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 � The Kinematic Alignment (KA) technique for total knee 
arthroplasty (TKA) is an alternative surgical technique aim-
ing to resurface knee articular surfaces.

 � The restricted KA (rKA) technique for TKA applies bound-
aries to the KA technique in order to avoid reproducing 
extreme constitutional limb/knee anatomies.

 � The vast majority of TKA cases are straightforward and can 
be performed with KA in a standard (unrestricted) fashion.

 � There are some specific situations where performing KA 
TKA may be more challenging (complex KA TKA cases) 
and surgical technique adaptations should be included.

 � To secure good clinical outcomes, complex KA TKA cases 
must be preoperatively recognized, and planned accordingly.

 � The proposed classification system describes six specific 
issues that must be considered when aiming for a KA TKA 
implantation.

 � Specific recommendations for each situation type should 
improve the reliability of the prosthetic implantation to 
the benefit of the patient.

 � The proposed classification system could contribute to the 
adoption of a common language within our orthopaedic 
community that would ease inter-surgeon communica-
tion and could benefit the teaching of the KA technique. 
This proposed classification system is not exhaustive and 
will certainly be improved over time.
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Introduction
The Kinematic Alignment (KA) technique for total knee 
arthroplasty (TKA) is an alternative surgical technique aim-
ing to resurface knee articular surfaces.1,2 Ultimately, the 

goal of KA is to alter the knee physiological biomechanics 
as little as possible by restoring native (pre-arthritic) knee 
joint line alignment and ligaments laxities (Fig. 1, Supple-
mentary Video).1,2 Setting up the orientation and height 
of the KA bone cuts is done by referencing the articular 
surfaces, by compensating for cartilage and/or bone loss, 
and by considering the thickness of the implants. By doing 
so, components are aligned on knee kinematic axes. This 
allows for native articular surface height and orientation 
to be restored to its pre-disease position (Fig. 1, Supple-
mentary Video).1,2

Since its first development by Stephen Howell in 
2007, the KA technique has generated much debate in 
the orthopaedic community. One particular debate is its 
applicability to the spectrum of arthritic phenotypes that 
a surgeon commonly treats.1,3,4 Other debates are rep-
resented by situations where the disease process lead-
ing to a TKA indication has created soft tissue stretching/
contracture, and patients with acquired extra-articular 
deformity affecting native knee kinematics and loads. It 
leads us to question whether there are indications where 
performing KA TKA is more challenging. Complex cases 
for performing KA TKA have to be preoperatively recog-
nized, and reproducible adequate implantation requires 
appropriate planning. In addition, there are rare cases 
where KA TKA should not be recommended at all. This 
instructional review aims to describe, through a classi-
fication system, the most frequent situations where KA 
TKA is challenging, and to provide planning recommen-
dations for each of them.

Classification system
Performing KA TKA may be challenging when the surgeon 
faces at least one of the six situations that are illustrated in 
Table 1. There may be a combination of these situations, 
which further complicates the KA TKA implantation.

Specific case consideration for implanting TKA with 
the Kinematic Alignment technique
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Table 1. PAS (Personalized Arthroplasty Society) classification of most commonly occurring challenging situations that a surgeon may face when aiming 
for ‘physiological’ TKA implantation

PAS classification of most commonly occurring challenging situations that a surgeon may face when aiming for ‘physiological’ TKA implantation

Knee types 1 2 3 4 5 6 Exceptional cases 
where KA/rKA
 is not 
recommended

Description of 
the osteoarthritic 
knee/limb

Severe 
constitutional 
varus limb

Severe 
constitutional 
valgus limb

Extreme 
constitutional joint 
line orientation 
(severe frontal joint 
line obliquity, high 
tibial posterior slope)

Patella 
maltracking

Difficulty in 
estimating native 
knee anatomy 
(mainly articular 
bone loss)

Acquired lower 
limb malalignment 
from previous 
fracture malunion, 
osteotomy or 
metabolic bone 
disease for example

Cases with 
severe soft tissue 
modifications
- global instability 
(recurvatum)
- severe 
contractures 
(knee arthrodesis)

