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Robotic-arm assisted partial knee arthroplasty: a single
centre experience
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Summary. Background and aim of the work: UKA has proven to be an effective surgical procedure, but its
survivorship is still negatively affected by inaccuracy in component component positioning, implant and limb
alignment. Robotic surgery has been introduced in order to minimize such technical errors. The aim of the
present paper was to evaluate clinical and surgical outcomes after a 3 years” experience of robotic assisted
UKA with the Mako Robotic Arm. Methods: Seventy-three patients undergoing UKA with robotic instru-
mentation (65 medial UKAs, 8 lateral UKAs) and with a clinical follow-up of 3 -37 months were included
in the present study. A complete clinical evaluation with KOOS, FJS-12 and SF-12 was administered to all
patients pre and post operatively. Post-operative HKA angle and surgical time were also recorded. Results:
Mean post-operative KOOS score was 81.32 (SD 17.19), while the mean FJS-12 score was 75.51 (SD 30.12)
and the mean SF-12 Physical Score 42.25 (SD 9.97). 91% to 88% of post-operative results were considered
satisfactory. Only 1 UKA failure was reported (1.3%) caused by peri-prosthetic infection. In medial UKAs
mean postoperative HKA angle in extension was 3.9° varus (SD 2.5°%), with no case of overcorrection; in
lateral UKAs mean postoperative HKA angle in extension was 1.9° valgus (SD 1.9°) with 1 case (13%) of
overcorrection. Mean skin to skin surgical time decreased from 83.2 minutes (SD 13.0) to 70.0 minutes (SD
10.9) along the learning curve. Conclusions: Robotic UKA has provided an improvement both in clinical and
technical results, determining satisfactory clinical outcomes and a low risk of post-operative complications.
(www.actabiomedica.it)
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Introduction

In the recent years unicompartmental knee ar-
throplasty (UKA) has encountered an increasing
popularity due to the encouraging results displayed by
literature and national arthroplasty registries.

UKA can determine durable pain relieve and sat-
isfactory clinical results in more than 90% of patients
(1, 2); furthermore, modern implant designs and new
materials provide a considerable improvement in long-
term survivorship making this surgical procedure the
gold standard in the treatment of single compartment
end-stage osteoarthritis and focal osteonecrosis (3, 4).

It has been calculated that the annual incidence of
UKA in the United States is growing at an estimated
annual rate of 32.5%; similar data are reported from
the National Joint Registry of England and Wales,
with an increase of 35% from 2007 to 2016 (5, 6).

Despite its growing success, UKA remains a tech-
nically demanding procedure, especially when using
less invasive surgical approaches (7).

Many factors could, in fact, jeopardize implant
success, from improper patient selection, to surgi-
cal errors. In particular, a lack of accuracy in compo-
nent positioning, soft tissue balance, implant and limb
alignment are badly tolerated and could lead to poor
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clinical results and negatively affect long-term survi-
vorship (8, 9).

In order to improve accuracy of both preoperative
planning and implant positioning, new technologies
have been applied to the surgical procedure with the
introduction of navigation and, lately, robotics (10, 11).

In 2000 Cobb et al. were the first to introduce
robotic assistance for UKA implantation with the tac-
tile guide system “Acrobot” and in 2006 reported that
mean implant position errors relative to the planned
position were respectively 1.1 mm and 2.5° with robot-
ic assistance compared with 2.2 mm and 5.5° obtained
with conventional instrumentation (10).

In 2006 the Mako platform was introduced: an
haptic-controlled semi-active robotic arm designed
to perform UKA for medial and lateral tibio-femoral
compartments and for the patello-femoral joint (12).

This system consists of a CT-based technology
combined with a navigation module, allowing a pre-
operative planning of the implant, and an intra-oper-
ative, in vivo, control over soft tissue balancing, prepa-
ration of tibial and femoral cavities and components
positioning (13).

The aim of the present paper was to evaluate clini-
cal and surgical outcomes after a 3 years’ experience of

robotic assisted UKA with the Mako Robotic Arm.
Materials and methods

Between January 2014 and March 2017, 116 con-
secutive patients underwent UKA in a single center.
All the operations were performed by the senior sur-
geon.

