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Key Points

e After five decades of knee joint replacement
development, we still do not reliably provide a
forgotten knee joint to our patients.

e A better understanding of human anatomy
will help to define the surgical goal during
prosthetic implantation.

e Precise surgical tools like computer naviga-
tion, personalized instruments or robotics will
be valuable to achieve each patient’s individu-
alised target.

*  More anatomic surgical procedures and implants
may better reproduce native joint kinematics.

e Improving perioperative care and reducing
adverse events will remain major factors for
success in knee joint replacement.

e The future of knee joint replacement relies on
our capacity to restore patient-specific knee
anatomy and function.

15.1 Introduction

Although total knee arthroplasty (TKA) is con-
sidered to be a cost-effective intervention, most
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patients do not experience natural joints, and it is
reported that up to 20% of them are dissatisfied [1,
2]. A systematic review of gait analysis after TKA
indicates that patients display significant kinematic
differences from normal controls [3]. Due to the
significant deficiencies in both our knowledge and
technology in the past, we were far from replicat-
ing normal knee kinematics with TKA. These limi-
tations in TKA function and patient satisfaction
should stimulate us to restart the entire develop-
ment process. Enhancements in our understanding
of knee anatomy and biomechanics may suggest
ways of improving TKA outcomes. Implant design
needs to be advanced to reproduce the anatomy and
kinematics of native knees. More precise surgical
techniques with navigation, patient-matched instru-
mentation and robotics need to be further refined.
The future of TKA is to produce more natural knee
joints, with resultant improved patient satisfaction
and ultimately a forgotten joint.

15.2 Historical Perspectives

The anatomy of the knee and its kinematics are
complex and remain poorly understood. The
normal anatomy varies widely, and pathologi-
cal changes increase its variability further [4-6].
Instrument precision was poor, and implanta-
tion errors were frequent when TKA surgery
was introduced in the 1970s [7]. The focus was
therefore on implant survivorship rather than
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reproducing normal knee anatomy and function.
To simplify operations, surgeons selected neutral
femoral and tibial cuts to create rectangular flex-
ion and extension gaps and a neutral mechanical
axis. Individual patient anatomy was not repro-
duced, with the focus on standardisation of the
procedure. Bony anatomy modifications created
by mechanical alignment are linked to mediolat-
eral and flexion-extension joint gap imbalances
[8]. Multiple soft tissue release techniques were
developed to force the patient’s soft tissues to
adjust to the non-anatomical bone cuts.

There is a very large variation in the anatomy
of the knee across individuals. The precise restora-
tion of this anatomy during total knee arthroplasty
(TKA) may improve knee stability, kinematics
and clinical function. The future of TKA should
therefore look to restore individual anatomy with a
personalized joint replacement. Currently, there is
a developing interest in new methods of alignment
for TKA. In the future, this is likely to expand with
a move away from traditional mechanical align-
ment to an individualised or kinematic alignment
[9] (Fig. 15.1). In Chaps. 24, 25 and 26, a detailed
description of these alignment philosophies are
discussed. The authors feel a restricted kinematic
alignment protocol offers the advantages of the
restoration of the patient’s constitutional limb
anatomy but within a safe margin, which avoids
reproducing the extreme pathologies that may
result in early failure.

Conventional TKA instrumentation restricts
the surgeon to standardised alignment, so new
techniques and technologies are required to allow
a patient-specific alignment.

15.3 Precision Technologies

Greater precision in surgery is now possible
due to newer techniques using computer navi-
gation, patient-specific instrumentation (PSI)
and robotics. These technologies allow the sur-
geon to individualise the alignment of the knee
replacement to replicate individual anatomy.
Further study and refinement of these technolo-
gies will determine which will be the best to use
going forward.
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Fig. 15.1 Case example where the patient had the same
TKA implant on both knees but the right knee implanted
with MA and the left with KA. The patient achieved
earlier ROM and higher clinical scores and preferred his
left knee
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There is an abundance of evidence that com-
puter navigation produces better precision than
conventional instrumentation [10] but only lim-
ited evidence that this translates into better clinical
outcomes [11]. The use of robotics in orthopaedic
surgery is much more recent, so there is little evi-
dence of efficacy in the literature at present. One
benefit of PSI is standardisation of the procedure
with all the planning done preoperatively, com-
pared to computer navigation or robotic surgery
where the planning is done at the time of surgery.
This may lead to shorter operating times.