Cases with 
important 
anatomy 
destruction 
preventing a KA 
reconstruction

Cases requiring 
diaphyseal 
implant fixation

Treatment 
recommendations

option 1: pure (unrestricted) 
KA-TKA
option 2: restricted KA-TKA
option 3: KA-TKA + realignment 
osteotomy

Regarding high JLO:
option 1: pure KA-
TKA
option 2: restricted 
KA-TKA

Regarding high 
tibial slope:
- slightly reduce the 
large native tibial 
slope when using 
postero-stabilized 
TKA designs. The 
increased flexion 
gap resulting from 
the resection of the 
posterior cruciate 
ligament would 
prevent tightness in 
flexion
- restore native slope 
when using cruciate-
retaining TKA design

Patella 
resurfacing
Lateral 
facetectomy
Lateral 
arthrotomy 
with Z-plasty of 
retinaculm
+/-Restricted 
KA-TKA to 
reduce severe 
constitutional 
valgus 
deformity, if 
any.
+/- Tibial 
tuberosity 
osteotomy
+/- MPFL 
reconstruction

Surgeon should 
carefully estimate 
the quantity 
and location of 
bone loss by 
planning TKA on 
the contralateral 
knee, and by 
intraoperatively 
assessing 
femorotibial laxities.
The objective is 
to perform either 
unrestricted or 
restricted KA-TKA, 
depending on 
whether there 
is an extreme 
constitutional limb/
knee anatomy or 
not.

Options
1: KA-TKA
2: KA-TKA + 
realignment 
osteotomy
3: rKA-TKA

Note. TKA, total knee arthroplasty; KA, Kinematic Alignment; rKA, restricted Kinematic Alignment; JLO, joint line obliquity; MPFL, medial patella-femoral ligament.

Fig. 1 The kinematic alignment technique for total knee arthroplasty (TKA) has the aim of restoring the pre-arthritic tri-dimensional 
knee anatomy and to align components on the knee’s kinematic axes. (Reproduced from Fig 16.2, Chap 16, Riviere C, Vendittoli P-A 
eds. Personalized Hip and Knee Joint Replacement. Cham, Springer, 2020. Used with permission)
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Type 1

Type 1 defines a lower limb with important constitutional 
varus alignment (Types 3 and 4 of the Lin et al5 classifica-
tion of native lower limb alignment). From the authors’ 
experience, alteration of the physiological ligament 
length (contracture and stretching of medial and lateral 
collateral ligaments, respectively) in this type of patient is 
generally negligible. Some surgeons believe that restoring 
such patients’ extreme anatomy with KA (unrestricted) 
could carry the risk of generating potentially suboptimal 
prosthetic kinetics6 with subsequent complications (accel-
erated polyethylene wear and/or implant loosening). 
On the other hand, such fear remains without scientific 
evidence. By waiting for more evidence regarding the 
acceptable limb alignment boundaries when performing 
KA TKA, it is reasonable and understandable that some 
surgeons aim to maintain limb and knee alignment within 
acceptable limits by performing restricted KA (rKA) TKA 
(Fig. 2).7–9 The aim of rKA is to limit the patient’s anatomy 
restoration to within certain boundaries for cases with 
extreme anatomies, potentially unfavourable with current 
implant bearing and fixation methods.7–9 This reduces the 
extent of soft tissue releases compared to more traditional 
mechanical alignment surgery.10,11 In a study assessing 
4884 lower limb computerized tomography (CT) scans 
of patients scheduled for TKA (performed with patient-
specific instrumentation - PSI), Almaawi et al8 found that 
around 9% of patients had over 5 degrees of constitutional 
varus lower limb deformity. This may be an overestima-
tion, given that articular bone loss (often present in severe 
long-standing knee osteoarthritis) was not accounted for 
when measuring knee/limb alignment, in addition to the 
likely presence of selection bias (many surgeons opt for a 
PSI solution only for complex cases).

Type 2

Type 2 defines a lower limb with important constitutional 
valgus deformity (Type 5 of the Lin et al5 classification of 
native lower limb alignment). Similarly to Type 1, some 
surgeons believe that restoring the patient’s extreme anat-
omy with KA (unrestricted) could carry the risk of generat-
ing potentially suboptimal prosthetic kinetics, suboptimal 
patella tracking and early implant failure. Almaawi et al8 
found that around 10% of patients had over 5 degrees of 
constitutional valgus lower limb deformity (likely overesti-
mated proportion). By waiting for more evidence regarding 
the acceptable limb alignment boundaries, a reasonable 
option is to reduce the valgus deformity by performing rKA 
TKA with limited soft tissue release (Fig. 3)7,8 or by combin-
ing KA TKA with an extra-articular realignment osteotomy.

