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Abstract
Purpose  One of the causes of aseptic loosening is marked tibial bone resorption (TR) at the tibial bone–component interface 
after total knee arthroplasty (TKA). It was hypothesized that insufficient coverage of the tibial component and improper 
cementing technique would cause increased TR after cemented TKA.
Methods  One hundred thirty-four primary TKAs in 107 patients with varus osteoarthritis were included in this study. The 
relationships between the TRs at 2 years after TKA and the tibial component underhang (TUH), the thickness of the cement 
mantle around the keel, and clinical parameters were evaluated.
Results  The widths of TRs on anteroposterior radiographs were significantly larger on the medial side than on the lateral 
side (p = 0.001), whereas the difference between the anterior and posterior sides on lateral radiographs was relatively small. 
Multiple regression analyses showed that medial TR was positively related to medial TUH (p = 0.006), and lateral TR was 
positively related to a thicker distal cement mantle (p = 0.027). On the lateral view, stepwise selection indicated that post-
operative knee flexion angle was the most significant risk factor (p = 0.005) for anterior TR, and posterior TUH was the 
strongest predictor (p = 0.001) of posterior TR.
Conclusions  To avert postoperative progressive TR, surgeons should perfectly fit a suitably sized tibial component to the 
medial edge of the tibia. Also, care should be taken to avoid an excessive cement mantle at the distal portion of the keel 
during TKA.
Level of evidence  IV.

Keywords  Cemented · Total knee arthroplasty (TKA) · Tibial bone resorption · Aseptic loosening · Tibial component 
underhang · Thicker cement mantle

Introduction

Total knee arthroplasty (TKA) has become increasingly 
common as a reliable treatment for patients with severe 
osteoarthritis of the knee, and previous studies including 
the data of arthroplasty registries reported a survival rate of 
more than 90% at 10-year follow-up [28, 40]. The number 
of revision TKAs has also risen steadily [6]. While one of 

the most common reasons for late failure in primary TKA is 
aseptic loosening, the underlying mechanism is still debat-
able [6, 31, 33, 36, 37].

A previous study summarized the various factors that 
contribute to aseptic loosening, including the effect of wear 
particles on activated macrophages, micromotion of the 
tibial component, and stress shielding along the bone–com-
ponent interface [36]. Of these, wear-related loosening 
has been reduced because of improvements in polyethyl-
ene manufacturing and material properties [37]. However, 
patient- and operation-related factors are still problematic, 
especially on the tibial side [6, 31, 35]. Appropriate tibial 
preparation and component fixation are crucial to achieve 
long-term durability in cemented TKA [14, 30, 31]. Previous 
studies reported that the development of tibial bone resorp-
tion (TR) could induce component loosening, and generally 
occurred within 2 years postoperatively [15, 24, 36]. Tibial 
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component coverage on the tibial cutting surface theoreti-
cally affects stress distribution, and a thicker cement mantle 
might cause stress shielding at the tibial bone–component 
interface. This study was the first to investigate these issues, 
specifically assessing what tibial component coverage and 
cement mantle thickness could best prevent increased TR.

The purpose of this study was to evaluate TR using early 
and 2-year postoperative anteroposterior (AP) and lateral 
radiographs after cemented primary TKA. It was hypoth-
esized that insufficient coverage of the tibial component on 
the tibial cutting surface and a thick cement mantle around 
the tibial keel might increase TR.

Materials and methods

This study retrospectively analyzed 134 knees (right, 
68 knees; left, 66 knees) in 107 patients (88 women, 19 
men) who underwent cemented primary TKA with a sin-
gle design and who were followed up for at least 2 years 
between December 2010 and June 2015. The preopera-
tive diagnosis was medial osteoarthritis in all knees. The 
exclusion criteria were metal tibial augmentations due to 
severe bone defects or other component designs such as a 
more constrained TKA (41 knees), valgus knees (17 knees), 
revision TKA (21 knees), TKA after failed high tibial oste-
otomy (5 knees), other inflammatory arthritides such as 
rheumatoid arthritis (73 knees), posttraumatic osteoarthri-
tis (4 knees), postoperative infections or wounds (2 knees), 
and lost to follow-up (5 knees). The mean age and body 
mass index (BMI) of patients at the time of surgery were 
74.4 ± 6.5 years (range 58–86 years) and 26.0 ± 4.0 kg/m² 
(range 16.8–38.9 kg/m²), respectively. The mean time to 
follow-up was 40.3 ± 13.1 months (range 24–72 months). 
The knee flexion angles were examined using a goniometer 
at 2-year postoperative follow-up.

