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 � Knee

Robotic arm- assisted bi- unicompartmental 
knee arthroplasty maintains natural knee 
joint anatomy compared with total knee 
arthroplasty: a prospective randomized 
controlled trial

Aims
The aim of this study was to compare robotic arm- assisted bi- unicompartmental knee 
arthroplasty (bi- UKA) with conventional mechanically aligned total knee arthroplasty (TKA) 
in order to determine the changes in the anatomy of the knee and alignment of the lower 
limb following surgery.

Methods
An analysis of 38 patients who underwent TKA and 32 who underwent bi- UKA was per-
formed as a secondary study from a prospective, single- centre, randomized controlled trial. 
CT imaging was used to measure coronal, sagittal, and axial alignment of the knee preop-
eratively and at three months postoperatively to determine changes in anatomy that had 
occurred as a result of the surgery. The hip- knee- ankle angle (HKAA) was also measured to 
identify any differences between the two groups.

Results
The pre- to postoperative changes in joint anatomy were significantly less in patients 
undergoing bi- UKA in all three planes in both the femur and tibia, except for femoral 
sagittal component orientation in which there was no difference. Overall, for the six 
parameters of alignment (three femoral and three tibial), 47% of bi- UKAs and 24% TKAs 
had a change of < 2° (p = 0.045). The change in HKAA towards neutral in varus and val-
gus knees was significantly less in patients undergoing bi- UKA compared with those un-
dergoing TKA (p < 0.001). Alignment was neutral in those undergoing TKA (mean 179.5° 
(SD 3.2°)) while those undergoing bi- UKA had mild residual varus or valgus alignment 
(mean 177.8° (SD 3.4°)) (p < 0.001).

Conclusion
Robotic- assisted, cruciate- sparing bi- UKA maintains the natural anatomy of the knee in the 
coronal, sagittal, and axial planes better, and may therefore preserve normal joint kinemat-
ics, compared with a mechanically aligned TKA. This includes preservation of coronal joint 
line obliquity. HKAA alignment was corrected towards neutral significantly less in patients 
undergoing bi- UKA, which may represent restoration of the pre- disease constitutional 
alignment (p < 0.001).

Cite this article: Bone Joint J 2020;102-B(11):1511–1518.

Introduction
Cemented total knee arthroplasty (TKA) 
accounts for 85% of TKAs performed in the UK,1 
with the vast majority implanted using mechan-
ical alignment techniques. Patient satisfaction 

lags behind that of total hip arthroplasty, and 
TKA usually requires resection of the anterior 
cruciate ligament (ACL), which fundamentally 
alters the joint kinematics.2,3 Various implant 
designs have been developed, in addition to 
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- Withdrew (n = 1)
- Did not receive surgery (n = 2)

Lost to follow-up (n = 2)
- DNA postoperative CT (n = 1)
- Did not receive surgery (n = 1)

Follow-Up

Analysis

Fig. 1

Consolidated Standards of Reporting Trials (CONSORT) diagram, showing the flow of patients through the Total versus Robotic assisted bi- 
UniCompartmental Knee (TRUCK) trial. Bi- UKA, bi- unicompartmental arthroplasty; TKA, total knee arthroplasty.

Table I. Preoperative demographic data.

Characteristic TKA (n = 38) Bi- UKA (n = 32) p- value

Mean age, yrs (SD) 70.5 (7.1) 68.7 (7.8) 0.316*

Operated side (R:L) 16:22 14:18 0.889†

Sex (M:F) 18:20 15:17 0.967†

Mean BMI, kg/m2 (SD) 32.6 (5.8) 31.7 (17) 0.497*

*Paired t- test.
†Chi- squared test.
BMI, body mass index.

different alignment techniques, with the aim of improving 
functional outcomes and patient satisfaction.

