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Resurgence of Unicompartmental Knee Arthroplasty

developing and using unicondylar knee arthroplasty (UKA)

for treatment of unicompartmental osteoarthritis (OA) of
the knee.' High failure rates were reported, due to poor design
(mostly due to the cement loosening and plastic wear), poor surgical
technique, and improper patient selection.”

During the 1970°s and 1980’s, Orthopaedic Surgeons began

In contrast, high promising results of total knee arthroplasty
(TKA) were reported from many studies.®!! When UKA results
were compared to TKA, the UKA fell out of favor with many
surgeons. By the 1990’s TKA was considered to have become the
standard treatment of knee osteoarthritis.
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However, UKA continued to be used. There has been a renewal
of interest in UKA, due to emerging minimally invasive techniques,
Sukree Knumrak. MD' improvement of instrumentation and design rationales together with

’ increased understanding of biomechanics, and proper patient selection.

Recently there have been many comparative studies between
TKA and UKA. Most results report UKA provides better functional
outcomes, earlier recovery, ease of revision and lower costs.'>!”

The Concept and Philosophy
! Department of Orthopedics, Bangkok Pattaya Hospital,

Bangkok Hospital Group, Bangkok, Thaland, The philosophy behind UKA is much different to that of TKA.

In osteoarthritis of the knee, the knee malalignment (from either
varus or valgus deformities) is due to articular cartilage loss and
ligament laxity. Using the TKA technique, alignment is corrected by
cutting the bone, which changes the knee anatomy to achieve

mechanical axis of the lower limb.
Keywords:

Unicompartmental Knee Arthroplasty, Minimal

Invasive Surgery, UKA UKA will not cut the bone to achieve mechanical axis but uses

instead the composite thickness of the prosthetic unicompartmental
components (thickness of polyethelene) to correct limb alignment
(Figure 1).

The advantages for UKA are a less invasive surgery and shorter
hospital stay. The range of motion is usually better than for total
knee arthroplasties and proprioception is not impaired. Other
benefits include better kinematics, quicker recovery and the bone
stock is preserved, thus making revision easier.”® Newman, et al.,
showed in a randomized study that UKA had less perioperative
morbidity, patients both recovered faster, and gained more flexion;
however the loosening rate was similar to TKA."” The Oxford Group
has shown similar results in studies in which UKA was compared
with TKA; furthermore, their results showed that recovery was even
faster if a small incision was used.”?' Results from the Swedish
Knee Registry showed that the UKA procedure was more
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cost-effective than TKA, even taking into account the
increased risk for revisions.?

Considering the factors which cases are amenable
to surgery, according to Deschamps’s statement:
“there are five types of indications to take into account.
These are the age of the patient, the patient s activity level,
weight, and ligamentous status (particularly the central
pivot), and lastly, the severity of the deformity. The ideal
indication for a UKR is a low demand patient over 60
years of age, the UKR is particularly recommended in
old or sedentary patients. The patient should weigh less
than 85 kg, but the Body Mass Index (BMI) should also
be taken into account. The central pivot should be intact.
The deformity should be moderate and, above all, reduci-
ble without overcorrection (varus-valgus shift when
taking stress views). The residual deformity (if any) after
correction should not exceed 5 degree varus in a varus
knee and 5 degree valgus in a valgus knee” %

Design

Presently, two designs of UKA are available, fixed
bearing and mobile bearing UK A but there is controversy
over which design provides superior results. The first
design of UKA, with more than 30 years of clinical use,
was fixed bearing. The first implant was Mammor pro-
sthesis.

Fixed bearing prosthetics come in two types: metal
backing design (Figure 1) and all polyethelene (Figure 2).
The metal back design provides better load distribution
and load transfer to the bone but it needs more cutting.

The all polyethelene tibial component design requires
less bone to be cut which means a greater remaining
bone stock. Although this has the potential for good
results, the literature suggests there may be a higher rate
of early loosening and failure due to the thin cement
mantle needed to fix the component in place.*

A report by Small, et al., showed all polyethelene designs
significantly increased tibial strain which led to tibial
subsidence. An in vitro biomechanical model was es-
tablished to measure strain on tibial bone surface. The
results showed implantation with all polyethylene tibial
components resulted in higher strain measurements across
the medial surface of the proximal tibia. Statistically sig-
nificant increases in maximum shear strain ranged from
57% t0 223% (p < 0 .05).% Although many studies show
promising results over the long term, there are still aspects
to be concerned about with the mobile bearing designs,
such as the frequency of radiolucenct lines in metal back
tibial components, or the more frequent need for gap
balancing techniques or the risk of bearing dislocation 2%’

Mobile Bearing Design

Much of the recent literature reports excellent long
term results with specific mobile bearing UKA design
(Oxford; Biomet, Warsaw, Figure 3) with increasing use
of mobile bearing knee. The polyethelene bearing is not
fixed to the metal back; instead it acts like the meniscus
and can move along the metal back. The mobile meniscal
bearing allows contact over a large area, which ought to
then minimize contact stresses, shear forces, and proably
polyethylene wear.