Surgical procedure

The Bi-Surface Knee System (Kyocera, Kyoto, Japan), 
which is a fixed-bearing posterior cruciate-substituting 
prosthesis, was used in all patients [21, 27]. The tibial com-
ponent of this prosthesis is made of titanium alloy (Ti) that 
is designated by the American Society for Testing Materi-
als (ASTM) as F136. This titanium alloy contains 6% alu-
minium and 4% vanadium (Ti-6Al-4V), and the bone-side 
surface is manufactured using shot blasting. The diameter of 
the tibial keel was 13 mm, and its length ranged from 42 to 
48 mm depending on the tibial component size.

A pneumatic tourniquet was applied [29] and the medial 
parapatellar approach was performed in all patients. To align 
the components in the coronal plane, the tibial component 
was set perpendicular to the mechanical axis of the tibia, 

which connected the centre of the knee to the centre of the 
ankle joint. For the sagittal alignment, the tibial component 
was aligned with the mechanical axis of the tibia, and the 
posterior tibial slope was adjusted to 5°. To improve sagit-
tal bone-cutting accuracy, the angle between the anterior 
border of the tibial axis and the sagittal mechanical axis was 
checked preoperatively using lateral radiographs, and the 
angle was used to intraoperatively facilitate the appropriate 
placement of extramedullary guides relative to the anterior 
border of the tibia during TKA [13]. The rotation of the 
tibial components was aligned with the tibial AP axis; this 
axis connected the medial one-third of the tibial tubercle and 
the geometric centre, the latter defined as the centre of the 
cutting surface. The rotational direction of the preparation 
instrument was set relative to the tibial AP axis, and then the 
keel hole of the tibia was prepared.

The medium-viscosity cement Simplex P (Stryker, NJ, 
USA), which was manually mixed without the use of a vac-
uum-mixing device, was used for fixing the tibial component 
to the tibial cutting surface. The cement on the tibial cutting 
surface was manually spread with a knife after high-pressure 
lavage so that it covered the tibial component, including the 
tibial keel, because the manufacturer advises cementing the 
keel. In the single-stage cementing technique, the tibial com-
ponent was pressed against the tibial cutting surface first, 
followed by the femoral component. Following a trial of a 
tibial insert, the knee was maintained in knee extension to 
exert pressure against the bone–component interface until 
the cement was hardened [14]. The thickness of polyethylene 
inserts ranged from 9 to 17 mm.

Radiographic assessments

The hip–knee–ankle (HKA) angle was measured on pre- 
and postoperative, long-standing, weight-bearing AP radio-
graphs. The mean preoperative HKA angle was 11.8 ± 5.2° 
in varus (range 28.3° in varus to 2.8° in valgus). Component 
positioning was measured on postoperative AP and lateral 
radiographs in accordance with the Knee Society Radio-
graphic Evaluation System: the medial angle between the 
tibial plate and the coronal mechanical axis of the tibial shaft 
(β angle), and the posterior tilting angle between the tibial 
plate and the sagittal mechanical axis of the tibial shaft (δ 
angle). True AP and lateral radiographs of the knee were 
obtained in the following manner [18]. The patella was 
directed upward by moving the knee through a full range 
of flexion and extension. Subsequently, the knee was posi-
tioned at knee extension or at approximately 90° knee flex-
ion, and AP or lateral radiographs were taken, respectively. 
If adequate views were not obtained, radiographs were 
retaken. Aseptic loosening of the tibial component was 
defined radiographically when the radiolucent line was seen 
in all zones or when the tibial component had migrated. The 
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same radiographic measurements of each parameter were 
performed three times by the same examiner with iRad-OT 
(infocom, Tokyo, Japan) to minimize measurement errors, 
and the mean value of the three measurements was used 
throughout this study. The results in this study are presented 
to one decimal place because our system could measure each 
value with this degree of accuracy.

