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Introductory remarks

Unicompartmental knee arthroplasty
(UKA) is a less invasive bone-spar-
ing surgical alternative to total knee
arthroplasty (TKA) for patients with
unicompartmental knee osteoarthritis
[1-4]. The implantation of a primary
UKA seems to have some important
advantages for the patient compared to
TKA such as shorter hospitals stays,
higher postoperative range of motion,
better overall knee function and fewer
short-term complications [5-9]. How-
ever, international knee arthroplasty
registries have demonstrated that UKAs
are not only revised earlier, but also
more often than TKAs [10, 11]. This
might be due to technical errors made
by low-volume surgeons, incorrect indi-
cations or the obvious belief that UKA
to TKA revision is a technically simple
and easy procedure comparable to the
implantation of a primary TKA, which
might per se decrease the threshold for
UKA revision [9, 12].

Prima facie, the obvious belief that
UKA to TKA revision is an easy and
simple procedure might be true in some
cases, as some smaller studies indeed de-
scribed the need for revision implants or
augments to be negligible [13]. However,
caution is advised, since UKA to TKA re-
vision due to significant bone loss, infec-
tion or ligament instability might require
the same technical toolbox and surgical
skill set as those needed for TKA to TKA

revision. Moreover, studies analysing
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Revision of unicompartmental
knee arthroplasty using the in
situ referencing technique

data from large referral centres and na-
tional joint registries have demonstrated
that overall clinical outcomes and revi-
sion rates of UKA to TKA revision are
by no means comparable to those after
primary TKA implantation [14-16]. In
fact, ithas been shown that revision com-
ponents are needed in up to one third
of UKA to TKA revisions [12] and that
functional scores and quality of life mea-
surements are more comparable to those
after TKA to TKA revision [17]. In this
context, Hang and co-workers reported
results from 1948 UKA to TKA revisions
and demonstrated cumulative re-revision
rates of 15% after 5 years similar to those
after TKA to TKA revisions, which were
18% after 5 years [15].

It is of utmost importance that sur-
geons know these data not only to prop-
erly guide and counsel patients prior to
UKA revision, but also to be able to per
se appreciate that UKA to TKA revision
is not always a straightforward proce-
dure. In order to achieve good func-
tional results and good survival rates,
surgeons need to be well-trained in knee
revision arthroplasty techniques rather to
expect another primary TKA-like proce-
dure and they have to hold revision im-
plants available when performing UKA
to TKA revisions.

Keeping this rationale in mind, the
aim of this article is therefore to describe
in detail the authors’ surgical technique of
UKA to TKA revision, including the pre-
operative planning process and postop-
erative aftercare. Furthermore, data are

provided from a retrospective study per-
formed at the authors’ university level 1
department, including functional out-
comes and implant survival after UKA
to TKA revision.

Surgical principle and objective

Safe and reliable revision of UKA
to TKA with the in situ referencing
technique aiming to preserve as
much ligament function and epi-
metaphyseal bone stock as possible.
With this technique, the femoral
component is not removed until
the valgus angle and the amount of
distal femoral bone to be resected
is determined as well as anatomical
landmarks of femoral rotational
alignment are assessed.

Advantages

== Preservation of bone stock and
ligament function

== Reliable joint line reconstruction and
rotational alignment

== Reproducible implantation technique

== No expensive navigation software/
tools required

Disadvantages

== A certain degree of experience in
revision knee arthroplasty is needed
for the distinct identification of
anatomical landmarks and correct
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Fig. 1 A Preoperative digital templating and postoperative radiographs in a patient with aseptic loosening of the tibial tray.
Templating makes it possible toanticipate the intraoperative levels of osteotomy, the tibial slope and the need foraugments or
stems. Inthis context, surgeons should not hesitate torepeat radiographicexaminationsin cases where the knee is malrotated.
Proper planning of implant size and posterior condylar offset is only possible on true lateral radiographs

axial/rotational alignment of the
implants.

== The in situ referencing technique
cannot be applied in the presence of
significant femoral implant migration
or tibial collapse.

== In some cases, modular knee revision
systems are necessary with the
possibility to augment bone defects,
increase the level of constraint or add
femoral and/or tibial stems.