In a mechanically aligned TKA, both the distal femur and 
proximal tibia are aligned perpendicular to a neutral mechan-
ical axis of the lower limb. As a result, the femoral component 
is required to be placed in slight external rotation to balance 
the ligaments in knee flexion.4 Neutral obliquity of the joint 
line of the knee, however, is not the most common align-
ment observed constitutionally.5-7 There are many reasons for 
dissatisfaction following TKA, and over- correction of varus 
knees into neutral mechanical alignment might be one which 
results from the extensive capsular and ligamentous releases 
which are sometimes required.8

The kinematic alignment technique in TKA uses femoral 
and tibial condylar anatomy to determine the orientation of 
the components. This usually yields a hip- knee- ankle angle 
(HKAA) which is similar to mechanical alignment, but 
with varying obliquity of bony cuts.9-11 However, concerns 
have been raised about implanting components beyond 3° 
perpendicular to the mechanical axis because of the risk of 
cantilever loading leading to early loosening, particularly on 
the tibial side, and of increased polyethylene wear leading 
to early failure.12-15 Furthermore, restoring pre- disease joint 
alignment, while keeping within 3° parameters, can be diffi-
cult using a kinematic technique in the presence of severe 
varus or valgus deformities, particularly with manual implan-
tation, when the accuracy of bone cuts cannot be assured.8

Unicompartmental knee arthroplasty (UKA) is suitable 
for patients with single- compartment osteoarthritis (OA), in 
the absence of gross deformity or ligamentous deficiency. 
Resurfacing the degenerative compartment while reten-
sioning its respective collateral ligament restores consti-
tutional alignment. It has been shown that patients with 
a UKA and a contralateral TKA tend to favour the UKA, 
which maintains a more natural gait.16-18 UKA also offers 
faster recovery, less postoperative pain, and lower rates 
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a b

Fig. 2

a) Anteroposterior and b) lateral postoperative radiographs showing a 
NexGen LPS- Flex total knee arthroplasty.

a b

Fig. 3

a) Anteroposterior and b) lateral postoperative radiographs showing a 
bi- unicompartmental knee arthroplasty with medial and lateral Restoris 
MCK implants.

Fig. 4

Intraoperative photograph showing a bi- unicompartmental knee 
arthroplasty, with both medial and lateral compartments resurfaced 
separately; the cruciate ligaments remain intact. The procedure is 
performed through a midline incision and medial parapatellar approach, 
as for a total knee arthroplasty.

of thromboembolism, cerebrovascular events and 30- day 
mortality, compared with TKA.19

Bi- unicompartmental knee arthroplasty (bi- UKA) replaces 
the medial and lateral joint surfaces separately, retensioning 
the collateral ligament on the more affected side, and sparing 
both cruciate ligaments.20 It aims to deliver the advantages of 
decreased morbidity and mortality associated with UKA to 
patients with bicompartmental OA. The literature on bi- UKAs 
is limited, but it has been shown that manually implanted 
bi- UKAs do not correct HKAA to neutral as much as TKA.21 
Improved early function and promising implant survivorship of 

UKAs with robotic assistance also makes this approach more 
attractive than previously.22,23

The aim of this study was to determine whether robotic- 
assisted bi- UKA maintains constitutional joint line anatomy 
compared with mechanically aligned TKA, and to analyze 
differences in postoperative HKAA. We also present a method 
of determining lower limb and knee alignment using CT, 
whether in the presence of a normal knee, bi- UKA, or TKA.

Methods
Patients on the waiting list for knee arthroplasty at Glasgow 
Royal Infirmary were screened for possible recruitment 
to the Total versus Robotic assisted bi- UniCompartmental 
Knee (TRUCK) trial (ISRCTN 12151461).20 Patients were 
eligible for inclusion if they presented with medial and 
lateral compartment OA suitable for treatment with a stan-
dard unconstrained TKA, with clinically intact cruciate and 
collateral ligaments. Exclusion criteria comprised patients 
with rheumatoid arthritis or other inflammatory arthropa-
thies, those with varus or valgus deformities > 15°, a fixed 
flexion contracture > 10°, single- compartment OA suitable 
for an isolated UKA, or patellofemoral OA greater than Kell-
gren and Lawrence grade III.24 Patients who had undergone 
previous surgery to the knee which might affect the outcome 
of an arthroplasty, or those with significant disease in other 
joints, which might alter their gait, were also excluded.

From a total of 209 screened patients, 80 were recruited to the 
TRUCK trial. The Consolidated Standards of Reporting Trials 
(CONSORT) diagram for this study is shown in Figure 1, and 
demographic data are shown in Table I. Patients were random-
ized to one of two treatment arms using a web- based system, 
with all procedures sub- randomized to be undertaken by one of 
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Table II. Pre- and postoperative lower limb and knee alignment, according to the type of implant.