The chronic degenerative process of severe valgus cases 
may have altered the native ligament laxities. The medial 

collateral ligament is often functional but slightly stretched 
(by a few millimetres). To maintain medial compartment 
stability and avoid using thicker polyethylene, we suggest 
performing a conservative tibial resection on the medial 
plateau (reducing medial tibial plateau cut by one or a few 
millimetres compared to the tibial implant thickness). We 
do not recommend to under-resect the distal medial femo-
ral condyle as this would increase tension on the medial 
retinaculum when flexing the knee.

These severe valgus cases may be associated with 
severe patella-femoral joint degeneration from poor 
patella tracking (lateral tilt and subluxation, lateral reti-
naculum contracture), with even, sometimes, notable 
history of patella instability. Reproducing the native knee 
anatomy with KA TKA should optimize patella-femoral 
joint kinematics but may not be sufficient to generate 

Fig. 2 This composite figure illustrates a 65-year-old female 
patient with constitutional ‘Type 1’ left knee. The patient 
undertook a right MA TKA that failed after four years. On the  
left knee, the native lateral distal femoral angle (LDFA) was  
2 degrees valgus and the medial proximal tibial angle (MPTA) 
9 degrees varus. In the same setup, a left computational 
assisted rKA TKA and a right TKA revision were performed. rKA 
boundaries were applied when implanting the left knee: the 
tibial varus was reduced to 5 degrees with a resulting HKA of  
3 degrees varus. Deep MCL had to be released to obtain medio-
lateral compartment balance.
Note. MA, mechanical alignment; TKA, total knee arthroplasty; rKA, restricted 
kinematic alignment; HKA, hip-knee-ankle; MCL, medial collateral ligament.
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adequate patella tracking. Howell et al12 observed three 
(1.5%) re-operations out of 198 KA TKAs followed-up for 
four years; the indications for re-operation were anterior 
knee pain or patellofemoral instability, and these occurred 
in patients with the more valgus phenotypes. Please refer 
to the ‘Type 4’ section of this article to learn about the 
surgical options to improve patella tracking in the setting 
of a physiological TKA implantation.

Type 3

Type 3 defines a lower limb with severe constitutional joint 
line orientation either in frontal (severe joint line obliquity – 
Type 2 of the Lin et al5 classification of native lower limb 
alignment) or sagittal (high posterior tibial slope that was 
shown to be up to 15 degrees13) planes.

Regarding patients with severe joint line obliquity, per-
forming unrestricted KA TKA involves positioning the tibial 
component in substantial varus, which is feared to carry 
risk of generating suboptimal prosthetic shear stresses6 
leading to early tibial implant loosening. As far as we are 
aware, no published study has ever assessed the isolated 
influence of joint line obliquity on implant lifespan. Nev-
ertheless, Howell et al14 reported excellent 10-year clini-
cal outcomes (efficacy and safety) out of 213 consecutive 
unselected unrestricted KA TKA cases, which suggest that 

the severity of the pre-arthritic standing limb and knee 
alignment and joint line obliquity has negligible effect 
on KATKA performances. By waiting for more evidence 
regarding the acceptable joint line obliquity boundaries 
when performing a KA TKA, surgeons may wish to exer-
cise caution and slightly reduce its obliquity by perform-
ing rKA TKA (Fig. 4).7–9

Regarding tibial slope, reproducing extreme posterior 
slope with KA is feared to carry increased risk of shear 
stress on the bone–implant fixation interface and on the 
polyethylene, with potential impairment of TKA lifespan. 
Nevertheless, there is no scientific evidence supporting 
those fears. In addition, current posterior-stabilized TKA 
implants may not be designed to accommodate such 
high posterior slope and anterior impingement may occur 
(post against notch). Until we have more evidence regard-
ing the acceptable limit for the tibial slope when per-
forming a KA implantation and more forgiving implants, 
surgeons should be aware of the mechanical limits of its 
implant and reduce accordingly the patient’s native tibial 