Indications

== Aseptic loosening

== Progression of osteoarthritis

== Periprosthetic fracture

== Periprosthetic infection

== Arthrofibrosis

== Dislocation of the insert, polyethylene
wear

== Malalignment
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== Instability
== Femoro-tibial impingement

Contraindications

== Unexplained pain
== Localized or systemic active infection
== Poor therapeutic compliance

Patient information

= General risks of surgery (infection,
hematoma, wound healing com-
plications, thrombosis, embolism,
iatrogenic nerve palsy or lesions of
vascular structures, inter alia).

== Intraoperative fracture, ligament or
tendon lesion.

== Arthrofibrosis, instability or
malalignment.

== Aseptic or septic loosening.

== Postoperative partial weight-bearing

in case of significant bone or soft
tissue defects.

Patient expectations should be taken
into consideration to improve sat-
isfaction after surgery. Survival
rates after UKA to TKA conversion
and expected outcomes need to be
discussed.

Preoperative work up

== Standard preoperative work up in

consultation with an anesthesiolo-
gist to assess the current medical
status and risk profile of the patient.
Optimization of co-morbidities.

== Preoperative patient education pro-

gram and enrolment into standard
clinical pathways including pre-
habilitation programs, fast track
concepts, patient blood management



Abstract - Zusammenfassung

Abstract

Objective. Revision of unicompartmental
knee arthroplasty (UKA) to total knee
arthroplasty (TKA) with the in situ referencing
technique aiming to preserve as much
ligament function and epi-metaphyseal bone
stock as possible.

Indications. Aseptic loosening, progression
of osteoarthritis, periprosthetic fracture,
periprosthetic infection, arthrofibrosis,
polyethylene wear, malalignment, instability,
femoro-tibial impingement.
Contraindications. Unexplained pain,
localized or systemic active infection
(anywhere).

Surgical technique. Referencing for the tibia
and the femur cuts is performed prior to
implant removal. The tibial cutting jig and the
initial tibial resection level is set in a way that
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the sawblade just fits under the tibial implant.
In case too much bone needs to be removed
to achieve flush implant sitting on both the
medial and lateral tibia, a step cut needs to
be performed to build up the medial defect
with an augment. Prior to femoral component
removal, rotational alignment is determined
and intramedullary referencing for the distal
femur osteotomy is performed. Level of
constraint and additional tibial stem fixation
is chosen according to the amount of bone
resected and according to ligament stability.
Postoperative management. Sterile dressings
and elastic compression bandaging. No
limitation of active/passive range of motion.
Full weight-bearing or partial weight-bearing
for 2 weeks postoperatively in the presence of
bone or soft tissue defects.

Revision of unicompartmental knee arthroplasty using the in situ referencing technique

Results. Between 2008 and 2019, 84 patients
underwent revision of unicompartmental
knee arthroplasty. The mean follow-up was
64 months (range 3-132 months). Implant
survival after revision of UKA to TKA was 92%
(95% Cl=82-97%) at 5 years of follow-up
and 86% (95% Cl=69-93%) at 10 years of
follow-up. The mean Oxford knee score was
20.1 (6-39, SD + 6.5) preoperatively and 30.2
(3-48, SD + 11.3) postoperatively. The mean
visual analogue scale was 6.9 (range 1-10,
SD + 1.8) preoperatively and 3.9 (range 0-9,
SD + 2.6) postoperatively.

Keywords

Revision arthroplasty - Unicompartmental -
Knee arthroplasty - Revision rates - Oxford
knee score

Zusammenfassung

Operationsziel. Wechsel eines unikomparti-
mentellen Kniegelenkersatzes (UNI) auf eine
totale Kniegelenkendoprothes (TEP) in In-situ-
Referenzierungstechnik unter bestmdglichem
Erhalt der artikuldren Bandfunktion und des
epi-metaphysaren Knochens.

Indikationen. Aseptische Lockerung,
Progression der Arthrose, periprothetische
Fraktur, periprothetische Infektion, Arthro-
fibrose, Polyethylenabrieb, Malalignement,
Instabilitat, femorotibiales Impingement.
Kontraindikationen. Unerklarbarer Schmerz,
lokale oder systemische aktive Infektion
(unabhéngig von der Lokalisation).
Operationstechnik. Die Referenzierung

fiir die Tibia- und Femurschnitte findet

bei noch liegendem Implantat statt. Die
tibiale Resektion erfolgt direkt unterhalb des
Tibiaimplantats. Wenn fiir einen biindigen Im-
plantatsitz sowohl auf der medialen als auch
auf der lateralen Tibia zu viel Knochen entfernt

