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a b s t r a c t

Accelerometer-based navigation (OrthAlign) is the first computer-assisted surgical navigation system
approved for use in the setting of revision total knee arthroplasty (TKA) in the United States. The senior
author has used this technology in the revision setting for several years and developed the individual-
ized, reproducible technique. The 4 goals during revision TKA are to (1) gain adequate exposure for the
safe explanation of prior implants, (2) address any resultant bone loss, (3) restore the joint line via distal
femur metal augmentation, and (4) ensure adequate stability through gap-balancing techniques and
increasing the constraint of the revision implants as needed. This technique guide illustrates how
accelerometer-based navigation (OrthAlign) can achieve these goals in the revision TKA setting.
© 2024 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Computer-assistedsurgical (CAS)navigationhasbeen increasingly
usedinprimarytotalkneearthroplasty(TKA)overthepast10years[1].
This type of surgery involves using an intraoperative device with an
interface for data entry that provides real-time reflexive feedback
regarding overall alignment and implant positioning. These CAS nav-
igationsystemshavebeenassociatedwithsignificantly improvedTKA
postoperative alignment and implant positioning [2-4]. However,
compared to conventional instrumentation, patient-reported out-
comes and revision rates have yielded more heterogeneous results
[5-8]. Given that CAS navigation involves innovative technology
compared to conventional manual TKA instrumentation alone, suffi-
cient long-termdata are yet to be established.

Accelerometer-based navigation systems (such as OrthAlign)
have emerged in the field of CAS with great enthusiasm due to their
ease of use, portability (ie, no need for a large computer tower
intraoperatively), and avoidance of the need for added reference
pins for tracker arrays. These accelerometer-based CAS systems are
superior in postoperative coronal plane alignment compared to
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conventional instrumentation [5-8] and equivalent to conventional
infrared camera navigation, patient-specific custom cutting guides,
or robotic guidance [9,10].

Importantly, most of these CAS navigation systems are only
approved by the Food and Drug Administration for primary TKA.
Accelerometer-based navigation (OrthAlign) is approved for com-
puter navigation in primary and revision TKA settings [11]. The
senior author has been using this technology in the revision setting
for several years and developed the individualized, reproducible
technique for use [12]. The 4 goals during revision TKA are to (1)
gain adequate exposure for the safe explanation of prior implants,
(2) address any resultant bone loss, (3) restore the joint line via
distal femur metal augmentation, and (4) ensure adequate stability
through gap-balancing techniques and increasing the constraint of
the revision implants as needed. While it can also be used in 1-
component TKA revisions, the following technique guide illus-
trates howaccelerometer-based navigation (OrthAlign) can be used
to achieve these goals in the 2-component revision TKA setting.
Surgical technique

Approach and explantation

The procedure begins by performing the standard medial par-
apatellar approach using the lateralmost longitudinal skin incision
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1. Magnetic augment buttons from a revision total knee arthroplasty set may
be placed on the paddles of the OrthAlign gap tensioner. These magnetic buttons serve
to account for planned augments or medial/lateral asymmetry based on distal femoral
or proximal tibial bone cuts. In this case, a 5-mm button was placed on the lateral side
to account for the þ5-mm lateral distal femur asymmetric bone resection.
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from prior surgeries. After raising full-thickness skin flaps, a medial
parapatellar arthrotomy is made to gain exposure to the intra-
articular space. An extended medial release is then performed via
electrocautery elevation of the periosteum and deep medial
collateral ligament to facilitate tibial external rotation. Generous
synovectomy and scar debridement are performed to restore the
medial and lateral gutters around prior implants while being
careful not to injure the collateral ligaments. Finally, the poly-
ethylene is removed to facilitate exposure. In most cases, these
steps collectively negate the need for “extensile” exposure tech-
niques. The existing implants are then removed in a manner based
Figure 2. (a) The OrthAlign gap tensioner displayed that the initial extension gap was asy
additional medial release was performed for soft tissue titration. (b) The OrthAlign gap ten
medial and lateral extension gaps.
on surgeon preference. Care must be taken to minimize iatrogenic
removal of bone. Importantly, adequate exposure must have been
obtained to allow sufficient tibial external rotation and anterior
subluxation for the tibial tray to clear the distal femur during
removal. After the femoral and tibial components are extracted, all
residual cement is carefully removed as well.