Figure 1: Metal-Back Design.
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Figure 3: The tibial components are made from cobalt chromium molybdenum alloy. Six sizes are
available for both the left and right side, for maximum coverage on tibial bone cut and

to avoid anteriomedial overhang, which sometimes caused postoperative pain in the
Phase 2 design.

Figure 4: The femoral components (single radius design) are made of cast cobalt chromium moly-

bdenum alloy for strength, wear resistance and biocompatibility. The design is available
in 5 sizes.

Figure 5: The articulating surface of the femoral component is spherical and polished to a very
high tolerance.
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Retrieval analysis suggests that the edge loading
effect of flat on flat articulation of most fixed bearing
designs is the cause of polyethelene wear. Therefore
some designs of fixed bearing UKA tried to increase
conformity of articulation. However these attempts led
to an increased, loosening rate of femoral and tibial
components; more conformity actually caused additional
strain to implants and the bone interface. The mobile
bearing design by comparison reduces the strain on the
bone interface.

Changing Indications for UKA

Kozinn and Scott described the classic indications
for UKA in 1989. Using these stringent criteria, results
improved significantly, although these criteria actually
excluded 90-95% of patients with knee arthritis® With
improvements in surgical technique, (such as minimally
invasive methods)and better designs of UKA with
enhanced longevity and durability, recovery time was

Table 1: UKA indications.

significantly reduced. Hospitalization is now often
reduced to 1-2 days, and recovery time to 2-4 weeks. 2%
UKA indications could be expanded to include use as a
temporizing procedure in younger patients with unicom-
partmental arthritis.’! * 35 (Table 1).Some treatment
centers claim that up to 30% of their knee arthritis
patients now receive UKAs .3

A UKA may be appropriate for younger patients
as a temporizing procedure. The option for conversion
to a TKA is reasonable due to reduced bone loss
making revision easier.’” As Carlson and Albrektson
pointed out, “UKA yields results comparable with TKA.
Because of the high level of patient satisfaction and the
lower incidence of complications and morbidity com-
pared with TKA, UKA is an attractive alternative
for patients with predominantly unicompartmental,
noninflammatory arthritis. Patient interest in UKA is
enhanced by the adaptation of the operative procedure
to a minimally invasive incision with the possibility of

outpatient surgery” 'S

Characteristics Classic indications Evolving indications

Age (years) >60 > 50 as temporizing measure
> 60 as definitive procedure

Weight (kg) <82 Yet undefined

Activity level Low demand Non-laborers

Arthritis location

Diagnosis

Range of motion

Flexion

Flexion contracture
Deformity

Varus

Valgus
ACL

Patellofemoral joint

Symptoms

Purely medial or lateral

Non-inflammatory, non-crystalline

>90°
<5°

<10°

<15°
Intact without mediolateral subluxation

No symptoms; minimal chondromalacia

Unicompartmental; abate with rest

Purely medial or lateral
Non-inflammatory, non-crystalline;
Ahback stage 1,2 or 3 (not 4) osteoarthritis

>90°
<15°

Passively correctible to within 5° of neutral
mechanical axis

OK if attenuated or absent due to attrition;
no gross clinical instability

Minimal symptoms; no sclerosis of patellar
facet; mild/moderate degenerative changes
OK if a symptomatic

Unicompartmental
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Results of Unicompartmental Arthroplasty

Although early to midterm studies cited a high rate of
satisfactory results after UKA, long-term survivorship
and outcomes continue to be a concern.®® Many recent
studies have reported good long term results after improve-
ments in UKA design and more rigorous attention being
given to patient selection criteria and improved surgical
techniques.

Price AJ, et al.,”” reported the survival rate at 20 years
of Oxford knee design; 510 Oxford UKA was enrolled
in the study. The 10 and 20 year survival rates were 94%
and 91% respectively. They reported 29 revision proce-
dures were performed: 10 for lateral arthrosis, nine for
component loosening, five for infection, two bearing
dislocations, and three for unexplained pain. No failure
rate from patellofemoral problem was seen, which
implies that patellofemoral arthritis was not a contrain-
dication for UKA. It was also noted that there were very
low rates of revision due to polyethylene wear related
complications, which suggested low wear from fully
congruent mobile designs of UKA.

