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Abstract

Aims. This multicenter study attempts to make recommendations as to when cementless Oxford
Unicompartmental Knee Arthroplasty (OUKA) tibial components can safely be used in an
Asian population.

Methods. 212 knees in 174 patients in six hospitals who underwent cementless OUKA were
studied. On pre-operative radiographs the medial eminence line (MEL), which is a line parallel
to the tibial axis passing through the tip of medial intercondylar eminence, was drawn. Knees
were classified as having an overhanging condyle if the MEL passed medial to the medial tibial
cortex and very small if a size A /AA tibial component was used.

Results. Overall the fracture rate was 8%. With overhanging condyles the odds ratio of fracture
was 13 (p<0.0001) and with very small components it was 7 (p=0.0004). With both
overhanging condyles and very small components the odds ratio was 21 (p=0.0001). 69% of
knees had neither overhanging nor very small components and in these the fracture rate was 1%.
Conclusion. It is recommended that in Asia cemented tibial fixation should be used for cases
that have overhanging condyles or need very small components. In the remaining 70% of cases

cementless fixation can be used.
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Introduction

In cohort studies the Oxford unicompartmental knee arthroplasty (OUKA) has achieved
excellent clinical outcomes and good long-term survival® 2. However, reports from National
Joint Registries have shown that the revision rate of the OUKA is higher than that of total knee
arthroplasty (TKA) 2. Common reasons for revision are aseptic loosening and pain.
Misinterpretation of radiolucent lines that commonly occur under the tibial component of the

cemented OUKA may have contributed to these revisions *.

The cementless OUKA was introduced to address the high revision rate and has been reported
as having equivalent or better clinical outcomes than the cemented OUKA with markedly
reduced radiolucent lines®. Recent reports form the New Zealand Joint Registry have also
shown that the revision rate of the cementless OUKA is about half that of the cemented °.
However there is a concern about an increased risk of tibial plateau fracture * 7. Although tibial
fractures are reportedly rare after UKA, they are a serious complication that typically present in
the first few weeks after the operation. Several factors have been identified that may increase
the risk of fracture. Probably the most important is a keel slot that is too small, so hard
impaction of the component is required®: It is essential the trial tibial component can be
inserted with finger pressure before the definitive component is impacted. If it can’t then the
slot should be enlarged. Other factors include deep or medial sagittal cuts, damage to the
posterior cortex 7, and multiple pin usage for fixation the tibial cutting block °. These factors all
relate to surgical technique suggesting that, at least for a western population, the risk of fracture

should be very low (<1%) with careful technique. 4 2

After the introduction of cementless OUKA in Japan in September 2015, tibial fractures
occurred relatively frequently, despite the surgeons being experienced and using recommended
techniques 2. This suggests that, in an Asian population, patient factors are important in the
aetiology of tibial fractures. Fractures in Japan were observed to be common with the very small
tibial sizes (A and AA), which are rarely used in Caucasians. Bone morphology is also different
in Asians and Caucasians. Proximal tibia vara is common in Japanese population 3. This is
associated with an overhanging medial tibial condyle, which reduces the bone volume under the

tibial tray and may increase the risk of fracture. We retrospectively evaluated this by drawing a
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line on pre-operative antero-posterior radiographs, parallel to the tibial axis passing through the
medial intercondylar eminence . This medial eminence line (MEL) lies where the vertical
tibial cut is made, and we found that if the line passed medial to the medial cortex of tibial shaft
there was an increased risk of tibial plateau fracture after cementless OUKA. However, this
study involved a small number of patients in a single center and as a result is of limited value.
Therefore the aim of this large multicenter study was to assess the effect of tibial size and
morphology on fracture risk and to attempt to make recommendations as to when cementless

tibial components can safely be used in an Asian population.

Patients and methods

This retrospective study was approved by institutional review boards in all centers. Six hospitals
with experienced surgeons participated in this study. From September 2015 to December 2017,
212 knees in 174 patients who underwent OUKA with cementless tibial components were

included in this study. There were 57 males and 117 females and the mean age was 72.4 years

(47 to 90). The mean BMI was 25.4 kg/m? (18.0 to 38.6). 189 knees were the anteromedial

osteoarthritis of the knee (AMOA) *° with fill-thickness cartilage defect on medial compartment,

functionally intact anterior cruciate ligament and intact lateral compartment and the remain 23

knees were the spontaneous osteonecrosis of the knee (SONK).