Establishing the extension gap

With all prior implants and cement removed, the surgeon may
proceed with preparing the remaining host bone for revision
components. This begins with sequentially reaming the tibia and
femoral intramedullary canals to an appropriate depth and
adequate endosteal fit for planned cementless stem fixation.

Preparation begins on the tibia first. The final intramedullary
reamer is left in place for anatomic axis reference, and an appro-
priately sized baseplate and offset are determined. Freshened bone
cuts are performed using standard intramedullary cutting guides to
ensure final implant contact with healthy, viable bone. Generally, 2
areas of zonal fixation are encouraged in the revision TKA setting to
provide a secure fixation [13]. This may require asymmetric medial
and lateral bone resection, which can be later replaced using metal
augments. Additional preparation for metaphyseal sleeve/cone
fixation (authors’ preference) may be performed based on surgeon
preference as needed to obtain appropriate metaphyseal fixation.

On the femur side, the final intramedullary reamer is replaced
within the intramedullary canal to serve as an anatomic axis
reference. It is the authors’ preference to use diaphyseal-engaging
cementless stems. As such, deviation from the implant-
manufactured 6� anatomic valgus angle cannot be changed (ie, a
distal femur cut is performed at 6� of anatomic valgus). If a surgeon
prefers short, fully cemented stems, it is possible to change coronal
alignment cuts. In either case, as in the tibia, this may require
asymmetric cuts along the medial and lateral sides of the distal
femur to ensure direct implant-bone contact. Importantly, the se-
nior author prefers to use a minimum of 5 mm distal femur
augmentation on both themedial and lateral sides. This helps to re-
establish the native joint line and avoids the tendency of raising the
joint line in the revision setting. Additional asymmetric distal fe-
mur cuts can easily be accounted for by using larger augments as
needed (ie, final augments of 5 mm medial and 10 mm lateral).
mmetric with the medial side being 2-mm tighter than the lateral side. Therefore, an
sioner was reinserted after performing additional medial release, demonstrating equal



Figure 3. To match the prosthesis to the extension gap, this graph demonstrates the breakdown of each contributing variable. * Of note, a 10-mm lateral augment was used due to
an asymmetric distal femur cut; therefore, a 5-mm magnetic trial augment was placed on the lateral aspect of the gap tensioner paddle to provide symmetry.
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With fresh distal femoral and tibial cuts, the knee is brought into
full extension, and the OrthAlign Lantern gap tensioner is inserted
and distracted by a torque-limited driver. The senior author also
uses a nontorque-limiting driver for final added tension (being
careful not to overdistract and cause iatrogenic ligamentous injury).
In cases of asymmetric distal femoral or tibial augments, off-label
use of magnetic trial augments may be used on the gap tensioner
paddles to account for asymmetric distal femur cuts or asymmetric
tibial resection (Fig. 1). The initial medial and lateral extension gaps
are determined (Fig. 2a). Additional soft tissue releases are used as
needed. The gap tensioner is reinserted to ensure symmetrical
Figure 4. With the 4-in-1 distal femur cutting guide in place, the OrthAlign Lantern
gap tensioner is inserted to assess the flexion gap. The 4-in-1 cutting guide can be
internally or externally rotated until the medial and lateral flexion gaps are symmetric
(as shown). Once the ideal symmetric rotation has been established, the guide is
carefully pinned in place. Note the posterior capture thickness when determining the
flexion gap.
medial and lateral extension gaps after any soft tissue releases
(Fig. 2b). Importantly, this must then be registered into the
OrthAlign Lantern interface screen, as the flexion gap will be re-
flected relative to these registered values at a later point in the case.