Keblish and Briard *° conducted a nonblinded review
of 177 patients with LCS mobile bearing knee (DEPUY)
from two centers, 137 from USA, and 44 from France,
which were followed up over 11 years. All patients
and radiographics were evaluated preoperatively,
immediately post operative, then at 6 months and yearly
until complications occurred. They reported overall
good and excellent results in 82% of cases and fair/
poor results in 18% of cases using the Hospital for
Special Surgery Knee Rating Scale. Thirty two complica-
tions were found in this series. The most common failures
in this study were bearing failures, which occurred in
first generation polyethelene with design errors. Fifteen
cases were revised by polyethelene exchange. Polyeth-
ylene wear with oxidative changes and varying degrees
of splits/cracks of the articulating surface were noted in
all cases. The authors suggested periodic x-rays were
necessary in order to detect polyethelene failure at an
earlier stage, especially for first generation designs
(made between 1985 and the late 1990’s), because the
polyethelene exchange procedure was easier and more
cost effective than revision of all components.

Several comparative studies of TKA and UKA have
looked at the short and long term results with regard to
aspects such as patient satisfaction, survival rate and
cost. Most studies show better functional outcomes faster
recovery, ease of revision and lower cost for UKA.

A recent study from Lombardi AV, et al.,*' did a
matching comparison (in terms of incidence of com-
plication and manipulation, postoperative function and
time needed for return to work) between 103 (115 pa-
tients) Mobile bearing UKA performed with minimally
invasive technique and 103 (115 patients) cruciate re-
taining TKA. Post hoc power analysis revealed sufficient
power to detect the variables studied at 80%. The UKA
group had better range of motion at discharge and shorter
hospital stay than TK A group (77 versus 67 and 1.4 versus
2.2 days). At 6 weeks, Knee Society functional scores
and range of motion were higher for UKA than TKA (63
versus 55 and 115 degrees versus 110 degrees). The con-
clusion was that minimally invasive UKA demonstrated
better early ROM, shorter hospital stays, and improved
functional scores.

Recently, numerous reports detail the advantages of
minimally invasive technique for UKA. This approach
is performed with a small incision, but without disloca-
tion of the patella, leaving the quadriceps tendon intact,
and is therefore conducive to a faster recovery. Muller PE,
et al.,”” performed a comparative study between 30 minimal
invasive approach and 30 standard approaches for UKA
in terms of implant position and functional results. The
mobile bearing oxford knee was implanted in all cases.
Data from the study shows better functional outcome with
significant higher score of HSS scores in the minimally
invasive group; the minimally invasive technique did not
show negative effect for implant positioning. So, they
recommended minimally invasive technique should be
the method of choice. Price et al.,” compared recovery
rates by the time it took for patients to be able to do
straight leg raising, and ability to climb stairs between
40 Oxford UKA with minimally invasive approach and
20 Oxford UKA with standard UKA; both groups were
then compared to 40 of Anatomic Graduated Component
(AGC) TKA. The results show average rate of recovery
after minimal invasive UKA was twice as fast as after
standard UKA and 3 times as fast as after total knee
arthroplasty. All postoperative radiographic tests in minimal
invasive UKA group show similar accuracyof implan-
tation. This demonstrates that the minimally invasive
technique can achieve both good short and long term
results after UKA.

Potential Problems

There are many potential factors related to the longevity
of UKA, such as patient activity levels, body habitus,
intact cruciate ligaments, postoperative alignment, soft
tissue balancing, implant positioning and design.***
These factors can lead to many complications.
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Fracture of Medial Tibial Plateau

Berger RA, et al., * reported complications due to tibial
fractures in 51 knees after UKA at minimum 6 years
follow up. All UKAs were performed using the Miller-
Galante fixed bearing design (Zimmer Warsaw). His
series had 4 fractures of medial tibial fracture, 3 cases
which occurred intraoperatively and one case occurring
6 weeks post op.Vince and Cyran*® noted that some fractures
“may require more extensive open reduction and intenal
fixation and others revision by arthroplasty. These
fractures might be avoidable by limiting the number and
location of pin holes that are created in securing cutting
instruments to the proximaltibia”

Yang, et al.,” reported a case of a 63-year-old woman
(Figure 6 A-B) with medial compartment osteoarthritis
who initially had limited deformity. Within 3 months
of surgery, medial tibial plateau fracture had displaced.
Considerable amounts of bone were missing and there
was the possibility of extensive avascular necrosis.
Revision arthroplasty would have been difficult. Figure
6 B shows open reduction and internal fixation has been
performed. This procedure is extensive, surgical, and
involves wide exposure.

