axial rotational alignment of the
femoral component.™
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Patient-specific femoral implant rotation enables
adjustment of the flexion gap to equal the extension gap
and therefore significantly improves the prosthetic knee
balance. Unfortunately this technique does not respect
the physiological lateral knee laxity, which seems to be
beneficial for knee biomechanics and potentially for clini-
cal TKA outcomes.®

Because the average TFJL frontal orientation in the pop-
ulation is 3° valgus,’®17 a technique for positioning TKA
implants trying to create a systematic 3° valgus orientated
TFJL, namely the anatomical alignment (AA) technique,'8
was developed in parallel with the MA technique. The goal
of this technique is to simplify human anatomy by aiming
at the mean value for all patients with the theoretical
advantage (compared with the MA technique) of reducing
the risk of stretching the lateral retinaculum during deep
flexion and therefore potentially reducing the risk of ante-
rior knee pain and abnormal patellar tracking by optimiz-
ing the patella biomechanics.’” Hungerford, Kenna and
Krackow'® promoted this philosophy in the 1980s; how-
ever, the poor precision of initial instrumentation, which
risked ending up with supposedly clinically deleterious
excessive varus orientation of the tibial implant,2%2' limited
its widespread use. Over the last decade, new implant
designs with a built-in oblique TFJL have been developed,
and their mechanical positioning enables the creation of a
systematic oblique TFJL, reproducing the effect of the AA
technique.?224 The MA of those new implants therefore
generated an AA-like technique with MA bone cuts. Pub-
lished results using the AA and AA-like techniques have
shown good mid- to long-term results.’®2324 However,
there is still no definitive scientific evidence that the AA
technique provides improvement compared with the tra-
ditional MA technique.?>:26

As the recommended frontal alignment with MA tech-
nique is neutral (0°+/-3°)?7 and constitutional limb align-
ment in the population varies from valgus to varus,” the
idea of aligning the TKA to slightly reproduce the constitu-
tional limb deformity was promoted.?831 To achieve this
goal, an adjustment relative to the frontal mechanical axis
of the femur with the femoral component positioning in
slight (2° to 3°) varus (patient with constitutional varus
limb) or slight valgus (patient with constitutional valgus
limb) while keeping the tibial component perpendicularly
aligned to the frontal mechanical axis of the tibia has been
proposed.?®31 This approach could be thought of as a
hybrid technique, as it is an adjusted version of the MA
technique (aMA) aiming at respecting more of the
patient’s anatomy and therefore at helping to obtain liga-
mentous balance in extension. One study reported excel-
lent functional outcomes with aMA-TKAs for patients with
constitutionally varus knees,3® and another has shown
good long-term clinical outcomes for patients with consti-
tutionally valgus knees.3!

Patient-specific alignment techniques for
knee arthroplasty

Patient-specific alignment can be achieved with either the
use of PKA or TKA implants.

Kinematic alignment (KA) technique for TKA

Following the results of a couple of studies suggesting
that the standing post-operative limb alignment was of
poor value in predicting clinical outcomes for patients
with prosthetic knees,?7.28 the idea of preserving the con-
stitutional knee alignment has arisen. The concept of pre-
serving the entire constitutional knee alignment has been
developed by Howell and Hull32 since 2007 with the KA
technique. KA aims to respect the 3D anatomy of the TFJL
and aims at aligning the implants with the kinematic axis
of the knee around which the tibia moves around the
femur. Put simply, the KA technique is a true resurfacing
of the femorotibial joint aiming at restoring its pre-
arthritic (or constitutional) articular surfaces and soft-
tissue laxity.32 It is important to understand that the KA
technique is not an adjustment of the MA or AA tech-
niques, but rather a new surgical technique for TKA, with
nothing in common with the MA technique except the
sagittal positioning of the femoral component. The KA
technique can be performed with the use of navigation33
or patient-specific instrumentation,3* or manual instru-
mentation using the measured resection technique.3*
Recently, implant manufacturers have developed specific
KA manual instrumentation.3®> A prospective cohort
study3¢ and a systematic review3” found that the KA tech-
nique generated excellent overall outcomes up until six
years follow-up. Randomized controlled trials comparing
MA and KA TKA have shown faster recovery with KA
TKA,3*42 no significant difference in complications3840
and significant early (one to two years average follow-up)
clinical improvements with KA TKA using patient-reported
outcomes such as Oxford Knee Scores and Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) Scores.34384042 A meta-analysis*? also con-
cluded that KA TKAs provide a better functional outcome
(Oxford Knee Score and Knee Society Score) and a similar
complication rate compared with MA TKA at two years of
follow-up. Longer-term outcomes are needed in order to
define the best indication for the KA technique as it is
likely that some patients with extreme variation in consti-
tutional knee anatomy (severe pathoanatomy) may not
benefit from restoring it.44

