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Lower limb alignment control: Is it more challenging in lateral compared
to medial unicondylar knee arthroplasty?
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Introduction: Limb alignment after unicondylar knee arthroplasty (UKA) has a significant impact on outcomes.
The literature lacks lateral UKA alignment studies, making our understanding of this issue based onmedial UKA.
Methods:Weevaluated limb alignment in 241 patients who underwent medial (229 knees) or lateral (37 knees)
UKA. Alignment was measured pre and postoperatively in radiographs and intra-operatively using a navigation
system. We compared the percentage of over-correction and the difference between post-operative alignment
and navigation measurement.
Results: Percentage of overcorrection was significantly higher in the lateral UKAs (11%) compared to the medial
UKAs (4%). In medial UKAs, the mean difference between the intraoperative alignment and the post-operative
was 1.33°. This was significantly lower than the mean 1.86° difference in the lateral UKAs.
Conclusions: Our data demonstrated an increased risk of “overcorrection,” and greater difficulty in predicting

postoperative alignment using computer navigation, when performing lateral UKAs compared to medial UKAs.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Unicompartmental knee arthroplasty (UKA) has been shown in
previous studies to be a promising treatment for single compartment
knee osteoarthritis [1–6].

Compared to total knee arthroplasty, UKA has the advantages of a
shorter rehabilitation period, faster recovery [7,8] greater range ofmotion
[9,10] and lower postoperative morbidity [11].

In contrast to the poor outcomes of UKAs in the 1970's, the increased
success of modern UKAs can be attributed to improved implant designs
and surgical techniques, enabling superior implant positioning and limb
alignment correctionwithminimal bone and soft tissue damage [12–14].

Restoration of lower limb alignment during a knee arthroplasty is
critical for pain relief, improved function, and implant survival [15–18].
Controversies exist regarding the optimal postoperative limb alignment.
While alignment overcorrection (i.e. turning varus knee into valgus
and vice versa) may increase the risk of degenerative changes in the
non-operated compartment [5], “undercorrection” is associated with
accelerated polyethylene wear [18], poor results, and early failures [16].
In medial UKA, some authors recommend restoration of the normal
axis of the limb, which passes medial to the knee center and have
shown better results with a mild, varus undercorrection [15,16,18–20].
Lateral UKA is relatively uncommon procedure with good survivorship
and outcome scores [21–23]. However, and the published studies about
outcomes of lateral UKA are based on small numbers, and the conclusions
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of these studies are typically inconsistent, and rarely discuss issues of
alignment or overcorrection [24–27].

Since UKA is a resurfacing procedure with limited soft tissue in-
tervention, restoration of limb alignment is mainly based on implant
positioning. At present, computer assisted and robotic techniques are one
of the most reliable available tools to control postoperative long limb
alignment in UKA [15,19,28,29]. Robotic-based navigation systems
control limb alignment, as preoperative planning is based on three
dimensional imaging (computed tomography), and haptic technology
prevents the surgeon from performing unplanned bony resections [30,
31].

The purposes of this studywere to 1) determine the overall, postop-
erativemechanical alignment in themedial and lateral UKR cohorts and
to assess the incidence of lower limb alignment “overcorrection,”
between the two cohorts, 2) compare the magnitude of alignment
correction (in degrees) achieved between medial and lateral UKRs
using a robotic surgical technique, and 3) evaluate the reliability of a
navigation system in predicting the radiographically measured, postop-
erative, weight bearing alignment in medial versus lateral UKAs. Our
hypothesis is that physiologic differences between themedial and lateral
knee compartments may contribute to increased difficulty in achieving
optimal alignment correction in lateral UKRs compared to medial UKRs
when using a robotic surgical technique.
2. Methods and materials

We retrospectively reviewed the IRB-approved, prospective sur-
gical database of the senior author (ADP) for all consecutive patients
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who underwent UKA for isolated compartment osteoarthritis (OA)
between the first of January, 2008, and 30th June, 2010. Indications
for performing a UKAwere the presence of isolated compartment os-
teoarthritis, a flexion contracture of less than 10°, flexion to greater
than 90°, and an intact anterior cruciate ligament based on clinical
and intraoperative assessments. Contraindications for performing a
UKA were the presence of an inflammatory arthropathy, Kellgren
Lawrence grade 3–4 changes in the non-operated compartment or
the patellofemoral compartment on preoperative radiograph, or
suspected pain originating from the patellofemoral compartment
on preoperative clinical examination.