Evaluation of TR

This study evaluated TR using early (within 2  weeks 
postoperatively) and 2-year postoperative AP and lateral 
radiographs (Fig. 1), which were divided into five zones 
according to the modernized Knee Society Radiographic 

Evaluation System [26] (Fig. 2). The 2-year TR in each 
zone was defined as the change in TR from early to 2-year 
postoperative radiographs. Figure 1 shows the TR measure-
ment method using zones 1 (medial) and 2 (lateral) on AP 
radiographs. On 2-year AP radiographs, the horizontal width 
between the edge of the tibial cutting surface and the end 
of extended bone absorption was defined as TR (Fig. 1). In 
terms of vertical measurement, TR was considered to be 
present only when the width was > 1 mm, because a width 
of ≤ 1 mm can be caused by insufficient cement penetration. 
The edge of the tibial cutting surface on each 2-year AP 
radiograph was determined by referring to that on the cor-
responding early AP radiograph. A positive value indicated 
the progression of TR, whereas a negative value indicated 

Fig. 1   Measurements of the 
postoperative tibial component 
over- or underhang (TOH or 
TUH) and 2-year tibial bone 
resorption (TR) using early and 
2-year postoperative anter-
oposterior (AP) and lateral 
radiographs after total knee 
arthroplasty
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the presence of new bone formation at 2 years. On lateral 
radiographs, TRs in zones 1 (anterior) and 2 (posterior) were 
measured in the same way as on AP radiographs (Fig. 1).

Evaluation of over‑ or underhang of the tibial 
baseplate

Medial and lateral tangent lines of the tibial baseplate were 
defined on early AP radiographs, along with the edges of 
the medial and lateral tibial cutting surfaces, respectively. 
The width between each tangent line and the corresponding 
edge was defined as tibial component overhang or underhang 
(TOH or TUH), which represented over- and undercoverage, 
respectively, of the tibial component on the tibial cutting 
surface on early postoperative AP radiographs (Fig. 1). The 
TOH or TUH from the edge of the medial or lateral tibial 
cutting surface was recorded as a positive or negative value, 
respectively. On lateral radiographs, the TOH or TUH in 
zones 1 and 2 was also measured in the same way as on AP 
radiographs (Fig. 1).

Evaluation of the cement mantle thickness

The maximum thickness of the cement mantle was measured 
in five zones of the keel area, including zones 3M (medial), 
3L (lateral), and 5 (distal) on the AP view, and zones 3A 
(anterior), 3P (posterior), and 5 (distal) on the lateral view, 
calibrated to 0.1 mm (Fig. 2).

The relationships of various parameters with the widths 
of 2-year postoperative TRs in zones 1 and 2 on AP radio-
graphs, and zones 1 and 2 on lateral radiographs were evalu-
ated. The dependent variables that were evaluated to verify 
our hypothesis were 2-year postoperative TRs in zones 1 and 
2 on AP and lateral radiographs. The independent variables 
were sex, age, BMI, postoperative knee flexion angle, post-
operative residual knee joint pain, postoperative HKA angle, 

postoperative β or δ angles, TOH or TUH, and the thickness 
of the cement mantle in each zone. This study was approved 
by the Institutional Review Board of Kyoto University (reg-
istration number R1144), and all patients provided informed 
consent regarding pre- and postoperative radiographic meas-
urements and risks of radiation exposure.

Statistical analysis

Stata software (version 13; Stata Corporation, College Sta-
tion, TX, USA) was used. As for the sample size calcula-
tion, a previous study with 100 TKA cases reported that a 
4-mm-thick cobalt–chromium (CoCr) tibial tray was asso-
ciated with increased medial TR compared with a standard 
tray on AP views, and the mean medial bone loss was sig-
nificantly higher in the thick tray cohort than in the stand-
ard tray cohort (1.1 ± 1.3 mm vs. 0.2 ± 0.5 mm; p < 0.01) 
[24]; a bone loss difference of about 1 mm was considered 
clinically significant. With α and power set at 0.05 and 0.90, 
respectively, a minimum of 50 cases were needed to obtain a 
sufficient sample size, and over 100 patients were recruited 
in this study. Differences between the measured TR widths 
in zones 1 and 2 of AP or lateral radiographs were analyzed 
using the two-tailed Student’s t test. The thickness of the 
ideal cement mantle was set at 5.0 mm [7, 39], and the dif-
ference in 2-year TR between the ideal cement mantle group 
(≤ 5.0 mm) and the thicker cement mantle group (> 5.0 mm) 
in each zone was evaluated. The intraclass correlation coef-
ficient (ICC) was used to assess intra-observer test–retest 
reliability in obtaining TR measurements. A value > 0.75 
indicates excellent test–retest reproducibility. Pearson cor-
relation coefficients were calculated for the relationships 
between the area of the 2-year postoperative TR in each 
zone, and the postoperative TOH or TUH and the thick-
ness of the cement mantle. Correlation coefficients (R) were 
characterized as very weak (0.00–0.20), weak (0.21–0.40), 

