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The Medial Eminence Line for Predicting Tibial
Fracture Risk after Unicompartmental Knee
Arthroplasty

Ryo Yoshikawa, MD, Takafumi Hiranaka, MD, Koji Okamoto, MD, Takaaki Fujishiro, MD,
Yuichi Hida, MD, Tomoyuki Kamenaga, MD, Yoshitada Sakai, MD*

Department of Orthopedic Surgery and Joint Surgery Center, Takatsuki General Hospital, Osaka,
*Division of Rehabilitation Medicine, Kobe University Graduate School of Medicine, Kobe, Japan

Background: Tibial fracture after cementless Oxford unicompartmental knee arthroplasty (QUKA) is a rare but serious complica-
tion. It is reported more frequently in Asian countries. The aim of this retrospective study was to assess the morphological charac-
teristics of the tibia by using a simple novel measurement method in patients with tibial fractures after OUKA.

Methods: Six knees (all women) with tibial fractures after cementless OUKA (fracture group) and 150 knees without an obvious
complication after cementless OUKA (control group) were examined retrospectively at our institution between January 2016 and
April 2017. We drew a medial eminence line (ME line) defined as a line extending from the tip of the medial intercondylar emi-
nence parallel to the tibial axis. The ME line was classified into two types (intramedullary type [type I] and extramedullary type [type
E]), and the proportion of each type was compared between fracture patients and controls.

Results: In the fracture group, there were four (66.7%) type E cases and two (33.3%) type | cases; in the control group, there were
18 (12%) type E cases and 132 (88%) type | cases. Fisher exact tests showed that the proportion of type E was higher in the frac-
ture group than in the control group (p < 0.01).

Conclusions: Measurement of the ME line can be recommended as a useful method to assess the risk of postoperative fracture

after cementless OUKA.
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Unicompartmental knee arthroplasty (UKA) is a less in-
vasive method for treating monocondylar arthritis of the
knee than total knee arthroplasty (TKA). The use of UKA
is gaining popularity and has shown excellent long-term
results."” The survivorship of medial mobile bearing Ox-
ford UKA (OUKA; Zimmer Biomet, Warsaw, IN, USA) is
as high as 98% at 10 years” and 91% through the second

Received January 22, 2019; Accepted September 24, 2019
Correspondence to: Takafumi Hiranaka, MD

Department of Orthopedic Surgery and Joint Surgery Center, Takatsuki
General Hospital, 1-3-13, Kosobe-Chou, Takatsuki-City, Osaka, 569-1192,
Japan

Tel: +81-72-681-3801, Fax: +81-72-682-3834

E-mail: takafumi.hiranaka@gmail.com

decade.”

One of the most serious complications of UKA is
tibial fracture. It has been described as a result of technical
errors, such as the creation of an improper pin site for the
fixation of the tibial cutting block,” vertical overcutting of
the medial plateau,” use of an excessive force with a heavy
hammer,” and breach of the posterior tibial cortex during
preparation of the tibial plateau for the implant.”

Although rarely reported as a complication in Eu-
rope (less than 1%),”*'” tibial fracture is reported more
frequently in Asian countries."” Yoshida et al.”” described
that the 10-year survival rate of >1,000 cases of OUKA in a
Japanese population was 95.4%, with good clinical results.
However, fractures after UKA were reported to occur in
7.2% of cases in spite of good technical skill."” Tt may indi-
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cate the influence of racial difference.

Studies have shown that Asian people have a varus
knee alignment and Asian patients with varus knee osteo-
arthritis have a variable degree of tibia vara, a medial bow
in their proximal tibia."” In proximal tibia vara, the tibial
shaft offsets laterally from the center of the tibial plateau."
and the medial intercondylar eminence, which is the entry
point of the vertical tibial cut during the OUKA proce-
dure, is expected to be far from the tibial axis (TA). These
conditions may be a possible risk factor for tibial fracture
after UKA due to a lack of bone mass supporting tibial
components where the total body weight load is concen-
trated.

Cementless fixation results in less frequent ra-
diolucency than cemented fixation, as well as showing
equivalent or superior clinical outcomes.'*'® The removal
of fragments of cement is particularly difficult with the
minimally invasive surgery, leading to excessive wear and
subsequent loosening of the implant. Although Liddle et
al."” reported that tibial fracture was not frequent after
1,000 cementless UKAs, the occurrence of fracture itself
is still a concern. It was reported that the cementless tibial
component might increase the risk of perioperative tibial
plateau fracture."”