Inclusion criteria were patients who had a preoperative overall
mechanical valgus alignment with isolated lateral compartment OA, or
a preoperative overall mechanical varus alignmentwith isolatedmedial
compartment OA, and had undergone a robotic-assisted fixed bearing
UKA (MAKO Tactile Guidance System [TGS], MAKO Surgical Corporation,
Fort Lauderdale, Florida). Application of our inclusion and exclusion
criteria yielded 205 patients with 229 medial UKAs and 36 patients
with 37 lateral UKAs for final analysis. All patients had preoperative and
postoperative anteroposterior (AP), standing, hip-to-ankle radiographs.
Postoperative radiographs were typically performed at each patient's
first, postoperative clinic visit (approximately six weeks after the date
of surgery). To control for limb rotation, we utilized a previously de-
scribed protocol in which the limb is internally rotated approximately
5° until a line between the femoral epicondyles is parallel to the cassette,
and the tibial eminence is seen in the center of the intercondylar fossa.
Patients who did not possess these radiographs were excluded.

Electronic medical records and charts of the patients who met our
inclusion criteria were reviewed. Patient demographic data, including
gender, age, and body mass index (BMI), as well as intraoperative
patient data, were collected and are displayed in Table 1. The overall,
mechanical alignment of the lower extremity was digitally measured
by two, independent observers, for both the preoperative and postoper-
ative radiographs. Measurements were performed using a picture
archiving and communication system (PACS, Sectra Imtec AB, Linkoping,
Sweden). The overall,mechanical axiswas defined as the angle formedby
a line drawn from the center of the femoral head to the center of the
femoral notch, and a second line from the center of the tibial plateau to
the center of the tibial plafond. These measurements were used to deter-
mine the mean preoperative mechanical alignment, postoperative
mechanical alignment, degree of correction of the mechanical axis, and
the percentage of patients who were “overcorrected” into relative varus
or valgus. In addition, the radiographic measurement for postoperative
alignment was compared to the intraoperative alignment provided
by the MAKO system. The intraoperative value provided by the MAKO
system is referred to as the “virtual” alignment, which was measured
after the final components have been implanted, and an axial load is
applied to the extremity in full extension. For convention, a neutral
Table 1
Table demonstrating patients' demographics and limb alignmentmeasurements ofmedial
UKAs comparing to lateral UKAs.

Medial UKAs
(n = 229)

Lateral UKAs
(n = 37)

p-Value

Age (years) 65 (±10.6) 63 (±13.6) 0.24
Gender
Male 123 14
Female 106 23
BMI 28.8 (±6.2) 27.9 (±5.1) 0.39
Alignment (degrees)
Preoperative 172.5 (±3.6) 186.3 (±3.8)
Postoperative 177.1 (±2.38) 182.7 (±2.45)
Correction 4.45 (±3) 3.6 (±3.2) 0.09
“Virtual”–“Actual” difference 1.33 (±1.2) 1.86 (±1.33) 0.019
Overcorrections 9 (4%) 4 (11%) 0.0001
Range of overcorrection 1°–2.2° (valgus) 1°–3.6° (varus)

*All values presented as mean ± standard deviation.
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mechanical axis was considered to be 1180°, values less than this repre-
sented varus angles, while values greater than this represented valgus
angles.

