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Key Points

1. Restore the native shape with an optimal bone
implant fit.

2. Reproduce the native pre-arthritic joint line
with a personalized alignment.

3. New economic system using custom single-
use instruments.

As we reach the 50th anniversary of ‘modern
TKA’, new technologies and new industrial
processes render the manufacture of fully cus-
tomized implants feasible. While this can be
considered as a technological breakthrough,
addressing several limitations of TKA, we may
question whether this costly technology is worth-
while and beneficial for patients. Considering the
wide range of TKA sizes now available—some-
times having millimetric-size increments—do we
really need customized implants to reproduce the
native anatomy?
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22.1 Why Custom Total Knee

Arthroplasty?
22.1.1 A Brief History of TKA

During the first half of the twentieth century,
the pioneers of arthroplasty surgery tested surgi-
cal procedures for arthritic knees, which could
be considered as ‘resurfacing procedures’ using
soft tissue or chromium—cobalt interposition [1].
Inspired by the success of Smith-Petersen [2]
with mould arthroplasty of the hip, Campbell and
Boyd performed the first arthroplasty of the knee
[3]. The advent of ‘modern TKA’ in the early
1970s introduced standardization, precision and
reproducibility of surgical techniques and manu-
facturing processes, but abandoned the concept
of personalized resurfacing. Due to the limited
number of sizes available (only one femoral size
existed during the first decade of total condylar
knee arthroplasty) [4], optimizing a bone implant
fit was challenging. During the 1980s and 1990s,
the range of sizes increased, but only propor-
tional to the original designs, assuming that all
human knees had the same shape. It was only
in the early 2000s that morphologic variability
was investigated through the aspect ratio [5] and
manufacturers developed narrow versions in their
range of femurs, known as ‘gender knees’.
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22.1.2 The Limits of Contemporary
TKA

Nowadays, surgeons can choose components
from a wide range of sizes, including standard
and narrow and sometimes asymmetric tibia.
However, anatomic variations are not limited to
large or narrow, but also include several other
features, such as the trapezoidicity of the dis-
tal femur [6], the condylar radii of curvature
[7], joint-line obliquity [8] and the shape of the
trochlea and tibial plateaus [9]. The observed
variability in morphotypes echoes the words of
John Insall who warned that ‘care must be taken
in describing what is “normal” because of signifi-
cant individual variations’ and those of Werner
Miiller who pointed out that ‘nothing is as con-
stant as the variability of anatomy’. Therefore,
the size and shape ranges used in standard TKA
hardly cover the variability of the human knee,
and oversizing has been reported in up to 76%
on the femur and up to 90% on the tibia after
TKA. It has been also demonstrated that any
overhang of the implants increases the risk of
residual pain and stiffness and jeopardizes func-
tional outcomes [10-12].

Moreover, because the soft tissue envelope
is non-extensible, implantation of mechanically
aligned prostheses causes ligament imbalance,
patellar maltracking and stiffness. These are tack-
led by the use of technical tricks such as ligament
releases [13], external rotation of the femoral
component [14] and kinematic alignment [15], all
of which are ‘palliative solutions’ compensating
for the non-anatomic shape of the implants and
modification of the native alignment. It is there-
fore important to understand that TKA alignment
and implant design are inter-related and cannot
be considered separately.

22.1.3 Alignment Strategy in TKA

In the early days of TKA, the so-called mechani-
cal alignment (MA) was favoured, aiming for
a straight leg axis of 180° (neutral alignment),
obtained via orthogonal cuts. A perfectly straight

180° leg does not mirror the average alignment,
but was chosen for reasons of reproducibil-
ity and load distribution, to minimize polyeth-
ylene wear and implant loosening [16]. The
mean native joint line obliquity (JLO) is 3°,
with large inter-individual variations, compris-
ing the mechanical lateral distal femoral angle
(mLDFA), the mechanical medial proximal
tibial angle (mMPTA) and the joint line conver-
gence. The native JLO is rarely reproduced with
classic orthogonal cuts, which results in asym-
metric bone resections and therefore ‘iatrogenic
laxity’. The anatomic alignment (AA) technique
for TKA still aims at a neutral (180°) alignment
but via slightly oblique cuts (3°), which repro-
duces the average JLO value. The kinematic
alignment (KA) technique for TKA, introduced
later, aims to adapt the position of the implant
to the soft tissue envelope, thereby restoring the
native tri-dimensional alignment of the lower
limb. Whatever the chosen alignment technique,
a one geometrical implant design may cause
bone implant mismatches when used in the wide
range of human knee anatomies. So personalized
implant orientation with KA may benefit to be
linked to implant customization.

