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Key Points

* Modern medicine now involves decreas-
ing cost of surgical intervention while
improving patient function and outcome.

* Renewed focus in kinematic alignment
of the knee brought back the concept of
minimizing biomechanical modifica-
tions during knee arthroplasty.

* A custom design UKA shows promising
strategies exploiting knowledge from
past designs and positioning its expected
development in line with existing vari-
ability in functional knee phenotypes.

19.1 Introduction

Customization of a unicompartmental knee arthro-
plasty (UKA) implant is a new surgical philosophy
aiming at reproducing the patient’s anatomy and
joint morphology while minimizing modifica-
tions in the biomechanics of the knee joint dur-
ing reconstruction. Combining the advantages
of single-use patient-specific instrumentation
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and custom implants led to the development of a
unique UKA implant system. Custom UKA would
offer clinician the opportunity to accurately restore
each patient’s femoral and tibial morphology
while providing additive material to compensate
for cartilage loss. Using this particular technique,
better restoration of the natural knee kinematic is
achieved through personalization of the implants.

Current modern off-the-shelf (OTS) UKA sys-
tems propose a joint mechanics based on standard-
ized femoral and tibial morphologies of various
sizes extracted from image banks obtained from
cohort of normal knees. Most UKA designs have
idealized or simplified knee joint biomechanics for
the medial compartment. The surgical technique
dictates to properly position that implant for opti-
mal function on the medial or lateral compartment.
Early results have shown 85% to 98% revision-
free joint survival at 10 years [1-4]. Systematic
reviews failed to show dominance of one design
over another and rather promote equivalent clini-
cal function and risk of revision surgery [5, 6].
Modern reports of fixed bearing devices account
for similar implant survival rates [7, 8].

Despite attempts at summarizing femoral con-
dyle morphology into a simple geometrical shape,
one has to recognize that the medial and lateral
condyles have different morphologies in terms of
radius of curvature, j-curve definition and con-
dyle width [9-11]. These differences may not be
fully accommodated for by existing OTS implants
[12]. The inventory requirements necessary to
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cover all possible morphology or variability
would be tremendous and therefore impossible
to obtain. Instead, minor differences in femoral
or tibial morphologies are averaged or ignored
by the implant designers. In an era of increasing
precision, patient-specific implants have shown
statistically superior bone coverage [12]. Using
statistical shape models, an estimate of what rep-
resents healthy distal femur has been recently
conducted [13]. Patient-specific UKA have also
been developed [14] and put to clinical use [15].

Why should we be looking for solutions? The
most common reasons for failure of UKA today
beside infections are polyethylene wear [6, 16],
osteoarthritis progression and aseptic loosen-
ing [17, 18]. Malposition of implants has been
identified as the most important cause leading to
aseptic loosening in 559 UKAs with a survival of
83.7 £ 3.5% at 10 years in a multicentric retro-
spective study [19]. They concluded that a joint
space height >2 mm, tibial component obliquity
>3°, a tibial slope value >5° or a change in slope
>2° and >6° divergence between the tibial and
femoral components decreased significantly the
prosthesis survival rate.

19.2 Whatls the Rational
for Custom UKA?

Most patients with medial knee osteoarthritis
have a physiological varus aligned morphology
before developing further degenerative changes.
Thus, it is probably unnecessary to modify this
alignment to neutral postoperatively. The custom
design aims at 2° to 3° of hip-knee-ankle angle
after implantation for a medial UKA [20-22].
The custom design software ensures proper
preoperative planning of implant position which
has been shown to be capital to optimize fem-
oral to tibial contact stress area [23]. One may
have the advantage, during preoperative plan-
ning, to measure and adjust such contact stress
area. Furthermore, the height of the prosthetic
joint space can also be built in the design of the
components. This latter option allows implants to
be seated ar or less than 1 mm below the lateral
compartment cartilage height [11] and avoids

differences greater than 2 mm which have been
shown to be detrimental to implant survival [19].
The surgeon should aim to use a 7 mm or 8§ mm
tibial polyethylene insert upon final implant
cementation [16]. Using personalized cutting
blocks, bone cut height can be accurately pre-
dicted and performed according to the optimal
preoperative planning.

