
Vol.:(0123456789)1 3

Archives of Orthopaedic and Trauma Surgery (2021) 141:2021–2025 
https://doi.org/10.1007/s00402-021-04218-y

EDITORIAL

The dissatisfied total knee arthroplasty patient. New technologies‑the 
white knight in shining armor coming to their rescue?
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Knee osteoarthritis (OA) and its prosthetic treatment went 
through a major evolution over the last 40 years since its 
inception. From a procedure, where patients signed initially 
two consent forms; one for total knee arthroplasty (TKA) 
followed by a plaster cast immobilization and a second for 
a mobilization under anesthesia (MUA) a few weeks later 
to start bending again, TKA became today a procedure per-
formed in ambulatory surgery centers (ASC) with patients 
walking out on the same day [1]. The drive behind all of 
this has always been, from the start, the wish of surgeons to 
obtain the best possible results for their patients after joint 
replacement. This ambition became clear when the “Forgot-
ten Joint Score” was developed [2]. A knee-specific score, 
evaluating in a very detailed way, how aware patients are 
about their arthritic knee before [3] and after knee- and hip 
arthroplasty [2, 4]. Today, still around 20 percent of TKA 
patients are dissatisfied with their procedure, substantially 
more than after hip replacement. Orthopedic surgeons and 
implant producers often wish to reduce this dissatisfaction 
to a surgically solvable problem and therefore limited to a 
purely mechanical cause. They might neglect well-known 
issues such as the preoperative absence of bone on bone OA, 
pre-existing risk factors for acute and chronic pain, chronic 
morphine use, central pain sensitization, inflammatory neu-
ropathy around the knee, pain catastrophizing, referred pain, 
workman compensation and many other psychosocial factors 
[5, 6].

For surgeons and the orthopedic industry, these unsatis-
fied patients remain the reason for their continuous quest to 
do better by research and development, leading to different 
innovations trying to solve these problems. In the past two 
decades, the TKA patient’ dissatisfaction was explained by 
sizing issues leading to overhang and pain or downsizing 
and flexion instability. This led to the development of many 
different sizes with more representative anatomical aspect 
ratios and better surface matching. The next attempt to solve 
dissatisfaction came with the introduction of more partial 
knee replacements, where resurfacing of only the diseased 
side of the knee would lead to better results. Indications, 
expertise with surgical technique, the balance between 
quicker recovery and a more natural feeling of the knee ver-
sus a threefold higher revision rate seem to be limiting fac-
tors to convince all surgeons in favor of unicompartmental 
knee arthroplasty (UKA). Furthermore, a maximum 50% of 
all patients might be treated with UKA, including statistics 
from high volume centers. And now lately, we are observing 
a trend towards personalized alignment. Each human being 
has its own unique type of alignment, developed during his 
lifetime and approaching this native alignment more closely, 
would lead to a better outcome. The ambition of surgeons 
to start implanting knee arthroplasties in their more oblique 
native joint line position is not new and as any re-invention 
of an old failed philosophy, comes with a new engineered 
technological solution, such as precision-enabling robots 
today. Hungerford and Krackow developed this oblique 
alignment philosophy 40 years ago as anatomical alignment 
(AA), with a fixed 3° femoral valgus and 3° tibial varus in 
the coronal plane and a femoral component aligned paral-
lel to the posterior condylar axis (PCA) in the axial plane. 
They observed unfortunately alignment outliers due to the 
limitations of their simple instrumentation and failure of 
the Porous Coated Anatomic-implant [7]. As a reaction, 
mechanical alignment (MA) as proposed by Insall, became 
the gold standard to equally load the polyethylene on both 
sides and to avoid important component position outliers 
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[1]. Both these two-dimensional, systematic alignment tech-
niques, are now considered a potential cause for pain and 
dissatisfaction after TKA [8]. As a reaction, a three-dimen-
sional and patient-specific alignment strategy was proposed 
by Howell, instrumented with patient-specific instruments 
(PSI) [9]. Precision-enabling technology, such as computer-
navigation and patient-specific instruments, used for a dec-
ade to avoid these supposedly dangerous surgical outliers 
from the neutral mechanical axis [10, 11], would now help 
us to implant the same prostheses in different outlier posi-
tions, depending on the surgeon’s preferred alignment phi-
losophy. Because of this drastic change in the knee arthro-
plasty world, we urge a consensus position on the different 
alignment philosophies. Lustig et al. performed an excellent 
review in 2021, but with some remaining uncertainties or 
assumptions about the different “hybrid” alignment options 
[12–14]. Therefore, we contacted Matthew Abdel, Johan 
Bellemans, Stephen Howell, Sebastien Parratte, Charles 
Rivière, Philip Winnock de Grave and Simon Young and 
came thanks to their help to the following conclusions:

Kinematic alignment (KA) wants to co-align the axes 
of the femoral and tibial components with the three “kin-
ematic” axes of the native or pre-arthritic knee, adapting 
the implant’s position to its native anatomy and soft tis-
sue envelope [9]. However, surgeons started modifying this 
alignment philosophy to their own believes and convictions, 
leading to other KA terminologies.