Fig. 2   Measurements of cement 
mantles in five zones according 
to the modernized Knee Society 
Radiographic Evaluation Sys-
tem using early postoperative 
anteroposterior (AP) and lateral 
radiographs after total knee 
arthroplasty
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moderate (0.41–0.70), or strong (0.71–1.00). Simple and 
stepwise multiple linear regression analyses were also cal-
culated to determine optimum predictors of the dependent 
variables based on the independent variables. The statistical 
significance level was set at p < 0.05.

Results

The mean postoperative HKA angles, β and δ angles, angle 
of knee flexion, and rate of residual knee joint pain at 2-year 
postoperative follow-up are shown in Table 1. There was 
an excellent intra-observer test–retest reproducibility of 
TR measurements, with an ICC of 0.999. The mean widths 
of TRs in zones 1 and 2 on AP and lateral radiographs at 
2 years postoperatively are also shown in Table 1. The 
widths of TRs on AP radiographs were significantly larger 
in zone 1 than in zone 2 (p = 0.001). On the other hand, there 
was also a significant difference between the TRs in zones 1 
and 2 on lateral radiographs (p = 0.003), but the difference 
was relatively small.

The TOH and TUH values on early postoperative AP 
and lateral radiographs are shown in Table 2. There was 
a tendency to choose smaller tibial component sizes, and 

consequently TUH occurred in zones 1 and 2 on both AP 
radiographs (48% and 34%, respectively) and lateral radio-
graphs (51% and 69%, respectively). The TUH was posi-
tively correlated with 2-year TR in zone 1 on the AP view, 
and zones 1 and 2 on the lateral view (Table 2).

As shown in Table 3, the mean thickness of the cement 
mantle was around 3.0 mm in each zone, except for zone 5. 
On the AP view, there was a very weak positive correlation 
between the thickness of the cement mantle in zone 5 and 
2-year TR in zone 2. On the lateral view, the correlations 
between the thickness of the cement mantle in zones 3A and 
5, and the 2-year TR in zone 1 were very weak and weak, 
respectively, and there was a negative correlation between 
the thickness of the cement mantle in zone 5 and 2-year 
TR in zone 2 (Table 3). As for zone 5, on the AP view the 
group with a cement mantle ≤ 5.0 mm had a smaller 2-year 
TR in zone 1 (2.8 ± 2.6 mm) than the group with a cement 
mantle > 5.0 mm (4.1 ± 3.7 mm) (p = 0.017); on the lateral 
view, the ≤ 5.0 mm group also had a smaller TR in zone 1 
(− 0.8 ± 1.4 mm) than the > 5.0 mm group (− 0.2 ± 1.4 mm) 
(p = 0.011), whereas the thicknesses of the cement mantle in 
the other zones were not associated with TR.

Simple linear regression analyses between 2-year TR and 
postoperative variables in each zone are shown in Tables 4 

Table 1   Radiological 
assessments, including width 
of tibial bone radiolucency in 
each zone, knee flexion angle, 
and rate of residual knee joint 
pain at 2-year postoperative 
follow-up

HKA hip–knee–ankle, TR tibial bone radiolucency, AP anteroposterior, SD standard deviation