werden muss, muss eine stufenférmige
Osteotomie erfolgen, um den medialen Defekt
mit einem Augment behandeln zu kénnen.
Die Entfernung der Femurkomponente erfolgt
erst nach Einstellung der Femurrotation
und intramedullarer Referenzierung fiir

die Osteotomie des distalen Femurs. Der
Kopplungsgrad der Prothese wird vom
Ausmal des Knochendefekts und der
bestehenden Bandstabilitat bestimmt.
Gegebenenfalls muss auf eine stielgefiihrte
Prothese zuriickgegriffen werden.
Weiterbehandlung. Steriler Verband

und elastokompressive Wickelung. Keine
Limitation des aktiven bzw. passiven
Bewegungsumfangs. Vollbelastung bzw.
Teilbelastung fiir 2 Wochen postoperativ bei
groBeren Knochen- bzw. Weichteildefekten.
Ergebnisse. Zwischen 2008 und 2019
wurde bei 84 Patienten die Revision eines
unikompartimentellen Kniegelenkersatzes

Revision des unikompartimentellen Kniegelenkersatzes mit der In-situ-Referenzierungstechnik

durchgefiihrt. Das durchschnittliche Follow-
up betrug 64 Monate (3-132 Monate). Das
Implantatiiberleben nach Wechsel von UNI auf
TEP betrug 92 % (95 %-Konfidenzintervall [KI]
82-97 %) nach 5 Jahren Follow-up und 86 %
(95 %-KI 69-93 %) nach 10 Jahren Follow-
up. Der mittlere Oxford Knee Score betrug
prdoperativ 20,1 (6-39, Standardabweichung
[SD] + 6,5) und postoperativ 30,2 (3-48,

SD+ 11,3), der mittlere Wert auf der visuellen
Analogskala lag praoperativ bei 6,9 (1-10,
SD+ 1,8) und postoperativ bei 3,9 (0-9,
SD+2,6).

Schliisselworter

Revisionsendoprothetik - Unikondylar -
Knieendoprothetik - Revisionsraten - Oxford
Knee Score

and multi-modal pain management
programs.

== Preoperative joint aspiration (with
subsequent cell count, gram staining,
microbiological culture for at least
2 weeks) in cases of unexplained pain
or clinical signs of infection/elevated
levels of inflammatory serum markers
[18, 19].

== The type of the implanted unicondy-
lar prosthesis should be known. At
best, the surgical protocol should be
made available [20].

== Radiographic analyses (antero-pos-
terior in standing position, true
lateral radiograph with the knee
in 30° of flexion, antero-posterior
orthoroentgenogram in standing
position and Merchant view is

mandatory). In some cases, MRI
and CT analyses might be necessary
for further diagnostic evaluation.

== Digital templating within a picture
archiving and communication system
(PACS) to determine implant type,
size, level of constraint and need for
augments or stems (@ Fig. 1).
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Instruments and implants

== Commonly used implantation kit
and instruments for total knee
replacement including straight and
curved chisels.

High-pressure irrigation (jet lavage).
Standard modular knee revision
systems should be available especially
in cases with significant femoral
implant migration or tibial tray
collapse.

Anesthesia and positioning

== Multimodal analgesic protocol in-
cluding preoperative pain and anti-
inflammatory medication as well
as intraoperative local infiltration
analgesia (LIA).
General or spinal anesthesia.
Adductor canal block for fast-track
surgery patients. Femoral nerve
block as single shot or via continuous
infusion systems in situations in
which fast-track concepts are not
applicable.
== Supine positioning of the patient
without pressure points.
== Positioning of the leg within a leg
holder or footrest.

Joint aspiration at the soft spot
medial to the ligament
and just caudal to the patella N

7

Lig. patellae — — — ==

== A pneumatic tourniquet is applied
but it is only inflated during the
cementation process. The authors
do not use suction drains in patients
who are eligible to enter fast-track
pathways.

== Preoperative administration of in-
travenous tranexamic acid and
postoperative application of low-
molecular-weight heparins until full
weight-bearing.

== Preoperative single-dose administra-
tion of i.v. antibiotics (e.g. Cefazolin
2g).