2.1. Surgical technique

All surgerieswere performed by the senior author using a previously
described technique [32]. A preoperative plan was created from a 3D
reconstruction of a CT scan of the patient's leg and CAD models of the
implanted components. Standard surgical navigation markers were
placed in the femur and the tibia and were alsomounted on the robotic
arm. The virtual modeling of the patient's knee and intra-operative long
leg mechanical alignment tracking allowed real time adjustments to
control lower limb alignment and soft tissue balance. For each case,
the target lower limb alignment was between 1–5° of undercorrection
(i.e. target lower limb alignment was 1–5° of varus for medial UKA) de-
pending of soft tissue tension. Release of the collateral ligaments was
not performed in any case. Robotic instrumentation was used to prepare
the femur and the tibia. After cement fixation of the implants, the me-
chanical alignment was rechecked using the navigation system with an
axial load applied to the lower limb. Polyethylene thicknesswas adjusted
to achieve the pre-burring target alignment within 1°. Overcorrection of
the lower limb alignment (ie valgus long leg alignment after medial
UKA) was not accepted and appropriate undercorrection by at least 0.5°
was documented by the navigation system in all cases.

2.2. Statistical analysis

Interclass correlation coefficients (ICC) were calculated to evaluate
interobserver reliability for radiographic measurements. ICCs were also
used to determine the relationship between the postoperative radio-
graphic measurements, and the intraoperative alignment provided by
the computer navigation system. Interclass correlation coefficients were
graded using previously described semi-quantitative criteria: excellent
for 0.9 b p b 1.0, good for 0.7 b p b 0.89, fair/moderate for 0.5 b p b 0.69,
low for 0.25 b p b 0.49, and poor for 0.0 b p b 0.24 [33]. To evaluate the
difference between the medial and lateral UKA cohorts regarding demo-
graphic data, alignment correction and “virtual”-postoperative alignment
difference, student's t-test was used, and Chi square test was used to
compare the percentage of overcorrection between the study groups. A
p-value b0.05 was considered statistically significant.

3. Results

There was no significant different regarding age, gender and BMI between the medial
and lateral UKA cohorts. Patient demographics are depicted in Table 1. In the medial UKA
cohort, themean preoperative alignmentwas 172.5° (+3.6°), themean postoperative align-
ment was 177.1° (+2.38°), corresponding to a mean alignment correction of 4.54° (+3°).

While In the lateral UKA cohort, the mean preoperative alignment was 186.3°
(+3.8°), the mean postoperative alignment was 182.7° (+2.45°), corresponding to a
mean alignment correction of 3.6° (+3.32°). There was no significant difference between
medial and lateral cohorts in the degree of alignment correction achieved (p = 0.092).

Inmedial UKA group, the intraclass correlation coefficients between the two examiners
for the preoperative and postoperative mechanical axis measurements were 0.93 and 0.94,
respectively and in the lateral UKAs 0.99 and 0.97, respectively.

Thepercentage of overcorrectionwas significantly higher in the lateralUKAgroup (11%),
when compared to the medial UKA group (4%), (p = 0.0001). The chance of overcorrection
in both cohorts did not correlate with the patient's age, sex, BMI, or preoperative alignment.

The mean difference between the intraoperative “virtual” alignment provided by the
MAKO system, and the postoperative, radiographically measured mechanical axis, was
1.33° (±1.2°) in the medial UKA group. This was significantly lower than in the lateral
UKA group 1.86° (±1.33°) (p= 0.019). The difference between these twomeasurements
was less than 2° in 81% of the medial, and 62% of the lateral UKAs.

4. Discussion

In our study, we used a robotic-assisted technique to control and
dynamically assess lower limb alignment. This type of technique has
been shown to be more reliable than conventional techniques for
l Surgery from ClinicalKey.com by Elsevier on March 15, 
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optimizing lower limb alignment after UKA [29,34–36]. Even with the
use of this navigation system, we have shown a significantly increased
risk of alignment overcorrection in the lateral UKA cohort, with a rate
of 11%, versus 4% in the medial UKA cohort (p = 0.0001). In the lateral
UKA cohort, overcorrection ranged between 1 to 3.6°, i.e. 4 to 7° more
than the “mild undercorrection” targeted. Therefore, these “outliers” po-
tentially have an increased risk for OA development in the medial com-
partment. Another significant difference between the medial and lateral
cohorts was related to the ability of the navigation system in predicting
the final, weight bearing postoperative alignment. Interestingly, the
robot based navigation system was highly accurate in predicting the
postoperative alignment in the medial UKAs, where the mean difference
between the “virtual” and the “actual” (postoperative) alignment was
1.33°, and in more than 81% of the cases, the difference was within 2°.
In contrast, in the lateral UKAs, the robotic system was significantly less
precise, with mean difference of 1.86°, and only 62% of the cases with
“virtual”-“actual” difference within 2°, as demonstrated in Fig. 1.