Mean ± SD Range

HKA angle (°) 2.6 ± 2.0 in valgus 0.0 to 9.9 in 
valgus

β angle (°) 89.0 ± 2.1 85.2 to 93.9
δ angle (°) 87.8 ± 3.1 80.7 to 92.8
Knee flexion angle (°) 119.6 ± 19.3 50 to 155
Rate of residual knee joint pain (%) 25 –
Width of TR in zone 1 on AP radiograph (mm) 3.3 ± 3.1 − 1.1 to 13.9
Width of TR in zone 2 on AP radiograph (mm) 0.3 ± 1.9 − 5.4 to 7.4
Width of TR in zone 1 on lateral radiograph (mm) − 0.5 ± 1.5 − 4.0 to 7.0
Width of TR in zone 2 on lateral radiograph (mm) − 1.2 ± 2.1 − 8.2 to 5.8

Table 2   Correlations between 
postoperative tibial component 
over- or underhang and 2-year 
tibial bone radiolucency in each 
zone

TOH tibial overhang (positive value), TUH tibial underhang (negative value), TR tibial bone radiolucency, 
AP anteroposterior, SD standard deviation, n.s nonsignificant

Zone TOH or TUH (mm) 2-Year TR (R)

AP Lateral

Mean ± SD Range Zone 1 Zone 2 Zone 1 Zone 2 p value

AP
 1 − 0.5 ± 1.2 − 4.4 to 2.8 − 0.25 – – – 0.004
 2 0.0 ± 1.9 − 6.6 to 4.5 – − 0.10 – – n.s

Lateral
 1 − 0.8 ± 1.7 − 5.6 to 4.0 – – − 0.21 – 0.017
 2 − 2.7 ± 3.1 − 13.0 to 6.0 – – – − 0.48 0.001
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and 5 for AP and lateral radiographs, respectively. Sex, 
BMI, postoperative residual pain, HKA angle, and β and 
δ angles were not related to 2-year TR on AP and lateral 
radiographs. On the other hand, TRs in zones 1 and 2 on the 
AP view were positively related only to TUH in zone 1 and 
to a thicker cement mantle in zone 5, respectively (Table 4). 
On the lateral view, TR in zone 1 was positively related to 

postoperative knee flexion angle, TUH, and a thicker cement 
mantle in zones 3A and 5, whereas TR in zone 2 was posi-
tively related to age and TUH, and negatively related to a 
thicker cement mantle in zone 5 (Table 5).

Based on multiple regression analysis with stepwise vari-
able selection on the AP view, the TUH in zone 1 was the 
strongest risk factor for increased TR in zone 1, and a thicker 

Table 3   Correlation 
between the thickness of the 
postoperative cement mantle 
and the width of 2-year tibial 
bone radiolucency in each zone

TR tibial bone resorption, AP anteroposterior, SD standard deviation, n.s nonsignificant

Cement mantle (mm) 2-Year TR (R)

Zone Mean ± SD Range AP Lateral

Zone 1 p value Zone 2 p value Zone 1 p 
value

Zone 2 p 
value

AP
 1 2.5 ± 1.1 0.0 to 7.7 − 0.14 n.s 0.07 n.s – –
 2 3.6 ± 2.0 0.0 to 17.0 − 0.07 n.s − 0.04 n.s – –
 3M 3.0 ± 1.7 0.0 to 8.1 0.01 n.s 0.07 n.s – –
 3L 3.2 ± 2.2 0.0 to 9.6 0.16 n.s 0.03 n.s – –
 5 5.2 ± 5.3 0.0 to 33.5 0.17 n.s 0.18 0.039 – –

Lateral
 1 3.4 ± 1.1 1.5 to 7.1 – – − 0.08 n.s 0.08 n.s
 2 4.0 ± 1.3 1.7 to 9.1 – – − 0.01 n.s 0.11 n.s
 3A 3.5 ± 1.7 0.0 to 10.6 – – 0.18 0.040 0.04 n.s
 3P 3.5 ± 1.6 0.0 to 8.18 – – 0.14 n.s 0.07 n.s
 5 5.4 ± 5.3 0.0 to 33.5 – – 0.21 0.014 − 0.23 0.007

Table 4   Simple linear 
regression analysis for 2-year 
tibial bone radiolucency in 
each zone on anteroposterior 
radiographs

AP anteroposterior, TR tibial bone resorption, Coef. coefficient, Sex female = 1, male = 0, BMI body mass 
index, Post. postoperative, Pain (+) = 0, (−) = 1, HKA hip-knee-ankle, TOH tibial overhang (positive 
value), TUH tibial underhang (negative value), n.s nonsignificant

