Instructional Lecture: Knee

EOR | VOLUME 1 | MAY 2016

DOI: 10.1302/2058-5241.1.000024
www.efort.org/openreviews

EFORT Open relVieus

Revision knee surgery techniques

Emmanuel Thienpont

W Revision total knee arthroplasty (rTKA) is a challenging,
complex procedure. A comprehensive understanding of
the anatomy, challenges and pitfalls is essential to achieve
a good outcome for the patient.

B This review discusses the determinants of good outcomes
of rTKA. These include, among other factors, the choice of
the surgical approach, removal of the components, ade-
quate reconstruction of the joint line and posterior condy-
lar offset and the use of offset stems, as well as choosing
the appropriate level of constraint.

B The modularity of many modern knee revision systems
can help to address such issues as anatomical mismatch,
gap balancing and malalignment.

B A well-planned surgical approach must be used in rTKA.
A thorough understanding of related knee anatomy is
essential.

B The incidence of joint-line elevation after rTKA is high.
Contralateral radiographs, as well as algorithms based on
the relationship between bony landmarks and the joint
line, can help to reconstruct a physiological joint line dur-
ing rTKA.

B Modularity added to systems, such as offset stems, are
useful enhancements that may further improve the recon-
struction of the anatomy.

B There are several options for managing the patella, with
the best choice depending on the status of the patellar
component and residual bone stock.
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Introduction

Revision total knee arthroplasty (rTKA) is a challenging and
complex procedure'’2 from the initial surgical exposure to
the component removal, bone stock restoration and
implant selection.3#* As with primary TKA, the goals of rTKA
are to achieve a well-aligned, well-balanced and pain-free

joint that has optimal patellofemoral articulation.?> Here
we discuss the different aspects of rTKA, highlighting the
choices facing modern orthopaedic surgeons.

Approaches in revision

Knee exposure in rTKA can be difficult, as dense scarring
may penetrate into the deep fascial layers or even the
underlying bone and may be accompanied by loss of elas-
ticity or thickening of the capsular envelope. The latter —
common in arthritic patients — may be worsened by TKA
failure and guarding to avoid knee pain. The resultant lim-
ited stretching of the knee structures further reduces tis-
sue elasticity. Infections, particulate debris and soft tissue
trauma due to knee instability can also reduce tissue
compliance.6

The risk of infection in rTKA is three to four times greater
than that with primary TKA, due to the increased opera-
tive time, poor vascularisation of the tissues (soft as well as
bone) resulting from multiple operations, previous
wound-healing problems or scars and the increased age
of the patients.6 The risk of infection is even greater in
immune-compromised patients and those with diabetes.
Immune-compromised patients also have an increased
risk of wound-healing complications, as well as skin
sloughs due to the friable nature of their skin. Skin closure
may consequently be difficult and often soft tissue cover-
age procedures are necessary.b

It is essential that a well-planned surgical approach is
used in rTKA to avoid damaging important structures and
achieve a good outcome,®7 which in turn requires a thor-
ough understanding of related knee anatomy.” Special
consideration must be given to conditions restricting the
knee arc to less than 90° of flexion. It is also important not
to compromise ligamentous support to both the tibiofem-
oral and patellofemoral articulations, as instability of
either results in rTKA failure. By selecting the most appro-
priate exposure method, wound complications such as
slough and/or iatrogenic knee instability can be avoided.6

There are a number of different exposures for stiff and
scarred knees, the biggest challenge of all. The type of
approach chosen by the surgeon should facilitate the joint
reconstruction and not complicate it. Extended approaches
to achieve wide exposure reduce surgical time and facilitate
component removal, soft tissue balancing, bone recon-
struction and long-stemmed component implantation.6
However, sometimes simple excision of the scar tissue may
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be enough to achieve adequate exposure.” Therefore, the
surgeon involved in rTKA should have different options
available in his surgical repertoire.

In the presence of one single previous incision, the skin
incision for rTKA should incorporate previous incisions
whenever possible. If there is more than one single previous
incision, the most lateral one must be used. Whenever incor-
poration of a previous scar is not appropriate, there should
be sufficient distance between the old and the new incisions.
If only a part of a previous incision can be used, the intersec-
tion angle must be maximised and must be at least 60°.
There should be at least a 2.5 cm to 8.0 cm skin bridge
between the incisions. In the presence of multiple scars from
surgeries that have been performed a long time previously, a
mid-line approach is the least disruptive approach.8

Medial parapatellar arthrotomy

Medial parapatellar arthrotomy (Fig. 1) is the standard
approach for rTKA and is used in more than 90% of cases.
To achieve good visualisation, the incision should be
extended more proximally into the quadriceps tendon,
not within the boundaries of a minimally invasive tech-
nique. Caution should be applied to avoid compromising
the patellar blood supply.

