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Key Points
• Performing a kinematically aligned (KA) 

TKA requires accurate planning of resections 
and precise tools to achieve the set goals.

• CT-based patient-specific instrumentation 
(PSI) is our preferred method for performing 
KA TKA implantation.

• The restricted kinematic alignment proto-
col (rKA) has been developed as an alter-
native solution to the “true” KA technique 
in situations of patients with atypical knee 
anatomy.

• The rKA protocol limits the femoral and tibial 
prosthesis coronal alignment to within ±5° of 
neutral, with the overall combined lower limb 
coronal orientation within ±3° of neutral.

• PSI allows for pre-operative planning and 
fine-tuning adjustments.

• Compared to standard instruments, computer 
navigation or robotic surgery, PSI results 
in a shorter operating time and decreased 
instrumentation.

• PSI is a simple, standardised solution for a 
patient-specific rKA protocol in TKA, with 
many benefits to the surgeon and patient.

25.1  Personalized 
Instrumentation 
to Reproduce Patients’ 
Specific Anatomy

There is a very wide variation in patients’ knee 
anatomy. The precise restoration of this anat-
omy during total knee arthroplasty (TKA) may 
improve knee balance, clinical function and 
patient satisfaction. In the early ages of TKA, 
implant sizes and surgical precision were limited. 
The amount of deviation from a patient’s anatomy 
that may impact on clinical results is not clear. 
However, in the era of personalized joint replace-
ment, we believe that a precision of within 2 mm 
or 2° should be the goal. Performing a kinemati-
cally aligned (KA) TKA requires accurate plan-
ning of resections and precise tools to achieve 
the set goals. Patient-specific instrumentation is 
a very attractive solution. These patient-specific 
instruments (PSI) are constructed based upon 
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preoperative planning using either tomographic 
or magnetic resonance imaging. 3D models 
of the patient’s knee, hip and ankle are recon-
structed and anatomical landmarks are identified 
to set the parameters of tibia and femur resections 
according to the surgeon’s preferences. Intra-
operatively, the custom guides or PSI is applied 
to the bone surfaces to guide resections. The PSI 
defines both the implant orientation and size.

Generally, CT-based imaging is preferred 
for KA TKA, as measurement of the patient’s 
bony anatomy is required to measure the con-
stitutional knee alignment of the patient. The 
majority of patients undergoing TKA have 
minimal bone loss with most of the articular 
surface wear being cartilaginous. Aligning the 
resections to the bony anatomy of the femur 
and tibia, accounting for an equal cartilage 
layer medial and lateral, allows restoration of 
the native joint line and alignment. When bone 
loss is present, however, this should be consid-
ered when planning resection planes. A meta-
analysis compared the accuracy of MRI- and 
CT-based systems for PSI [1]. They reported the 
incidence of outliers greater than 3° was 12.5% 
for CT-based systems vs. 16.9% for MRI-based 
systems, though this difference was not statisti-
cally significant.

The accuracy of PSI has been assessed by 
numerous studies and meta-analyses [2–10]. 
Three meta-analyses reported improved coronal 
femoral alignment with PSI compared to con-
ventional instrumentation [6–8]. However, four 
other meta-analyses failed to detect a signifi-
cant difference [2–5]. The tibial coronal align-
ment was demonstrated to favour conventional 
instrumentation over PSI in four meta-analyses 
[2, 4, 5, 8], whereas three did not detect any 
significant differences [3, 6, 7]. No significant 
difference was detected in femoral sagittal align-
ment in any of the meta-analyses. Four studies 
found an increased risk of tibial sagittal plane 
malalignment with PSI [2, 4, 5, 8]. One study 
found improved rotational alignment with PSI 
[10]. These studies all looked at the accuracy 
of a mechanical alignment (MA) protocol. The 
accuracy of PSI for a KA technique is likely to 
replicate these results.

25.2  Restricted Kinematic 
Alignment Protocol 
and Personalized 
Instrumentation

We developed and have used clinically, since 
2011, a restricted KA protocol (rKA, see Chap. 
17) [11]. The PSI method described (MyKnee®, 
Medacta International SA, Castel San Pietro, 
Switzerland) is our preferred method for per-
forming rKA TKA implantation. Pre-operative 
CT scans according to the standardised MyKnee® 
protocol are taken. Cutting blocks and 3D bone 
models of the knee are then produced according 
to the preferences of the surgeon. The rKA proto-
col aims to reproduce the patient’s constitutional 
knee anatomy within a defined safe range [11, 
12]. The rKA technique limits the femoral and 
tibial prosthesis coronal alignment to within ±5° 
of neutral, with the overall combined lower limb 
coronal orientation within ±3° of neutral. As dis-
cussed previously (see rKA, Chap. 17), in more 
complex cases requiring modification of the anat-
omy of both tibia and femur to stay within these 
limits, our practice is to preserve femoral anat-
omy as closely as possible and perform greater 
modifications on the tibial side. We believe that 
the femoral flexion axis plays the more signifi-
cant role in knee kinematics. Femoral rotation is 
set at 0° of rotation to the posterior condyles. The 
femoral size is matched to the best fit of the distal 
femoral anatomy, and sagittal orientation is set 
to avoid notching, usually at 2–4° of flexion with 
respect to the mechanical axis of the femur. The 
tibial posterior slope is set at 3° as recommended 
by the manufacturer. Application of the rKA pro-
tocol is performed by an experienced MyKnee® 
engineer at Medacta International. Then, the pre- 
operative plan is sent to the surgeon according 
to these specifications for approval (Fig.  25.1). 
Images of the cuts and implants are simulated 
and provided (Fig. 25.2). The surgeon can mod-
ify the pre-operative plan if desired.

