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Abstract

Obijective: This study was performed to investigate the influence of a standard Oxford vertical
cut on the coronal coverage and rotation of the tibial component and determine whether a
relationship exists between coverage and rotation.

Methods: We retrospectively analyzed 71 patients with anteromedial osteoarthritis of the knee
treated by Oxford unicompartmental knee arthroplasty in one center from October 2016 to
October 2017. The distance of coronal coverage was measured on a postoperative anteropos-
terior view of the tibial component. Two different reference lines between the lateral wall of the
tibial component were defined as rotation angle o and B, respectively, on a computed tomography
scan.

Results: The mean distance was 0.3 £ |.| mm. The mean angle o and § were 5.7° £4.6° and
8.4° +-4.6°, respectively. There were no significant differences in the distance according to the
tibial component rotation or in the o and P angles according to the coronal coverage. No
significant correlation was found between the o and B angles and the distance.

Conclusion: A standard tibial vertical cut caused various changes in coronal coverage and
rotation of the tibial component. The rotation of the tibial component did not affect coverage
within a certain range.
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Introduction

With the development and maturity of uni-
compartmental knee arthroplasty (UKA)
technology, an increasing number of
people with unicompartmental osteoarthri-
tis of the knee have options other than total
knee arthroplasty. Mobile-bearing medial
UKA yields good clinical outcomes' and
higher patient satisfaction® than total
knee arthroplasty because of the following
unique advantages: minimal invasiveness,
ligament preservation, faster recovery, and
near-natural knee kinematics. The Oxford
Knee implant has had great clinical results
since first launched 40 years ago.* With
advances in the surgical technique and
design of the Oxford Knee implant
throughout three generations since the
1970s,> the Oxford Knee has become the
most widely used and reliable UKA
system worldwide.

One study showed that covering the
tibial component on the tibia is one factor
that affects the outcome of Oxford UKA
(OUKA).° An overhang of the tibial com-
ponent may lead to irritation of the medial
collateral ligament and surrounding soft
tissue. In addition, the relative decrease in
the loading area of the tibia under the tibial
plateau leads to an increase in bone stress
under the tibial plateau and may cause
pain.” Underhanging of the tibial compo-
nent may increase the risk of subsidence,
loosening, and other complications because
of the lack of medial cortical support.
Rotation of the tibial component is report-
edly correlated with postoperative function
after OUKA.*® No consensus has been
reached regarding rotational alignment of

the tibial component. From a surgical per-
spective, the vertical cut of the tibia is the
decisive maneuver that affects placement of
the tibial component and therefore the cov-
erage and rotation of the tibial component.
In our clinical practice, we have also found
that after standard Oxford operative proce-
dures, some patients do not achieve perfect
coverage of the tibial component, and the
rotation angle of the tibial component sig-
nificantly differs among individual patients.

We investigated the influence of a stan-
dard tibial vertical cut on the coronal cov-
erage and rotation of the tibial component
and examined whether a relationship exists
between the coronal coverage and rotation
of the tibial component.

Materials and methods

Patients

The clinical and radiographic data of
patients who underwent OUKA with
Microplasty  Instrumentation  (Zimmer
Biomet, Warsaw, IN, USA) in our center
were retrospectively reviewed. We per-
formed the operation according to the
Oxford standard operative procedure.
A standard prosthetic anteroposterior
radiograph was obtained immediately
after the operation using a C-arm X-ray
machine to measure coverage of the tibia.
A postoperative computed tomography
(CT) scan was performed after 3 days to
evaluate the tibial component rotation.
Data from the patients’ medical records,
including sex, age, body mass index, oper-
ated side, and tibial component size, were
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collected with verbal consent from the
patients. We de-identified the details such
that the identity of the patient may not be
ascertained in any way. The review board of
our institution waived the requirement for
ethical approval because of the nature of
the study.