Surgical technique

(B Figs. 2, 3, 4and 5)

Patella
/

F
Wi
‘» ) |
e
\ N

b

Fig. 2 A Implantexposure. Standard approach extending the previously used skin incision. Prior to arthrotomy synovial fluid
is aspirated for microbiological analyses and white-blood-cell count (a). After synovectomy, multiple soft tissue samples are
collected and further processed to exclude infection or synovitis due to wear debris. The authors’ preference is to perform
asubperiosteal release of the soft tissues at the medial tibia plateau and to excise the Hoffa fat pad. Osteophytes at the patella
rim are removed, a lateral patella-facetectomy is performed and the anterior cruciate ligament is excised (b)

276 | Operative Orthopéadie und Traumatologie 4 - 2020



Fig. 3 A Assessment of implant failure. Preoperative diagnoses such as arthritic progression (a), tibial collapse (b), polyethy-
lene wear causing osteolyses (c) or femoro-tibial impingement (d) should be intraoperatively confirmed and documented.
In the case of infection, thorough debridement, lavage and meticulous removal of the entire articular cartilage is indicated,
followed by implantation of an antibiotic-loaded dual-compartment cement spacer. The authors do not advocate the use of
single-compartment spacers as the bradytrophic osteo-chondral surface of the joint needs to be completely removed in order
to adequately treat the infection
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Blade of saw
just below the tibial implant Lateral tibial plateau
Intramedullary Medial implant Lateral tibial plateau
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Tibial cutting jig
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/
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Medial femoral implant

_ Lateral tibial plateau

__ Tibial cutting jig
with 0° posterior slope

/
Angel wing
onto the medial augme

d

Fig. 4 A Tibial in situ referencing. After exposure of the tibial plateau, an intramedullary alignment rod is used to secure and
position the 0° posterior slope tibial cutting jig (a).Inrare cases, theintramedullary rod is not able to pass the tibialimplantand
an extramedullary jig system needs to be applied. The cutting jig and the initial resection levelis setina way that the sawblade
just fits under the tibialimplant (b). The authors recommend using the saw even in obviously loose tibialimplants to minimize
the defect created by the removal of the tray and the subjacent cement.Iftoo much bone needs to be removed to achieve flush
implant sitting on both the medial and the lateral tibia, a step cut should be performed to build up the medial defect with an
augment. Prior to this step, it is essential to determine correct rotational tibial alignment and anticipate tibial implant size in
order not to perform anincorrect sagittal tibia cut, which could negatively impact tibial implant rotation/positioning or result
in excessive bone resection. Several modular revision systems offer tibial resection jigs with sagittal and horizontal slots that
take the later medial augment width and height into consideration (c). If specific resection jigs of this kind are unavailable,
the trial medial augment alone is positioned onto the medial resection surface. An angel wing can now be put through the
resection jig to be positioned flush with the surface of the trial medial augment. The resection jig is pinned and the resection of
thelateral plateauis performed (d). Thetrial tibial tray is now used to determine correct tibialimplant rotation and size. Insome
cases, an additional freehand sagittal cut is necessary to adjust for correct tibial rotational alignment and medial augment
width. Eventually, the trial tibia tray is pinned after assembly with the trial tibial augment and the keel or the stem extension
is prepared (e)
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Fig. 5 < Femoral in situ referencing. Prior to
femoral component removal, rotational align-
ment is determined and intramedullary refer-
encing for the distal femoral osteotomy is per-
formed (a). The authorsfirst use the femoral sizer
setat3°of external rotation to mark the transepi-
condylarline by slidingits paddles under the na-
tive and the resurfaced posterior condyle. An
intramedullary alignment rod is then used and
the distal femoral cutting jig positioned flush
with the femoral implant and setaccording to
the preoperatively determined valgus angle.
The distal resection is performed while avoid-
ing the femoral peg. Prior to definitive femoral
implantremoval,afine osteotomeisusedtosep-
arate the implant from the bone of the posterior
condyle. The symmetry of the extension gap
can now be controlled with spacer blocks (b).
Some modular revision systems offer the option
to place hemi-augments on the medial side of
the spacer block to account for the medial tibial
defect. Whiteside’s line is marked. Rotational
alignment must comply with the previously
marked transepicondylar line (Insall line; c). At
this stage, femoral size and definitive implant
rotation needs to be determined by using the
femoral sizer, which is provisionally pinned (d).
With the 4-in-1 block pinned at the same place
as the sizer, the knee joint is flexed to 90° and
the symmetry of the flexion gap controlled with
spacer blocks (e). At the same time, this step
serves as a control step for correct femoral rota-
tional alignment. The first chamfer cut is made
throughthesslotted guide at the anteriorfemoral
cortex to check for the “grand piano sign’, giving
the surgeon anotheropportunity to ex post con-
trol rotational alignment (f) [21, 22]. If any of the
aforementioned methods reveals malrotation
of the unicondylarimplant or previous poste-
riorfemoral over-resection, the use of amodular
femoral implantis mandatory to account for the
defect of the medial posterior femoral condyle.
After the chamfer cuts are completed, remain-
ing cement particles are carefully removed and
trial implants are tested. The tourniquet is then
inflated, smaller drill holes are placed at the cut
surface to facilitate cement interdigitation and
the bony surfaces are meticulously cleaned of
debris and membranes by pulsed lavage. The
bone obtained from the femoral box cut should
be carefully preserved as this bone is ideal to fill
smaller cavitary bone defects, especially at the
tibia. After finalimplant bed preparation, the
prosthesis is implanted applying cement to the
implant and the previously dried bony surfaces