At the time of surgery, sterilised 3D bone 
models are provided with the PSI cutting guides 
(Fig.  25.3). Femoral and tibial cutting guides 
can be tested on the 3D bone models to assess 
the optimal fit (Fig. 25.4). As we use a CT-based 
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CASE CODE
SURGEON

SURGERY DATE
SURGICAL APPROACH

PRODUCT
BLOCKS

LEFT TOTAL KNEE PRE-OP POST-OP

IMPLANTS DEFAULT CHANGED

PRE-OP
LONG AXIS

CAUTION

CAUTION

REMOVE FROM THE BONE
THE CARTILAGE AND SOFT
TISSUES COVERING THE
CUTTING BLOCK CONTACT
AREAS.

CT BASED REV.0 - 28.nov.2018

MyKnee Surgical Planning Report

FEMUR

TIBIA

Pascal-André Vendittoli
2018-12-22
Medial
GMK-Sphere
STD+MIS

HKA
Femoral Valgus (from bone)

Tibial Varus (from bone)
Tibia Posterior Slope

Epicondyles vs Post. Cond.

175.5
2.0
2.0

2.0
13.0

180.0
2.0
2.0
2.0

Femoral Implant Size
Tibial Implant Size

3+
3

This case is based on CT data:

All measurements shown are
from the bone and do not include
the thickness of the cartilage.

M

M

M

M

L

L P A

L

L

P A

Accurately clear the posterior condyles from
any osteophytes and overhanging bone.

FEMORAL RESECTIONS [mm]
DEFAULT CHANGED

Lateral Posterior Cut
Medial Posterior Cut

Lateral Distal Cut
Medial Distal Cut

FEMORAL ANGLES [deg]
Valgus
Flexum

ROTATION [deg]

COMMENTS
DEFAULT CHANGED

CONFIDENTIAL

External Rotation vs. Post. Condyles

8
8
8
8

2
3

0

TIBIAL RESECTIONS [mm]
Lateral Tibial Cut
Medial Tibial Cut

TIBIAL ANGLES [deg]
Varus

Posterior Slope

9
9

2
2

myknee@medacta.ch M08.59 rev.7

Biomechanical and
Radiostereometric Analysis of the
GMK Sphere Primary Total Knee
Replacement.
A Randomized, Double Blind
Comparison of Anatomical
Versus Mechanical Alignment in
Total Knee Replacement.

Fig. 25.1 Preoperative plan for rKA alignment
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protocol, the cartilage and soft tissues covering 
the cutting block contact areas must be removed 
from the bone with the help of a diathermy blade. 
The contact areas can be identified on the bone 
model (Fig. 25.2). The femoral cutting block is 
then placed manually on the distal femur, in the 
position of maximum stability (Fig. 25.5). Once 

the positioning is deemed satisfactory, the cutting 
block is fixed with pins. As well as positioning 
the guide for distal femoral resection, these pins 
set the rotation of the 4-in-1 cutting guide and 
hence femoral rotation.

For the tibial resection, the process is repeated 
with the tibial guide and bone model. To ensure 

Fig. 25.2 Images of the resulting bone cuts with and without the implant are provided
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maximum stability of the guide, the surgeon 
should verify that the points of contact between 
the tibial cutting block and the tibial bone cor-
respond with the bone model (Fig. 25.4). Once 

the cutting guide has been properly positioned 
on the tibia, cut parameters are automatically 
set for the knee according to the preoperative 
plan (Fig.  25.6). With implant trials in place, 

Fig. 25.3 3D bone models for an rKA case showing the equal medial and lateral cut thicknesses and the resulting joint 
line

Fig. 25.4 Cutting blocks assembled on the 3D bone models to assess the optimal fit

25 Kinematic Alignment Total Knee Replacement with Personalized Instruments
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we adjust tibial rotation manually to match the 
femur in flexion and extension.

25.3  Benefits of Patient-Specific 
Instruments

The PSI method used by the authors (MyKnee®, 
Medacta International SA, Castel San Pietro, 
Switzerland) has demonstrated accuracy of 
implant positioning in a number of studies 
[13–16]. A study of 50 consecutive TKAs per-
formed using the MyKnee® PSI reported 98% 
were within 3° of the planned HKA angle [13]. 
Predicted coronal plane orientation of the tibial 
and femoral components was achieved in 100% 
and 96% of patients, respectively. The sagit-
tal orientation of the femoral and tibial com-
ponents was achieved in 98% and in 92% of 
patients, respectively. Accurate femoral rota-

tion within 3° of planned was accomplished in 
90% of patients.