Operative procedure

All operations were performed at one insti-
tution by a senior surgeon (C.G.L.) accord-
ing to the standard operative procedure
established by Oxford. The subpatellar fat
pad was partially excised to expose the
medial compartment and medial proximal
tibia. The strength of the anterior cruciate
ligament was tested and the integrity of the
lateral compartment cartilage was con-
firmed before the next procedure.
Osteophytes were removed from the inter-
condylar fossa and medial femoral condyle
using a narrow osteotome so that the osteo-
tome could directly extend into the inter-
condylar fossa and point toward the
anterior superior iliac spine (ASIS). The
femoral medullary opening hole was situat-
ed 1.0 cm anterior to the anterior edge of
the intercondylar notch and 0.5 cm lateral
in line with the medial wall. The intrame-
dullary rod was pointed toward the ASIS

with help from the surgical assistant. An
appropriate femoral sizing spoon was con-
nected to the extramedullary tibial guide,
creating a 7° posterior slope. The tibial ver-
tical cut was medial to the apex of the
medial tibial spine, and the blade was point-
ed toward the ASIS parallel to the intrame-
dullary rod (Figure 1). The horizontal cut
was made under the protection of a “Z”
retractor. The remaining steps of the oper-
ation, including femoral drilling, femoral
posterior condyle osteotomy, femoral
grinding to balance the flexion and exten-
sion gap, installing the prosthesis just along
the cuts without any adjustments, bone
cement fixation, irrigation, and suturing of
the wound, were performed as recom-
mended by the manufacturer.

Imaging measurements

A standard prosthetic anteroposterior
radiograph was obtained immediately
after the operation using a C-arm X-ray
machine. The patient was placed in the
supine position with the knee straight. The
tibial component was kept in the center
under the beam, and the direction of the
beam was adjusted until it was aligned
with the tibial component. The image in
which the tibial component achieved the

Figure |. Tibial vertical cut. (a) The tibial vertical cut was medial to the apex of the medial tibial spine.
(b) The blade was pointed toward the anterior superior iliac spine parallel to the intramedullary rod.

(c) A too-deep vertical cut was avoided.
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thinnest contour was considered a standard
prosthetic anteroposterior radiograph. All
tibial position measurements were made
using image processing software (ImagelJ;
National Institutes of Health, Bethesda,
MD, USA) in the following five steps
(Figure 2). First, a circle was drawn accord-
ing to the arc of the lower edge of the fem-
oral component. Second, the radius of the
circle was measured. Third, magnification
was corrected by scaling the radius of the
curvature of the spherical femoral compo-
nent on the digital image by the known
component size. Fourth, the distance
between the medial edge of the tibial com-
ponent tray and the medial border of the
proximal tibia at the resection level was
measured. Finally, the actual distance (d)

Figure 2. Measurement of tibial component cov-
erage using a standard prosthetic anteroposterior
radiograph. Magnification was corrected by scaling
the radius of curvature of the spherical femoral
component on the digital image by the known
component size. The distance between the medial
edge of the tibial component tray and the medial
border of the proximal tibia at the resection level
was measured.

was calculated by magnification. We
defined underhanging as a d of <1mm,
overhanging as a d of >1mm, and perfect
coverage as —1 <d <1mm.

All patients underwent a CT scan of the
knee joint on postoperative day 3. The
patients were placed in the supine position
with the knees fully extended during the CT
scan. Image processing software (UniSight;
EBM Technologies Incorporated, Taipei,
Taiwan) was used to measure two rotation
angles of the tibial component (Figure 3).
The angle between the line perpendicular to
the tangent of the posterior tibial cortex
and the lateral wall of the tibial component
was defined as angle o, and the angle
between the line from the center of the pos-
terior cruciate ligament tibial attachment
and the medial edge of the patellar tendon
(Akagi’s line)'® and the lateral wall of the
tibial component was defined as angle f.
We assigned the angles to the following cat-
egories with reference to a previous report.”®
The neutral position was defined as —1° <o
and P<1° Mild external rotation was
defined as 1°<ao and PB<5°. Moderate
external rotation was defined as 5° <o and
B<10°. Severe external rotation was
defined as o and B> 10°. Internal rotation
was defined as oo and B < —1°.