22.1.4 Are Patients Fully Satisfied
with Standard TKA?

Despite the increasing survival of TKAs, due to
innovations in biomaterials, design and surgi-
cal techniques, the satisfaction rate following
TKA reported in the literature varies from 75%
to 89%, with three main influencing factors:
residual pain, functional outcome and preop-
erative expectations [17-20]. In a multicentre
series of 347 non-selected TKA patients using
various implants [17], we observed that only
62% of our patients were totally pain free dur-
ing gait and 35% while climbing or descending
stairs and 40% complained of pain while run-
ning. Only 48% of the patients declared being
‘very satisfied’ with the procedure, and 68%
considered their operated knee to be ‘normal
for their age’.
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22.2 The Need for Custom TKA

The Origin® custom TKA (Symbios, Yverdon-
les-Bains, Switzerland) was developed between
2012 and 2017 and is CE marked since 2018.
This system was conceived and designed to
reproduce the native (pre-arthritic) anatomy of
the knee, using a single-use custom instrumenta-
tion. The main aims are:

1. To optimize bone implant fit and avoid pros-
thetic overhang or under-coverage.

2. To improve ligament balancing by avoiding
resection laxity due to asymmetric bone cuts.

3. To improve mid-flexion stability and kinemat-
ics by restoring the native radii of curvature.

4. To improve patellofemoral tracking by restor-
ing the native femoral torsion and customized
trochlea.

5. To facilitate restoration of the native pre-
arthritic limb alignment.

Its production is based on a classic process,
the chromium—cobalt femoral implant being
made by standard casting, followed by machin-
ing and polishing. The tibial baseplate is made
of titanium.

22.3 Design Rationale
of the Origin® Implant

The Origin® prosthesis is postero-stabilized, with
a proportional post-cam system that engages
beyond 60° of knee flexion. The intercondylar
box is proportional, in order to minimize bone
sacrifice. Between 0° and 60° of knee flexion,
anteroposterior stability relies on the shape of the
polyethylene with a specific anterior ultracongru-
ency. Most of the prosthetic designs retaining or
sacrificing the PCL do not stabilize the femur
adequately during flexion and allow a paradoxi-
cal femoral anterior sliding, which constrains the
patella and reduces the quadriceps lever arm.
The femoral component reproduces the shape
of the native femur, in terms of contours, radii
of curvature and joint line obliquity. Because

the implant and instrumentation are devised to
reproduce the natural shape of the distal femur,
no additional rotation is required during implan-
tation, and the design is linked to the alignment.
Therefore, no intraoperative modification of the
femoral cuts or femoral rotation need be consid-
ered. The prosthetic trochlea is designed to match
the shape of the native patella and to maintain its
native alignment, with soft edges to avoid patel-
lofemoral crepitus. In cases of trochlear or patel-
lar dysplasia, the femoral trochlea implant is
designed as a standard trochlea.

The tibial baseplate is asymmetric and repro-
duces the contours of the native plateaus, facili-
tating rotational positioning of the implant after
bone resection. The rotation of the tibia matches
the transverse tibial axis, defined by the line
joining the centres of each plateau. The tibial
slope is maintained in a range of 2°-5° to avoid
anteroposterior instability. The tibial keel is
aligned medio-laterally with the axis of the tibial
metaphysis, which corresponds non-systemati-
cally to the baseplate centre. The coronal align-
ment of the tibial cut is maintained in £3° range
from 90°.

22.4 Whatls the Process?

The design and manufacturing process of the
Origin® custom TKA takes 6 weeks and requires
cooperation between the surgeon and engineers.
The design is based on a three-dimensional anal-
ysis of the bony anatomy of the arthritic deformi-
ties and limb alignment, based on a preoperative
CT scan, using a special radiographic protocol,
including the knee, hip and ankle joint. The
DICOM files are collected and sent electroni-
cally to the engineering team through a secured
‘Symbios box’. 3D analysis is performed with
Knee-Plan® software (Symbios, Yverdon-les-
Bains, Switzerland) (Fig. 22.1).

Additional clinical (range of motion of the
knee, reducibility of the deformity) and radio-
graphic information (dynamic varus—valgus XR
and long leg standing XR) may also be useful.
The engineering process requires several steps:
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1. Semi-automated 3D reconstruction and seg-
mentation of the distal femur, proximal tibia
and patella.