The standard operative procedure was performed using Microplasty ® instruments  in every

patient in all institutions. The tibia was cut using the company provided a tibial cutting guide

following the built-in alignment of 7° in posterior slope and perpendicular to the tibial axis. The

sagittal cut was made at just medial to the apex of the medial tibial spine aiming to the

anterior-superior iliac spine taking great care to avoid the deep cut. The keel slot was made with

the specialized saw for the cementless tibial component that makes a slot with a slightly

narrower width than the keel width to achieve the interference for a secured initial fixation. The

tibial component was inserted with mild taps using a light hummer, avoiding an intraoperative

fracture. No fracture was recognized intraoperatively and on the radiographs just after the

operation.

Preoperative antero-posterior radiographs were collected and analyzed. The tibial morphology

was assessed using the method we previously described **. The tibial axis was identified by
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joining the midpoints of the tibia 6cm and 12cm below the joint line. The medial eminence line
(MEL) was drawn passing through the apex of the medial intercondylar eminence and parallel
to the tibial axis. The MEL was considered to be the lateral border of the medial tibial condyle.
If the MEL was outside the tibial diaphysis, the tibia was classified as extramedullary type and
the medial tibial condyle was considered to be overhanging. Otherwise, the tibia was classified
as intramedullary type and medial condyle was considered to be not overhanging (Fig. 1). As
well as subdividing knees according to their morphology, we subdivided them into those that
had very small tibial components (A and AA) and those that did not. We also determined which

knees had and had not sustained a peri-prosthetic tibial plateau fracture.
We explored the relationship between morphology, size and fracture and determined the odds
ratio of fracture in the various subgroup. All statistical analyses were preformed using EZR

(http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html) *'.

Results

There were 17 fractures in the 212 knees studied, making the overall fracture rate 8%.

As shown in Table 1, male patients had a significant reduced risk of fracture. Regarding other

parameters (age, BMI, pre- and post FTA, pre- and post HKA), there were no significant

difference between fractures and non-fractured subjects.

19% (41/212) of the knees were considered to have medial tibial condyle overhang and 81%
(171/212) did not (Table 2). The fracture rate with medial condyle overhang was 29% (12/41)
and without with medial condyle overhang was 2.9% (5/171). The odds ratio of fracture was

13.46 (95% Confidence interval (Cl) 4.05 to 52.53, p<0.0001).

17.0% (36/212) of the knees had very small (A or AA) tibial components implanted and 83.0%
(176/212) had standard sized components (B or larger) implanted (Table 3). The fracture rate
with the standard components was 4.5% (8/176) and with the very small components was 25%

(9/36). The odds ratio of fracture was 6.90 (2.16 to 22.57, p = 0.0004).
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31% (65/212) of the knees had medial condyle overhang or required very small (A or AA)
components. The remaining 69% (147/212) did not have condyle overhang and had standard (B
or larger) components (Table 4). The fracture rate in the group that had medial condyle
overhang or required very small components was 23% (15/65) and in the remaining knees the
fracture rate was 1.4% (2/147). The odds ratio of fracture was 21.41 (Cl 4.73t0 198.93, p =
0.0001).

The knees that required very small (AA or A) tibial components tended to have medial condyle
overhang with an odds ratio of 2.52 (95% CI 1.03 to 5.97, p = 0.0034) (Table 5). Similarly,
female patients had a higher proportion of knees with medial condyle overhang than males
(odds ratio 2.52, 95% CI 1.03 to 5.97 p = 0.0034) (Table 6). There was no significant difference
in BMI between patients who had or did not have medial condyle overhang (25.0 + 3.3 kg/m?

and 25.3 + 4.4 kg/m?, respectively, p = 0.341).

