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Abstract

Background: This retrospective study compares tibial component rotations and
radiological and functional outcomes in patients who underwent Oxford medial
unicompartmental knee arthroplasty (UKA), using the antero-posterior (AP) tibia axis
or anterior superior iliac spine (ASIS) as the landmarks for the direction of the vertical
cut.
Methods: A total of 86 patients, who underwent Oxford medial UKA were divided
into 2 groups, each consisting of 43 patients, according to the use of AP axis (group I)
or ASIS (group II) as landmarks for the rotation of vertical tibial cut and compared
for the radiological and functional outcomes. Tibial component rotations (α-angle),
involvement of the posterior cruciate ligament (PCL) fossa, and instant bearing position
(IBP) were measured on computed tomography (CT) images. Functional outcomes
were evaluated using Oxford knee score (OKS) and Knee Society score (KSS).
Result: The median α-angle was significantly smaller in group I than group II (2.5°,
range –4–5.5° vs. –6°, range –13–0.5°, p< 0.001). The rates of PCL fossa involvements
were 14 (32.6%) and 17 (39.5%, p= 0.7). The median flexion angle of the femoral
component (7° vs. 10.5°) and posterior tibial slope (6° vs. 8°) were significantly lower in
group I than group II (p= 0.001). All other radiological parameters, preoperative and
final OKS and KSS were statistically similar in both groups.
Conclusion: Taking the AP tibial axis as a landmark for vertical tibial cut rotation
provides more neutral tibial component rotation in Oxford medial UKA compared to
ASIS; however, this difference may not influence the clinical outcomes.
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Introduction

In the treatment of isolated medial com-
partment osteoarthritis, medial unicondy-
lar knee arthroplasty (UKA) has been used
successfully with around 95% of 10-year
implant survival rate, which is similar to
that of total knee arthroplasty (TKA) [5, 18,
20, 22, 23, 28, 30]. Besides its advantages

in terms of morbidity, mortality, rehabil-
itation, and functional outcomes [12, 13,
31],mobile-bearingsystemshaveagreater
risk of complications in less experienced
hands, some of which are directly related
to incorrect surgical technique, mostly in
the tibial cutting stage [11, 12, 21, 24,
27]. Therefore, tibial component malpo-
sitioning in the coronal, sagittal, or axial
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Fig. 19 Tibial cutting
guide is placed on the AP
axis, anterior to the tibial
crest,medial to the patellar
tendon in proximal and
on themidpoint of the
bimalleolar axis indistal (a).
For the vertical cut, saw
blade is placed on the
plane created by the guide
and tibial crest (b,c)

plane may cause various complications,
such as insert dislocation [14], medial tib-
ial plateau fracture [4, 26], impingement
[3, 29], and loosening [2].

Tibial plateau resection for the Oxford
partial knee system is performed through
a saw guide, which determines varus/
valgus and cut depth in the coronal plane,
and posterior tibial slope, but does not
provide guidance for the vertical cut in
the sagittal plane, which determines the
rotation of the tibial component. The
designers suggest pointing the tip of the
blade toward the anterior superior iliac
spine (ASIS) or using the flexion plane
while making the vertical cut; however,
ASIS may not be a good bony landmark
because it is far from the surgical field,
difficult to palpate for the surgeon and
draped. The current literature shows
a wide variability among the series in the
results of tibial component rotation based
on computed tomography (CT) images
obtained after UKA [2, 6, 8, 15, 25].

Theanteroposterior (AP) axis of the tibia
is on theflexionplaneof the knee. Because
the tibial saw guide is placed parallel to
the tibial crest on the flexion plane of the
knee, the AP axis of the tibia, which is easy
to palpate, observe, and correct intraoper-

atively, is an appropriate landmark for the
vertical cut. We hypothesized that a more
accurate vertical tibial cut could be made
by placing the saw blade on the flexion
plane of the knee, which is created by the
tibial crest and saw guide. This study com-
pared tibial component rotation, and radi-
ological and functional results, in patients
who underwent Oxford UKA performed
using the ASIS or AP axis as the landmark
to determine the direction of the vertical
cut.