Fig. 3 This composite figure illustrates an 82-year-old female 
patient with a constitutional ‘Type 2’ knee who was treated 
with a rKA TKA. Her right LDFA was measured at 9 degrees of 
valgus and tibial MPTA at 2 degrees of varus. Respecting rKA 
boundaries, the LDFA was reduced to 5 degrees. Reproducing 
the tibial MPTA and the neutral femoral rotation, the surgeon 
obtained a final HKA of 3 degrees valgus and a congruent 
patella-femoral joint. To obtain medio-lateral soft tissue balance, 
postero-lateral capsule pie crusting was performed.
Notes. rKA, restricted Kinematic Alignment; TKA, total knee arthroplasty; 
LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle; HKA, 
hip-knee-ankle.

Fig. 4 This figure illustrates long-leg radiographs of a patient 
with constitutional bilateral valgus limbs. Regarding the right 
knee, LDFA is 11° valgus and MPTA 6° varus. Resultant HKA is 
not extreme, but the joint line orientation has a pronounced 
obliquity (‘Type 3’ knee). In this case, the surgeon felt 
uncomfortable to reproduce the patient’s anatomy and reduced 
the joint line obliquity.
Note. LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle; 
HKA, hip-knee-ankle.



885

COMPLEx KA TKA CASES

slope when exceeding that limit. The increased flexion 
gap resulting from the resection of the posterior cruciate 
ligament15 would prevent tightness in flexion. In contrast, 
it is likely that the surgeon may safely restore the native 
slope when using a cruciate-retaining TKA design.

Type 4

Type 4 defines knees that preoperatively present with 
laterally tilted, fixed (lateral retinaculum contracture), 
and severely degenerated patella (Fig. 5). Patients may 
sometimes have notable history of patella instability. 
Reproducing the native knee anatomy with pure KA TKA, 
although often of benefit for optimizing patella femoral 
joint kinematics (by replicating the normal valgus angle 
of the femur it prevents the lateral retinacular structures 
from becoming over tensioned in flexion, as is the case 
with a mechanical alignment technique – Fig. 6), may in 
itself not be enough for extreme cases. Anatomic resurfac-
ing may recreate the patient’s native poor patella-femoral 

joint biomechanics, and lead to disappointing outcomes 
caused by patella instability, patella implant accelerated 
wear and/or early loosening. In addition, performing a 
medial parapatellar approach associated with extended 
lateral retinaculum release could jeopardize the blood 
supply of the patella, leading to avascular necrosis and 
collapse. For optimal KA implantation for Type 4 the sur-
geon may need to think about additional measures:

1) Resurfacing the patella with an additional lateral 
facetectomy of the patella is often sufficient to 
allow it to track centrally and de-tension the lateral 
retinacular tissues.

2) For more extreme cases the surgeon may prefer to 
perform a lateral arthrotomy (with Z-plasty of the 
retinaculum) in order to release its tension. If the 
patient presents with severe constitutional valgus 
limb deformity, a rKA TKA lowering the deformity 
may be considered.

3) As with standard mechanical alignment (MA) tech-
niques if poor patella tracking still remains it needs 
addressing, tibial tuberosity osteotomy and/or 
reconstruction of the medial patellofemoral liga-
ment could present as an option.

Type 5

Type 5 defines cases where the pre-arthritic knee anatomy 
is difficult to estimate because of substantial articular bone 
loss for valgus (Fig. 7 and Fig. 8) and varus knee (Fig. 9 
and Fig. 10).16 Situations like this may be found in cases 
of severe long-lasting osteoarthritis, collapsed avascular 
necrotic bone, or sequels of depression-type tibial plateau 
fracture. The limb deformity generated by those condi-
tions is mainly correctable. Malunion of split-type tibial 
plateau fractures should not be considered here, as the 
generated limb deformity is often not correctable.

In order to restore the pre-arthritic knee anatomy, 
the surgeon should carefully estimate the quantity and 
location of bone loss. When performing KA surgery, the 
key steps used to estimate quantity and location of bone 
loss are:

1) Preoperative planning on radiographs using the 
healthy or mildly diseased contralateral knee as 
a guide for determining the constitutional knee 
anatomy.