A deep medial dissection requires a medial release in
extension, with the capsule removed under the extensor
mechanism. The layer should be dissected bluntly and
continued to the joint line to establish the medial gutter.
This is repeated on the lateral side, with the pseudocap-
sule bluntly dissected, fibrous tissue removed from around
the patella and any fibrous adhesions deep to the patella
released. Following establishment of the lateral gutter, the
lateral patellofemoral ligament is identified with the knee
still in flexion. Flexing the knee slowly while externally
rotating the tibia reduces stress on the extensor mecha-
nism. The medial release may be continued posteriorly
around the posteromedial corner of the tibia (Fig. 2).

In cases where the approach remains difficult, a lateral
retinacular release may be considered, allowing easier
patellar eversion or sliding it on the side. Removal of the
modular polyethylene should be performed as a standard
surgical step before extending the soft tissues releases
necessary to open the joint.

Quadriceps snip

If adequate exposure is not achieved with medial para-
patellar arthrotomy, a quadriceps snip may be per-
formed.” This is typically used when greater exposure is
required and involves continuing the arthrotomy in a
superior and lateral direction at a 45° angle. This
approach should be used to release tension on the
extensor mechanism, and if more proximal exposure is
needed. No changes are required to the post-operative
routine. If performed carefully, there will be no additional
morbidity.”
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Fig. 2 Posteromedial corner release.

Quadriceps V-Y turndown

If a quadriceps snip does not result in adequate exposure, a
V-Y quadricepsplasty might be considered.® For this approach,
the arthrotomy is continued in a distal lateral direction at 45°,
combining the snip with an extensive lateral release. This
approach is primarily used to lengthen the quadriceps ten-
don and realign the patella in cases with lateral subluxation.
However, the knee must be immobilised post-operatively,
with restricted flexion for six weeks. Rehabilitation may conse-
quently be slow, causing extensor lag. Avascular necrosis of
the patella because of devascularisation can be the predomi-
nant complication of this approach. Reports suggest that the
approach can be used conservatively,”.1%12 particularly when
the quadriceps tendon needs to be lengthened,” thus reduc-
ing the chances of patellar devascularisation.

Tibial tubercle osteotomy (TTO)

This approach involves an 8 to 10 cm osteotomy down the
medial side, with the periosteal hinge left in place laterally
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Fig. 3 Tibial tubercle osteotomy.

and wires or screws used to re-attach the osteotomy
(Fig. 3). This approach is especially useful in patients with
well-fixed tibial stems, patella baja or with important scar-
ring of the anterolateral tibial area. It does not require a
degree of immobilisation if the fixation is stable, but protec-
tion with a brace and crutches might be indicated. Typical
complications are displacement and malunion of the TTO.

A study comparing V-Y quadricepsplasty and tibial
tuberosity osteotomy found that the former was associated
with a greater range of movement but a higher incidence of
an extensor lag. By contrast, tibial tubercle osteotomy was
associated with lower post-operative patient satisfaction.®
There have, so far, been no prospective randomised studies
comparing the different extensile exposures.”

Component removal

Implant removal may be time-consuming and may resultin
severe bone loss or bone fracture, which can affect the type
and quality of subsequent reconstruction. There are a num-
ber of tools available for implant removal, including hand
instruments such as osteotomes, Gigli saws and punches,
power instruments such as power saws, burrs and metal
cutting instruments, and finally ultrasonic instruments, to
remove the cement. These can aid efficient removal with
little bone loss. Some implant systems may also include
specific instruments to extract certain designs.!?