Material and methods

The study was conducted according to
the Declaration of Helsinki and a priori
institutional review board approval was
obtained. Prospectively collected data of
86 consecutive patients who underwent
Oxford medial UKA between March 2013
and August 2014, with a diagnosis of an-
teromedial osteoarthritis and an at least
5-year postoperative follow-up, were an-
alyzed retrospectively. All patients were
operated on by two high volume arthro-
plasty surgeons who have expertise in Ox-
ford UKA and prefer to use either AP axis
(group I) or ASIS (group II) as landmarks
for the vertical cut.

Surgical technique

All patients were operated on under a
tourniquet, through a mini-medial para-
patellar approach using a thigh support
and the Oxford microplasty instrumenta-
tionsystem. Thesurgeons routinelyplaced
the tibial saw guide parallel to the tibial
crest in both planes. To place the cut-
ting guide on the AP axis, its distal end
was positioned anterior to the midpoint
of the bimalleolar line and the tibial crest,
while its proximal end was placed just
medial to the patellar tendon so that the
tibial crest and guide created the flexion
plane of the knee. For the vertical tib-
ial cut, the surgeon placed the saw blade
parallel to the AP axis of the tibia, just
medial to the apex of the medial tibial
spine (group I; . Fig. 1a–c). In group II,
a senior resident palpated the ASIS and
placed his fingers on it to show its posi-
tion to the surgeon, who in turn placed
the saw blade just medial to the tip of
the medial tibial eminence and pointed it
towards the resident’s hand while making
the vertical tibial cut (. Fig. 2). The me-
dial tibial plateau resectionwas completed
with a transverse cut through the guide.
Femoral resection, gapbalancing inflexion
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Fig. 28 The sawblade is placedmedial to theeminenceand it points to the
handof the resident, who shows ASISfor the vertical tibial cut

Fig. 38 Tibial component rotation (α-angle)wasmeasured on axial CT im-
agesas theanglebetweenthe linepassingthroughthe lateralwallof the tib-
ial component (blue line)andAkagi’s line (orange line), i.e. the linebetween
thecenterof the tibial attachmentsiteof theposteriorcruciate ligamentand
medial edge of the patellar tendon insertion

Fig. 49 Position of
themobile bearing
was evaluated by
measuring the an-
glebetween the line
passing through the
lateral wall of the
tibial component
and a line drawn
perpendicular to
the radiopaque lin-
ear lineplaced in the
anterior part of the
bearing

and extension, and tibial baseplate sizing
were performed. Appropriately sized ce-
mentless femoral and tibial components
were implanted in all patients.

All patients were allowed full weight-
bearing as tolerated on the day of or day

after surgery and were discharged on the
first or second postoperative day. They
were followed up at 2 weeks, 6 weeks,
and 6 months, and annually thereafter.

Radiological evaluation

A senior resident, who did not participate
in the surgeries and was blinded to the
groups made all measurements on the
PACS system and repeated 2 weeks later
for intraobserver reliability, therefore the
average values were used in the statistical
analysis.

Tibial component rotation was mea-
sured on axial CT images (16-MDCT Aquil-
ion 16 system; Toshiba Medical Systems,
Japan) obtained at the 2nd week, post-
operatively. For CT, the patient was po-
sitioned with the lower extremity in full
extension and the hips in neutral rotation,
with the patella pointing upward. Tibial
component rotation (α-angle) was defined
as the angle between the line passing
through the lateral wall of the tibial com-
ponent and Akagi’s line, i.e. the line be-
tween the center of the tibial attachment
site of the posterior cruciate ligament and
medial edge of the patellar tendon inser-
tion (. Fig. 3; [1]). Based on the reference
line, the α-angle was defined as positive
(+) if the tibial component was placed
in external rotation (ER) and negative (–)
if it was in internal rotation (IR). The in-
stant bearing position (IBP) was evaluated
by measuring the angle between the line
passingthroughthe lateralwall of thetibial
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Fig. 58 The varus (–)/valgus (+) angulation of
the tibial and femoral components, posterior
tibial slope, and femoral component flexion an-
gleweremeasured onAP and lateral full-length
radiographs