Variables 2-Year AP TR

Zone 1 Zone 2

Coef. 95%CI R2 p value Coef. 95%CI R2 p value

Sex − 1.08 − 2.48 to 0.33 0.02 n.s − 0.33 − 1.10 to 0.44 0.01 n.s
Age 0.03 − 0.06 to 0.11 0.00 n.s 0.00 − 0.04 to 0.04 0.00 n.s
BMI 0.10 − 0.04 to 0.23 0.02 n.s − 0.03 − 0.10 to 0.05 0.00 n.s
Post. flexion angle 0.02 − 0.01 to 0.05 0.01 n.s 0.00 − 0.02 to 0.01 0.00 n.s
Post. residual pain 0.01 − 0.01 to 0.03 0.01 n.s 0.02 − 0.02 to 0.06 0.00 n.s
Post. HKA angle 0.04 − 0.24 to 0.31 0.00 n.s − 0.10 − 0.24 to 0.04 0.02 n.s
Post. β angle − 0.01 − 0.13 to 0.10 0.00 n.s − 0.07 − 0.28 to 0.14 0.00 n.s
TOH or TUH
 AP zone: 1 − 0.63 − 1.06 to − 0.20 0.06 0.004 – – –
 AP zone: 2 – – – – 0.10 − 0.25 to 0.06 0.01 n.s

Cement mantle
 AP zone: 1 − 0.40 − 0.88 to 0.08 0.02 n.s 0.11 − 0.16 to 0.37 0.01 n.s
 AP zone: 2 − 0.10 − 0.37 to 0.16 0.01 n.s 0.03 − 0.18 to 0.11 0.00 n.s
 AP zone: 3M 0.02 − 0.30 to 0.34 0.00 n.s 0.07 − 0.10 to 0.24 0.01 n.s
 AP zone: 3L 0.22 − 0.18 to 0.47 0.03 n.s 0.03 − 0.11 to 0.16 0.00 n.s
 AP zone: 5 0.10 − 0.01 to 0.20 0.03 n.s 0.05 0.00 to 0.11 0.03 0.039
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cement mantle in zone 5 was the strongest risk factor in zone 
2 (Table 6). On the lateral view, postoperative knee flexion 
angle was the strongest risk factor for increased TR in zone 
1, and TUH was the strongest risk factor in zone 2, because 
the t values of age and TUH were 3.7 and 6.8, respectively 
(Table 7). However, no gross loosening was observed in any 
cases at 2-year follow-up.

Discussion

The most important finding of this study was that TUH and 
a thicker cement mantle at the distal part of the tibial keel 
on AP radiographs at 2-year follow-up after TKA resulted in 
progressive medial and lateral TRs, respectively. This study 

also found that the most important predictive factors for 
increased anterior and posterior TRs on the lateral view were 
the postoperative knee flexion angle and TUH, respectively.

Few studies have focused on TOH or TUH in TKA [34]. 
In regard to component over- or underhang, a previous study 
of unicompartmental knee arthroplasty (UKA) reported that 
medial TOH of ≥ 3 mm caused worse postoperative patient 
outcomes, but significant TUH should be avoided because 
of tibial component loosening and subsidence [9]. However, 
UKA generally aims for a slight varus alignment, whereas 
TKA, including that performed in this study, largely aims for 
a neutral alignment. Therefore, the biomechanics at the tibial 
bone–component interface differ between UKA and TKA. 
Berend et al. [4, 5] found that tibial component loosening 
and migration in TKA was related to a BMI greater than 
33 kg/m² and an undersized tibial component. Oversizing the 

Table 5   Simple linear 
regression analysis for 2-year 
tibial bone radiolucency in each 
zone on lateral radiographs

TR tibial bone resorption, Coef. coefficient, Sex female = 1, male = 0, BMI body mass index, Post. postop-
erative, Pain (+) = 0, (−) = 1, HKA hip-knee-ankle, TOH tibial overhang (positive value), TUH tibial under-
hang (negative value), n.s nonsignificant