2. Planning is done with Knee-Plan® software.
From raw images, the alignment and bone
wear are analysed, and the native (pre-
arthritic) alignment is deduced. The realign-
ment strategy is then established, including
the level and orientations of the bone cuts. The
aim is to reproduce the native alignment called
the Origin Alignment®, in a range of £3° from
180°, with a reproduction of the joint line
obliquity in a range of +5°, in accordance with
the restricted kinematic alignment protocol
from Vendittoli (Chap. 17).

3. The design of the definitive implants, trial
implants and custom instruments is then final-
ized, using SolidWorks® software (Dassault
Systemes, Vélizy-Villacoublay, France).

4. Operative planning and the implant design are
then validated online by the surgeon.

5. Manufacturing of the definitive implants is then
finalized, using ‘pre-shapes’, previously manu-
factured with classic chromium—cobalt casting
technology for the femur and titanium (Ta6V)
for the tibial baseplate. From a wide range of
‘pre-shapes’, the next largest sized pre-form is
chosen, and final customization is done using
automated quick milling technology to repro-
duce the shape of the native pre-arthritic bone.

6. The custom guides are made with additive
manufacturing technology using polyamide
(PA2200).

7. Implants and instruments are then assembled
into a single box and sent directly to the
hospital.

22.5 Which Alignment Strategy?

1. The Origin® alignment aims to reproduce both
native (pre-arthritic) alignment and joint line
obliquity, based on the preoperative CT scan
with 3D reconstruction of the hip, knee and
ankle. Bone wear and arthritic deformity are
assessed and corrected during 3D reconstruc-

tion. The mLDFA is recreated by reconstruc-
tion of the native femoral surface. The
mMPTA is measured and recreated by a com-
bination of bone cut adjustment (up to 3°) and
an asymmetric polyethylene inlay (up to 2°),
similar to the restricted kinematic alignment
protocol from Vendittoli (Chap. 17).

The native alignment, also known as constitu-
tional alignment, is determined from a combina-
tion of (1) the knee morphology obtained from a
CT scan; (2) clinical data, notably the reducibility
of the axis deviation and (3) the weight-bearing
axis from a whole-leg standing radiograph. This
Origin Alignment® does not seek to change the
axis to 180°, but to restore the native alignment.

At this stage, there are certain limitations
in the reconstruction of both native alignment
and joint line obliquity. While it has been dem-
onstrated that restoration of the native JLO in
patients with constitutional varus decreases peak
knee adduction [21], the Origin Alignment®
remains within safe limits in terms of tribology,
fixation with a JLO range of +5° and a postop-
erative alignment—range of +3°. Allowing for
these limitations, approximately 75% of knee OA
patients are suitable for Origin Alignment® [22].
The other cases are managed individually accord-
ing to the surgeon’s preference.

22,6 Surgical Technique

All instruments are single-use custom tools and
fit in a single box weighing 3 kg.

22.6.1 Femoral Preparation

In this technique, the femoral preparation is done
first (Fig. 22.2), because the femur is the driver of
the knee kinematics. The first surgical step is to
remove the remnants of cartilage, using electro-
cautery, a curette or a scalpel blade, in the areas
of contact of the cutting block. The first femo-
ral jig is secured to the bone with pins as soon
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Fig. 22.2 Different steps of the femoral preparation

as a unique and stable position has been found
for it, and cuts are performed with an oscillating
saw. No femoral recuts are needed as the aim of
the procedure is to reproduce precisely the shape
of the distal condyles. The ‘four in one’ femoral
cutting guide (second femoral jig) is positioned
on the distal resected femur without any adjust-
ment in size or rotation. The concept of femoral
rotation has here no meaning because the femoral
implant reproduces the shape of the distal femur
and the thickness of the polyethylene reproduces
the native joint line obliquity. Resection of the
intercondylar femoral notch is guided by the

third femoral jig. The medio-lateral contour of
the bloc—specific to the patient—matches the
bony contours of the femur.

The trial femoral component is positioned on
the distal femur, and flexion/extension motion
and valgus/varus stressing are done to assess the
amount of bone wear and the level of the tibia cut.

22.6.2 Tibial Preparation

After removal of the cartilage remnants and
osteophytes, the tibial jig is positioned on the
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Fig. 22.3 Different steps of the tibial preparation

plateaus and secured with pins once the position
is stable (Fig. 22.3). To meet the planned cut’s
orientation, the extramedullary alignment control
rod must be centred medio-laterally to the centre
of the ankle joint.