The purpose of this study was to confirm the re-
lationship between the tibial fracture after cementless
OUKA and the position of the medial intercondylar emi-
nence in relation to the medial cortex of the tibial shaft.
We hypothesized that the medial intercondylar eminence
located medial to the cortex can be a risk factor for tibial
fracture during UKA.

Fig. 1. (A) Immediate postoperative radiograph showing no fracture. (B)
Two-week postoperative radiograph showing tibial plateau fracture.

METHODS

Ethics Statement

This study was approved by the Ethics Committee and
Institutional Review Board of Takatsuki General Hospital
(IRB No. 2018-79), and written informed consent was ob-
tained from all patients.

Patients

Between January 2016 and April 2017, 156 cementless
OUKAs were performed on 118 patients at Takatsuki
General Hospital. There were six cases (fracture group)
with a tibial fracture after operation (Fig. 1) and 150 cases
(control group) without a fracture. In the fracture group,
the six patients were all women, and the mean age at the
time of operation was 76 years (range, 69-82 years). In the
control group, there were 77 female and 35 male patients,
and their mean age was 73 years (range, 47-90 years) at
the time of surgery.

X-ray Assessment

Anteroposterior knee X-ray images were evaluated retro-
spectively. Images with the patella not at the center of the
femoral condyle were excluded. We defined the TA as a
line passing through the center points at 6 and 12 cm be-
low the joint line. The medial eminence line (ME line) was
defined as a line running parallel to the TA and extending
from the tip of the medial eminence (Fig. 2). We classified
the knees into two categories based on the relationship be-
tween the ME line and the medial tibial cortex. The type E
knee shows the ME line passing medial to the medial cor-
tex (extramedullary), indicating a protrusion of the medial

. Medial eminenc:

Medial eminence line

Fig. 2. Medial eminence line.
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condyle (Fig. 3). The type I knee shows the ME line pass-
ing lateral to the medial cortex or on the cortex (intramed-
ullary).

In addition, we measured the tibia vara angle (TVA)
by using the anteroposterior radiographs of the whole low-
er extremity. The TVA was measured as the angle between
the anatomic longitudinal axis of the tibia and the axis
connecting the tibial plateau center and the ankle center as
described by Mori et al. (Fig. 4)."

Statistics

The measurement values were expressed as mean + stan-
dard deviation. Fisher exact tests were used to compare
categorical variables between the groups. Mann-Whitney

Type E
(extramedullary)

Type |
(intramedullary)

Fig. 4. Tibia vara angle (TVA). The tibial mechanical axis (TMA) is the axis
connecting the center of the tibial eminence (CE) and the center of the
ankle (CA). The TVA is the angle between the tibial axis (TA) and TMA.

U-tests were conducted to compare the fracture and ME
line to TVA. Logistic regression was calculated to predict
the fracture after OUKA based on sex, body mass index
(BMI), age, TVA, and tibial morphology using the ME
line. All data were analyzed by using IBM SPSS ver. 22.0
(IBM Japan, Tokyo, Japan). All analyses were performed
by using 95% confidence intervals (Cls), and p < 0.05 was
considered statistically significant. Post-hoc power analy-
sis was performed by using G*Power 3.” For a sample size
of 6 versus 150 elements in two groups and a type I error
(a) of 0.05 (Fisher exact test), the study was expected to
provide a power (1-B) of 0.85 Hedges’ g.

RESULTS

In the fracture group, there were four (66.7%) type E cases
and two (33.3%) type I cases; in the control group, there
were 18 (12%) type E cases and 132 (88%) type I cases
(Table 1). The type E knee was significantly more com-
mon in the fracture group than in the control group (Fisher
exact tests; odds ratio, 14.6; 95% CI, 2.5 to 85.9; p < 0.05;
Hedges' g = 0.85). Fisher exact tests showed no significant
difference in the relationships between sex and ME line
(Table 2). The average TVA of the control group and frac-
ture group was 0.55° + 0.49° and 0.96° + 0.25°, respectively
(Mann-Whitney U-test, p = 0.018; Hedges' g = 1.05) (Fig.
5). The average TVA of type I and type E was 0.49° + 0.45°
and 1.03° + 0.43°, respectively (Mann-Whitney U-test, p
< 0.001; Hedges' g = 1.25) (Fig. 6). Although there were
significant differences in both relations, the differences
were less than 1.0°. Multiple logistic regression analysis
for the occurrence of fracture was carried out with the fol-
lowing independent variables: sex, BMI, age, and ME line.