Two independent observers performed
the radiologic measurements of the distan-
ces and angles twice to ensure reliability.
The average results were collected.

Statistical analysis

Based on a previous study of the rotation of
the tibial component (angle o=38.0°
+6.1°),"" the sample size was calculated as
55 according to the formula (with a=0.05,
two-tailed, and power of 80%). We round-
ed this sample size up to 76 knees in our
study. All values are presented as mean
+ standard deviation. The reliability of the
measurements was assessed by calculating
the intraclass correlation coefficients.
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(b)

Figure 3. Measurement of the tibial component rotation using computed tomography. (a) The angle

between the line perpendicular to the tangent of the posterior tibial cortex and the lateral wall of the tibial
component was defined as angle a. (b) The angle between the line from the center of the posterior cruciate
ligament tibial attachment to the medial edge of the patellar tendon (Akagi’s line) and the lateral wall of the

tibial component was defined as angle .

Inter- and intra-observer reliability was
defined as follows: <0.20, poor; 0.21 to
0.40, fair; 0.41 to 0.60, moderate; 0.61 to
0.80, good; and 0.81 to 1.00, excellent.
Analysis of variance was used to compare
the difference in the covering distance and
rotation angle between the groups. The chi-
square test was used to compare the count
data of each group. Linear regression anal-
ysis was performed to assess the correlation
between coverage and rotation. A P value
of <0.05 indicated statistical significance.
Statistical analyses were performed using
SPSS version 23.0.0 (IBM Corp., Armonk,
NY, USA).

Results

Seventy-five patients who underwent
OUKA were included in this study. Three
patients (three knees) were excluded from
the study because of nonstandard prosthet-
ic anteroposterior radiographs exhibiting
excessive rotation of the components
(Figure 4), resulting in inaccurate measure-
ment of the coverage. Another patient was
excluded because of loss of radiographic
data. Therefore, 71 patients (76 knees)
were selected for our study from October
2016 to October 2017. The patient

population comprised 50 women
(55 knees) and 21 men (21 knees). The aver-
age patient age was 70.8 years (range, 54-89
years). The patients were divided into
groups based on the distance (d) and
angles (o and f), as described above. All
inter- and intra-observer intraclass correla-
tion coefficients for the distance (d) and
angles (o and ) showed excellent agree-
ment (Table 1). The mean d was 0.3+
1.1 mm (range, —2.4-3.5mm). The mean o
and B angles were 5.7° +4.6° (range, —6.4°—
18.9°) and 8.4° +4.6° (range, —1.0°-19.1°),
respectively. No tibial component showed
internal rotation using Akagi’s line as a ref-
erence. There were no statistically signifi-
cant differences in the patients’ sex, age,
body mass index, operated side, or tibial
component size between the different
groups (Table 2). There were also no statis-
tically significant differences in the distance
(d) of the tibial component between the
rotation groups (Table 3) or in the rotation
angles (o0 and ) between the coverage
groups (Table 4). We found no correlation
between the angles (o0 and f) and
distance (d) (Table 5). There were statisti-
cally significant differences in the propor-
tion of perfect coronal coverage between
the rotation groups divided by angle o,
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Figure 4. Assessment of prosthetic anteroposterior radiograph. (a) The non-standard prosthetic antero-
posterior radiograph showed an excessive rotation or slope. (b) The standard prosthetic anteroposterior
radiograph was that in which the contour of the tibial component was thinnest.

Table I. Intra- and inter-observer reproducibility of radiographic measurements.

d

o B

ICC for inter-observer
reproducibility (95% ClI)

ICC for intra-observer |
reproducibility (95% ClI)

ICC for intra-observer 2
reproducibility (95% ClI)

0.959 (0.935-0.974)
0.981 (0.971-0.988)

0.945 (0.914-0.965)

0.986 (0.977-0.991) 0.978 (0.966-0.986)
0.992 (0.988-0.995) 0.975 (0.960-0.984)

0.991 (0.986-0.994) 0.973 (0.958-0.983)

Inter- and intra-observer reliabilities were defined as follows: <0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.6 |-

0.80, good; and 0.81-1.00, excellent.