TKA (n = 38) Bi- UKA (n = 32)

Variable Preop Postop Delta Preop Postop Delta p- value*

Mean femoral coronal angle (MDFA), ° (SD) 92.5 (2.2) 89.8 (2.1) 2.6 (2.2) 92.2 (2.8) 91.3 (2.1) 0.9 (1.6) 0.001

Mean femoral sagittal angle, ° (SD) -0.5 (2.2) 2.2 (3.4) -2.7 (2.9) 0.0 (2.6) 3.1 (5.4) -3.1 (6.6) 0.650

Mean femoral axial angle, ° (SD) 2.7 (2.4) -1.6 (2.5) 4.3 (2.9) 2.4 (2.1) 2.2 (2.4) 0.2 (2.2) < 0.001

Mean tibial coronal angle (MPTA), ° (SD) 85.4 (2.5) 89.6 (1.7) -4.3 (2.8) 86.0 (2.5) 86.6 (2.9) -0.6 (2.5) < 0.001

Mean tibial sagittal angle – medial, ° (SD) 7.1 (3.3) 3.2 (2.1) 3.9 (3.6) 6.0 (3.6) 4.4 (2.7) 1.6 (2.4) 0.006

Mean tibial sagittal angle – lateral, ° (SD) 4.6 (4.8) 3.2 (2.1) 1.4 (4.6) 5.4 (4.4) 5.4 (3.2) 0.1 (3.6) 0.159

Mean tibial axial angle, ° (SD) -12.9 (7.1) -5.2 (6.1) -7.7 (9.2) -10.7 (5.5) -12.1 (4.6) 1.4 (7.1) < 0.001

HKAA, ° (SD) 177.8 (3.1) 179.5 (3.2) -1.6 (2.7) 178.2 (4.2) 177.8 (3.4) 0.3 (2.4) 0.001

*Mann- Whitney U test.
HKAA, hip- knee- ankle angle; MDFA, medial distal femoral angle; MPTA, medial proximal tibial angle.

Area: 2846.432 mm2

Perimeter: 200.606 mm
Da: 60.201 mm
Dp: 63.855 mm
Centroid: [74.083, 20.375, 1293.500]
Lmax: 69.083 mm
L⊥: 48.753 mm

Fig. 5

Example of measurement on axial CT, using Mimics software 
(Materialise NV, Leuven, Belgium), of the centre of the tibia following 
bi- unicompartmental knee arthroplasty.

three orthopaedic surgeons (BGJ, ADM, MJGB), with exten-
sive experience in both TKA and robotic- assisted UKA.

Patients in the TKA group underwent this procedure using 
the NexGen LPS implant (Zimmer, Warsaw, Indiana, USA), 
a fixed- bearing bicruciate- sacrificing total condylar implant 
(Figure 2). Patellar resurfacing was not carried out. Tradi-
tional instrumentation, without the aid of robotics, was used 
to perform the bony cuts, aiming for a neutral HKAA, with 
femoral and tibial components being implanted perpendicular 
to the mechanical axis.

Patients in the bi- UKA group (Figure 3) underwent this 
procedure with medial and lateral Restoris MCK (Multi-
Compartmental Knee) fixed- bearing onlay implants (Stryker, 
Kalamazoo, Michigan, USA), performed with the aid of the 
Mako Robotic- Arm Assisted Technology (Stryker). The aim 
for the bi- UKA group was to resurface both the medial and 
lateral compartments (Figure 4), reconstructing each patient’s 
constitutional joint alignment. This involved retensioning 

the collateral ligament on the more affected side of the joint 
(medial collateral ligament for a varus knee; lateral collat-
eral ligament for a valgus knee). The less affected side of the 
knee was then resurfaced in situ without requiring ligament 
balancing. Neither the trochlea nor the patella was resurfaced 
in this procedure.

The bi- UKA technique, simultaneously replacing both 
medial and lateral sides of the joint, was an off- label use of the 
Mako System at the time of registration of the trial. Permis-
sion for this specific use of the robotic system was obtained via 
Clinical Trials Notification (CI/2014/0032) with the Medicines 
and Healthcare products Regulatory Agency. Ethical approval 
for the trial was obtained from the West of Scotland Research 
Ethics Committee (14/WS/0134).20

All patients had weight- bearing anteroposterior (AP) and 
lateral radiographs of the knee and CT scans of the lower limb 
preoperatively and at three months postoperatively.

