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Abstract

Conversion of unicompartmental knee ar-
throplasty (UKA) to total knee arthroplas-
ty (TKA) may be relatively simple when
tibial resection is conservative during

the index UKA. However, with greater
tibial resection, conversion to TKA may
be complicated by osseous insufficiency,
requiring stems and augments, and po-
tentially compromising patient outcomes
and TKA durability. Robotic assistance

in UKA is shown to enhance the bone
preparation accuracy. In our retrospective
comparison of polyethylene insert sizes,
8-mm or 9-mm polyethylene inserts were
used in 93.6% and 84.5% of robotic (N
=8421) and conventional (N = 27989)
UKAs, respectively. Aggressive tibial
resection, requiring tibial inserts >10 mm,
was performed in 6.4% of robotic-assisted
cases and 15.5% of conventional cases.
Robotic-assisted UKA more reproducibly
achieved accurate and precise conserva-
tive resection.

considered a less invasive approach for the

treatment of unicompartmental knee arthri-
tis when compared with total knee arthroplasty
(TKA), with optimal preservation of kinematics.!
Despite excellent functional outcomes, conversion
to TKA may be necessary if the UKA fails, or in
patients with progressive knee arthritis. Some
studies have found UKA conversion to TKA to be
comparable with primary TKA,22® whereas others
have found that conversion often requires bone
graft, augments, and stemmed components and

U nicompartmental knee arthroplasty (UKA) is

has increased complications and inferior results
compared to primary TKA.*7 While some studies
report that <10% of UKA conversions to TKA re-
quire augments,? others have found that as many
as 76% require augments.*®

Schwarzkopf and colleagues® recently demon-
strated that UKA conversion to TKA is compara-
ble with primary TKA when a conservative tibial
resection is performed during the index procedure.
However, they reported increased complexity
when greater tibial resection was performed and
thicker polyethylene inserts were used at the time
of the index UKA. The odds ratio of needing an
augment or stem during the conversion to TKA was
26.8 (95% confidence interval, 3.71-194) when an
aggressive tibial resection was performed during
the UKA °Tibial resection thickness may thus be
predictive of anticipated complexity of UKA revision
1o TKA and may aid in preoperative planning.

Robotic assistance has been shown to enhance
the accuracy of bone preparation, implant compo-
nent alignment, and soft tissue balance in UKA %1
It has yet to be determined whether this improved
accuracy translates to improved clinical perfor
mance or longevity of the UKA implant. However,
the enhanced accuracy of robotic technology may
result in more conservative tibial resection when
compared to conventional UKA and may be advan-
tageous if conversion to TKA becomes necessary.

The purpose of this study was to compare the
distribution of polyethylene insert sizes implanted
during conventional and robotic-assisted UKA.
We hypothesized that robotic assistance would
demonstrate more conservative tibial resection
compared to conventional methods of bone
preparation.

Methods
We retrospectively compared the distribution of
polyethylene insert sizes implanted during con-
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secutive conventional and robotic-assisted UKA
procedures. Several manufacturers were queried
to provide a listing of the polyethylene insert

sizes utilized, ranging from 8 mm to 14 mm. The
analysis included 8421 robotic-assisted UKA cases
and 27989 conventional UKA cases. Data were
provided by Zimmer Biomet and Smith & Nephew
regarding conventional cases, as well as Blue Belt
Technologies (now part of Smith & Nephew) and
MAKO Surgical (now part of Stryker) regarding
robotic-assisted cases. (Dr. Lonner has an ongoing
relationship as a consultant with Blue Belt Technol-
ogies, whose data was utilized in this study.) Using
tibial insert thickness as a surrogate measure of
the extent of tibial resection, an insert size of >10
mm was defined as aggressive while <10 mm
was considered conservative. This cutoff was
established based on its corresponding resection
level with primary TKA and the anticipated need
for augments. Statistical analysis was performed
using a Mann-Whitney-Wilcoxon test. Significance
was set at P < .05.

Results

Tibial resection thickness was found to be most
commonly conservative in nature, with sizes 8-mm
and 9-mm polyethylene inserts utilized in the
maijority of both robotic-assisted and conventional
UKA cases. However, statistically more 8-mm
and 9-mm polyethylene inserts were used in the
robotic group (93.6%) than in the conventional
group (84.5%) (P < .0001; Figure). Aggressive tib-
ial resection, requiring tibial inserts >10 mm, was
performed in 6.4% of robotic-assisted cases and
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Figure. Range of implanted tibial component sizes using robotic and conventional
unicompartmental knee arthroplasty (UKA) techniques. The distribution of conventional
UKA tibial resection thicknesses is significantly greater in comparison to robotic-assist-
ed UKA (P<.0001).
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15.5% of conventional cases. Only .29% of robot-
ic-assisted cases required tibial inserts >10 mm,
whereas 5.7% of patients undergoing conventional
UKA had tibial inserts >10 mm. In this analysis, the
maximum tibial component thickness was 11 mm
in robotic-assisted UKA and 14 mm in conventional
UKA. The distribution of conventional UKA tibial
resection thicknesses is significantly greater in
comparison to robotic-assisted UKA, which more
reproducibly achieved accurate and precise conser
vative resection. No significant differences were
noted in the percentages of polyethylene sizes
between Blue Belt Technologies or MAKO cases.