ICC, intraclass correlation coefficient; Cl, confidence interval.

but not between the groups divided by
angle B (Table 6).

Discussion

This study is the first to explore the effect of
a standard Oxford tibial vertical cut on the
coronal coverage and rotation of the tibial
component in patients in clinical practice
and to determine the presence of a relation-
ship between the coverage and rotation.
The most important finding of this study
is the variability in coronal coverage and
rotation of the tibial component caused by
the standard tibial vertical cut in OUKA.

In addition, we found that rotation of the
tibial component did not affect the tibial
coronal coverage when the external rota-
tion did not exceed 20°. This finding indi-
cates that OUKA has a greater tolerance of
rotation of the tibial component and that
the requirements for rotation of the tibial
component are not limited to a certain
position.

Coronal coverage of the tibial compo-
nent in the patients in our study was not
completely satisfactory. Perfect coronal
coverage of the tibia was not achieved in
27 cases (35.5%). As noted by Chau
et al.® the proportion of a “perfectly”
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Table 2. Baseline characteristics of different groups.

Sex Side Size of tibial component
Age BMI
Group n (years) Male Female Left Right (kgm®) AA A B C D E
d groups
Underhang 18 71.7+£63 8 10 9 9 2844+42 0 7 7 | 2
Perfect coverage 49 71.6+£8.1 12 37 19 30 268+344 5 20 10 10 O
Overhang 9 67.8+5.1 1 8 6 3 275+3.1 0 2 5 2 0 O
P value 0.056 0.198 0314 0.249 0.168
o groups
Internal rotation 4 673+97 1 3 31 254420 | 2 0 0 | 0
Neutral position 7 70.1£59 3 4 3 4 284+39 0 I 3 3 0 0
Mild external rotation 21 73.04+8.7 5 16 13 8 27.6£40 | 2 9 5 4 0
Moderate external 32 69.74+7.1 7 25 17 15 268+3.12 3 15 9 | 2
rotation
Severe external 12 71.2+£83 5 7 6 6 278+45 0 0 5 2 5 0
rotation
P value 0.540 0.583 0.831 0.598 0.087
S groups
Neutral position 7 684+9.03 4 5 2 267+28 | [ 2 2 0
Mild external Il 725+8.1 3 8 7 4 26.1+£33 0 2 6 I 2 0
rotation
Moderate external 30 709+78 8 22 I5 15 272+382 2 10 10 4 2
rotation
Severe external 28 70.5+75 7 21 I5 13 279437 1 3 15 6 3 0
rotation
P value 0.759 0.800 0.734 0544 0.537

Data are presented as n or mean = standard deviation.

Patients were divided into several groups based on the distance of coverage (d) and rotation angle (« and f5). We defined
underhang as d < | mm, overhang as d > | mm, and perfect coverage as —| <d < | mm. A neutral position was defined as
1°< o and < I°. Mild external rotation was defined as |° <o and § < 5° moderate external rotation was defined as
5° <o and f < 10° severe external rotation was defined as « and f§ > 10°, and internal rotation was defined as « and

p < —1° was defined as internal rotation.
BMI, body mass index.

fitting tibial component was only 3.1%
under a standard vertical tibial cut in
OUKA. Gudena et al.'? reported that over-
hanging of the tibial component had a sig-
nificant effect on the tension of the medial
collateral ligament in a cadaveric study.
They advised avoidance of >2-mm over-
hanging,'> which is similar to the recom-
mendation of the manufacturer.”> When
surgeons are unable to attain perfect coro-
nal coverage of the tibia during the opera-
tion, they often follow the principle that
overhanging is better than underhanging

because minor overhanging may not affect
patients’ outcomes or functions. Moreover,
underhanging may increase the possibility
of subsidence and loosening of the tibial
component in the long term because of the
lack of support provided to the tibial com-
ponent by the medial cortex.