The primary outcome measure used in the TRUCK trial 
was the percentage of patients with a bi- phasic (normal) 
moment curve during gait (level walking) at one year 
following surgery. This study analyzes the secondary outcome 
of component positioning, assessing the anatomy of the knee 
joint in all three planes on both the femoral and tibial sides, 
in addition to the overall HKAA.

Both pre- and postoperative CT scans followed those stip-
ulated in the Mako partial knee arthroplasty (PKA) CT scan-
ning protocol. Hip and ankle regions were scanned with 2 mm 
to 5 mm interval scans and the knee regions at 0.5 mm to 1 
mm interval scans. Images were converted to Digital Imaging 
and Communications in Medicine (DICOM) and analyzed 
using Mimics and 3- Matic software (Materialise NV, Leuven, 
Belgium) to determine the parameters of alignment (Supple-
mentary Table i).

Anatomical points were chosen to define the same bone 
reference frames from both pre- and postoperative scans 
(Supplementary Table i). Additional points, on both native 
anatomy and implants, were chosen to determine the orien-
tation of the femoral and tibial condyles relative to the bone 
reference frames. (Supplementary Table i). From these derived 
points and reference frames, the relative angles could be calcu-
lated (Supplementary Table ii) to generate the measurements of 
alignment pre- and postoperatively (Table II).

As an example, the centre of the tibia is typically defined as 
the midpoint between the tibial spines,25 but these structures were 
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Fig. 6

a) Pre- and b) postoperative long- leg standing radiographs showing 
correction of hip- knee- ankle angle (HKAA), while the obliquity of 
the joint line is maintained, following bi- unicompartmental knee 
arthroplasty. c) Pre- and d) postoperative long- leg standing radiographs 
showing correction of HKAA and alteration of the obliquity of the joint 
line following total knee arthroplasty.

removed in the postoperative TKA scan, hence a novel geomet-
rical centre of the tibia was used (Figure 5). While this method has 

limitations due to the natural variation seen in native knees, we 
were unable to use other methods to define a consistent point, as it 
is resected in TKAs, and can be difficult to identify due to implant- 
generated artefacts in the case of bi- UKAs.
Statistical analysis. A per protocol analysis of differences 
between bi- UKA and TKA groups in terms of the anatomy of 
the knee and the alignment of the lower limb was undertaken 
with two- sample non- parametric tests (Mann- Whitney U test) 
using statistical software (MATLAB Version 9.5.0 (R2018b); 
MathWorks, Natick, Massachusetts, USA). A p- value of < 0.05 
was considered significant. The primary outcome power cal-
culation for the presence of a biphasic knee flexion moment 
during gait required 36 patients per group, with a 30% loss to 
follow- up, totalling 96 recruits. Following slow recruitment, 
this was changed to a 10% loss to follow- up, with permission of 
the overview groups, leading to a final recruitment target of 80 
patients, which was achieved. A post- hoc power calculation of 
this secondary outcome, based on a 2° difference in the change 
of HKAA, medial distal femoral angle (MDFA), and medial 
proximal femoral angle (MPTA), at 80% power, would require 
a sample of 55, 21, and 47, respectively.

Intraobserver correlation was assessed with an investigator 
(WDJ) analyzing the CT scans on two separate occasions, 
while interobserver correlation was examined by a second 
investigator (NR) analyzing the scans separately. The intraclass 
correlation coefficient (ICC) was calculated using statistical 
software (SPSS v. 25; IBM, Armonk, New York, USA).

Results
The ICC between all sets of measurements was > 0.99, indi-
cating excellent intra- and interobserver reliability.

The pre- to postoperative change in joint anatomy was signifi-
cantly less in patients undergoing bi- UKA in all three planes in 
both the femur and tibia, except for femoral sagittal compo-
nent orientation, in which there was no difference (Table II). 
Overall, for the six parameters of alignment (three femoral and 
three tibial), 47% of bi- UKAs and 24% of TKAs had a pre- to 
postoperative change of < 2° (p = 0.045). The change in HKAA 
towards neutral in varus and valgus knees was significantly 
less in patients undergoing bi- UKA compared with TKA (p < 
0.001). Alignment was neutral in those who underwent TKA 
(mean 179.4° (SD 3.2°)) while those who underwent bi- UKA 
had mild residual varus or valgus alignment (mean 177.8° (SD 
3.4°)) (p < 0.001 ).

