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The Technique of Computer Navigation in Revision
Total Knee Arthroplasty

Arun B. Mullaji’, Gautam M. Shetty’

Computer navigation is now well known to improve limb and component alignment and reduce the number of outliers when

compared to conventional techniques in total knee arthroplasty (TKA). The purpose of this article is to describe our technique
of using navigation in revision TKAs. Computer navigation can be a very useful tool for the surgeon during revision TKAs and
will help achieve precision in restoring mechanical alignment, joint line height and soft-tissue balance.

Keywords: computer navigation, revision total knee arthroplasty, mechanical alignment |

Background

Navigation allows the surgeon to
accurately quantify limb alignment and
component position during surgery and
improve the overall precision of TKA.
Computer navigation is now well
known to improve limb and component
alignment and reduce the number of
outliers when compared to conventional
techniques in total knee arthroplasty
(TKA) [1-5]. Although several
investigators have published reports on
the accuracy and outcome of computer
navigation in primary TKA, the
literature is lacking on application of
computer navigation in revision TKA.
Computer navigation can also help
improve limb and component
alignment and reduce the number of
outliers in revision TKAs similar to
primary TKAs. Confalonieri et al [6] in
a matched-pair comparison of 22
computer assisted revisions TKAs
(conversion of failed unicompartmental
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knee replacements to TKAs) with a
similar group of revision TKAs
performed conventionally reported
fewer outliers and better joint line
restoration in the navigation group.
The use of computer navigation in
revision TKA has specific indications.
These include revision TKA done for
limb malalignment, tibial or femoral
component malalignment (coronal,
sagittal or rotational), post-TKA soft-
tissue instability, conversion of failed
unicompartmental knee resurfacing
(UKR) to TKA, and conversion of stage
1 to stage 2 in infected revisions (Fig.
1). The purpose of this article is to
describe our technique of using
navigation in revision TKAs.

Surgical Technique

Preoperative planning for revision TKA
using navigation includes obtaining and
analysing preoperative knee (standing
anteroposterior and lateral views) and
full-length, standing, hip-to-ankle
radiographs. The full-length
radiograph will help the surgeon
measure the amount of limb
malalignment (as measured using
the hip-knee-ankle or HKA angle),
amount of femoral and tibial

component malalignment in relation to
their respective mechanical axes and
degree of medio-lateral soft-tissue laxity
as measured as the joint divergence
angle (JDA) [7,8].

We used the imageless, infrared-based
Ci navigation system with its software
(Brainlab, Munich, Germany) for all our
cases. The Ci navigation system involves
infrared light emitted by a camera unit
which is reflected back by a tracking
array fixed to the tibia and femur. Both
tracking arrays are fixed to the femoral
and tibial bones using two 4-mm Schanz
pins. The surgeon needs to carefully
plan the position of array pins after
taking into account the tentative
position of intramedullary extension
rods or wedges or cones which may be
used later in the final implant. For the
tibial array, we prefer fixing the pins
away from the surgical wound, in the
distal half of the tibial diaphysis so as to
avoid interference of these pins during
canal preparation and trial and
implantation of long tibial stems. For
the femoral array, the preferred site of
fixation is either the distal one-third of
femoral shaft or the metaphyseal flare of
the distal femur taking care to avoid the
femoral canal (Fig. 2).
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stage 2 revision TKA for infection

malalignment (d) conversion of failed unicompartmental
knee resurfacing (UKR) to TKA (e) conversion of stage 1 to

extensionrod which willbe used

Figure 2: Planning the position of tibial and femoral array
duringrevision TKA

(a) Tibial array should be fixed based on the tentative
length of the tibial extension rod which willbe used

(b) Femoral array should be similarly fixed based on the tentative length of the femoral

Figure 1: Indications for use of computer navigation in |Once the old implants are

revision total knee arthroplasty (TKA) (a) component removed, the previous distal
malalignment (b) medio-lateral soft-tissue imbalance (c) limb

femur and proximal tibia cuts
can be verified with navigation
using a verification tool and the

The old implant is kept in place for
registration which is done in the
standard fashion as described for the
navigation system. The old implant acts
as a surrogate for the proximal tibia and
distal femur articular surfaces and
allows the surgeon to register important
articular landmarks. These include
centre of the distal femur, centre of the
proximal tibia, Whiteside’s line,
anteroposterior direction of the tibial
articular surface, articulating surface of
the femur and the tibia (Fig. 3). After
registration is complete, the computer
software plots the initial mechanical axis
and overall alignment of the lower limb.
The surgeon can now measure the
mechanical alignment/deformity at the
knee in the coronal plane, correctibility
of this deformity on applying a varus or
valgus stress, and the amount of
deformity in the sagittal plane (flexion
or hyperextension). The surgeon can
also determine the degree of femoral
component malrotation intraoperatively
and in conjunction with preoperative
CT scans can revise and implant the
femur in optimum rotation.