Once the extension gap has been balanced and established, the
surgeon must determine the most appropriate initial implant
construct to symmetrically fill the established extension gap. This
requires a thorough knowledge of the implant being used. For this
case, a 5-mm medial distal femoral augment and a 10-mm lateral
distal femoral augment were planned. For calculation purposes to
fill the extension gap, 5 mm of distal femoral augment is added to 9
mm of distal femoral component thickness for a total of 14 mm
construct thickness originating from the femoral side. This leaves
10 mm of construct thickness from the tibia (24 mm �14 mm ¼ 10
mm) (Fig. 3).
Establishing the flexion gap

With an established balanced extension gap, the knee is brought
into 90� of flexion to measure the flexion gap. The final femur
intramedullary reamer is reinserted into the femoral canal. An
appropriately sized 4-in-1 cutting guide is slid over the intra-
medullary reamer. If needed, any necessary sizing change or offset
Figure 5. This revision knee system has a 4-in-1 cutting guide with a 4-mm posterior
capture which must be accounted for in determining the appropriately sized implant
to fill the flexion gap.



Figure 6. A pictorial representation of the standard posterior component thickness for a posterior stabilized (PS) femur component compared to a “plus” sized implant.
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can be dialed in at this time. Once satisfied, the appropriate size and
offset 4-in-1 cutting guide is placed over the intramedullary reamer
followed by the insertion of the OrthAlign Lantern gap tensioner.
The surgeonmust ensure the gap tensioner paddles are sitting flush
on the proximal tibia and the posterior aspect of the 4-in-1 guide,
not on the posterior femoral bone. The gap tensioner is distracted
using the same torque-limiting handle as before, followed by
careful additional distraction as indicated. After the paddles have
been distracted, the 4-in-1 cutting guide can be manually rotated
while visualizing the live changes in the medial and lateral flexion
gaps on the OrthAlign Lantern screen (Fig. 4). Before pinning the 4-
in-1 cutting guide in place, the surgeon should determine the
appropriate implant to fill the flexion gap in case any changes are
required to the cutting guide size or position. This requires a
thorough understanding of the cutting guide, the thickness of the
posterior condyle implant being used, and anterior vs posterior
referencing. For example, there may be a 4-mm thickness of the
posterior capture on the 4-in-1 block (Fig. 5) and a 10-mmposterior
Figure 7. A depiction of calculations made when determining the most appropriate impl
measured flexion gaps (Fig. 4), taking into account the 4-mm posterior capture, and the plan
more construct thickness.
condyle implant thickness (Fig. 6). In this case, when accounting for
the 4-mm posterior capture thickness, the flexion gap numbers
should ideally be 6 mm or 9 mm (for plus femur sizes; Fig. 6) larger
than the planned tibial construct thickness to ensure that the
posterior condylewill fill the remaining flexion gap space (Fig. 7). In
systemswith 4-in-1 guideswith uncaptured posterior condyle cuts,
the visualized flexion gap measurement on the Lantern screen is
the true flexion gap size that must be filled with posterior condylar
implant thickness.

Since no bone cuts have been made yet through the 4-in-1 cut
block, small adjustments can be easily performed if the 4-in-1 block
needs to be posteriorized, upsized, or rotated as needed for a
symmetrically filled flexion gap. Again, thorough knowledge of the
company-specific instrumentation and implants used cannot be
understated. Small increases in the flexion gap can be made with
company-specific implants (Fig. 6) or by upsizing and/or posterio-
rizing the femoral component. Larger adjustments may require
changing the polyethylene thickness or augmenting the tibial
ants to fill the flexion and extension gaps. Note the 1-mm discrepancy between the
ned construct thickness posteriorly. In general, the flexion gap can accommodate 1 mm



Figure 8. A final check with OrthAlign paddles placed directly on bone after completing posterior bone cuts using the 4-in-1 cutting guide.
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baseplate. However, this requires reflexive changes to the extension
gap components which may result in the necessary raising of the
joint line in very limited circumstances. Once the surgeon de-
termines the most appropriate implant configuration to ensure
symmetrical filled extension and flexion gaps (Fig. 7), the block is
pinned, and posterior bone cuts are made through the 4-in-1 cut-
ting guide.