Discussion

Robotic assistance enhances the accuracy of
bone preparation, implant component alignment,
and soft tissue balance in UKA.® |t has yet to be
determined whether this improved accuracy trans-
lates to improved clinical performance or longevity
of the UKA implant. However, we demonstrate
that the enhanced accuracy of robotic technolo-
gy results in more conservative tibial resection
when compared to conventional techniques with a
potential benefit suggested in the literature upon
conversion to TKA.

The findings of this study have important
implications for patients undergoing conversion
of UKA to TKA, potentially optimizing the ease
of revision and clinical outcomes. The outcomes
of UKA conversion to TKA are often considered
inferior to those of primary TKA, compromised
by bone loss, need for augmentation, and chal-
lenges of restoring the joint line and rotation.%'622
Barrett and Scott'® reported only 66% of patients
had good or excellent results at an average of 4.6
years of follow-up after UKA conversion to TKA.
Over 50% required stemmed implants and bone
graft or bone cement augmentation to address
osseous insufficiency. The authors suggested
that the primary determinant of the complexity of
the conversion to TKA was the surgical technique
used in the index procedure. They concluded that
UKA conversion to TKA can be as successful as
a primary TKA and primary TKA implants can be
used without bone augmentation or stems during
the revision procedure if minimal tibial bone is
resected at the time of the index UKA."® Schwarz-
kopf and colleagues® supported this conclusion
when they found that aggressive tibial resection
during UKA resulted in the need for bone graft,
stem, wedge, or augment in 70% of cases when
converted to TKA. Similarly, Khan and colleagues®
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found that 26% of patients required bone grafting
and 26% required some form of augmentation,
and Springer and colleagues® reported that 68%
required a graft, augment, or stem.3? Using data
from the New Zealand Joint Registry, Pearse and
colleagues® reported that revision TKA components
were necessary in 28% of patients and concluded
that converting a UKA to TKA gives a less reliable
result than primary TKA, and with functional results
that are not significantly better than a revision

from a TKA.

Conservative tibial resection during UKA
minimizes the complexity and concerns of bone
loss upon conversion to TKA. Schwarzkopf and
colleagues® found 96.6% of patients with con-
servative tibial resection received a primary TKA
implant, without augments or stems. Furthermore,
patients with a primary TKA implant showed
improved tibial survivorship, with revision as an
end point, compared with patients who received
a TKA implant that required stems and augments
or bone graft for support.® Also emphasizing the
importance of minimal tibial resection, O'Donnell
and colleagues® compared a cohort of patients
undergoing conversion of a minimal resection
resurfacing onlay-type UKA to TKA with a cohort
of patients undergoing primary TKA. They found
that 40% of patients required bone grafting for
contained defects, 3.6% required metal augments,
and 1.8% required stems.8 There was no signifi-
cant difference between the groups in terms of
range of motion, functional outcome, or radiologic
outcomes. The authors concluded that revision of
minimal resection resurfacing implants to TKA is
associated with similar results to primary TKA and
is superior to revision of UKA with greater bone
loss. Prior studies have shown that one of the
advantages of robotic-assisted UKA is the accu-
racy and precision of bone resection. The present
study supports this premise by showing that tibial
resection is significantly more conservative using
robotic-assisted techniques when using tibial
component thickness as a surrogate for extent of
bone resection. While our study did not address
implant durability or the impact of conservative
resection on conversion to TKA, studies referenced
above suggest that the conservative nature of
bone preparation would have a relevant impact on
the revision of the implant to TKA.

Our study is a retrospective case series that re-
ports tibial component thickness as a surrogate for
volume of tibial resection during UKA. While the
implication is that more conservative tibial resec-
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tion may optimize durability and ease of conversion
to TKA, future study will be needed to compare ro-
botic-assisted and conventional cases of UKA upon
conversion to TKA in order to ascertain whether
the more conventional resections of robotic-assist-
ed UKA in fact lead to revision that is comparable
with primary TKA in terms of bone loss at the time
of revision, components utilized, the need for bone
graft, augments, or stems, and clinical outcomes.
Given the method of data collection in this study,
we could not control for clinical deformity, selec-
tion bias, surgeon experience, or medial vs lateral
knee compartments. These potential confounders
represent weaknesses of this study.

In conclusion, conversion of UKA to TKA may be
associated with significant osseous insufficiency,
which may compromise patient outcomes in com-
parison to primary TKA. Studies have shown that
UKA conversion to TKA is comparable to primary
TKA when minimal tibial resection is performed
during the UKA, and the need for augmentation,
grafting or stems is increased with more aggres-
sive tibial resection. This study has shown that
when robotic assistance is utilized, tibial resection
is more precise, less variable, and more conserva-
tive compared to conventional techniques.
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