2) Intraoperative assessment, after removal of osteo-
phytes, of the gap of the worn knee compartment 
by correcting the limb deformity (stress test) before 
making any cuts. The normal mean ligament laxity 
is around 1–2 mm medially and 3–4 mm laterally 
(in flexion),17 and the cartilage thicknesses on the 
femur and tibia are approximately 2 mm.18,19 With 
full cartilage loss, gaps would be expected to be 

Fig. 5 This figure illustrates a patient with a ‘Type 4’ knee: poor 
patella tracking (tilted and laterally subluxed patella) causing 
severe, bone-on-bone, lateral compartment osteoarthritis.

Fig. 6 This composite figure illustrates the simulation on a 
tri-dimensional knee model, in the frontal (left image) and 
axial (right image) knee planes, of a mechanically aligned 
femoral component using the measured resection technique. 
This alignment technique generates a distal (left image) and a 
posterior (right image) lateral condylar prosthetic overstuffing. 
The red dotted lines represent the frontal orientation of the 
distal femoral cut (left image) and the axial orientation of the 
posterior femoral cut (right image). The prosthetic overstuffing 
of native lateral condyle articular surfaces would likely cause 
a lateral retinaculum stretching when flexing the knee. 
(Reproduced from Fig. 9, Rivière C, Iranpour F, Auvinet E, et al. 
Mechanical alignment technique for TKA: Are there intrinsic 
technicallimitations? Orthopaedics & Traumatology: Surgery & 
Research. 2017;103:1057–1067, with kind permission).



886

Fig. 7 This composite figure illustrates a patient with a ‘Type 5’ right knee. The patient initially suffered bilateral knee osteoarthritis 
with windswept deformity. The left varus deformed knee was successfully implanted with a mechanically aligned TKA one year prior 
to the right KA TKA. Regarding the right valgus deformed knee, there was substantial bipolar (femoral and tibial) lateral compartment 
bone loss and a slight (1–2 mm) MCL stretching (top left images). The patient was treated with a KA TKA with the KA tibial cut being 
slightly adjusted (millimetric under resection of the medial tibia plateau) to adapt the MCL stretching. Very little bone was resected 
laterally (bottom left image).
Note. KA, kinematic alignment; TKA, total knee arthroplasty; MCL, medial collateral ligament; FTA, femoro-tibial angle; aLDFA, anatomical lateral distal femoral 
angle; aMPTA, anatomical medial proximal tibial angle; HKA, hip-knee-ankle; LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle. (Reproduced 
from Rivière C, Webb J, Vendittoli PA. Kinematic Alignment Technique for TKA on Degenerative Knees with Severe Bone Loss: A Report of 3 Cases. The Open 
Orthopaedics Journal, 2021;15:27-34, with permission)

Fig. 8 This composite figure illustrates a 79-year-old woman with a severe ‘Type 5’ valgus left knee. The patient developed a 
severe deformity secondary to avascular necrosis of her lateral femoral condyle. There was substantial bipolar (femoral and tibial) 
lateral compartment bone loss and a stretched MCL. The right knee anatomy was used to plan the left knee TKA. Using computer 
navigation, the left femoral implant was aligned with 5° of valgus and the tibial component with 2° of varus. A 10 mm lateral 
femoral augment was used to fill the bone defect and a short-cemented stem for supplementary fixation. A postero-stabilized semi-
constrained insert was used to compensate for the stretched MCL.
Note. MCL, medial collateral ligament; TKA, total knee arthroplasty.
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5–6 mm medially (cartilage loss plus physiological 
ligament laxity). A larger gap suggests the presence 
of bone loss.

3) Intraoperative joint surface inspection to identify 
preserved areas of articular surfaces that could 
serve as references.

4) Assessment of laxity of collateral ligaments with 
spacer blocks or trial implants to refine bone resec-
tions when needed, using the average healthy knee 
ligament laxity as a target (1–2 mm medially and 
3–4 mm laterally).17

An atypical ‘Type 5’ knee can be found in situations of 
knee osteoarthritis secondary to a malunited articular frac-
ture modifying the anatomical ligament attachment posi-
tion (Fig. 11). In this case, knee anatomy has been altered 
and the acquired limb deformity is not correctable with 
stress test. Restoring the native knee anatomy with KA TKA 
implies accepting the malunion and releasing soft tissues 
on the side of the malunion. Extreme cases may require 
a higher level of implant constraint. The other option is 
to correct the position of the malunited fragment (oste-
otomy). The selected treatment option will depend on 
fragment displacement magnitude and the extent of the 
soft tissue release that would be required to restore native 
knee anatomy when performing KA TKA.