The resection provided by the tibial guide is a
pre-cut of —2 mm (minus 2 mm) with respect to
the planning. In most cases, a +2 mm recut must
be done as a second step (corresponding to the
planned resection), after checking the stability
with the ‘Bone Balancer’ (trial femoral implants
with a floating tibial component). This recut is
guided by the ‘re-cutting guide’. In some knees
with laxity, if the ligament balancing is correct
after the first tibial cut (pre-cut), the additional
+2 mm recut can be skipped. Conversely, in some
stiff knees, an additional re-cut (+4 mm from the
first cut) may be necessary, using the same ‘re-
cutting guide’.

After obtaining a good range of motion,
with a balanced knee, controlled with the ‘Bone
Balancer’ (medio-lateral stability with a slight
residual varus—valgus laxity), the definitive tibial
preparation is performed. The custom tibial base-
plate (keel position and contouring are patient

specific) is then fixed on the resected tibia sur-
face, and the central peg and fins are prepared.

22.6.3 Final Implantation

The trochlea of the Origin® prosthesis is designed
to match the shape of the native patella (anatomic
trochlea), so patellar resurfacing is not required,
but is recommended in cases of severe patellar
osteoarthritis.

Once all bone surfaces have been prepared, the
implants are cemented, firstly with the tibia and
lastly with the femoral component (Fig. 22.4).
Standard closure and dressing are then performed.

22.6.4 Postoperative Care

Physiotherapy begins a few hours after sur-
gery, with immediate full weight bearing, using
crutches only for safety and without any flex-
ion or extension restrictions. Rehabilitation is
based mostly on self-rehabilitation performed
under the supervision of a physiotherapist,
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Fig.22.4 Final cemented implantation

avoiding any active muscle strengthening ear-
lier than 4 months postoperative.

22.7 What Are the Potential
Benefits of Custom TKA?

22.7.1 Patient Benefits

This technology is based on the theory that many
unsatisfactory outcomes and/or residual pain
after TKA can be attributed to a lack of ana-
tomic restoration, hardly identifiable by medical

examination. Residual pain, stiffness and laxity
are often secondary effects of incorrect sizing
[11, 12] or malrotation [14]. Furthermore, asym-
metric resections due to alignment strategy and
the non-anatomic shape of the implants cause
‘latrogenic’ laxities or stiffness. We therefore
believe that an optimal restoration of the native
anatomy—including limb alignment—may help
improve functional outcomes in TKA. Also, cus-
tomization of the bone cuts and implants allows
engineers to minimize, as much as possible, the
thickness and weight of the implants and the
number of bone resections needed.
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It is worth noting that custom cutting guides
or navigation systems, generally used in standard
implants, failed to demonstrate clear benefits
in terms of outcomes and patient satisfaction.
Similarly, robotic surgery might be more reli-
able and precise in the future, but will not solve
the major difficulties due to the non-anatomic
design of the implant itself. We strongly believe
that TKA needs improvements to its three main
pillars: (1) definition of a personalized alignment
strategy; (2) improvement of surgical precision
with new technology, such as robotics and (3)
restoring the native knee anatomy using custom
implants.

22.7.2 Benefits for the Surgeon

Customized TKA offers many advantages to the
surgeon. Firstly, the surgical process is easier,
because conservation or restoration of the native
anatomy automatically addresses many surgical
difficulties: (1) femoral and tibial rotations are
adjusted during the design stage, and adjustments
to component positioning are required; (2) bal-
ancing is easier, particularly at mid-flexion, due
to the conservation of the condylar curvature radii
and the JLO; (3) no size adjustments are needed as
the bone implant fit is optimized. Secondly, plan-
ning is defined preoperatively in terms of align-
ment and implant positioning, which safeguards
the surgeon. Thirdly, this technology may help
in certain difficult cases such as (1) patients with
post-traumatic extra-articular deformities where
correction of the deformity is easier; (2) patients
with inextractible hardware close to the joint
surface, where the instruments and the implant
are designed to avoid impingement; (3) patients
with multioperated or previously infected bones,
because no bone catheterism is required; and (4)
patients with extreme anatomy, where implanta-
tion of standard TKA may be challenging.

22.7.3 Hospital Benefits

This technology is valuable for the hospital man-
agement, simplifying the process in the theatre,

with a single box including the implants and
instruments, all tailored for the patient. It elimi-
nates the need for large inventories of implants
and instrumentation trays. Finally, this technol-
ogy dramatically decreases the need for steriliza-
tion, with a major economic impact (cost) and
also ecological consequences (water used for
sterilization).
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