One hundred-one patients were scheduled for
medial UKA, 12 underwent lateral UKA and 3 under-
went patello-femoral UKA.

In this retrospective analysis only patients with a
minimum follow up of three months and subjected to

Table 1. Study Population categorized by involved compartment

medial or lateral operations were considered, for a total
of 87 patients. Fourteen patients were lost at follow up,
leaving 73 patients for study assessment (Tab. 1).

The preoperative protocol performed on every pa-
tient included a complete clinical assessment with the
following scores: Knee injury and Osteoarthritis Out-
come Score (KOOS), Forgotten Joint Score-12 (FJS-
12), Short Form physical and mental health summary
scales-12 (SF-12). A CT-scan and a long-leg weight
bearing anterior-posterior radiograph were also taken
(14-16). The CT scan was necessary to reconstruct pa-
tient’s anatomy and to perform preoperative planning
and implant templating, while weight bearing X-Ray
were used to perform alignment measurements on the
operated and on contralateral lower limbs.

All patients underwent UKA with a mini inva-
sive midvastus approach and with the use of Mako
Rio robotic instrumentation to implant the same pros-
thetic model (MCK Restoris, Mako Surgical Corp -
Stryker).

Bi-cortical screw fixation was used for placement
of femoral and tibial trackers, and morphing acquisi-
tions of the femur and tibia were performed to match
epiphyseal anatomy with the 3D CT models with the
Crisis software (Mako Surgical Corp - Stryker) and to
obtain the mechanical axis of the limb.

After calibration, a soft tissue balancing assess-
ment was performed and pre-operative planning was
eventually modified accordingly, taking record of every
modification.

Lower limb Hip-Knee-Ankle angle (HKA) was
measured with CAS instrumentation with the knee
in complete extension and in complete flexion, before
and after component implantation. The HKA angle is
the angle between the mechanical axis of femur and
mechanical axis of tibia. As a convention the HKA
angle may be expressed as its angular deviation from

180° (17).

Involved compartment Cases Age (min -max) Gender Mean follow up (Min — Max)
Medial UKA 65 69 (50-83) years 22 M, 43 F 17.7 (3-37) months
Lateral UKA 8 62.6 (50-2) years 3M,5F 17.5 (6-26) months
Total 73 68.2 (50-83) years 25 M, 48 F 17.2 (3-37) months
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A complete post-operative clinical assessment
(KOOS, FJS-12, SF-12) was administered to patients
at a minimum follow up of 3 months after surgery.

Clinical results were considered satisfactory for a
post-operative score increase >8 for KOOS, and when
>0 for other scores (18).

Every case of early or late post-operative compli-
cation such as component loosening, infection or frac-
ture was reported.

Total surgical time (skin to skin) and robotic in-
strumentation use time were recorded for every patient.
Patients were then divided into two groups according
to operation date to assess eventual differences in op-
erating time bound to growing surgical experience.

Results

For the 73 involved patients, the mean post-op-
erative KOOS score was 81.32 (SD 17.19), while the
mean FJS-12 score was 75.51 (SD 30.12), the mean
SF-12 Physical Score 42.25 (SD 9.97) and the mean

SF-12 Mental Score was 34.17 (SD 8.52). The mean
improvement since preoperative results was respec-
tively 43.56, 60.09, 16.45 and 5.18 points (for com-
plete clinical score dataset see Tab. 2).

Post-operative complications were reported only
in 1 case, with the development of peri-prosthetic in-
fection that brought to revision arthroplasty within the
first year after UKA, with a survivorship of 98.7%.

In the group of patients treated with medial UKA,
mean preoperative HKA angle in extension was 6.6°
varus (SD 3.1°)and mean postoperative HKA angle in
extension was 3.9° varus (SD 2.5°) with a mean correc-
tion of 3.1° (SD 2.2%); none of the patients with varus
HKA angle was corrected to valgus.