Figure 6 A-B: Demonstrates a case of OA which underwent open
reduction and internd fixation due to excessive
bone loss.
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Brumby SA, et al.,”? reported the 4 cases of medial
tibial plateau fracture after UKA. Tibial cutting jig was
fixed to the bone by 4 guide pins, which reduced com-
pressive strength and caused stress fracture in all 4 cases.
They recommended “avoiding multiple guide pin holes
in the proximal tibia for UKA. This can be achieved
by using one centrally placed pin in association with
another form of stabilization such as a clamp at the ankle.
Furthermore, a tibial cutting jig that can be adjusted to
take a thicker cut using the same guide pins should be
used. If 3 or more pin holes are deemed necessary for
UKA, surgeons must be aware of the potential for tibial
stress” .

Bearing Dislocation

The Oxford mobile bearing UKA has a 10% bearing
dislocation rate as reported by the center where it was
developed. Moo-Ho Song, et al.,” retrospectively reviewed
the first 100 consecutive minimally invasive mobile-
bearing UKA using Oxford knee design, with mean
follow up time of 24 months: all surgeries used the mini-
mally invasive medial parapatella approach. Four cases
of bearing dislocation were reported, which were corrected
by changing to a thicker polyethelene bearing. They
suggested the main cause of bearing dislocation was
inequality of flexion and extension gap, another potential
cause was delayed elongation of MCL and osteophyte
impingement.

A multicenter review identified performed by the
Swedish Orthopaedics Society, the failure pattern was
identified in 699 cases with Oxford Knee.>* The results
show the main reasons for revision surgery were
“dislocating meniscus in 16 cases, loosening of the
femoral component in 6, tibia component in 4, both
components in 4, contralateral arthrosis in 10, infection
in 4, and technical failure with instability, pain, and/or
impingement of the meniscal bearing anterior in the
femoral condyle in 6. The authors reported dislocation
of the menisci was caused mainly by thin components
and/or malposition of the implants which may occur
ventrally in the femoral condyle by the menisci.

Lateral compartment progression
Much of the literature reported one common cause of

revision in UKA was progression of disease to contra-
lateral side, mostly due to surgical technique.
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Price AJ, et al.,*? reviewed the long term results of
510 Oxford mobile bearing UKA’s performed during
1983-2005; the survival rate at 10 years was 94% and at
20 years was 91%. The most common cause of failure
was the progression of arthritis of lateral compartment
(10 patients or 1.5%). They reported that the cause of
rapid deterioration of lateral compartment was over
correction of alignment. The reason for lower reported
rates of lateral progression, reflects successful surgical
techniques that did not attempt to overcorrect alignment.

Bert JM* studied ten year survival rates of medial
UKA performed with Fixed bearing design (Biomet,
Warsaw) between 1985-1987. The survival rate at ten
years was 87.4% in 95 UKAs. The most common cause
of failure in this series was lateral compartment disease
after 5 years (Figure 7). Ten cases were revised due to
lateral disease progression; eight of these cases had
tibiofemoral angles greater than 5 degree valgus, but
only two cases had tibiofemoral angles of less than 4.5
degrees. In cases with overcorrection, there was a higher
rate of progression of lateral compartment.

Hernigou P and Deschamps G* did a retrospective
radiographic review of 156 medial UKA performed with
Lotus (Mark 1). They divided the patients in three groups
depending on their HIP-KNEE-ANKLE angle.

Group I had an angle of more than 180 degrees, group
II’s angle was between 170-180 degree and group III’s
angle less than 170 degrees. A higher than average rate
of cartilage wear was found in group I (0.23 mm/year).
However in group III, a significant high rate of polyethe-
lene wear was also found (0.21 mm/year). They confirmed
significant rapid OA change on lateral compartment can
occur where there has been overcorrection alignment of
preexisting varus deformity and advise to avoid overcor-
rection more than 180 degree on HIP-KNEE-ANKLE
angle.

Summary

Renewed interest in UKA is the result of improving
minimally invasive techniques and implant designs, as
well as improvement of instrumentation. The literature
clearly shows the benefits of minimally invasive UKA:
rapid recovery time, less blood loss, less disruption of
soft tissue, shorter hospital stay, faster return range of
motion and function, and without any impairment effect
on implant alignment.

In well selected patients, with isolated medial com-
partment knee arthritis, minimally invasive UKA can be
the procedure of choice when performed with meticulous
technique by a well trained surgeon.

Figure 7: Progressive increased lateral compartment pain.
Femoral tibial angle increased to 12° at 6.5 years

after surgery.
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