Postoperative management

== Sterile wound dressing, elastic
compression bandaging and local
cryotherapy.

== Deep vein thrombosis prophylaxis
with low-molecular-weight heparins
until full weight-bearing is achieved
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(regular monitoring of thrombocyte
counts and/or anti-Xa activity).

== If an intra-articular drain is applied,
this should be removed after 24h to
allow for autonomy of the patient.

== Patient mobilization with crutches
under physiotherapist supervision
ideally on the day of surgery.

== Full weight-bearing or partial weight-
bearing for 2 weeks postoperatively
in the presence of bone or soft tissue
defects.

== Pharmacological pain management
according to World Health Organiza-
tion guidelines.

== Continuous passive motion therapy.
No limitation of active or passive
range of motion.

== Physiotherapy with gait training
focusing on isometric and functional
quadriceps control.

== Regular clinical and radiographic
follow-ups (directly postoperatively
and at 6 and 12 months).

Errors, hazards and
complications

== Do not revise a UKA unless there is
a diagnosis. Revision for unexplained
pain results in poorer outcomes
compared to situations in which the
diagnosis is known [23].

== Do not evoke wrong patient ex-
pectations: not every UKA is easy
to revise. UKA revision is not al-

| ,  implantsurvival

100 120 140 (black line)and 95%

confidence interval
(pink dotted line)

ways comparable to a primary TKA
procedure.

Patients need to be informed that
complications, complication rate and
implant survivorship after UKA to
TKA revision are similar to those
after TKA to TKA revision [17].

In the case of significant femoral
implant migration or tibial tray
collapse, the in situ referencing
technique is no longer applicable
and the use of a modular revision
system is mandatory. In this case, the
referencing needs to be performed at
the non-resurfaced compartments.
At the femoral side, the distal femoral
cutting jig is positioned at least
2mm distal to the lateral condyle

to account for the physiological
distal femoral valgus angle. In such
cases, the use of a modular revision
system is mandatory as modular
4-in-1 blocks with augments are
necessary to account for the medial
femoral defect. At the tibial side,
the position of the tibial cutting jig
is determined by referencing at the
non-resurfaced lateral compartment.
During this step, the surgeon needs
to take the later implant height

into consideration. If a modular
implant system is available, then the
cuts are performed the other way
round, as described in @ Fig. 4c. If
no resection jig with sagittal and
multiple horizontal slots—that take
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Fig. 7 A A 69-year-old female patient with malalignment and instability after unicompartmental knee arthroplasty (UKA).
Good functional result 3 years after UKA to total knee arthroplasty (TKA) revision using a standard bicondylar implant with
tibial stem extension and posterior-stabilized insert (a). A 66-year-old female patient suffering from aseptic loosening and
osteolysis of the medial tibia plateau and lateral femoral condyle due to wear debris 8 years after UKA (for the corresponding
intraoperative finding please see @Fig. 3c). Status 12 months post revision surgery using a condylar-constrained implant
with hybrid stem extensions and medial tibial 5-mm augment. The contained defect of the lateral femoral condyle was filled
with autologous bone obtained from the box cut (b)
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b 25 mm Referenzkugel

Fig. 7 A (continued) A 62-year-old patient with tibial tray collapse and osteoarthritic progession 10 years after UKAimplanta-
tion. Postoperative radiographs after revision with a condylar-constrained implant with a 10-mm medial tibial augment and

hybrid stem extension (c)

the later medial augment width
and height into consideration—is
available, then a correct step cut

is difficult to perform, since most
tibial resection jigs can be distalized
only in 2-mm increments and most
augments measure 5 or 10 mm in
height.