Table 1. Relationship between Medial Eminence Line and the

Frequency of Fracture

Variable Type E Type |
Fracture group 4 2
Control group 18 132

p <0.05.

Variable Type E Type |

Male 3 42

Female 19 92

p>0.05.
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Fig. 5. Relationship between fracture and tibia vara angle (TVA). *p < 0.05.

After eliminating interaction terms with a p-value greater
than 0.05, BMI and ME line were retained in the model
(Table 3). Patients with type E knees had a significantly
higher risk of fracture than patients with type I knees (odds
ratio, 14.0; 95% CI, 2.33 to 83.74; p < 0.01). Patients with
a low BMI had a significantly higher risk of fracture than
patients with a high BMI (odds ratio, 0.84; 95% CI, 0.79 to
0.89; p < 0.001).

DISCUSSION

Our results suggest that a patient with the type E knee has
an increased risk of tibial fracture after cementless OUKA.
The type E tibia is supposed to have a tibia vara where
less bone volume supports the tibial component than in
the type I knee. In addition, the distance from the keel to
the medial cortex might be shorter in such patients. Be-
cause the keel of cementless OUKA is wider than the size
of bone cavity, the force required to seat the component
spreads on the tibial bone and can cause a fractures if the
distance from the tip of keel to the tibial cortex is short."”

Measuring TVA may predict the risk of fracture,
but it is difficult to determine the cutoff value because it
is a quantitative variable. The ME line is a qualitative vari-
able and can be divided into two categories. It is a simple
method to predict the risk of fracture after UKA. Because
patients with an extramedullary ME line have a high risk
of fracture, fractures can be reduced by the appropriate
selection of cemented UKA or TKA for their treatment.

In the present study, although sex was eliminated by
multiple logistic regression analysis, we had no male pa-
tients with tibial fractures. From this observation, we sug-
gest that bone density and tibia size may impact the fre-
quency of fracture. Female tibial fractures after UKA have
been reported to occur more frequently because the bone
density of the medial tibial plateau, which supports tibial

T
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Type of ME line

Fig. 6. Relationship between medial eminence line (ME line) and tibia
vara angle (TVA). *p < 0.001.

Table 3. Multiple Logistic Regression Analysis for Tibial Fracture

after OUKA
Variable 0dds ratio (95% CI) p-value
Medial eminence line 13.964 (2.329-83.739) 0.004
Body mass index 0.842 (0.793-0.893) <0.001

OUKA: Oxford unicompartmental knee arthroplasty, Cl: confidence Interval.

components, is less than that of male bone density and be-
cause the medial and lateral widths are smaller in women
than in men." Logistic regression analysis indicated that
patients with a low BMI showed a high risk of fracture.
Glogowska-Szelag™ demonstrated that an increase in BMI
was accompanied by an increase in bone mineral density
(BMD). In this study, we did not examine BMD, but this
correlation between BMI and BMD may explain our re-
sults.

The present study has several limitations. First, the
number of patients with tibial fracture included in the
study was small. Tibial fracture is a rare complication, and
we should increase the number of cases examined by con-
ducting a multicenter study. Second, we examined only
Japanese patients. Evaluation of the ME line in Europe and
other regions where tibial fracture occurs less frequently
is important for comparison with our results in the Japa-
nese population. Finally, the effect of the rotation of X-ray
was not taken into account in this study. To adjust for this,
three-dimensional computed tomographic analysis may
be required.

Despite these limitations, ME line measurement can
be valuable clinically because it is a simple method that
can be applied universally. Using this method, surgeons
may estimate the risk of postoperative fracture after UKA
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and make informed decisions on the type of component
to be used. Measurement of the ME line can be recom-
mended as a considerable method to assess the risk of
postoperative fracture after cementless OUKA.
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