We evaluated the rotation of the tibial
components using two reference lines.
When the line perpendicular to the tangent
of the posterior tibial cortex was used as the
reference line, 7 tibial components (9.2%)
were internally rotated (range, —6.4° to



Journal of International Medical Research

Table 3. Comparison of distance of coverage
according to rotation angle.

Table 6. Ratio of perfect coverage according to
angle rotation.

Group d (mm)

o groups
Internal rotation 0.6 +£0.5
Neutral position 07£13
Mild external rotation —0.1+1.0
Moderate external rotation 03+1.2
Severe external rotation 0.64+0.8
P-value 0.223

P groups
Neutral position 02+0.9
Mild external rotation 0.0+ 1.1
Moderate external rotation 054+1.2
Severe external rotation 024+1.0
P-value 0.676

Data are presented as mean = standard deviation.

Table 4. Comparison of rotation angle according
to distance of coverage.

Group o (%) P-value f (°) P-value

Underhang 6.1 £5.7 0289 7.7+4.6 0587

Perfect 6.0+43 88+4.6
coverage

Overhang 34+34 75+54

Data are presented as mean =+ standard deviation.

Table 5. Correlation between rotation angle and
distance of coverage of tibial component.

R P-value
d with angle o 0.152 0.189
d with angle f8 —0.025 0.832

—0.4°), 69 tibial components (90.8%) were
externally rotated (range, 0.3°-18.9°),
3 tibial components (3.9%) were internally
rotated (range, —1.0° to —0.2°), and
73 tibial components (96.1%) were exter-
nally rotated (range, 0.3°-18.9°) relative to
Akagi’s line. We found that regardless of
which reference line was used to measure
the rotation of the tibial component, most

Ratio of

Perfect Imperfect perfect

Group coverage coverage coverage
o groups
Internal rotation 3 | 75.0%
Neutral position 0 7 0.0%
Mild external 15 6 71.4%
rotation
Moderate 23 9 71.9%
external
rotation
Severe external 8 4 66.7%
rotation
P-value 0.005
[ groups
Neutral position 4 3 57.1%
Mild external 7 4 64.6%
rotation
Moderate external |7 13 56.7%
rotation
Severe external 21 7 75.0%
rotation
P-value 0.479

Data are presented as n or %.

of the reference lines were in relative exter-
nal rotation, and the maximum external
rotation did not exceed 20° with large var-
iability of the rotation angle.

Our findings are in agreement with pre-
vious reports. With respect to studies of
fixed-bearing UKA with all-polyethylene
tibial components, Campbell et al.'*
reported that the tibial component was
externally placed at 6.59°+7.23° relative
to the posterior tibial cortex line and at
5.68° £ 6.77° relative to the projected femo-
ral transepicondylar axis. Two other studies
showed that the external rotation angle was
6.5°+5.1° and 11.9° (range, —1°-32°) rela-
tive to the line perpendicular to the tangent
of the posterior tibial cortex.*!> With
respect to the Oxford mobile-bearing tibial
components, Lee et al.!' reported that the
tibial component was implanted with
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external rotation of 8.0°+6.1° and 8.7°
+4.8° relative to the line perpendicular to
the tangent of the posterior tibial cortex
and Akagi’s line, respectively. Kamenaga
et al.” reported that the tibial component
was 4.00° +£4.60° externally rotated relative
to Akagi’s line and 8.7°+4.8° externally
rotated relative to the line perpendicular
to the surgical epicondylar axis. Notably,
a standard tibial vertical cut was performed
in both studies, and the variation of the
tibial component rotation was distinct.
This indicates that the direction of the stan-
dard tibial vertical cut did not guarantee a
fixed rotation angle in which the tibial com-
ponent was implanted.

