Guest Editorial

he overall success of total knee arthroplasty (TKA)

depends on proper implant choice, meticulous surgi-

cal technique, appropriate patient selection, and
effective postoperative rehabilitation. Inappropriate tech-
nique leads to suboptimal placement of implants in coronal,
sagittal, or axial planes."? This results in eccentric prosthetic
loading, which may contribute to accelerated polyethylene
wear, early component loosening, higher rates of revision
surgery, and unsatisfactory clinical outcomes. The need to
optimize component positioning during TKA stimulated
the development of computer-assisted navigation in TKA in
the late 1990’s. Proponents of this technology believe that
it helps to reduce outliers, improves coronal, sagittal,;and
rotational alignment, and optimizes flexion and extension
gap-balancing. This is believed to result in improved implant
survival and better functional outcomes. However, despite
these postulated advantages, less than 5% of surgeons in the
UnitedsStates currentlysuse navigation during TKAsperhaps
due to concerns of costs, increased operating time, learn-
ing curve issues, and lack of improvement in functional
outcomes.at mid-term follow-up.

Navigated TKA, due to its accuracy and low margins of
error, has the potential to reduce component malalignment
to within 1° to 2° of neutral mechanical axis.* However,
others have reported that alignment of the femoral and
tibial components achieved with computer navigation is not
different than TKA using conventional techniques.*"* This
lack of improvement reported in these studies may be due
to a number of potential sources of errors, which can be
either surgeon- or device-related. These errors may pre-

Dr. Mont is Editorial Review Board Member of the journal and Direc-
tor, Rubin Institute for Advanced Orthopedics, Sinai Hospital of
Baltimore, Baltimore, Maryland; Dr. Banerjee is Research Fellow, Ru-
bin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore,
Baltimore, Maryland.

Authors’ disclosure statement: Dr. Mont wishes to report that he
receives royalties from Stryker; Wright Medical Technology Inc; is a
paid consultant for Biocomposites; DJ Orthopaedics; Janssen; Joint
Active Systems; Medtronic; Sage Products Inc; Stryker; TissueGene;
Wright Medical Technology Inc; has received research support from
DJ Orthopaedics; Joint Active Systems; National Institutes of Health
(NIAMS & NICHD); Sage Products Inc; Stryker; Tissue Gene; Wright
Medical Technology Inc. Dr. Banerjee has no actual or potential
conflict of interest in relation to this article.

Am J Orthop. 2013;42(11):493-495. Copyright Frontline Medical
Communications Inc. 2013. All rights reserved.

www.amjorthopedics.com

November 2013 The American Journal of Orthopedics®

Navigation in Total Knee Arthroplasty:
Truth, Myths, and Controversies

Michael A. Mont, MD, and Samik Banerjee, MS (Orth), MRCS (Glasg)

dispose to discrepancies between alignments calculated by
the computer and the actual position of the implants. Apart
from software- and hardware-related calibration issues, the
majority of inaccuracies, which are often surgeon-related,
result from registration of anatomical landmarks, pin array
movements after registration, incorrect bone cuts despite
accurate jig placement, and incorrect placement of final
components during cementation. Of these surgeon-related
factors, variability in the identification of the anatomical
landmarks appears to be critical and occurs due to anatomi-
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cal variations or from inaccurate recognition of intraopera-
tive bony landmarks. A recent study found that registration
of the distal femoral epicondyles was more likely to be inac-
curate than other anatomical landmarks, as it was found that
a small change of 2 mm in the sagittal plane can lead to a 1°
change in the femoral component rotation.”

Nevertheless, the general consensus from recent high-
level evidence (Level I and II) suggests that navigated TKA
leads to improved coronal-alignment outcomes and reduced
numbers of outliers."*'® In a recent systematic review of 27
randomized controlled trials of 2541 patients, Hetaimish and
colleagues” compared the alignment outcomes of navigated
with conventional TKA. The authors found that the navi-
gated cohort had a significantly lower risk of producing a
mechanical axis deviation of greater than 3° compared with
conventional TKA (relative risk [RR] = 0.37; P<.001). The
femoral and tibial, coronal and sagittal malalignment (>3°)
were also found to be significantly lower with navigated
TKA, compared with conventional techniques. However, no
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substantial differences were found in the rotation alignment
of the femoral component between the 2 comparison cohorts
(navigated group, 18.8%; conventional group, 14.5%).

‘Currently, there are many unanswered
guestions concerning alignment in
TKA, such as having a more individual
approach based on the patients’

own anatomic variations including
considerations about the presence of
constitutional varus in patients.”

Advocates of navigation believe that improved component
alignment would lead to better functional outcomes and lower
revision rates.”*' However, at short- to mid-term follow-up,
most studies have failed to show any substantial benefits in
terms of functional outcomes, revision rates, patient satisfac-
tion, or patient-perceived quality-of-life, when comparing
computer-assisted navigation to conventional techniques.'****
Recent systematic reviews by Zamora et al** and Burnett et al®®
found no significant differences in the functional outcomes
between navigated and conventional TKA (P>.05). This lack of
the expected improvement in functional outcomes reported
in various,studies withrmavigation could be due to.variability
in registration of anatomical landmarks\leading to errors in
the/rotational axis, or a lack of complete understanding of|the
interplay of alignment, ligament balance, in'vivo joint loading
and kinematics. In a report from the Mayo Clinic,’ the authors
believed that there may be little practical value in relying on a
mechanical alignment of *3° from neutral as an isolated vari-
able in predicting the longevity of modern TKA. In addition,
they suggested that factors apart from mechanical alignment
may have a more profound impact on implant durability.

Several studies”*' that compared the joint line changes or
ligament balance between navigated and conventional TKA,
report no substantial differences in the maintenance of the
joint line, quality of life, and functional outcomes. Despite
claims of decreased blood loss, length-of stay, cardiac com-
plications, and lower risks of fat embolism with computer-
assisted navigation by some authors, other reports have
failed to demonstrate any substantial advantages, therefore,
it is controversial if any clear benefit exists.**?3* It is postu-
lated that the high initial institutional costs of navigation can
even out in the long run if the goals of improved survivor-
ship and functional outcomes are achieved.*® However, as
mid-term follow-up studies have failed to show a survival or
functional benefit, the purported costs savings from com-
puter navigation may not be accurate. Navigated TKA has
been reported to increase operative time by about 15 to 20
minutes, compared with conventional TKA. Although, this
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increases operative time, it has not been reported to increase
the risk of deep prosthetic joint infections.

Navigation provides some benefits in terms of radiologi-
cal alignment. However, the clinical advantages are yet to
be defined. Currently, there are many unanswered ques-
tions concerning alignment in TKA, such as having a more
individual approach based on the patients’ own anatomic
variations including considerations about the presence of
constitutional varus in patients. Navigation may have a role
when TKA is performed for complex deformities, fractures,
or in the presence of retained implants that prevent the use
of conventional guides. Nevertheless, one should always
keep in mind cost considerations. This has been true with
any technological advancement we have had in the past and
will be of concern in the future as well, especially with
rising healthcare costs. When analyzing costs with naviga-
tion, one must take in to account not only the overall costs
of technology, but also the added costs of training, increased
operating room times, and disposables when performing
these procedures. Although we are advocates of change and
are excited about this technology, the cost-benefit ratio for
computer navigated TKA needs to be reconciled.
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