component and a line drawn perpendicu-
lar to the radiopaque linear line placed in
the anterior part of the bearing (. Fig. 4;
[15]). Similarly, insert ER relative to the
lateral side of the tibial component was
considered (+), while IR was considered
(–). Posterior overhang of the tibial com-
ponent into posterior cruciate ligament
(PCL) fossa was also assessed on axial CT
scans.

The varus (–)/valgus (+) angulation of
the tibial and femoral components, poste-
rior tibial slope, and femoral component
flexion angle were measured on AP and
lateral full-length radiographs (. Figs. 5
and 6). Posterior tibial slope was consid-
ered as (+) and reverse tibial slope as (–).
Flexion of the femoral component was
considered as (+) and extension as (–).

Functional evaluation

Patients were evaluated using the Oxford
knee score (OKS) and Knee Society score
(KSS), preoperatively and at the last follow-
up. Complications, reoperations, and revi-
sions during follow-upwere also recorded.

Outcome parameters

The primary outcome of this studywas the
α-angle. Secondary outcomes were varus
or valgus of the femoral and tibial compo-
nents in the coronal plane, posterior tibial

Fig. 68 Posterior tibial slopewas considered
(+) and reverse tibial slope (–). Flexion of the
femoral componentwas considered as (+) and
extension as (–)

slope, flexion of the femoral component in
the sagittal plane, rate of posterior over-
hang of the tibial component into the PCL
fossa, and position of the mobile bearing
relative to the tibial component (instant
bearing position, IBP) in the axial plane
[15]. Functional outcomes, i.e. the OKS,
KSSandcomplications, werealso analyzed.

Statistical analyses

The statistical analyses were performed
using SPSS, version 22 (IBM SPSS Statis-
tics for Windows, Armonk, NY, USA; IBM
Corp., Released 2013). In order to find the
difference of between the two groups sta-
tistically significant in terms of rotational
angle, the minimum number of subjects
required in each group was determined to
be 43 [15] (power of 80% and significance
level at 0.05). The statistical significance
level was set to p< 0.05.

Kolmogorov-Smirnov test was used to
determine if the data were normally dis-
tributed. Nonparametric tests of Mann-
Whitney U, Wilcoxon signed ranks and
Kruskal-Wallis were used to compare con-
tinuous variables across the groups. The

χ2-test and Fisher’s exact test were used
to compare categorical variables between
two groups. The median (Q1 (1st quar-
tile)-Q3 (3rd quartile)), mean± standard
deviation, frequency and percentage were
reported as descriptive statistics. Intraob-
server reliabilityof themeasurementswere
assessed using the intraclass correlation
coefficient and the 95% confidence inter-
val (CI).

Results

Each group consisted of 43 patients with
a similar gender distribution. The mean
ages of the patients were 65.1± 7.2 years
in group I and 63.6± 8.7 years in group II.
. Table 1 summarizes the demographic
data.

Radiological results

The median α-angle was significantly
smaller in group I than in group II (2.5°,
range: –4–5.5° vs. –6 range: –13–0.5),
indicating that the tibial component ro-
tation was closer to the neutral in group I
(p< 0.001). The median flexion angles
of the femoral components (7 vs. 10.5)
and posterior tibial slopes (6 vs. 8) were
significantly lower in group I than group II
(p= 0.001). All other radiological parame-
terswere similar inbothgroups (. Table2).
Radiological parameters did not differ by
tibial component size (. Table 3). While
PCL fossa involvement rate was 32.6% in
group, in group 2, this ratio was 39.5%.
The rates of PCL fossa involvement were
14 (32.6%) and 17 (39.5) (p= 0.7). The
median α-angle was significantly greater
in patients with versus without PCL fossa
involvement (–5, range: –13–2 vs. 0.5,
range: –5–5.5; p= 0.02).