Discussion

This multicenter study has demonstrated that in Japan experienced surgeons routinely using the
Oxford Cementless UKA have a high tibial plateau fracture rate (8%). This contrasts with
Europe where registry data'® shows the fracture rate is low (<1%), suggesting that patient

factors are important. Aside from the gender difference, we have identified two factors relating

to tibial shape and size that probably explain most of the difference: Patients that have
overhanging medial tibial condyles and those of very small size have an increased rate of
fracture. If these patients have cemented rather than cementless tibial components, the overall

risk of tibial plateau fracture should drop to an acceptable level.

Overhanging medial tibial condyles, defined as an extramedullary MEL, were associated with a
13 times increased risk of fracture. This finding is similar to that of our previous single center
study **, however in the multicenter study the numbers are large enough to make suggestions as
to how patients should be managed. On the basis of our findings it would seem sensible not do
use cementless tibial components if there is tibial condyle overhang. The MEL is approximately
the position of the sagittal tibial cut. If the MEL is extramedullary the whole medial tibial

condyle and, after the operation, the tibial component overhang the tibial diaphysis. Therefore it
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IS not surprising that there is an increased risk of fracture as there is a decreased bone volume
under the tibial component and shortened distances form the cortex to the keel slot and to the
sagittal tibial cut. Patients with an overhanging medial tibial condyle are likely to have tibia
vara, which is common in Asian populations *° 2° # 22 2 However we found, in our previous
study, that the position of the MEL was a better predictor of fracture than tibia vara .

Furthermore methods of assessing tibia vara *° # % #

usually require full-length radiographs of
the tibia, whereas the MEL assessment is simpler and can be done on standard knee

radiographs.

The risk of fracture with the small cementless tibial components (A and AA) was 7 times higher
than the larger sizes, so it would seem sensible to avoid using these components. It is not certain
why these components are associated with an increased risk of fracture but it is probably
because they are used in very small tibias and the tibial cortex is very close to keel and may be
damaged and weakened during preparation or insertion of the keel. In Europe, although these
very small size components are rarely used, they do not seem to have caused such a problem
with fractures. So perhaps the shape of the tibia is also important, supporting evidence for this is
that patients treated with the very small tibias were found to be more likely to have tibial
condyle overhang than larger patients. Whatever the reason it would seem sensible to consider
having smaller keels on the very small components as currently all components, whatever their

size, have the same depth keel.

If cementless components are not used in cases with tibial overhang then the fracture rate in the
remaining cases would be about 3%. Similarly if they were not used with the very small sized
components the rate in the remaining cases would be 5%. In both situations the residual fracture
rate seems high. However if cementless components were not used in cases needing either small
sizes or with condylar overhang then the fracture rate would be about 1% in the remaining cases
which is probably acceptable. This approach would exclude about 30% of UKR so it would

seem to be the best compromise solution.

Although there is no good data about the tibial fracture rate following the cemented Oxford

UKA in Japan it is much lower than following cementless Oxford UKA and is probably 1% or
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less. Therefore if cemented tibial components were used in patients with overhanging condyles
or small components, and cementless components were used in the rest the overall fracture rate
would be about 1%. There are a number of reasons why cemented tibial components are less
likely to cause fracture than cementless ”. The cementless keel has an interference fit so tends to
cause a splitting force in the tibia, which does not occur with cement® 2’ 2 2°  To achieve this
interference the component has to be impacted which can cause cracks that subsequently
propagate ¥ . Fractures tend to present one to three weeks after surgery and occasionally a “take
off sign”, which is a slight separation between bone and medial surfaces of the tibial component
can be seen, before they complete (Fig. 2). This separation might be prevented by the cement

holding the bone together.

We defined the MEL on the short knee radiographs referencing to the line connecting the midpoints

at 6 cm and 12 cm below the joint line. The line might be slightly different from the actual tibial

mechanical axis. However, the mechanical axis is measured on a whole leg long radiographs that

require additional cost and irradiation. We found enough predictive ability in the tibial fracture after

the usage of the cementless tibia, indicating that the MEL that is calculated by our method using

standard short knee radiographs is preferable.