In the same group mean preoperative HKA angle
in flexion was 1.9° varus (SD 2.8°) and mean postop-
erative HKA angle in flexion was 2.2° varus (SD 3.1°)
with a mean correction of 0.1° (SD 2.0°).

In the group of patients treated with lateral UKA,
mean preoperative HKA angle in extension was 5.3°
valgus (SD 2.6°) and mean postoperative HKA angle

Table 2. Clinical assessment: mean pre-operative and post-operative KOOS, FJS-12 and SF-12 scores. A mean post-operative in-

crease was reported for all scores

Medial UKA
(n= 65)

Lateral UKA Whole population
(n=8) (n=73)

KOOS

Pre-operative
Post-operative
Pre/Post-operative difference

Satisfied
FJS-12

Pre-operative
Post-operative
Pre/Post-operative difference

Satisfied

SF-12 PS

Pre-operative

Post-operative
Pre/Post-operative difference

Satisfied
SF-12 MS

Pre-operative
Post-operative
Pre/Post-operative difference

Satisfied

38,01 (SD 14,64)

81,32 (SD 16,8)

43,31 (SD 22,66)
92%

15,99 (SD 13,48)

76,37 (SD 30,26)

60,38 (SD 33,44)
89%

26,03 (SD 4,78)

42,34 (SD 9,9)

16,31 (SD 10,9)
88%

28,84 (SD 6,5)
34,29 (SD 8,68)
5,45 (SD 9,2)
75%

35,68 (SD 11,14)

81,30 (SD 21,44)

45,63 (SD 22,11)
87%

10,8 (SD 10,8)
68,58 (SD 29,99)
57,77 (SD 35,88)

87%

23,91 (SD 2,4)
41,46 (SD 11,2)
17,55 (SD 10,62)

87%

30,19 (SD 7,31)

33,2 (SD 7,46)

3,01 (SD 5,31)
47%

37,75 (SD 14,25)

81,32 (SD 17,19)

43,56 (SD 22,46)
91%

15,42 (SD 13,25)

75,51 (SD 30,12)

60,09 (SD 33,47)
89%

25,8 (SD 4,62)
42,25 (SD 9,97)
16,45 (SD 10,81)

88%

28,98 (SD 6,55)

34,17 (SD 8,52)

5,18 (SD 8,86)
72%
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Table 3. Lower limb alignment: mean preoperative and post-operative lower limb alignment in extension and in flexion, measured
with surgical navigation. In extension a slight undercorrection of deformity was obtained both in medial and in lateral UKAs; in flex-
ion mean correction was always lower than 1°. For pre-op and post-op HKA angles we defined positive values as varus and negative

values as valgus

HKA angle in Extension HKA angle in Flexion
Pre-op Post-op Correction Pre-op Post-op Correction
Medial UKA (n=65) 6.6°+3.1° 3.9°+2.5° 3.1°42.2° 1.9°+2.8° 2.27+3.1° -0.1°2.0°
Lateral UKA (n= 8) -5.3°+2.6° -1.9°+1.9° 3.4°42.4° -1.9°+2.3° -1.7°+4.1° -0.7°£1.8°

in extension was 1.9° valgus (SD 1.9°) with a mean
correction of 3.4° (SD 2.4°); in 1 patient a valgus HKA
angle was corrected to varus 0.5°.

In the same group mean preoperative HKA angle
in flexion was 1.9° valgus (SD 2.3°) and mean postop-
erative HKA angle in flexion was 1.7° valgus (SD 4.1°)
with a mean correction of 0.7° (SD 1.8°). (Tab. 3)

Mean skin to skin surgical time was respectively
76.4 minutes (SD 13.3) in medial UKAs and 77.1
minutes (SD 16.7) for lateral UKAs; mean robotic
time was respectively 38.4 minutes (SD 8.0) for medial
UKAs and 39.6 minutes (SD 8.4) for lateral UKAs.