Functional outcomes

The preoperative and final OKS and KSS
were similar in both groups (. Table 4).
Both groups had significant functional im-
provements (p< 0.001).

Complications

In group I, two complications were ob-
served and all required reoperation with-
out revision TKA. In group II, there were
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Table 1 Patient demographic data
Variable (n) Group I Group II P-value
Mean age years± SD (min.–max.) 65.1± 7.2 (58–68) 63.6± 8.7 (58–71) 0.4

Sex. Female % 90.7% 93.0% 1

Mean BMI (kg/m2)± SD
(min.–max.)

28.4± 2.9
(22.8–32.6)

27.6± 2.1
(23.6–31.5)

0.3

ASA, %
1 39.6 44.2

2 46.7 40.4

3 13.7 15.4

0.8

SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists score

Table 2 Radiologic parameters
Radiologicalmeasurements (angle in °) Group I Group II P-value

25 –4 –13

50 (median) 2.5 –6

Rotation angle (α-angle)

75 5.5 0.5

<0.001

25 –3.5 –5

50 (median) –2 –2.5

Tibial Component Varus/Valgus

75 0 1.5

0.8

25 3.5 5

50 (median) 8 8

Femoral Component Varus/Valgus

75 10 11

0.4

25 4.5 8

50 (median) 7 10.5

Femoral Component Flexion

75 11 15

0.001

25 4.5 7

50 (median) 6 8

Tibial Component Slope

75 8 10.5

0.001

25 –8.5 –2

50 (median) –2 0.5

Instant Bearing Position

75 4.5 2.5

0.8

three complications, with one reoperation
and two conversions to TKA.

Discussion

The designers of the Oxford partial knee
recommendusing theASIS orflexionplane
of the knee as landmarks to ensure an ac-
curate vertical tibial cut for the appropriate
tibial baseplate rotation; however, the lit-
erature does not clearly demonstrate that
one of these two techniques is superior
to another. In addition, there are lim-
ited data about the effect of tibial compo-
nent rotation on the functional outcomes
and complications. This study found that
the tibial AP axis is a better landmark
than the ASIS because it enables more
accurate tibial component rotation; how-
ever, this difference did not influence the

clinical outcome, and good and excellent
results were obtained using both meth-
ods. Different studies have used the ASIS
[8, 15], femoral head, medial wall of the
intercondylar notch [10], medial femoral
condyle, medial intercondylar ridge [29],
and tibia AP line [6, 29] as landmarks.
Strengths of our study include its com-
parative design, CT measurements, and
evaluation of the effect of the methods
on the mid-term clinical outcome. In ad-
dition, all measurements were made by
a blinded observer.

Making a vertical tibial cut with near-
neutral rotation is important. Excessive
ER of the tibial component reduces bone
support, increases polyethylene wear, and
adverselyaffects theclinical outcome[6–8,
16]. Kamenaga et al. showed that the mo-
bile insert hits the lateral wall of the tibial