19.3 Which Problems Does It
Solve?

Two problems are addressed by the custom UKA
implant strategy. First, the exact reproduction
of the patient’s femoral condyle curvature and
morphology combined with the natural patient’s
tibial slope should replicate native ligamentous
tension throughout the full range of motion.
Indeed, accurate ligamentous laxities across the
full knee range of motion remains a challenge for
the surgeon. A personalized knee implant design
may offer a complete strategy to reach complete
stress-free ligamentous range of motion across
all variability in knee anatomy [24].

Secondly, precision in bone preparation is
capital in order to position the implants accord-
ing to the planned and measured location.
Complications in implant positioning should be
avoidable by improved instrumentation and sur-
gical guidance. Obtaining proper implant posi-
tioning along with native morphological articular
reconstruction will most likely lead to decreased
premature implant loosening [14] and enhance
gait pattern normalization [25].

19.4 For Who (Best Indications)?

Any patients presenting with unicompartmental
knee pathology with intact cruciate and collateral
ligaments would be ideal candidate to undergo
custom UKA. Classic indications for OTS UKA
have been well established [26], and custom UKA
does not differ from these guidelines. Proper
patient selection remains the best predictor of suc-
cess for this type of surgery. Of mention, impor-
tant osteonecrosis jeopardizing implant fixation,
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local malignancy, active infection, inflammatory
arthritis, limited preoperative ROM, deformities
greater than 10°, and more than 5 mm of unipolar
bone defect would represent contraindications to
this particular procedure.

19.5 Whatls the Process?

After the traditional clinical encounter with a
patient’s history and complete physical exam,
weight-bearing long-leg anteroposterior (AP)
radiographs are obtained to evaluate the extent of
the joint space narrowing and the femoro-tibial
mechanical alignment. Once the patient is con-
firmed as a good candidate for a custom UKA,
additional AP valgus stress views of the knee
in extension are obtained [27]. This manoeuvre
provides information on the unaffected compart-
ment [28] and ensures relative quantification of
the affected joint space gap when the collateral
ligament is under full tension.

The patient is then required to undergo CT
or MRI imaging of the affected knee. Images
are converted to 3D volumes, and customization
of the implant is prepared based on proprietary
guidelines. Patient-specific instrumentation in
the form of 3D-printed cutting guides for both the
femur and tibia are then produced for every case.
The femoral and tibial implants are manufactured
according to the preoperative plan established by
the surgeon in combination with a technician and
an engineer. The treating physician has to accept
the final preoperative planning before the custom
cutting guides and implants can be manufac-
tured. Polyethylene liners are produced in dif-
ferent thicknesses within a range of 5-9 mm. All
components and cutting guides are made avail-
able between 2 and 6 weeks following the patient
imagery and implant prescription.

19.6 Clinical Evidence Supporting
This Concept?

The current literature regarding personalized
UKA components is relatively scarce since this
concept is emerging. Multiple studies are avail-

able on OTS UKA and show excellent 10- to
15-year survivorship [7, 8, 29]. Gait analysis fol-
lowing OTS UKA has shown a closer-to-normal
gait restoration with UKA when compared to total
knee arthroplasty (TKA) [30]. Unfortunately,
OTS UKA do not necessarily restore normal
gait patterns [25]. Customized 3D-printed UKA
implants restore the normal knee anatomy and
theoretically could restore normal gait patterns
since physiological ligamentous tension should
be obtained throughout the range of motion.

Researchers have worked with patient-specific
instrumentation (PSI) for UKA implantation
and have found 3.3% tibial fractures with 16.4%
sagittal plane outliers [31]. While some authors
propose no benefits [32, 33], others have dem-
onstrated marked improvements with PSI [34].
Specifically relating to the BUKS™ (Bodycad,
QC, Canada) custom UKA design, early reports
are promising [35]. Since most of the technical
errors in surgery are surgeon related [36], and sur-
gical experience is capital in UKA surgical tech-
nique [37, 38], PSI may represent as an important
tool for the inexperienced surgeon [39, 40].

19.7 Whatlslts
Cost-Effectiveness?

There are no published studies on custom UKA
and no cost-effectiveness studies of PSI for UKA.