The majority of studies assessing PSI have 
demonstrated improved positioning of the fem-
oral component compared to the tibia. It is the 
authors’ experience that the femoral cutting 
guide is easier to position accurately due to the 
conforming anatomy of the distal femur. We 
would recommend that when positioning the 
tibia, the surgeon spends extra time to confirm 
accurate placement. Secondary checks may be 
performed with the alignment guides and fol-
lowing resection with callipers. In most cases 
of rKA TKA, no ligament imbalance is created. 
Using PSI for rKA thus simplifies the TKA 
procedure to a precise application of the cut-
ting block on the patient’s bone and avoidance 
of cut deviation using the oscillating saw. We 
prefer to use the Precision saw blade (Stryker, 
USA) for these procedures. This saw blade 
has an oscillating tip, but the core of the blade 
stays still. It eliminates blade vibration in the 
PSI cutting slot which avoids creation of plastic 
wear/debris.

Another benefit of PSI is standardisation of 
the procedure with all the planning done pre- 
operatively, compared to computer navigation 
[11] or robotic surgery where it is done at the 
time of surgery. It is also rare to require recut-
ting, in contrast to the calliper technique with 
conventional instrumentation (see Chap. 24). 
This may result in a shorter operating time. A 
meta- analysis demonstrated minor reductions in 
total operative time (−4.4  min, p  =  0.002) and 
blood loss (−37.9 mL, p = 0.015) for PSI com-
pared to conventional instrumentation [17]. The 
included studies all used mechanical alignment 
technique for implanting TKA.  The time saved 
may be greater with a patient-specific alignment 
technique, where bespoke planning is required.

Other potential benefits include decreased 
instrumentation with less tray processing 
requirements and improved accuracy for the 
novice or low-volume surgeon (Fig.  25.7). A 
trial comparing PSI with conventional instru-
mentation demonstrates a 90-min reduction in 
instrument processing time [18]. With savings 

Fig. 25.5 Femoral block on the femur

Fig. 25.6 Tibial block on bone
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in labour, instrumentation and surgical time, 
this equated to a total savings of $628 per case. 
They did note, however, that this was offset by 
the high cost of pre-operative imaging and fab-
rication of the PSI.  These costs, however, are 
likely to be much less than those associated with 
robotic surgery, particularly in low-volume cen-
tres. Experienced surgeons are more accurate in 
their bone cuts using standard TKA instrumenta-
tion compared to surgeons with less experience 
[19]. Patient- specific instrumentation has been 
shown to improve accuracy of inexperienced 
surgeons to the equivalent of expert surgeons, in 
a study using sawbone knee models [20]. Most 
of the clinical studies comparing the accuracy of 
PSI with conventional instrumentation are con-
ducted in high- volume centres with experienced 
arthroplasty surgeons [8] and may be subject to 
expert bias.

PSI is a simple, standardised solution for a 
patient-specific rKA protocol in TKA, with many 
benefits to the surgeon and patient.

25.4  Case Example

An active 58-year-old female, with advanced 
knee osteoarthritis, presents for consideration of 
TKA, after failure of conservative treatment. Six 

years ago, she had a right TKA in another insti-
tution with unsatisfying clinical results (pain 
and stiffness). Two years ago, she underwent 
a right TKA revision (by the initial surgeon) 
which did not improve her right knee function. 
She is severely disabled by her left knee OA but 
very hesitant to accept another TKA after the 
disappointing right knee results (Fig. 25.8). We 
offered her a left knee rKA TKA with PSI.  A 
pre- operative planning CT scan demonstrates 
pre- operative femoral valgus of 2° and tibial 
varus of 2° (Figs. 25.1 and 25.2). The pre-oper-
ative HKA was 4.5° varus, as a result of carti-
lage wear on the medial side of the tibia. The 
patient elected to undergo TKA using the rKA 
protocol. As is the case with ~50% of cases, no 
modifications were required from her pre-oper-
ative constitutional alignment to stay within the 
safe range defined in our protocol, allowing a 
pure KA implantation. Frontal alignment was 
therefore 2° valgus for the femoral component 
and 2° varus for the tibial component, with an 
overall postoperative HKA of 0°. The patient 
underwent an uneventful post- operative recov-
ery (Fig. 25.8b). At 4 months post-surgery, her 
prosthetic knee felt natural without restrictions. 
She is now requesting us to perform a second 
revision of her right knee to correct the implant 
orientations.

Fig. 25.7 Minimal 
instrumentation to 
perform TKA

25 Kinematic Alignment Total Knee Replacement with Personalized Instruments
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a b

Fig. 25.8 Preoperative (a) and post-operative (b) standing long radiographs of the left knee rKA TKA with PSI. Patient 
unsatisfied with her right revision TKA (performed elsewhere) requested to be revised a second time
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