component and tends to escape posteri-
orly after 60° of knee flexion if it is placed
in ER [9]. Excessive IR increases the space
available for the baseplate in the medio-
lateral direction, but this may cause PCL
damage [7]. Compared to the ASIS, the
AP axis allowed us to achieve significantly
moreneutral tibial baseplate rotation. This
could be due to its location and proximity
to the surgeon, which promotes easy pal-
pation and visibility. Although the mean
α-angle was within 6° with both methods,
and the Oxford mobile bearing may toler-
ate this difference, excessive IR or ER was
seen in some patients. If up to 10° of mal-
rotation is considered normal, 18 knees in
group II had excessive baseplate rotation
versusonly3patients ingroup I. This shows
that the AP axis provides a more reliable
landmark and less variation in component
rotation than the ASIS. In a magnetic res-
onance study of healthy knees, Kawahara
et al. stated that the medial wall of the
intercondylar notch is almost parallel to
Akagi’s line [10]; however, its reliability
is questionable in cases with osteophytes
and advanced degeneration. Comparing
the tibial AP line with the medial inter-
condylar ridge line as a guide, Tsukamoto
et al. demonstrated that rotation of the
vertical cut is closer to neutral, where neu-
tral rotation providesmore surface area for
the baseplate when the tibial AP line is
used [29]. Theoretically, using the AP axis
may help prevent plateau tibia fractures
and medial overhang of the baseplate by
providing a larger medial tibial surface
area.

The mean posterior tibial slope and
flexion of the femoral component were
higher in group II, which is considered to
be unrelated to the method; however, the
difference was small and did not affect
the OKS or KSS in our series. As we show
here, excessive baseplate IR increases the
possibility of overhang into the PCL fossa
[15]. The designers recommend less than
2mm of posterior overhang, but we could
not demonstrate the clinical importance
of this threshold.

The relationship between tibial compo-
nent rotation and pain and function scores
is unclear. Kamenaga et al. reported that
increased external tibial rotation was re-
lated to decreased OKS and KSS [8], while
Iriberri et al. found no significant rela-
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Table 3 Comparison of the radiological parameters between different tibial component sizes.
A-D Tibial component sizes

Tibial component sizes

Radiological parame-
ters (angle in °)

A B C D P-value

25 –11 –9.125 –8.5 –0.75

50 (median) –3 –2 –2.5 3.25

Rotation Angle (α-
angle)

75 0.5 2.5 4 7.375

0.4

25 –3 –5 –4.5 –6.125

50 (median) –2 –1.5 –2 –3

Tibial Component
Varus/Valgus

75 0.5 0.5 0 0

0.7

25 5 3.5 5 2.375

50 (median) 8 7.75 9 4.5

Femoral Component
Varus/Valgus

75 11 11 10.5 7.625

0.2

25 4.5 7 4.5 4.5

50 (median) 9 10.5 6 8

Femoral Component
Flexion

75 12 13.25 11 11.125

0.2

25 4.5 6 4.5 4

50 (median) 6 8 7 6.25

Tibial Component
Slope

75 7.5 9.625 10.5 8.375

0.5

25 –2.5 –3.125 –8.5 –5.125

50 (median) –0.5 0.5 –1 –3

Instant Bearing Posi-
tion

75 1.5 5.625 3.5 3.75

0.4

Table 4 The comparison of functional outcomes between groups
Groups

Functional outcomes Group I Group II P-value
25 23 23

50 (median) 26 27

Preoperative OKS

75 30 30

0.4

25 32 34

50 (median) 37 38

Postoperative OKS

75 41 40

0.7

25 50 50

50 (median) 55 55

Preoperative KSS

75 65 65

1.0

25 75 75

50 (median) 80 80

Postoperative KSS

75 90 90

1.0

OKS Oxford knee score, KSS Knee Society score

tionship between tibial rotation and West-
ern Ontario and McMaster Universities Os-
teoarthritis Index (WOMAC), KSS, or visual
analogue scale (VAS) scores, although the
groups with good scores tended to have
smaller rotation angles [6]. Liow et al.
showed that patients with UKA femoral
and/or tibial component rotation angles
within 3° external rotation to 3° internal
rotation of neutral component alignment
reported better functional outcomes [17].
They emphasized that surgeons should be

cognizant of the high variability noted in
UKA component axial rotation and its po-
tential correlation with functional scores.
Additionally internal rotational error of the
tibial component could be a major cause
of pain after TKA [19]. In our study we
found no significant association between
tibial rotation and the postoperative OKS
or KSS; the degree of improvement in the
scores also showed no association with
tibial rotation.