Type 6

Type 6 defines acquired lower limb malalignment (in the 
frontal, sagittal or axial planes) resulting from secondary 
disease (e.g. rickets, Volkmann syndrome20), previous 
osteotomy, or the malunion of an extra-articular long 

bone fracture. In such cases of acquired deformity, the 
surgeon has the choice of:

1) Accepting the alteration of the patient’s native 
alignment and perform a KA technique ignoring 
the extra-articular deformity (Fig. 12 and Fig. 13). 
By doing so, the knee joint spaces and soft tissue 
laxities will be preserved. On the other hand, joint 
load and kinematics may remain altered by the 
extra-articular pathology.

2) Correcting the acquired deformity with an osteot-
omy can be performed in a one-stage or two-stage 
procedure along with a KA TKA (Fig. 14). Thresh-
olds above which modification of extra-articular 

Fig. 9 This composite figure illustrates a patient with a ‘Type 
5’ varus knee who was treated with ‘calipered unrestricted 
KA TKA’. There was some medial tibial plateau bone loss, 
as suggested by knee radiograph (top left image) and 
intraoperative observation of a large medial gap when stressing 
the knee in valgus (top middle image). The tibial cut was thin 
medially in order to account for the medial plateau bone loss 
(bottom left image). (Reproduced from Fig 16.7, Chap 16, 
Riviere C, Vendittoli P-A eds. Personalized Hip and Knee Joint 
Replacement. Cham, Springer, 2020. Used with permission)
Note. KA, Kinematic Alignment; TKA, total knee arthroplasty.

Fig. 10 This composite figure illustrates a 71-year-old man 
with a severe ‘Type 5’ varus left knee. Preoperative HKA 
was measured at 25°. Important bone loss on the medial 
compartment (tibial and femoral sides) was present. Using 
computer navigation, the distal medial femoral condyle cut was 
performed by compensating for 5 mm thickness articular surface 
loss (2 mm of cartilage plus 3 mm of bone), and the medial 
tibial cut was performed by compensating for 8 mm surface loss 
(2 mm of cartilage plus 6 mm of bone loss). Using spacer blocks 
and trial implants, we confirmed adequate soft tissue balance. 
Increased LCL laxity was compensated for by deep MCL release 
and +2 mm polyethylene. Final LDFA was 2° valgus and MPTA 5° 
varus. As the PCL was altered, a PS insert was used.
Note. HKA, hip-knee-ankle; LCL, lateral collateral ligament; MCL, medial 
collateral ligament; LDFA, lateral distal femoral angle; MPTA, medial proximal 
tibial angle; PCL, posterior cruciate ligament; PS, postero-stabilsed.
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Fig. 11 This composite figure illustrates a left KA TKA performed 
on a post-traumatic knee. The patient sustained a complex 
articular distal femoral fracture that was treated with ORIF, and 
developed a medial femoral condyle malunion (substantial 
proximal migration). The right knee anatomy (LDFA 3.5° valgus 
and MPTA 5° varus) was used as a template for planning the 
left KA TKA. To balance the left KA TKA, an osteotomy of the 
medial femoral condyle had to be performed in order to correct 
the malunion. Postoperative radiograph shows a left TKA with 
LDFA of 3° valgus and MPTA of 5° varus. A 100 mm loose fit 12 
mm cemented femoral stem was used to supplement femoral 
fixation and protect the medial condyle fixation.
Note. KA, Kinematic Alignment; TKA, total knee arthroplasty; ORIF, open 
reduction and internal fixation; LDFA, lateral distal femoral angle; MPTA, 
medial proximal tibial angle.

Fig. 12 This figure illustrates a patient with a post-traumatic 
(diaphyseal malunion) ‘Type 6’ knee who was treated with 
pure (unrestricted) KA TKA, ignoring the extra-articular femoral 
malunion.
Note. KA, Kinematic Alignment; TKA, total knee arthroplasty.