We placed the tibial component just
along the tibial vertical cut without adjust-
ing its rotation and coronal coverage, and
we found no statistically significant differ-
ences in the tibial component size between
the groups. Therefore, the vertical cut was
the sole factor affecting coronal coverage
and rotation in our study. With respect to
sagittal coverage, which was not evaluated,
the tibial component was flush with the pos-
terior cortex as recommended by the man-
ufacturer. It was not affected by the vertical
cut. Additionally, there is no evidence that
sagittal coverage is related to complications
or clinical outcomes.

No correlation was found between cov-
erage and rotation of the tibial component
in our study. However, we found a statisti-
cally significant difference in the proportion
of perfect coverage between the rotation
groups divided by angle o (P=0.005)
(Table 6). We believe that this difference
was due to the component being in the neu-
tral position (—1°-1°) in seven cases, all of
which failed to achieve perfect coverage of
the tibial component. This finding suggests
that even when good results are achieved in
controlling the rotation of the component,
the coverage of the tibial component might
remain unsatisfactory. Kamenaga et al.'®
first discovered that a correlation existed

in a CT simulation study. External rotation
of the tibial vertical cut can lead to over-
hanging of the tibial component. In con-
trast, internal rotation results in
underhanging of the tibial component. We
believe that this computer simulation of
surgery is an idealized study; more factors
are involved in the actual operation. An
important factor that cannot be ignored is
the difference in the tibial plateau anatomy
between Chinese and Western populations.
Evidence indicates that the anteroposterior
and mediolateral lengths of the tibial pla-
teaus of Chinese people are generally
smaller than those of Westerners, and the
design parameters of the Oxford prosthesis
mainly refer to the anthropometric data of
Westerners, leading to a low anatomic
match between the design of the tibial
component and the characteristics of
Asians.'"!®

The standard tibial vertical cut is difficult
to perform accurately because of the mini-
mally invasive incision, small operative
space, and difficulties in identification of
anatomic markers. This causes variability
in the coronal coverage and rotation of
the tibial component in OUKA.
Therefore, some surgeons select different
tibial vertical cut directions according to
different anatomic markers based on their
own clinical experience. Some surgeons per-
form the tibial vertical cut along the ante-
roposterior line of the lateral wall of the
medial femoral condyle, which Kawahara
et al."” showed to be parallel to the antero-
posterior line of the tibia. Shakespeare
et al.?® demonstrated a smaller variation
in tibial component rotation by referring
to the midline of the medial femoral con-
dyle to perform the tibial vertical cut.
Tsukamoto et al.>!' also achieved good clin-
ical results by referring to the line connect-
ing the medial border of the patellar tendon
at the articular surface level and the medial
intercondylar  tubercle. In  addition,
Kawahara et al.?* reported that the medial
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one-sixth of the patellar tendon at its
attachment would be a useful landmark in
aligning the tibial component, but the clin-
ical value is not exact.

This study has several limitations. First,
the study population comprised the first
patients treated by OUKA in our hospital;
therefore, the results may have been affect-
ed by the learning curve. Second, because of
the lack of clinical outcomes, the study
cannot provide strong clinical guidance.
Finally, we paid more attention to the cor-
onal coverage than sagittal coverage. On
the one hand, the tibial component was
planted flush with the posterior cortex as
recommended by the manufacturer, pre-
venting problems with sagittal coverage in
the posterior region. On the other hand, few
studies to date have been performed to
assess the clinical outcome with sagittal
coverage. Although we did not identify
the ideal tibial component rotation without
referring to the recommendation of the
manufacturer, we still found that a stan-
dard tibial vertical cut caused variability
in the coronal coverage and rotation of
the tibial component. Our further research
will focus on how to select a highly operable
and repeatable position and direction of a
vertical tibial cut using clear anatomic
markers to ensure a good position of the
tibial component and verify it with reliable
follow-up results.

Conclusion

A standard tibial vertical cut caused vari-
ability in the clinical results of coronal cov-
erage and rotation of the tibial component
in OUKA. The rotation of the tibial com-
ponent did not affect the coronal coverage
within a specific range.
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