This study had some limitations, and
the results should thus be interpreted cau-
tiously. First, the patients were not ran-
domized into the groups and surgeons.
Therefore, results of this study need to
be validated by multicenter, randomized,
prospective studies. The sample size was
relatively small, although we performed
an a priori power analysis based on pre-
vious studies [15] and used the minimum
number of patients to avoid unnecessary
radiation exposure. We did not assess the
interobserver reliability of the methods
and measurements. Another limitation of
the study is that the outcomes in patients
with a high body mass index, for whom
palpation of the ASIS or tibial crest may be
difficult have not been studied. Lastly, the
study was not powered to detect a rela-
tionship between tibial rotation and com-
plications; however, our primary aim was
to compare rotation angles between the
methods.

In conclusion, the AP tibial axis is a bet-
ter landmark for accurate rotation of the
vertical tibial cut in Oxford medial partial
knee replacement compared to the ASIS;
however, the clinical outcomes of the two
landmarks are comparable.
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Zusammenfassung

Die anteroposteriore Achse der Tibia ist ein besserer
Orientierungspunkt für die Tibiakomponentenrotation bei der
medialen unikompartimentellen Oxford-Knieendoprothetik

Hintergrund: Diese retrospektive Studie vergleicht die Rotation der Tibiakomponente
sowie die radiologischen und funktionellen Ergebnisse bei Patienten, die eine mediale
unikondyläre Knieendoprothese (Oxford-Schlittenprothese) am Kniegelenk erhalten
hatten, wobei die anteroposteriore Tibiaachse oder die Spina iliaca anterior superior
(SIAS) als Orientierungspunkt für die Richtung des vertikalen Schnitts verwendet
wurde.
Methoden: Insgesamt 86 Patienten, die eine mediale unikondyläre Schlittenprothese
erhalten hatten, wurden in 2 Gruppen mit jeweils 43 Patienten unterteilt, je nachdem,
ob die a.-p.-Achse (Gruppe I) oder die SIAS (Gruppe II) als Orientierungspunkt
für die Rotation des vertikalen Tibiaschnitts verwendet wurde, und hinsichtlich
der radiologischen und funktionellen Ergebnisse verglichen. Die Rotation der
Tibiakomponente (α-Winkel), die Beteiligung der Fossa des hinteren Kreuzbands (HKB)
und die sofortige Lagerposition („instant bearing position“ [IBP]) wurden auf CT-
Bildern gemessen. Die funktionellen Ergebnisse wurden mit dem Oxford Knie Score
(OKS) und dem Knee Society Score (KSS) bewertet.
Ergebnis: Der mediane α-Winkel war in Gruppe I signifikant kleiner als in Gruppe II
(2,5°, Range: –4 bis 5,5° vs. –6°, Range: –13 bis 0,5°; p< 0,001). Die Raten der HKB-Fossa-
Beteiligung betrugen 14 (32,6%) und 17 (39,5%; p= 0,7). Der mediane Flexionswinkel
der femoralen Komponente (7 vs. 10,5) und die posteriore tibiale Neigung (6 vs.
8) waren in Gruppe I signifikant geringer als in Gruppe II (p= 0,001). Alle anderen
radiologischen Parameter sowie der präoperative und endgültige OKS und KSS waren
in beiden Gruppen statistisch ähnlich.
Schlussfolgerung: Bei der medialen unikondylären Oxford-Schlittenprothese führt
die Verwendung der a.-p.-Tibiaachse als Orientierungspunkt für die vertikale Rotation
des Tibiaschnitts zu einer neutraleren Rotation der Tibiakomponente im Vergleich zur
SIAS; dieser Unterschied hat jedoch möglicherweise keinen Einfluss auf das klinische
Outcome.
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