Fig. 13 This composite figure illustrates a patient with a history 
of distal femoral varus malunion followed by high tibial valgus 
osteotomy, which has left him with a reverse joint line obliquity, 
‘Type 6’ knee. This patient was successfully treated with an 
unrestricted KA TKA that has generated a balanced knee without 
the need for ligament release.
Note. KA, Kinematic Alignment; TKA, total knee arthroplasty.

Fig. 14 This composite figure illustrates a patient with a ‘Type 6’ 
knee who was treated with a two-stage surgical procedure: the 
first surgery consisted of performing a distal femoral osteotomy 
to correct a severe extra-articular acquired deformity; the second 
surgery was the implantation of an unrestricted KA TKA.
Note. KA, Kinematic Alignment; TKA, total knee arthroplasty.
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deformity is required need to be defined, especially 
for coronal deformity/malrotation which may be 
difficult to assess.

3) The last option is to carry out a hybrid technique 
by correcting the extra-articular deformity with 
intra-articular cut adjustments on the deformed 
bone while restoring the rest of the knee anatomy 
(Fig. 15). The decision-making will depend on 
the severity of the deformity and the alignment 
boundaries defined by the treating surgeon.

Exceptional knees where KA/rKA TKA is not 
recommended
There are exceptional cases where primary TKA implanta-
tion using the KA or rKA techniques should not be recom-
mended. It is the authors’ view not to recommend using 
the KA technique when a supplementary diaphyseal fixa-
tion is required. Current long-stemmed components have 
a fixed stem–surface angle designed to be mechanically 

aligned. Revision components with short stems could 
theoretically be used in KA in situations of favourable knee 
anatomy, but this requires careful preoperative planning to 
estimate the risk of impingement between stem and meta-
physeal cortex. Therefore, cases with important instability 
(e.g. incompetent medial collateral ligament or global/
recurvatum) are better treated with mechanically aligned 
higher constrained stemmed implants (Fig. 16 and Fig. 17). 

Fig. 15 This composite figure presents a patient with a 
malunited diaphyseal femoral fracture with a bended Kuntscher 
nail in place, ‘Type 6’ knee. Right and left LDFA were 0.5° and 
5° in varus, respectively, suggesting a 4.5° acquired frontal 
femoral deformity. Right and left MPTA were 9° in varus. The 
plan was to perform a left KA TKA with the nail in place, and to 
correct the femoral deformity with intra-articular femoral cuts 
adjustments. The surgeon reproduced the right-side anatomy. 
Medial soft tissue release was needed to accommodate the 4° of 
alignment modification.
Note. LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle; 
KA, Kinematic Alignment; TKA, total knee arthroplasty.

Fig. 16 This composite image includes the preoperative 
long-leg radiograph of a 79-year-old patient with windswept 
deformity. The left knee, in valgus, had an incompetent medial 
collateral ligament. Left knee replacement was performed using 
mechanically aligned (dictated by diaphyseal stem fixation) 
hinge TKA implants.
Note. TKA, total knee arthroplasty.

Fig. 17 This composite figure illustrates an 88-year-old patient 
with a severely degenerated, globally unstable left knee. 
Constrained MA TKA with diaphyseal fixation was performed.
Note. MA, mechanical alignment; TKA, total knee arthroplasty.
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Fig. 18 This composite figure illustrates a patient with end-
stage bilateral haemophilic knee arthropathy. As the bone loss 
was dramatic and prevented reliable estimate of the native knee 
anatomy, the decision was made to perform a mechanically 
aligned TKA using stemmed implants.
Note. TKA, total knee arthroplasty.

In addition, patients with indefinable native knee anatomy 
(e.g. severe bilateral haemophilic arthropathy – Fig. 18) 
should be managed with traditional TKA techniques.

Conclusion
The proposed classification system clarifies the complex 
situations that arthroplasty surgeons commonly face 
when aiming for KA TKA. Recognizing complex cases 
and following planning recommendations would likely 
improve the reliability of KA implantations for the benefit 
of the patient. In addition, the classification system eases 
inter-surgeon communication and benefits the teach-
ing of the KA technique. This classification system is not 
exhaustive, and will certainly be improved over time.
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