19.8 Clinical Case Presentation

A 56-year-old man presents with left knee pain
and limping at activity. The patient evolved well
after undergoing sessions of physical therapy and
the use of some oral NSAIDs. He later devel-
oped progressive pain after prolonged walk-
ing and long days standing still. The patient is
comfortable in the sitting position but reports
having sharp pains in transitioning from the sit-
ting to a standing position.

On physical exam, the patient displays a left-
sided prolonged weight-bearing limp without
a varus thrust. Clinically measured leg length
is equal. Lower leg muscle strength is within
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Fig. 19.1 Radiographic imaging confirms a joint space narrowing as shown medially

normal. Range of motion of the left hip shows
pain-free and supple full range of motion. The
left knee displays flexion from 5° to 110°. A
valgus stress view at 0° of flexion demonstrated
a 5 mm medial gap opening. All other ligamen-
tous tests are within normal limits with a firm
end feel.

19.9 Preoperative Radiographs

Radiographic imaging (Fig. 19.1) confirms a
joint space narrowing as shown medially. Full-
length films and stress view in valgus complete
preoperative planning (Fig. 19.2).

19.10 Surgical Details

Similar to conventional UKA, a standard
8-12 cm skin incision is performed along the
medial border of the patellar tendon (Fig. 19.3a).
A quadriceps-sparing minimally invasive medial
parapatellar arthrotomy is favoured in order to
obtain adequate exposure to the medial compart-
ment of the knee (Fig. 19.3b). Although the deci-
sion to perform a minimally invasive incision to
limit soft-tissue trauma is the surgeon’s own pre-
rogative, this procedure can easily be performed

using both the standard and minimally invasive
approach.

The surgical technique first requires the sub-
periosteal exposure of the antero-medial proxi-
mal aspect of the tibial to allow adequate sitting
of the patient-specific 3D-printed nylon cutting
guides. Failure to obtain perfect sitting of the
cutting block will result in malpositioning of the
device and therefore produce inadequate and/or
misaligned bone resection. The surgeon should
not hesitate to obtain better exposure through a
longer skin incision if perfect placement of the
cutting block cannot be confirmed using the stan-
dard approach. The cutting block position should
be assessed using the dentist hook to ensure that
the periphery of the guide perfectly sits on the
bone and that no voids are palpated. Once ade-
quate positioning is confirmed, the cutting block
can be secured to bone using two or three small
3.5 mm cortical screws (Fig. 19.3c).

Tibial bone resection can then be safely per-
formed using a drill and making sure to drill every
hole provided in the cutting guide (Fig. 19.3d)
To enhance stability of the cutting block, a first
drill bit can remain through the first drill hole,
and the remaining holes can be drilled using a
second drill bit. After drilling every holes, the
cutting block can be fragmented using a cutter
(Fig. 19.3e), and the remaining axial and sagittal
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Fig. 19.2 Full-length
films and stress view in
valgus complete
preoperative planning

Fig. 19.3 Tibial bone resection starts with a medial inci-  is performed with a graduated osteotome (f), a horizontal
sion on the left knee (a), medial arthrotomy (b), then the  pass with the osteotome, (g) and the cutting guide is
tibial cutting guide is stabilized with screws (c¢), bone is  removed (h)

drilled (d), cutting guide is dismantled (e), a vertical pass
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Fig. 19.3 (continued)

Fig. 19.4 The tibial bone is removed, (a) and a validator is used to verify resection (b)

tibial bone cuts can be completed using a gradu-
ated straight osteotome (Fig. 19.3f, g) The tibial
cutting block is discarded after removing the
screws (Fig. 19.3h).

The resected tibial bone is then removed using
a grasping instrument (Fig. 19.4a). A tibial bone

cut validator, provided for each case, is then
placed on the proximal tibia in order to ensure
that the amount of resected tibial bone matches
the preoperative planned resection (Fig. 19.4b).
The handle of the tibial validator also features
an alignment hole allowing the surgeon to use
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a standard drop rod to validate tibial bone cut
alignment if desired.