There is no doubt that greater accuracy in
surgery is an important goal. Perhaps the rea-
son why this greater accuracy has not always
resulted in better clinical outcomes [12] is that
we were aiming for the wrong target (Fig. 15.2).
Accurately achieving a neutral HKA is of lim-

ited value if such implant orientation is not linked
with improved patient satisfaction. With a new
target in mind, being a personalized alignment
goal for each patient, improved precision may
reveal its value.

In a recent study, we compared the parameters
of kinematics during gait of 36 TKA (single radius,
CR) implanted using computer navigation with
either kinematic alignment or mechanical align-
ment technique, with a group of 170 healthy con-
trols [13]. Eighteen kinematically aligned TKAs
were matched by gender and age to 18 mechani-
cally aligned TKAs. Knee kinematics were assessed
with the Knee KG™ (Emovi, Laval, Canada) frame
and software (Fig. 15.3). The kinematic alignment
group showed no significant knee kinematic differ-
ences compared to healthy knees in sagittal plane
range of motion, maximum flexion, abduction-
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Fig. 15.2 Left radiograph shows a surgical error with a
lack of precision on the target below. The right radiograph
represents a well-performed MA TKA implanted with
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restoration



172

W. G. Blakeney and P-A. Vendittoli

Fig. 15.3 Knee KG™ device on the left knee of a patient
walking on a treadmill to assess knee kinematics

adduction curves or knee external tibial rotation.
Conversely, the mechanical alignment group dis-
played several significant knee kinematic differ-
ences to the healthy group: less sagittal plane range
of motion (49.1° vs. 54.0°, p = 0.020), decreased
maximum flexion (52.3° vs. 57.5°, p = 0.002),
increased adduction angle (2.0-7.5° vs. —2.8-3.0°,
p < 0.05) and increased external tibial rotation (by
amean of 2.3 +0.7°, p < 0.001). The postoperative
KOOS score was significantly higher in the kine-
matic alignment group compared to the mechanical
alignment group (74.2 vs. 60.7, p = 0.034). Such
results demonstrate that a better restoration of the
individual’s knee anatomy and ligament tension led
to improved knee kinematics and clinical outcomes
and greater patient satisfaction.

On the other hand, achieving a patient-specific
implant implantation with a non-anatomic pros-
thesis design makes little sense either. The next
logical step on this road forward would be to
have a personalized implant to reproduce indi-
vidual anatomy.

15.4 Customised Implants

Re-establishing the native knee anatomy and
kinematics using custom implants has recently
been developed as a novel technology in
TKA. Matching the bony anatomy with the
implant geometry should facilitate restoration of
the native pre-arthritic limb alignment. Belzile
et al. and Bonnin et al. in Chaps. 19 and 22
discuss the advantages of such patient-specific
implants. These include an optimised implant fit

to the native bone, avoiding prosthetic overhang
or under-coverage. Improved ligament balancing
may be achieved by avoiding resection laxity due
to asymmetric bone cuts. Restoring the native
radii of curvature of the knee may improve mid-
flexion stability and kinematics. Restoring the
native femoral rotation and a customised trochlea
may lead to improved patellofemoral tracking.

The anatomy of the knee has been shown to
vary by gender, ethnicity and body type [14, 15].
Furthermore, within these groups, there is sub-
stantial variation such that every individual has a
unique anatomical geometry [16]. This would sug-
gest that a customised implant would be advanta-
geous to try to replicate this individual variation.