Safe implant removal relies on adequate exposure, with
particular attention paid to protecting the extensor mecha-
nism, popliteal vascular structures and the collateral liga-
ments. Implants should be removed in the following order
to allow better exposure for removal of the subsequent
component: 1) tibial polyethylene insert; 2) femoral compo-
nent; 3) tibial component; and (4) patellar component.’3

Uncemented stems can be relatively straightforward to
remove, although roughened or porous stems that are well-
fitted may be more problematic. In contrast, well-fixed
cemented stems can be very difficult to extract,’ and may
require a case-specific approach. In most cases, the interfaces

of the condylar portion of the tibial or femoral implant are
divided, and the entire implant removed with the cement. If
that is not possible, the implant may be disassembled at the
condylar portion to allow separate extraction of the stem.’3

Reconstruction of the femur

Normal knee kinematics can be restored by balancing the
soft tissues and the remaining bony anatomy,? primarily
by re-establishing the correct joint-line position.'>

Between 50% and 80% of rTKA patients have an ele-
vated joint line,'6'7 and this is associated with lower clini-
cal and functional outcomes such as anterior knee pain,
patella baja and mid-flexion instability.216-1° Patella baja
causes limitation of flexion, increased wear, anterior knee
pain and patellar tendon attrition, while mid-flexion laxity
potentially results in progressive stretching and increased
instability over time.220

Nevertheless, the maximum tolerated joint-line elevation
has not been established. Clavé et al showed that after rTKA
a joint-line elevation of more than 4 mm is associated with
lower post-operative function.?! On the other hand, Kowalc-
zewski at al demonstrated that there is no significant impact
on tibiofemoral joint kinematics during passive flexion/
extension movement and squatting with a joint-line eleva-
tion of 4 mm, and collateral ligament elongation patterns
are unaffected. They suggest that the clinical problems asso-
ciated with joint-line elevation are related to either the patel-
lofemoral joint or joint-line elevation of more than 4 mm.22

Causes of joint-line elevation

Joint-line elevation is associated with proximalisation of
the femoral component,'6'7 partly due to distal femoral
bone loss. Another factor can be the under-sizing of the
femoral component, as the posterior bone loss means that
a smaller component is needed to achieve direct seating.
The flexion space is therefore relatively large and can also
become bigger than the extension space following com-
ponent removal and joint debridement, as the capsulol-
igamentous structures used in extension are usually better
preserved. A thicker insert may be used to fill the flexion
space and the femoral component proximalised to
increase the extension space. Use of a thicker polyethylene
insert can achieve a stable and functional joint, albeit at
the expense of an elevated joint line.?3

How to assess the proper joint line

It is difficult to identify the anatomical joint line in rTKA. How-
ever, the relationship between bony landmarks such as
medial femoral epicondyle, lateral femoral epicondyle, fibular
head and inferior patellar pole and the joint line have been
described.220 The joint line should, ideally, be approximately
30 mm distal to the medial femoral epicondyle, 25 mm distal
to the lateral epicondyle, and 10 to 15 mm proximal to the
fibular head, with all three landmarks palpable during rTKA.
Using the Insall-Salvati ratio to identify the joint line is not as
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accurate in rTKA as in primary TKA.1” Contralateral knee radi-
ographs may also be obtained to confirm the patient’s nor-
mal joint line.? Joint-level planning can also be referenced off
the old prosthesis or by the algorithm developed by Romero
et al, based on the distance from medial and lateral condyles
to the joint line (Fig. 4).24 In cases of scarring over the medial
epicondylar sulcus, a metal ruler may be passed under the
medial collateral ligament until it reaches the ligamentous
origin to help establish the joint line.?

Posterior femoral condylar offset

While restoration of the posterior femoral condylar offset
(PCO) is important in TKA as it improves flexion stability
and range of movement,2326 it is difficult during rTKR due
to the loss of posterior femoral condylar bone.?” This may
result in under-sizing of the femoral component.23 A
thicker polyethylene insert is needed to balance the knee
in both flexion and extension, which elevates the joint
line.23 However, the impact of PCO loss on outcomes in
rTKR has not been established.?”

Restoring the PCO and joint line

The PCO and joint line in flexion can be restored by using
a larger femoral component, although this may result in
soft tissue impingement and pain. An alternative is to
move the femoral component posteriorly.28 However, the
anteroposterior position of the implant is dictated by the
femoral stem, leading to anterior component seating and
an increased flexion space.?3 A shorter cemented stem may
be used, as this is less likely to force the femoral compo-
nent anteriorly, which allows slight posterior positioning
of the femoral component and slight flexion compensat-
ing for the wider flexion space.28

The flexion-extension space may be balanced by using
couplers between the stem and the femoral component,
or posteriorly offset femoral stems that restore the PCO.
This should provide better flexion-extension soft tissue
balance,??:3% and allow the femoral component to be dis-
placed more posteriorly to balance the flexion gap and
avoid joint-line elevation.?8

Reconstruction of the tibia

The use of stems to supplement component fixation in
rTKA has been shown to improve outcomes and sur-
vival,31-33 as they allow bone defects to be bypassed, defi-
cient bone to be off-loaded and stresses on damaged bone
to be reduced. However, controversy remains regarding
the optimal method of stem fixation. Good long-term
results have been reported for cemented stems,34-36 which
provide immediate fixation with less intramedullary canal
intrusion. Cemented stems are less constrained by bone
geometry, and they can be shorter than uncemented stems
because they do not need to engage the diaphysis.3”
Cemented stems can be difficult to remove, however, and
may increase stress-shielding in the surrounding bone.
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Fig. 4 Distance from the epicondyles to the joint line.