cuts can be revised if necessary.
Cutting blocks for the tibial, distal
femoral and anteroposterior femoral
cuts can also be navigated in position to
improve accuracy of the cuts. In
extension, navigation also allows
assessment of medial and lateral gaps
and the limb alignment for a given
spacer and also shows the degree of
medio-lateral laxity present for a given
spacer.

The final alignment of the limb and gaps
can be confirmed with trial components
and again after implantation of the
prosthesis especially when the cement is
setting. Holding the limb in the
appropriate position while the cement is
setting is crucial to avoid malalignment
of tibial and femoral components due to
an uneven cement mantle or incomplete
seating of the components. Navigation
allows for real- time continuous
visualisation of the limb position in
both the coronal and sagittal plane
while the cement is curing.

Of the 224 revision TKAs performed by
us from 2000-2016, 27 knees (12%)

unicompartmental tibial component

Figure 3: Registration process for navigation during revision TKA
(a) Registering the medial femoral condyle surface using the implanted medial unicompartmental
femoral component. (b) Registering the medial tibial condyle surface using the implanted medial
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Figure 4: Postoperative full-length, standing, hip-to-ankle
radiograph showing excellent restoration of limb mechanical
alignment after navigated revision TKA. (a) Postoperative
radiograph of same patient from Fig. la showing near neutral
mechanical alignment of the operated limb (dotted line).

(b) Postoperative radiograph of same patient from Fig. 1c showing
near neutral mechanical alignment of the operated left limb (dotted

line)

imbalance. Computer
navigation with it
software helps the
surgeon to achieve
accurate limb mechanical
alignment, component
position and joint line
height during revision
TKA [6,9,10].
Although Massin et al [9]
in a retrospective
comparison of 19
navigated revision TKAs
with 10 conventional
revision TKAs reported
no difference in outlier
rates between the two
groups, they found that
navigation help them
control joint line height
better. Similarly, Jenny
and Diesinger [10] in a
retrospective study
reported that navigation
helps achieve significant
improvement in
component placement
with 62% of navigated

were revised using computer
navigation. Indications for using
navigation in these cases included
component malalignment and
loosening, limb malalignment,
mediolateral soft-tissue instability,
conversion of failed unicompartmental
knee resurfacing (UKR) to TKA and
conversion of stage 1 to stage 2 in
infected revision TKAs. We could
achieve excellent limb and component
alignment in all of our cases of revision
TKAs with the use of navigation (Fig.
4).

Discussion

The technique of revision TKA is
complex and possess many challenges
for the surgeon including indefinable
bony landmarks, change in joint line

height, bone loss, and soft-tissue

revision TKAs showing
optimal implantation
versus 39% in the conventional revision
TKA group.

The surgeon needs to take several
precautions while using computer
navigation for revision TKA. First, most
computer navigation software currently
available is designed for use in primary
TKA. Hence the surgeon needs to use
caution while using such software and
needs to be well versed with it. Second,
bony landmarks in a knee which is
undergoing revision TKA are not well
defined or clear. Hence the surgeon also
needs to use traditional methods such
as identifying and marking epicondyles
using a marker and measuring the joint
line position using a measuring scale
along with computer navigation. Lastly,
the pins used for fixation of arrays may
have to be removed prematurely in
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some cases because of loosening due to
poor bone quality or due to
interference in canal reaming or trialling
with long femoral or tibial stems.
Hence, conventional instruments for
revision needs to be kept ready.

The indications for use of navigation in
revision TKA includes limb
malalignment, tibial or femoral
component malalignment (coronal,
sagittal or rotational), post-TKA soft-
tissue instability, conversion of failed
unicompartmental knee resurfacing
(UKR) to TKA and conversion of stage
1 to stage 2 in infected revisions.
Computer navigation can be a very
useful tool for the surgeon during
revision TKAs and can help achieve
precision in restoring mechanical
alignment, joint line height and soft-
tissue balance. However, the surgeon
must be well versed with the use of
computer navigation in primary TKAs
before embarking on computer assisted
revision TKAs.
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