Results

Between January 2008 and January
2019, 84 consecutive patients (62 female,
22 male) underwent UKA to TKA revi-
sion at the Department of Orthopaedic
Surgery of the Julius Maximilians Univer-
sity of Wuerzburg, Germany. Reasons
for revision included aseptic loosen-
ing and/or polyethylene wear (n=45),
instability/malalignment (n=12), pro-
gression of osteoarthritis (n=18), in-
fection (n=2), recurrent dislocation of
the insert (n=4) and unexplained pain
(n=3). In 15 cases, the UKA had been
performed at the authors’ clinic, while
all others were referrals. The average
time between the index operation and
UKA to TKA revision was 3.8 years
(45.2 months). Mean patient age at
the time of UKA to TKA revision was
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63.6 years (39-85 years). Operation and
implant details as well as patient-reported
outcomes were prospectively collected
in the authors’ in-house arthroplasty
database. Approval for retrospective
data analysis was obtained from the
University’s institutional review board
(approval no. 2018122001). Mean fol-
low-up after UKA to TKA revision was
5.3 years (64.0 months; 3-132).

In 73 patients (88.1%), a standard bi-
condylar implant was used for revision
(seven cruciate-retaining, one condylar-
stabilizing and 65 posterior-stabilized in-
serts). In 18 of these patients a tibial
stem extension was utilized. Nine pa-
tients (10.7%) received a condylar-con-
strained implant. In five of these, a tibial
and femoral stem extension was used,
in four a tibial extension only. Tibial
augments were used in seven of these
patients, while one patient required tib-
ial and femoral augmentation. Two pa-
tients (2.4%) were revised with a rotating
hinge revision implant. Patella resurfac-
ing was performed in 42 patients (50%).
Two intraoperative complications were
recorded during UKA to TKA revision.
These were two intraoperative fractures
of the medial tibial plateau during final

implantation of the original component.
Both cases were successfully treated by
open reduction and internal screw fixa-
tion.

The Oxford knee score (OKS) and the
visual analog scale (VAS) for pain were
used to measure functional outcome af-
ter UKA to TKA revision. Complete
pre- and postoperative data sets were
available for 62 patients (73.8%). Im-
plant status was available for all patients.
Statistical analysis was performed using
Sigma-Plot®13.0-Software. Values were
recorded as mean, range and standard
deviation (SD). The Saphiro-Wilk test
was used to test whether the data was
normally distributed. Statistically signif-
icant differences between the pre- and
postoperative patient status were tested
using the paired t-test in the case of nor-
mally distributed data or the Wilcoxon
test for non-normally distributed data.
Implant survival was evaluated using Ka-
plan-Meier analysis (B Fig. 6).

The mean OKS was 20.1 (6-39,
SD + 6.5) preoperatively and 30.2 (3-48,
SD+11.3) postoperatively. The mean
VAS was 6.9 (range 1-10, SD + 1.8) pre-
operatively and 3.9 (range 0-9, SD £ 2.6)
postoperatively.  For both the OKS



(p<0.001) and the VAS (p<0.001) there
was a statistically significant difference
between the pre- and postoperative sta-
tus. Implant survival after UKA to TKA
revision was 92% (95% CI=82-97%)
at 5 years of follow-up and 86% (95%
CI=69-93%) at 10 years of follow-up
(B Fig. 6). Seven patients underwent re-
revision. The mean time to failure was
23.9 months (5-40; SD+12.1). Reasons
for re-revision were aseptic loosening
(n=3), instability (n=3) and infection
(n=1).

This study demonstrates that the de-
scribed in situ referencing technique for
UKA to TKA revision is reliable and safe
and that the application of this technique
can result in good mid-term and long-
term outcomes. Of note, overall out-
comes in the present study were not com-
parable to outcomes after primary TKA
and are more comparable to the ones af-
ter TKA to TKA revision as previously
described by other groups [14, 16]. Un-
der certain circumstances, UKA to TKA
revision can be a challenging and com-
plex procedure—even after careful pre-
operative planning (B Fig.7). In the au-
thors’ view, this procedure should there-
fore be performed by high-volume knee
surgeons that are familiar with modular
revision implants.
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