As opposed to total knee arthroplasty, when performing a UKA, the
ability to balance the knee is limited. Soft tissue re-tensioning (for both
medial and lateral UKAs) gives a reference point for limb alignment,
and takes an important role when defining the knee axis and implant
sizing. Studies evaluating the physiologic coronal laxity of normal knees
with different stages of osteoarthritis [37–39] have shown an increased
degree of laxity of the lateral compartment stabilizers and increased
stiffness of the soft tissues in the medial compartment compared to
the lateral. This inherent laxity of the lateral soft tissue structures may
be a mechanistic explanation for the increased risk of overcorrection
with lateral UKA. To re-tension the compressedmedial side duringmedial
UKA, the medial collateral ligament (MCL) may serve as a relatively rigid
strut that helps guide the lower limb correction. However, with lateral
UKA, the inherent laxity of lateral ligaments, particularly at higher flexion
angles, may not guide the lateral UKA realignment as reliably. Alternative
mechanisms to explain our findings include a possible increased
Fig. 1. Figure demonstrates the difference between “virtual” alignment measured by the navi
radiographs divided to ranges: 00 to 10, 10 to 20, 20 to 30 and more than 30 and the percentage
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inflammatory nature of lateral compartment degenerative joint disease
that may result in subtle laxity in the collateral ligaments making the ref-
erence point for “re-tensioning” of these structuresmore difficult in later-
al UKAs. This concept of increased coronal plane laxity in isolated lateral
versus medial compartment OA also explains why the navigation sys-
tem is not as reliable in predicting standing postoperative long leg align-
ment; namely weight bearing forces, which are difficult to reproduce
with application of axial load intra-operatively, may shift long leg align-
ment in the setting of increased coronal plane laxity.

There are a few limitations to our study. First, the study was a retro-
spective review of data which was collected intra-operatively, prior to
the study design, therefore our conclusions regarding limb aligning
during UKA are limited, in addition, the study did not possess a control
group, as our results were not compared to those achieved using a con-
ventional, mechanical alignmentmethod. Second, the studywas a single
surgeon case series with extensive experience in performing UKAs, and
thus these results may not be reproducible at other centers. A third lim-
itation is that our measurements were performed using AP, standing,
hip-to-ankle radiographs based on a previously described protocol
controlling for limb rotation. However, rotational errors may still exist
and may affect the accuracy of our measurements. To control for limb
rotation, we utilized a previously described protocol in which the limb
is internally rotated approximately 5° until a line between the femoral
epicondyles is parallel to the cassette, and the tibial eminence is seen
in the center of the intercondylar fossa. Use of standing hip-to-ankle ra-
diographs is arguably the gold standard of measuring knee alignment
and the mechanical axis of the lower limb as it incorporates weight-
bearing versus a supine film such as a CT [40,41]. Our ICC values of be-
tween 0.93 and 0.99 demonstrate the repeatability of measurements
made using this method.

Our data suggest that the realignment process of the lower extremity
may be prone to overcorrection in lateral UKAs more than the medial
UKAs. The soft tissue differences (between the medial and lateral
gation system and the “Actual” alignment measured in the postoperative weight bearing
of knees falling in each range.
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compartments) should be taken into consideration when performing a
lateral compartment UKA independent of the surgical technique used.
In conclusion, this study demonstrates an increased degree of
“overcorrection” and greater difficulty in predicting postoperative align-
ment when performing lateral UKAs compared to medial UKAs. To our
knowledge, this is thefirst studydirectly comparing the alignment results
of medial and lateral UKAs. Future studies must focus on the exact cause
of these findings, in order to modify surgical techniques that may im-
prove the alignment results of lateral UKAs.
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