Restricted Kinematic Alignment (rKA) wants to repro-
duce the patient’s constitutional knee anatomy with KA, but 
within a safe range avoiding extreme pathological anato-
mies. Coronal alignment of the femoral and tibial compo-
nent is limited within ± 5° of neutral. The overall combined 
lower limb coronal alignment must be within ± 3° of neutral 
HKA. Priority is given to preserve the femoral anatomy and 
to adapt the gaps with the varus/valgus position of the tibia 
within the given safe range [13].

Inverse Kinematic Alignment (iKA) aims at resurfacing 
the tibia with equal medial and lateral resections correspond-
ing to implant thicknesses while maintaining the native tibial 
joint line obliquity. Priority is given to preserve the tibial 
anatomy and the extension gap is balanced by adjusting the 
femoral resection parallel to the tibial cut. This is a tibia-first 
technique with balanced flexion–extension gaps [14].

Adjusted Mechanical Alignment (aMA) adapts neutral 
mechanical alignment (180°) to obtain slight undercorrec-
tion in the coronal plane, often leaving some constitutional 
varus since an important segment of the population might 
have a native HKA of 178° [15]. This undercorrection is 
usually obtained by a distal femoral cut of 5° (with an AMA 
of 7°) leading to a slight varus position of the femoral com-
ponent and reducing the need for medial soft tissue releases. 
For the valgus knee, the same distal femoral valgus cut of 5° 
would retain some valgus at the femoral side (with an AMA 

of 3°). The rotational alignment follows the epicondylar axis 
on the femur and Baldini’s line on the tibial side [16].

Functional Alignment (FA): a precision-enabled surgi-
cal technique allowing pre-or intra-operative assessment of 
resection thicknesses, joint gaps and component alignment. 
This technique combines computer-based simulated calcula-
tions combining measured resection and gap-balancing tech-
niques. The gaps are balanced beginning with an anatomical 
start point of the femur by changing component targets in 
all three planes within the limits of the safe zone of neu-
tral mechanical axes (femur, tibia, HKA) and the surgical 
epicondylar axis [17]. The choices are mechanical/anatomi-
cal femoral with tibial functional alignment and mechani-
cal/anatomical tibial alignment with femoral functional 
alignment.

All these different alignment philosophies, except kin-
ematic alignment, remain within the boundaries of a neutral 
mechanical axis (180°) with an extension of the classic safe 
zone (± 3°) with an additional 3°. The only remaining deci-
sion is to perform the adaptive corrections on the femur or 
on the tibia and whether to perform it as a femur-first (KA/
rKA) or tibia-first technique (iKA) [9, 13, 14].

Femur driven

1. Coronal options

Mechanical alignment: distal cut perpendicular to the 
femoral mechanical axis or undercorrection (5° valgus 
AMA) with adjusted technique.

Anatomical alignment: distal cut at fixed 3° valgus of 
femoral mechanical axis.

Kinematical alignment: distal cut at a variable angle to 
the femoral mechanical axis depending on the individual 
anatomic variability, aiming to resect the exact amounts 
of bone and cartilage, medially and laterally, to match the 
implant thickness-unrestricted or restricted (max 5° valgus) 
or inverse (parallel to tibia).

Functional alignment: distal cut anatomical either 
mechanical with extension gap balancing leading to a func-
tional tibial cut respecting the soft tissue sleeve to allow 
volumetric implantation without releases. Limits are 3° 
varus and 6° valgus.

2. Axial options

Mechanical alignment: 3° external rotation referenced of 
the posterior condylar axis of femur to align the implant with 
the Surgical Epicondylar Axis (SEA).

Anatomical alignment: neutral rotation following the pos-
terior condylar axis of femur.
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Kinematical alignment: neutral rotation following the 
posterior condylar axis of femur

and respecting the volumetric need of the implant to 
reconstruct the individual posterior condylar offsets. In 
inverse KA, the femoral rotation is guided by the collaterals 
as a gap balancing technique with a tensioner (on average 
2° of external rotation).

Functional alignment: neutral rotation following the pos-
terior condylar axis of femur, but with rotational freedom to 
allow volumetric replacement without releases. The limits 
are 6° internal to 6° external rotation.