Variables 2-Year lateral TR

Zone 1 Zone 2

Coef. 95%CI R2 p value Coef. 95%CI R2 p value

Sex − 0.33 − 0.99 to 0.33 0.01 n.s − 0.23 − 0.99 to 0.94 0.00 n.s
Age 0.02 − 0.02 to 0.06 0.01 n.s 0.10 0.04 to 0.16 0.10 0.001
BMI − 0.04 − 0.10 to 0.03 0.01 n.s − 0.08 − 0.17 to 0.01 0.02 n.s
Post. flexion angle 0.02 0.00 to 0.03 0.04 0.019 0.01 − 0.01 to 0.37 0.01 n.s
Post. residual pain 0.00 − 0.04 to 0.05 0.00 n.s 0.00 − 0.03 to 0.03 0.00 n.s
Post. HKA angle 0.11 − 0.01 to 0.23 0.03 n.s − 0.16 − 0.35 to 0.03 0.02 n.s
Post. δ angle 0.30 − 0.03 to 0.62 0.02 n.s − 0.07 − 0.16 to 0.29 0.00 n.s
TOH or TUH
 Lateral zone: 1 − 0.18 − 0.33 to − 0.32 0.04 0.017 – – – –
 Lateral zone: 2 – – – – − 0.33 − 0.44 to − 0.23 0.23 0.001

Cement mantle
 Lateral zone: 1 − 0.99 − 0.32 to 0.13 0.01 n.s 0.16 − 0.17 to 0.49 0.01 n.s
 Lateral zone: 2 − 0.01 − 0.19 to 0.18 0.00 n.s 0.18 − 0.10 to 0.46 0.01 n.s
 Lateral zone: 3A 0.15 0.01 to 0.29 0.03 0.040 0.06 − 0.16 to 0.27 0.00 n.s
 Lateral zone: 3P 0.13 − 0.03 to 0.28 0.02 n.s 0.09 − 0.15 to 0.32 0.00 n.s
 Lateral zone: 5 0.06 0.01 to 0.10 0.05 0.014 − 0.09 − 0.16 to − 0.03 0.05 0.007

Table 6   Multiple linear 
regression analysis for 2-year 
tibial bone radiolucency in 
each zone on anteroposterior 
radiographs

AP anteroposterior, TR tibial bone resorption, Coef. coefficient, aR2 adjoined R2, TOH tibial overhang (pos-
itive value), TUH tibial underhang (negative value)

Variables 2-Year AP TR

Zone 1 Zone 2

Coef. 95%CI p value aR2 Coef. 95%CI p value aR2

TOH or TUH
 Zone: 1 − 0.61 − 1.04 to − 0.18 0.006 – – –

Cement mantle
 Zone: 5 0.10 0.01 to 0.20 0.042 0.07 0.06 0.01 to 0.11 0.027 0.03
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tibial component has also not been recommended because it 
results in local pain in the posterolateral corner after TKA 
with TOH in the posterolateral lesion [34]. To avoid tibial 
oversizing and malpositioning [3, 8], when TOH occurred 
intraoperatively in this study, surgeons tended to choose a 
tibial component one size smaller than that predicted dur-
ing preoperative planning [10, 19, 20, 25]; this raised the 
likelihood of TUH, which would subsequently increase TR 
due presumably to lack of weight bearing at the uncovered 
bone. The findings of this study suggest that surgeons should 
perfectly fit an appropriately sized tibial component to the 
medial edge of the tibial bone to avoid extensive 2-year post-
operative TR. Our clinical outcome at 2 years after TKA, 
including postoperative residual knee joint pain, was not 
affected by TR [2, 16, 22].

It is very important to achieve a strong bone–cement 
interface in TKA through appropriate cementation tech-
niques [14, 35]. In this study, the group with a cement 
mantle thickness of > 5.0 mm in zone 5 had a significantly 
increased TR compared with the group with an ideal cement 
mantle thickness of ≤ 5.0 mm. This difference probably 
occurred due to stress shielding in the former group, because 
the tibial component interlocked with the more distal part of 
the tibia. Previous studies also showed that a longer tibial 
keel caused greater stress shielding and increased the risk of 
tibial component loosening [17, 32]. Previous finite element 
(FE) analyses showed that metaphyseal strain shielding of 
the tibia was greater with a fully cemented standard stem 
than with a proximally cemented standard stem [7, 32]. In 
addition, proximal tibial strain shielding was greater with 
a fully cemented longer stem than with a fully cemented 
standard stem, while strain concentration of the distal por-
tion was greatest with the fully cemented longer stem [32]. 
Another biomechanical study found that load sharing at the 
tibial cortical rim was lower when using a fully cemented 
longer stem than when using fully cemented short stem or 
a press-fit longer stem because of distal stress distribution 

[12]. The present study found no residual postoperative knee 
joint pain due to stress concentration at the distal keel.