UKA - another way of restoring constitutional knee anatomy
and kinematics

Although it is widely accepted that generalized (tricom-
partmental) OA is best treated with TKA, OA localized to
one or two compartments can be treated with either PKA
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or TKA.245 For varus patients with medial TF OA, replacing
the disease-free lateral TF and patellofemoral compart-
ments, and potentially removing the anterior and poste-
rior cruciate ligaments, alter the knee kinematics and
proprioception.*¢ Therefore, partial knee resurfacing tech-
niques confined to the damaged and symptomatic com-
partments have been suggested.*’48 These ligament- and
bone-sparing methods attempt to restore the constitu-
tional knee anatomy (like KA TKA), improve knee stability
and preserve joint proprioception.*?

Studies have shown excellent functional outcomes and
long-term survival after medial UKA with minimal wear,
even in the context of constitutional deformity.45,50,51-54
Therefore, indications for medial UKA have been progres-
sively widened, with constitutional frontal limb deformity
no longer being considered a contraindication, and UKA is
now being estimated to be a valuable treatment option
for 30% to 80% of patients requiring a knee arthroplasty.*>
However, the reality is that PKA usually represents less
than 10% of a surgeon’s knee arthroplasties, mostly due
to the surgeon’s preference,> their fear of having an
increased revision rate%°6 and the different ways of inter-
preting the current literature.>® Surprisingly, although
medial UKA results in better clinical outcomes compared
with MA TKA, with better efficacy (faster recovery, better
functional scores, higher satisfaction) and safety (lower
rates of morbidity and mortality and fewer complica-
tions),38:39,45,50,53 national joint registries still show a sub-
stantially higher revision rate for medial UKA compared
with MA TKA.53657 This is mainly because UKA fixation
may be more challenging (small implant surface), because
of disease progression in other native compartments and
because a medial UKA is easier to revise compared with a
TKA, and therefore surgeons have a lower threshold for
revising a UKA (for a similar disappointing functional out-
come, UKAs are more likely to be revised than TKAs).30:57

Hybrid alignment techniques for knee
arthroplasty

Patients can have wide-ranging variation in knee anatomy
and performing KA TKA can lead to a high rate of limb
alignment and implant positioning which would tradi-
tionally be considered as at risk of failure.3* Therefore,
some cautious authors33 have described performing a KA
TKA when there was no significant pathoanatomy (consti-
tutional limb and TFJL alignments) while slightly correct-
ing in more severe cases, by adjusting the position of
either the tibial or femoral component and following a
specific algorithm.>8 In doing so, itis hoped that a patient’s
supposed safe range of alignment will be achieved; a hip-
knee-ankle angle within 3° (varus or valgus) and frontal
implants positioning within 5° of femoral or tibial mechan-
ical axis.?358 This technique has been referred to as

4

restricted KA (rKA) (as authors restrict the indication of a
full KA technique)*® and has been shown to generate
good early clinical outcomes.33 Surgeons willing to do the
rkKA technique need to assess the patient’s anatomy (limb
alignment, joint line obliquity) pre- or intraoperatively, in
order to adjust the positioning of implants if needed. The
rKA technique is therefore best performed with the use of
intraoperative computer-assisted navigation or with the
use of preoperative planning and the subsequent genera-
tion of patient-specific instruments.33

Conclusions

The positioning of knee implants and the ‘systematic
approach’ (patient’s anatomy adapted to a fixed implant
orientation) versus the ‘patient-specificapproach’ (implant
positioning to replicate the pre-arthritic patient’s anatomy)
iscurrently largely debated. Systematicandbiomechanically-
friendly alignment techniques such as the MA and AA
techniques have successfully demonstrated good long-
term survival but with some functional limitations. The
patient-specific and anatomically-friendly KA technique
has emerged and has shown promising results; however,
this technique might not be suitable for extreme anatomi-
cal variants which may be considered as pathoanatomies.
In the latter situation, the hybrid rKA technique seems to
be an attractive option. However, alignment and implant
orientation probably only explain in part some of our
unsatisfactory TKA results, as patient’s preoperative dis-
ease status and chronic pain syndrome installation may
also play a significant role. Also, in all TKAs, whatever the
technique of positioning, significant anatomical and kine-
matic modifications are made secondary to meniscus
removal, changing the conforming cartilaginous surface
to a rigid polyethylene, removal of cruciate ligament(s)
with compensatory implant design(s) (central post, poly-
ethylene lips and congruency, etc), which make it very
challenging to restore normal knee function. Further
research is needed to improve functional outcomes of TKA
by defining the true value and best indications for each
alignment technique and implant design.
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