As for the femoral preparation, a custom
femoral cutting block is required but should sit
directly on hard sclerotic bone of the condyle.
Therefore, a bone curette is used to scrape off any
remaining cartilage left on the medial femoral
condyle. Proper positioning of the femoral cut-
ting block should also be assessed using a dentist
hook, making sure once again that the periphery
of the cutting block sits perfectly on the bone

and that no voids are left underneath the cutting
block.

The femoral cutting block is then secured to
bone using 3.5 mm cortical screws (Fig. 19.5a).
Sequential drilling (Fig. 19.5b), fragmentation
of the cutting block (Fig. 19.5¢), and osteotome
passes (Fig. 19.5d) can be performed similarly
to the tibial bone resection. After removal of the
femoral cutting block, a nylon femoral compo-
nent trial along with the tibial bone resection vali-
dator is inserted, and the femoral side is fixed with

Fig. 19.5 Femoral bone resection starts by stabilizing the
femoral cutting guide with screws (a) on exposed sub-
chondral bone, bone is drilled (b), cutting guide is dis-

mantled (c), passes are performed with a graduated
osteotome (d), and the central peg hole is drilled (e, f) as
the tibial bone resection validator is left in situ
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screws. This allows for validation of the femoral
component position before reaming of the peg
hole using the provided femoral reamer through
the base of the femoral trial (Fig. 19.5¢, f).

After completing the bone resections, the sur-
geon should be able to proceed with trialing using
the 3D-printed nylon components (Fig. 19.6a).
At this stage, the proper polyethylene thickness
should be assessed making sure ligamentous sta-
bility is perfectly achieved throughout the full
range of motion. It is always preferable to leave a
physiologic 2 mm medial compartment laxity to
avoid overtensioning of the medial compartment
and potentially inducing a mechanically valgus-
aligned medial arthroplasty.

After completing trials and cleaning of bony
surfaces, cementation and impaction of the final
tibial implant are performed in a routine fashion.
Excess cement is removed, and a 3.5 mm cor-

tical bone screw is inserted in order to help in
proper component positioning. The final femo-
ral component is then cemented and impacted.
Once again, one 4.0 mm cortical bone screw
helps enhancing the final position of the femoral
implant. Polyethylene thickness trialing can be
repeated (Fig. 19.6b).

The final polyethylene is then inserted
(Fig. 19.6c) and locked into the tibial baseplate
using the provided locking pin (Fig. 19.6d). When
cement has fully hardened, complete physical
examination of the knee should be done to confirm
full range of motion, ligamentous stability, proper
patellar tracking, and the absence of soft-tissue
impingement. Finally, the arthrotomy is closed
using 1-0 absorbable sutures. Subcutaneous tissue
is closed in a subcuticular fashion using 2-0 sutures.
A sterile dressing is applied. Patient underwent an
uneventful postoperative recovery (Fig. 19.7).

Fig. 19.6 Before the final implantation, 3D-printed
nylon trial components are used for trialing (a), once
implants are cemented, different thicknesses of polyethyl-
ene liners are trialed for proper ligament tensioning (b),

and final liner is inserted and locked in place (c, d). Full-
size 3D models are provided with the custom implants to
allow for studying the implant position, size, and fit (e—g)
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19.11 Follow-up Radiographs

Fig. 19.7 Six months postoperative radiographs

19.12 Indications
and Contraindications

19.12.1 Indications

e Medial osteoarthritis of the knee

e <15° coronal malalignment

e Efficient anterior cruciate ligament

¢ Flexion contracture <15° (debatable [41])

19.12.2 Contraindications
e Tricompartmental knee osteoarthritis

e Unstable knee
¢ Femoral condyle osteonecrosis

19.13 Conclusion

The next decade of knee implant designs will
develop with amazing new technologies includ-
ing navigation, robotics, and virtual reality. The
innovating custom design UKA presented in this
chapter shows promising strategies, exploiting
knowledge from past designs and positioning its
expected development in line with existing vari-
ability in functional knee phenotypes. Further
adjustment in UKA custom designs may have to
be aligned with clinical trial findings and implant

biomechanical tests. The clinician has to remain
vigilant about new technologies but critic in its
introduction and initial use.
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