Overall, the mean postoperative MDFA and MPTA for TKAs 
were 89.8° (SD 2.1°) and 89.6° (SD 1.7°), respectively, indi-
cating orientation of femoral and tibial components perpendic-
ular to the mechanical axis. The mean postoperative MDFA and 
MPTA for bi- UKAs were 91.3° (SD 2.1°) and 86.6° (SD 2.9°), 
respectively, indicating a more oblique joint line – valgus on the 
femoral side and varus on the tibial side.

The mean pre- to postoperative change in tibial sagittal 
alignment laterally was not significantly different between 
different types of implant (0.1° bi- UKA (SD 3.6°) vs 1.4° 
TKA (SD 4.6°); p = 0.159). However, the mean pre- to post-
operative change in sagittal alignment medially was signifi-
cantly greater for TKAs than bi- UKAs (1.6° bi- UKA (SD 
2.4°) vs 3.9° TKA (SD 3.6°); p = 0.006). The TKA sagittal 
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slope was equal on medial and lateral sides (mean, 3.2°) due 
to the monoblock nature of the component. The mean pre- to 
postoperative change in tibial axial alignment was signifi-
cantly different between implant types, with TKAs being 
significantly more externally rotated (1.4° bi- UKA (SD 7.1°) 
vs -7.7° (SD 9.2°) TKA; p < 0.001).

Discussion
A fundamental principle of conventional TKA has been to 
achieve a neutral mechanical axis, with components implanted 
perpendicular to this axis.12 This has been supported by 
studies which have shown lower revision rates in patients in 
whom the coronal alignment of the component was within 3° 
of neutral.14,15 However, this concept overlooks the variable 
natural alignment seen by Bellemans et al6 in the pre- disease 
knee of adolescents and young adults. Implanting compo-
nents perpendicular to the mechanical axis may be benefi-
cial for implant survivorship, but risks altering the patient's 
bony anatomy and may require more aggressive capsular and 
ligament releases to obtain soft tissue balancing. The concept 
of kinematic alignment in TKA attempts to address this 
concern by allowing placement of components based on joint 
anatomy.10 Although some studies have suggested that post-
operative coronal lower limb and knee alignment (HKAA, 
MDFA, and MPTA) outside 3° from neutral does not predict 
implant failure,26–28 most existing literature advocates keeping 
within this ‘safe zone’.12–15,29 The effectiveness of kinemati-
cally aligned TKA may therefore be limited for patients with 
constitutional varus or valgus beyond 3° from neutral.

The concept of bi- UKA surgery to treat both medial and 
lateral tibiofemoral arthritis is not new, but the technique is 
demanding, particularly when using traditional instrumen-
tation. Multicompartmental small implants were developed 
around the same time as TKAs,30 but variable results have 
been reported with bi- UKAs. Parratte et al31 reported a survi-
vorship of 78% at 17 years, with aseptic loosening being 
the predominant cause of failure at a mean of 6.5 years. In 
contrast, Biazzo et al32 reported no failures and better func-
tional outcomes with 19 bi- UKAs, when compared with 18 
TKAs at a mean follow- up of 15 years.32

A previous randomized controlled trial at our institution 
showed that conventional UKAs were within 2° of their 
coronal, sagittal, and axial alignment targets in a significantly 
lower proportion of patients, compared with robotic- assisted 
UKAs, for both femoral and tibial components.33 These 
findings were supported by a recent meta- analysis of seven 
studies, which showed that robotic assistance significantly 
improved the accuracy of implanting UKA components.34 
Although the meta- analysis found that robotic- assisted UKA 
takes about 16 minutes longer on average than conventional 
UKA, there was no increase in adverse events.

Robotic assistance has therefore given us the opportunity to 
revisit the bi- UKA concept, delivering a multiplanar surgical plan 
with greater sensitivity to the native knee. Decoupling the medial 
and lateral sides of the joint removes the concerns about cantilever 
loading on monoblock components used in TKA, meaning fewer 
theoretical limits on the amount of varus or valgus to which the 
femoral and tibial components can be aligned. Bi- UKA surgery 

can therefore be considered a true kinematic procedure, allowing 
retensioning of the soft tissue envelope back towards to the pre- 
disease constitutional varus or valgus.