Adequate bone cuts must ensure direct prosthesis contact
posteriorly with the bone to ensure that final implant rotation
is consistent with the rotation determined with the gap
tensioner. Once all bone cuts have been completed, trial im-
plants can be placed. Before trialing, for surgeons new to using
OrthAlign Lantern, the senior author recommends performing a
final check before placing trial implants to build confidence in
the device’s accuracy. With the 4-in-1 cutting guide removed,
the OrthAlign Lantern may be reinserted directly onto the tibial
and posterior condylar bone. If additional or asymmetric pos-
terior condylar resection was performed through the 4-in-1
cutting guide, surgeons must account for the thickness of the
posterior augments to the paddles (via magnetic augment
buttons applied similarly to Fig. 1). Using the Lantern summary
screen, both the extension and flexion gaps can be displayed for
comparative reference and to confirm appropriate final im-
plants (Fig. 8).
Trialing and final implantation

Trial implants are placed with appropriate augments and the
knee is brought through range of motion and surgeon assessment
of ligamentous stability. The senior author has seldom experienced
a case inwhich any further adjustments are required; at most, small
changes in polyethylene thickness. Once satisfied, trial implants are
removed, and final implants are cemented into place as indicated
(Fig. 9).
Discussion

OrthAlign offers computer-assisted navigation technology that,
in the hands of an experienced surgeon, may serve useful in the
setting of 2-component revision TKA. Importantly, it allows for
precise, objective gap-balancing with real-time feedback. A thor-
ough understanding of company-specific implant sizing allows for
projected final implants to be quickly determined. Thus, this
technology can also help negate the need for multiple rounds of
trialing to achieve subjective, surgeon-perceived gap balancing.

Some major orthopaedic adult reconstruction implant com-
panies offer “classic” mechanical tensiometer devices that gener-
ally show a mechanical measurement of gap height, thus being
purportedly similar to the functionality of OrthAlign. However, an
advantage of OrthAlign is that it can demonstrate, in real-time,
precise measurements of isolated medial and lateral gap heights
and angular deformities at the extension and flexion gap level that
would clue the surgeon into performing soft tissue releases should
they choose to do so. As an added benefit, OrthAlign has no upfront
capital cost. There are undoubtedly advantages to purchasing on a
per-case basis for OrthAlign compared to the upfront large capital
expenditure for a commercially available robot plus the per-case
robotic costs (ie, disposables). The costs for OrthAlign vary based
on hospital-specific contract pricing; however, the authors and
their hospital administrators have found these to be financially
equivalent to the per-case cost for robotic disposables (ie, special-
ized robot drapes, bone pins, checkpoints, and visualization discs).
As a further delineating benefit over robotic-assisted TKA, OrthA-
lign allows the surgeon to choose their revision TKA implant
company independent of the technology used. Without the
requirement to use pins and arrays in the femur and tibia, stem
fixation choice is also at the surgeon’s discretion, compared to ro-
botic designs where robotic pins may interfere with long-stemmed
trials and implants.

OrthAlign is not an absolute requirement for successfully per-
forming revision TKA. Conventional instrumentation and even



Figure 9. Final implants demonstrating appropriate revision TKA construct with diaphyseal engaging stem fixation and utilization of a tibial metaphyseal cone.
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robotic-assisted [14] revision TKA serve as alternative techniques.
However, this technique guide demonstrates a novel approach to
using OrthAlign for revision TKA compared to its typical intended
use of primary TKA. From the authors’ experience and perspective,
OrthAlign can serve as a useful tool to fill the commonly encoun-
tered asymmetric gap imbalances in the revision setting. Anec-
dotally, a learning curve should be expected for the first 5 to 10
cases to maximize familiarity with the device. After this, the sur-
geon may expect increased confidence and a decreased need for
repeated trialing. As emphasized, this technique requires a thor-
ough knowledge and understanding of the surgeon’s preferred
implant company sizes for success.
Summary

Preventing gap imbalance is a technically demanding goal in the
setting of revision TKA. From the authors’ perspective, OrthAlign
accelerometer-based navigation technology allows for precise,
objective gap-balancing feedback in the revision setting. This
technology negates the need for multiple rounds of trialing to
achieve subjective, surgeon-perceived gap balancing. Furthermore,
it leaves the autonomy of implant determination in the hands of the
surgeon and can be used with any company’s revision TKA system.
A thorough knowledge of company-specific implant systems is
necessary for success. With adequate surgical planning and a short-
lived learning curve, the authors find that using OrthAlign Lantern
can be valuable in any revision arthroplasty surgeon’s armamen-
tarium. Future research is needed to investigate the effects on
survivorship and the cost of using this technology in the revision
TKA setting.
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