The surgical aim with the Oxford UKA has always been to implant the tibial component
perpendicular to the tibial axis in the coronal plane. To achieve this an extra-medullary tibial
saw guide is used and is positioned centrally over the ankle. With this approach excellent long
term result have been achieved . Furthermore, in European patients, there has been no
compromise in results using this technique in patients with tibia vara *. It is however possible
that in Japanese patients with tibia vara and an overhanging condyle, implanting the component
in more varus might decrease the risk of fracture, and there is some finite element analysis data
that would support this *2. As can be seen in Figure 3 in a patient with marked tibia vara and
medial condyle overhang if, instead of implanting the component perpendicular to the
mechanical axis of the tibia it was implanted in more varus, perhaps perpendicular to the
mechanical axis of the femur with the knee in extension, the risk of fracture might decrease.
This is because the tibial component would be more lateral, so a larger component could be

used, there would be more bone supporting the component, and the keel would be further from
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the cortex. In addition the load, which is perpendicular to the tibial surface and passing through

the center of the femur would be directed more laterally.

Concerning the fixed-bearing UKA, where the original joint surface is considered to be

reconstructed, a slight varus cut has been accepted *3. Besides, several mechanical studies have

shown that a mild varus coronal alignment is advantageous to decrease mechanical stress on the

tibia and the risk of stress fracture 3 32, On the other hand, few reports have been available

regarding the tibia alignment in the coronal plane. Riviére et al. 3 conducted the computer

simulation study and revealed that a varus aligned tibial tray in Oxford UKA showed better adaptation

than mechanical aligned (perpendicular to the tibial axis) tray. Dai et al. 3¢ reported that a slight varus

implantation of the Oxford tibial tray reduced the peak stress on the medial cortex in a 3-D finite element

analysis study. In addition, these experimental studies, the acceptable range of tibial component

L

alignment has been considered within < 5° varus to < 5° valgus *’. Clarius et a retrospectively

reported that the postoperative tibial component alignment did not affect the postoperative outcome.

Although changing the cutting technique form mechanical to slight varus alignment is festinating, a
clinical study should be undertaken to ensure there is no compromise in outcome with this

modified technique.

This study has some limitations. Firstly, as this was a multicenter study details of the surgical
technique may have varied between surgeons and was not studied. However, the surgeons
involved were very experienced and had low fracture rates with cemented tibial components.
Secondly, the radiographic study was two dimensional and rotation of the leg might change the
relationship between the MEL and the tibial cortex. Further study would be needed to evaluate
the relationship. However, we believe that the standard radiograph is sufficient because of the

satisfactory discriminative ability of the MEL. Finally, we did not measure the bone mineral

density (BMD). Yokoyama et al.** reported that low BMD in the affected femur might

contribute to a stress fracture of the tibia after UKA as low BMD is directly related to an

increased risk of fracture. Further investigation will be needed to clarify the contribution of the

BMD on the fracture occurrence.

Conclusion
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The multicenter study suggests that, in an Asian population, to capitalize on the advantages of

cementless fixation without increasing the risk of tibial fracture, in addition to careful surgery:

Hybrid fixation, with cemented tibia and cementless femur, should be used with medial condyle

overhang defined as an extramedullary MEL and with small sizes tibial components (A and

AA), and fully cementless fixation can be used in the remainder. In the future with

improvements in implants and surgical technique it may be possible to use fully cementless

fixation in all patients.
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Figure Lengends

Fig. 1. Medial eminence line (MEL) and classification of tibial morphology. The tibial axis
(TA) is defined as a line passes the center point of the tibial width at 6 and 12 cm below the
joint line. MEL is defined as a line parallel to the TA and passing the tip of medial intercondylar
eminence. If the MEL passes medial to the medial cortex of the tibia, the tibia is classified as
“Intramedurally type”. Otherwise, the MEL goes medial to the medial cortex and is classified as
“Extramedurally type” (right).

Fig. 2. The take-off sign. Before a complete fracture, the medial shift of the tibial component
that shows a minor separation between lateral surface of bone (the vertical cut and keel slot
plane), and medial surface of the implant (arrowheads). This sign normally appears at one to
two weeks postoperatively, followed by a complete fracture 2 to 4 weeks. This separation might
be prevented by the cement holding the bone together.

Fig 3. The effect of varus implantation of a tibial component with tibia vara. The recommended
position (solid tibial tray outline) is perpendicular to the mechanical axis of the tibia. The varus
component (dotted tibial tray outline) could be a larger size and the keel is further from the
medial cortex.