3. Sagittal options

All philosophies follow the native femoral flexion of 
about 3°, but without excessive flexion of more than 5° 
because of the trochlea and proximal patellar instability.

Tibia driven

1. Coronal options

Mechanical alignment: proximal cut perpendicular to 
the tibial mechanical axis—also for adjusted mechanical 
alignment.

Anatomical alignment: proximal cut at a fixed 3° of varus 
from the tibial mechanical axis.

Kinematical alignment: proximal cut at a variable angle 
to the tibial mechanical axis depending on the individual 
anatomic variability- unrestricted or restricted (max 5°). For 
inverse kinematical alignment tibial cut parallel to the native 
oblique tibial joint line (tide mark area) replacing the same 
amounts of bone on both sides.

Functional alignment: mechanical or anatomical tibial 
cut for tibia-driven technique with soft-tissue extension and 
flexion gap balancing for femoral side allowing volumetric 
substitution without release. The limits are 6° varus and 3° 
valgus.

2. Axial options

Mechanical alignment: medial 1/3 of the tibial tubercle.
Adjusted mechanical alignment: Baldini’s line following 

the anterior anatomy of the tibia.
Anatomical alignment: not available.
Kinematical alignment: along the longitudinal axis of the 

lateral plateau for unrestricted and restricted KA. For inverse 
KA, line from the medial border of the patellar tendon to the 
middle of the insertion of the posterior cruciate ligament 
(Akagi’s Line) [18].

Functional alignment: medial border of the patellar ten-
don to the middle of the insertion of the posterior cruciate 
ligament (Akagi’s line) [18].

3. Slope options

All techniques follow the native medial slope (limited to 
5°) with a maximal combined angle of femoral flexion and 
posterior slope of 8°.

At the cradle of these discussions were the observa-
tions from Parratte et al. that the long-term follow-up of 
implants, outside of the safe zone of HKA 180° ± 3°, were 
not presenting with worse survivorship than those TKAs 
neutrally aligned [19]. However, in that study the authors 
didn’t analyse the individual components’ position, but the 
overall alignment of the limb. Bellemans et al. [15] pub-
lished that a segment of the normal population presents with 
a native varus alignment or constitutional varus and may not 
need necessarily perfect postoperative neutral mechanical 
axes. The above findings led to the concept of varus and 
valgus bone morphotypes by Thienpont et al. who showed 
that varus and valgus deformity have characteristics of their 
own typical deformity outside of the worn joint. This starts 
at the hip (varus or valgus neck), goes to the diaphysis of 
femur and tibia and ends in the load-bearing position of the 
foot [20]. The authors of this editorial believe it is time to 
understand coronal deformity in a more profound way as 
Hirschmann et al. and MacDessi et al. did with their exten-
sive coronal alignment classifications [21, 22].

HKA-measured coronal alignment can be a result of 
epiphyseal or metaphyseal wear (intra-articular) and the 
concomitant soft tissue laxity of the opposite convex side. 
But HKA measured deformity, can also have a contribution 
from the specific bony anatomy at the epiphyseal, meta-
physeal and diaphyseal level [23, 24]. The impact of the 
extra-articular anatomy should be analysed before decid-
ing in what type of obliquity the implant can be positioned. 
The native anatomy of the epiphyseal joint line of the knee 
is usually medially sloped [25]. Since mostly symmetrical 
implants are used to reconstruct asymmetrical gaps, this type 
of implants need to be positioned obliquely to respect the 
native gaps better. All the above-mentioned types of align-
ment try to solve a volumetric problem of creating enough 
space for the implant without additional soft tissue balanc-
ing. Today it is still based on mathematical calculations of 
alignment corrections and measured resections, but few have 
data about articular pressures obtained with sensors. In the 
short term, less soft tissue damage will of course lead to 
a better outcome and faster rehabilitation, but does it also 
lead to better knee kinematics? Are all these mathemati-
cal calculations not only possible because the resection of 
the anterior and posterior cruciate ligaments alters the gap 
kinematics? Surgeons performing measured resection know 
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very well that most resections are very variable, despite that 
spacers or feeler gauges show adequate space for the metal 
components.

If the measured deformity has only an intra-articular ori-
gin, all the above resurfacing techniques will correct the 
alignment to ± 3° neutral alignment. If the deformity is also 
extra-articular, a reduction of the alignment outlier can only 
be obtained by a correction within the joint. TKA should 
be recognized as an intra-articular osteotomy of the lower 
limb combined with a resurfacing of the epiphyseal anat-
omy. Has it been analysed what the difference in joint line 
obliquity would be for an individual patient, if treated with 
mechanical, anatomical or kinematical alignment and what 
the impact on the overall HKA alignment would be for these 
different strategies? Is there a clinical difference between the 
kinematic functioning of the knee with anatomical align-
ment versus kinematical? Is what we call kinematic, not sim-
ply patient specific? And is functional alignment, not just 
anatomical within the safe zone of mechanical alignment?