Confalonieri et al21 undertook a matched cohort study 
comparing 22 manually implanted bi- UKAs with 22 navigated 
TKAs. The mean postoperative HKAA alignment of TKAs 
(179.4°) was significantly closer to neutral (p < 0.01), compared 
with that of bi- UKAs (176.8°), which are similar to our results. 
However, the bi- UKA group had significantly better function at a 
minimum follow- up of four years (p < 0.05).

In some ways, the results of this study are self- evident, 
showing that robotic- assisted bi- UKA surgery alters joint 
anatomy to a lesser extent than conventional TKA, as the 
position of the components is patient- specific and not prede-
termined by values on a mechanical jig (Figure 6). To our 
knowledge, however, this has not previously been quantified 
in the literature. This was demonstrated on both the femoral 
and tibial sides of the joint, but was especially noticeable on 
the tibial side, where proximal tibial varus was maintained in 
constitutionally varus knees. This has the potential to provide 
kinematic function closer to that of a normal knee, although 
currently there are no data to support this view.

The range of varus in postoperative MPTA in patients who 
underwent bi- UKA, with a maximum of 81.3°, was of partic-
ular interest. Overall, there were 13 knees with proximal 
tibial varus of > 3° following bi- UKA, compared with only 
three knees following TKA. It is perhaps these patients, with 
severe proximal tibia vara, for whom the bi- UKA technique 
will be most suitable, either because a mechanically aligned 
TKA would necessitate much larger soft tissue releases, or 
a kinematically aligned TKA may incompletely restore the 
native joint anatomy or require an increased obliquity with 
the associated concerns of possible early failure. Further-
more, the tissue- sparing nature of a bi- UKA would permit 
easier revision surgery, should it be required.21

It will be interesting to observe the clinical outcome with 
the passage of time and whether the bi- UKA technique, recre-
ating preoperative joint anatomy and kinematics, results in 
improved function in the short term. It will also be interesting 
to see the effect of joint line obliquity on survivorship in the 
long term. Although joint reaction forces lie parallel to the 
mechanical axis in standing, they are between 2° and 3° of 
varus from the mechanical axis during normal gait, because 
heel strike occurs closer to the midline than the hip joint.2 
An oblique joint line therefore lies more perpendicular to the 
joint reaction force than a neutral TKA joint line. Given that 
peak joint reaction force occurs at heel strike, this may trans-
late into better wear and implant survivorship in patients who 
undergo bi- UKA.

We recognize that this study has limitations. First, despite 
successfully undergoing surgery, four patients who under-
went TKA and two who underwent bi- UKA could not be 
included in the analysis due to inadequate CT scans. This was 
mainly due to failing to capture the required anatomy due 
to inadequate resolution with metal artefact. Nevertheless, 
determining alignment using CT scans is far more accurate 
than with plain radiographs, and overcomes the possibility 
of errors in rotational positioning. Secondly, it is likely that a 



VOL. 102-B, No. 11, NOVEMBER 2020

ROBOTIC ARM- ASSISTED BI- UNICOMPARTMENTAL KNEE ARTHROPLASTY MAINTAINS NATURAL KNEE JOINT ANATOMY 1517

dynamically loaded knee behaves differently to an unloaded 
knee. It was not possible to obtain weight- bearing CT scans 
to ensure a close- packed joint and accurate measurement of 
overall lower limb alignment; however, our method of deter-
mining HKAA with the sum of the MDFA and the MPTA 
should eliminate any errors from lift- off. In addition, both the 
intra- and interobserver reliability of the CT measurements 
showed that our method was consistent and reproducible.

In conclusion, we found that robotic arm- assisted bi- UKA 
maintains the anatomy of the knee in all three planes and 
alters the overall HKAA much less than a mechanically 
aligned TKA. Although it remains to be seen whether this 
will translate into improved long- term outcomes, the results 
offer the exciting prospect of restoring the pre- disease joint 
anatomy and producing a kinematic performance which is 
closer to that of the normal knee.

Take home message
  - Bi- unicompartmental knee arthroplasty (bi- UKA) alters 

overall hip- knee- ankle angle alignment towards neutral less 
than conventional total knee arthroplasty (TKA), although 

it remains to be seen whether this will translate into improved long- 
term outcomes.
  - Robotic- arm assisted bi- UKA maintains coronal, sagittal, and axial knee 

joint anatomy, compared with a mechanically aligned TKA.
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