Press-fit diaphyseal stems with cement in the metaphy-
seal portion of the implant have also been used.3® Struc-
tural integrity of both the femoral and tibial canals is
required to use a press-fit stem, and the mechanical limb
axis should coincide with the intramedullary canals.
Longer stems can also affect component positioning, par-
ticularly in the tibia due to the posteromedial position of
the canal relative to the plateau. Large metaphyseal bone
defects and soft tissue laxity are well-suited to longer,
uncemented press-fit stems.

It should be noted, however, that cement fixation is
typically required for wide, osteopaenic intramedullary
canals, and press-fit stems cannot deliver antibiotics in
cases of infection. Older cobalt chromium stems have also
been associated with end-of-stem pain.

Uncontained tibial and femoral defects, defined as
defects that have no peripheral cortical rim, typically
require modular block augments, bulk allograft, or metal
metaphyseal sleeves or cones for reconstruction.®

One of the biggest problems with the proximal tibia in
revision surgery is that the bone geometry determines the
alignment of the stem. Any deformity of the proximal tibia
may therefore not allow for standard press-fit stem compo-
nents. In such situation, offset stems in the tibia are indicated
as they match the anatomical deformity. They therefore can
help to improve the positioning of the tibial component. Off-
set stems can also be helpful to reconstruct large cavitary
defects and, along with stem extensions and metal cones,
they may eliminate the need for extensive bone grafting or
structural allograft in rTKA. Using cones can give a better
metaphyseal fixation allowing surgeons to utilise shorter
stems and remain within correct limb alignment.4°

Constraint

When selecting revision prosthesis, it is preferable to use
the smallest amount of constraint while achieving the
most stable joint possible.241-44 Signs of instability should
be determined pre-operatively via clinical and radiological
examination, alongside examination under anaesthesia
just prior to surgery.?
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The majority of rTKAs can be performed using a poste-
rior stabilised implant, and posterior cruciate-retaining
knees are rarely used (except for revisions of unicompart-
mental arthroplasty). If stability cannot be achieved with a
posterior stabilised implant, a more constrained device,
such as non-linked constrained (condylar constrained knee
[CCK]) or rotating hinge (RH) designs, are preferred.? CCK
systems are generally indicated in patients with intermedi-
ate ligamentous insufficiency and moderate bone loss,
whereas RH systems are required in the presence of com-
plete disruption of the ligaments and/or severe bone loss.*>

The patella in revision

While many surgeons consider patellar resurfacing a rou-
tine part of TKA,® others do not routinely resurface the
patella.*¢ During rTKA, the aim of patella management is to
provide a painless articulation and optimal function of the
extensor mechanism,*” while avoiding complications and
morbidity. Although the complexity of rTKA means that
patellar management is of lesser importance,® there is still
debate about how best to manage the patella during
rTKA.#84° The options available depend on the status of the
patellar component and residual bone stock,84° and
include: retention of a pre-existing patellar component; pri-
mary or revision patellar resurfacing, patellar component
resection with patellar bony shell retention (patelloplasty),
patellectomy, patellar bone reconstruction via bone grafts,
augmentation with a porous metal implant, and Gull wing
osteotomy.>0

Conclusions

It is essential that rTKA begins with adequate exposure,
followed by careful removal of the implants in an order
that minimises damage to the bone stock and optimises
the outcome of the procedure. Re-establishment of the
joint line should be achieved as far as possible, with the
target line planned before starting rTKA. Stems are advised
for tibial reconstruction, as they improve outcome,
although the choice of stem should be made on an indi-
vidual basis. Constraint should be kept to a minimum,
while aiming for maximum possible stability, and there
are a number of options for patellar management.

In summary, rTKA remains a complex procedure, and
special attention should be paid to each step of the pro-
cess in order to achieve the best possible outcome and the
goals of a well-aligned, well-balanced and pain-free joint.
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