This entire discussion about coronal deformity and the 
different ways to reconstruct the native joint line with its 
natural obliquity, can be reduced to the observation that 
there are different offsets in the human knee. But is respect-
ing only the coronal joint obliquity enough to observe bet-
ter clinical outcome? Maybe we should not only consider 
the distal offset of the femur but also its posterior condylar 
offset and the anterior offset of the trochlea. Each condyle 
has furthermore its own unique J-curve with its own radius 
of curvature determinating the potential for medial collat-
eral ligament isometry and lateral condylar roll back around 
this medial pivot point. At the tibial level, it is more about 
volumetric replacement and adequate posterior slope to 
allow the collaterals to function in the absence of the central 
pivot. In general, with conventional TKA and especially with 
mechanically aligned TKAs, the lateral side of the human 
knee is distalized and posteriorized. This lateral overstuffing, 
both in flexion and extension, is probably well tolerated in 
those that have a looser lateral side and less in the others. A 
patient-specific knee, designed according to the unique ana-
tomic features of each patient, could potentially make a dif-
ference. This more resurfacing type of implant, with respect 
for the individual J-curves and different offsets allows stand-
ard mechanical cuts since the anatomic individuality is 
reconstructed at the epiphyseal level. These implants unfor-
tunately still come at a higher price, without proven superi-
ority, but not inferior to off-the-shelf knees either. The new 
alignment concepts in vogue today, asking for precision-
enabling technologies, change the actual cost calculation. 
Surgeons need to add now the variable cost of robotic hard-
ware (lease price robot/amount of cases), robot disposables, 
technical assistance, maintenance and more surgical time to 
the real cost of their off-the-shelf implant, bringing the bot-
tom line closer to the cost of a patient-specific implant. It’s 

time for the patient-specific implant producers to come out 
of their niche corner and become real competitors for the big 
four. The door is wide open now!

However, we must remain critical and try to keep a heli-
copter view on this new trend of robotic surgery, where navi-
gation is combined with soft tissue gap modeling. What has 
it brought us new since the era of navigation?

Have we finally decided on what the right alignment tar-
get should be, so we can start talking about improved accu-
racy and not only about precision?

Have we finally decided what amount of soft tissue laxity 
we need in our collateral ligaments in flexion and extension 
and what difference in laxity between the medial and lateral 
side after prosthetic replacement? The same laxity in cru-
ciate retaining (CR) and posterior-stabilized (PS) designs?

How can we know if osteoporotic bone supports overload 
of a metallic implant on the undercorrected side and what 
about putting a tibial component in 3° of varus in a valgus 
morphotype patient, who has been loading his lateral bone 
for years? The medial side will be osteoporotic according 
to Wolf’s law.

In the face of the Thienpont and Parvizi varus classifica-
tion [23] and the Krackow valgus classification [26], how 
will we handle uncorrectable deformities without soft tis-
sue releases? How much residual coronal deformity can 
be tolerated cosmetically and still obtain happy postopera-
tive patients? How accurate do we need to be with hybrid/
patient-specific alignment to reduce the 20% of unsatisfied 
patients treated with systematic alignment.

Total knee arthroplasty is a complex procedure because 
joint replacement consists of a volumetric substitution with 
metallic and plastic components of native tissues, such as 
cartilage and meniscus, which will always have another elas-
ticity modulus [27]. Furthermore, surgeons try to reconstruct 
anatomical joint line obliquity, but in the partial (CR) or 
complete absence (PS) of the central pivot ligaments. Can 
we just expect that the anatomical coronal plane reconstruc-
tion will solve all our problems? Did we ever wonder why 
this discussion is not actual for unicompartmental or revision 
knee arthroplasty [28]?

This volume on new technologies shows how passion-
ate knee surgeons are about their job and the best outcome 
they want to give to their patients. The special issue tries to 
give the necessary information to surgeons thinking about 
selecting an assistive technology to improve the outcome 
of their patients. A wide overview of available technolo-
gies is offered with conceptual papers and clinical papers, 
from unicompartmental knee arthroplasty to revision knee 
arthroplasty. These authors are proud that their colleagues 
are thinking about alignment concepts and working so hard 
for their patients. If the new technologies are not the white 
knights, knee surgeons will be.
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