Considering whole population skin to skin time
averaged 76.5 minutes (SD 13.3) and robotic time av-
eraged 38.5 minutes (SD 8.0). Considering separately
the first 36 operated patients and the second 37 oper-
ated patients we found respectively skin to skin times
of 83.2 minutes (SD 13.0) and 70.0 minutes (SD 10.9)
and robotic times of 41.9 minutes (SD 8.2) and 35.2
minutes (SD 6.3). (Fig. 1). The differences between
the 2 groups were found significant (p<0.001) with a
two-tailed T-Test.
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Figure 1. Surgical time (minutes): description of skin to skin time (in grey) and robotic time (in black). It is possible to see, as repre-
sented by the linear tendency lines (dashed lines), how surgical times are progressively decreasing. When considering patients from 1

to 36 and from 37 to 73 separately the differences between the 2 groups are always statistically significant (p<0.001)
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Discussion

In the first large prospective study that has as-
sessed survivorship and satisfaction rate of robotic-as-
sisted UKA, Pearle et al (19) described a survivorship
rate of 98.8% with a patients’ satisfaction rate of 92%.

A wide variability of results is reported for stand-
ard UKAs, with satisfaction rates included between
77.5% and 92% in current literature and from 83% to
88% in national arthroplasty registries; while survivor-
ship at 2-3 years is included between 87% and 98.3%
(19-25).

Results achieved in the present study, with a sur-
vivorship of 98.7% and a satisfaction rate from 88%
to 91%, are similar to the ones reported by Pearle et
al. for robotics UKA and slightly superior to the ones
reported for standard UKA.

It’s been advocated that better clinical results ob-
tained with robotic instrumentation may be bound to
the reduction of surgical exposure, altogether with a
highest reliability in implant positioning and lower
limb realignment (3, 11, 26).

Lower limb alignment was another parameter
taken into account in the present study: mean final
HKA angle in extension was 3.9° in varus in medial
UKAs and 1.9° in valgus in lateral UKAs; in patients
with medial OA no case of overcorrection was report-
ed, while in patients with lateral OA overcorrection
was reported in 1 case (13%).

While controversies still exist regarding the op-
timal postoperative limb alignment, literature agrees
that overcorrection may lead to accelerated arthritic
progression of the uninvolved compartment (27). Our
case series have shown similarities with the study from
Khamaisy et al. (28) on knee Makoplasty, reporting
that the realignment process of the lower extremity
may be prone to overcorrection in lateral UKAs more
than the medial UKAs, though in present data over-
correction never occurred in medial UKAs while in the
cited article a 4% of overcorrections was reported.

The difference may be explained by the fact that
limb realignment in robotic surgery with Mako relies
on soft tissue balancing and intraoperative planning
corrections and could be influenced by surgeon’s expe-
rience. The soft-tissue guided procedure also permit-
ted to obtain a coronal plane alignment correction in

extension, while leaving a physiological alignment in
flexion with mean values of correction close to 0°.

Finally, surgical time was reported: a constant im-
provement has been achieved both in surgical and in
robotic time, reducing mean operative times of more
than 13 minutes during the learning curve.

One of the more often reported limits of robotic
surgery in arthroplasty is the increased surgical time
(29); Shankar et al (30) reported a mean skin to skin
time of 81.4+25.5 minutes for standard UKAs from
a high volume orthopedic center. Present data testify
that robotic UKAs could equal and even improve op-
erative times.

The present study has several limitations. First of
all, medial and lateral UKAs populations had very dif-
ferent samples, that’s why a direct comparison between
groups has not been attempted.

A second limit is that follow up times are not
homogeneous between patients, but we considered
3 months sufficient as post-operative follow up time
even if it could negatively influence clinical outcomes
report.

A third limit is that coronal plane alignment re-
port is based only on navigation measures and not on
standard radiographs, but on standard X-ray it could
not be possible to obtain a reliable alignment in flexion.

Conclusion

In our experience, robotic UKA has provided an
improvement both in clinical and technical results, de-
termining satisfactory clinical outcomes and a low risk
of post-operative complications.

The soft tissue balancing technique and the in
vivo intraoperative evaluation permitted to avoid over-
correction of HKA angle, reducing dramatically the
risk of other compartment arthritic progression.

Furthermore, surgical time, often considered as
a limit for this type of surgery, has resulted improved
even in comparison to standard UKAs.
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