This is the first study to confirm the relationship between 
2-year anterior TR and postoperative flexion angle after 
TKA. Regarding the femoral side, one study using an FE 
simulation reported that the highest shear stresses were found 
at the cement–implant interface behind the anterior flange 
of a high-flex femoral component [38]. Another study also 
showed that the anterior flange was at greatest risk of failure, 
especially in patients with high flexion angles [41]. However, 
no studies thus far have examined the relationship between 
failure of the tibial bone–component interface and the post-
operative knee flexion angle. A greater postoperative flexion 
angle with increased femoral rollback would induce a larger 
lifting force at the anterior bone–component interface. Atten-
tion should be paid to anterior excessive TR in patients with 
high postoperative flexion angles. The clinical relevance of 
this study is that surgeons should avoid both medial TUH 
from the edge of the medial tibial cutting surface and an 
excessive cement mantle (i.e., > 5.0 mm) at the distal por-
tion of the keel during TKA. This knowledge can be useful in 
daily clinical settings to achieve both suitable preparation of 
the tibial cutting surface and appropriate cementation tech-
niques to avert postoperative progressive TR.

This study has several limitations. First, it used a single 
component design with a tibial component made of Ti. Pre-
vious studies reported that CoCr tibial baseplates were asso-
ciated with significantly more medial tibial resorption than 
Ti baseplates, because stiffer tibial component materials had 
more stress shielding; the modulus of elasticity of CoCr is 
higher than that of Ti, resulting in greater medial tibial stress 
shielding [11, 23, 24]. Second, a previous study reported 
that higher BMI and overall limb varus were risk factors 
associated with aseptic loosening, but the mean BMI of the 
participants in this study was relatively low at 26.0 kg/m², 
and the mean postoperative HKA angle was slightly valgus 
[1, 5]. Third, in this study a single examiner performed each 

Table 7   Multiple linear 
regression analysis for 2-year 
tibial bone radiolucency in each 
zone on lateral radiographs

TR tibial bone resorption, Coef. coefficient, aR2 adjoined R2, Post. postoperative, HKA hip-knee-ankle, 
TOH tibial overhang (positive value), TUH tibial underhang (negative value)

Variables 2-Year lateral TR

Zone 1 Zone 2

Coef. 95%CI p value aR2 Coef. 95%CI p value aR2

Post. flexion angle 0.02 0.01 to 0.03 0.005 – – –
Age – – – 0.09 0.04 to 0.14 0.001
Post. HKA angle – – – 0.21 0.06 to 0.36 0.007
TOH or TUH
 Zone: 1 − 0.16 − 0.29 to − 0.20 0.026 – – –
 Zone: 2 – – – − 0.34 − 0.43 to − 0.24 0.001

Cement mantle
 Zone: 5 0.05 0.01 to 0.10 0.018 0.11 − 0.08 − 0.14 to − 0.02 0.007 0.37
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radiographic measurement three times. The intra-observer 
reproducibility was excellent, but the reliability might be 
higher if measurements were made by three examiners. 
Fourth, a relatively small number of participants were cho-
sen over a long recruitment period. This was because many 
knees met the exclusion criteria since we were only inves-
tigating the influence of insufficient coverage of the tibial 
component on the tibial cutting surface and that of a thick 
cement mantle around the tibial keel on tibial bone resorp-
tion. Finally, the follow-up time was 2 years, while previous 
studies reported that progressive TR and bone loss could 
occur within 2 years postoperatively [15]. However, it is 
still difficult to determine whether or not massive TR leads 
to aseptic loosening, and longer-term research is needed.

Conclusions

Medial TUH caused increased medial TR, and a thicker dis-
tal cement mantle around the tibial keel resulted in lateral 
TR on 2-year AP radiographs. On the lateral view, the post-
operative knee flexion angle and TUH were the most signifi-
cant risk factors for increased anterior and posterior TRs, 
respectively. There was no gross loosening or residual knee 
joint pain related to TR in any cases at 2-year follow-up.
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