Although these customised implants are
reproducing the bony anatomy and native knee
alignment, they still resect the cruciate ligaments.
Resecting the cruciate ligaments will affect the
knee kinematics. Perhaps, the path to a more
natural, forgotten joint should start with preser-
vation of the cruciate ligaments.

Bi-cruciate-preserving TKA is not a new pro-
cedure, but as Pritchett et al. point out in Chap.
23, there are a number of new implant designs.
There have been high failure rates of some his-
torical designs of these knee replacements. This
is in part because preservation of the cruciate lig-
aments is technically difficult. However, if done
correctly, there is evidence of good long-term
survivorship with excellent functional outcome.

Preservation of the cruciate ligaments man-
dates the correct tension of all of the knee’s
ligaments. There is more natural transmission
of weight-bearing forces with more natural
kinematics. Traditional CR design TKAs often
exhibit paradoxical anterior slide and reverse
rotation of the femoral component with increas-
ing flexion [17, 18].

This consistent motion pattern is thought to
be a result of the absence of the ACL, with the
resultant inability to counterbalance the PCL
properly and account for the changed geometry
of the prosthesis [19].

Patient-specific/custom designs of bi-cruciate-
preserving TKA that facilitate implantation and
reduce the risks of specific complications such as
fracture of the tibial eminence may be a possible
solution to reproducing normal knee kinematics.
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Fig. 15.4 An ERAS protocol aim at reducing the impact of surgery on patient’s function. Patients will return to their

preoperative status faster

15.5 Optimized Perioperative Care

Many of the advances in TKA surgery have been
around the optimization of the perioperative care.
This has seen a large reduction in the number of
inpatient days following a joint replacement. The
introduction of principles of enhanced recov-
ery after surgery (ERAS) in TKA surgery has
improved patient’s well-being to a level allowing
them to return home the same day (Fig. 15.4).
Implementation of an ERAS protocol in our
facility had a dramatic impact on patient out-
comes. We compared the complications rated
according to the Clavien-Dindo scale, hospital
LOS and costs of the episode of care between
our first 120 ERAS short-stay THA or TKA and
a matched historical control group of 150 THA or
TKA [20]. ERAS cases had lower rate of Grade 1
and 2 complications compared with the standard
group (mean 0.8 vs. 3.0, p < 0.001). No difference
was found between the two groups for Grade 3, 4
or 5 complications. The mean hospital length of
stay for the ERAS short-stay group decreased by
2.8 days for the THAs (0.1 vs. 2.9 days, p < 0.001)
and 3.9 days for the TKAs (1.0 vs. 4.9 days,
p < 0.001). The mean estimated direct healthcare
costs reduction with the ERAS short-stay proto-
col was 1489 CND per THA and 4206 CND per
TKA. Implementation of an ERAS short-stay

protocol for patients undergoing THA or TKA at
our institution resulted not only in reduced hospi-
tal length of stay but also in improved patient care
and reduced direct healthcare costs.

A successful ERAS program requires multidis-
ciplinary collaboration among anaesthesiologists,
surgeons, physiotherapists, nurses and hospital
administrators. The future of knee arthroplasty,
is to improve perioperative care to obtain the ulti-
mate goal of a “pain- and risk-free operation” [21].

15.6 Conclusion

It is an exciting time for surgeons to be perform-
ing knee replacements. The initial aim of TKA
surgery in providing a reliable prosthesis with
good survivorship has been met. The focus has
therefore shifted to improving patient function,
kinematics and satisfaction. New precision tech-
nologies, replication of native alignment and
anatomy with preservation of soft tissues and
ligaments are the areas of current and future
developments in the field. The future of knee
arthroplasty will rely on a personalized joint
reconstruction. A patient-specific/custom pros-
thetic implanted with precision to match patient
anatomy, coupled with a holistic perioperative
care model will hopefully lead to the holy grail
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of joint replacement surgery: a forgotten or natu-
ral knee joint.
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