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Abstract 

Background: Setting bone cutting levels for different joint line orientations of the medial and lateral tibia plateaus in 
individual patients is not clear. We aimed to evaluate the difference between joint line orientation of the medial and 
lateral tibia plateaus relative to the horizontal line of mechanical axis of tibia as tibial plateau difference (TPD) for an 
optimal tibial bone cut in medial unicompartmental knee arthroplasty (UKA) and determine which factors could influ‑
ence TPD. We aimed to investigate the effect of preoperative TPD on polyethylene liner size in medial UKA.

Methods: TPD in the coronal plane were measured in 181 female patients (181 knees). To determine the morphology 
of proximal tibia according to the severity of osteoarthritis, the patients were classified into three groups based on 
diagnosis and treatment: 80 who underwent robot‑assisted medial UKA, 45 who underwent total knee arthroplasty 
(TKA), and 56 with early‑stage osteoarthritis (OA) who had conservative management. Also, we divided the medial 
UKA group into two groups according to TPD (greater than or less than 5 mm) and compared polyethylene liner sizes.

Results: No significant difference was observed in TPD (p = 0.662), difference between the medial and lateral femoral 
condyle levels (p = 0.54), medial proximal tibial angle (p = 0.169), or posterior tibial slope (p = 0.466) among the three 
groups. Increased TPD was significantly associated with increased mechanical femorotibial angle(mFTA) (p < 0.01). 
The medial UKA group was divided into two groups according to TPD greater or less than 5 mm. Thicker polyethylene 
liners were used for groups with TPD greater than 5 mm (8.5 ± 0.7 mm versus 8.2 ± 0.3 mm, p = 0.01). Additionally, 
the proportion of patients using the thinnest polyethylene (8 mm) in each TPD group (greater or less than 5 mm) was 
higher in patients with TPD less than 5 mm (82.4% versus 58.7%, p = 0.038).

Conclusions: Preoperative measurement of TPD is important to help surgeons predict the most appropriate bone 
cutting level in the coronal plane in primary medial UKA. Tibial bone resection would be likely to be thicker than 
needed in patients with increased TPD in medial UKA.
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Background
Medial unicompartmental knee arthroplasty (UKA) is 
becoming common, especially among young patients 
or those with early localized osteoarthritis (OA)  [1–4]. 
Compared to total knee arthroplasty (TKA), UKA is 
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advantageous because it restores physiological knee 
kinematics, resulting in better postoperative function 
with preservation of the bone and ligaments and allow-
ing for less invasive procedures when revision surgery 
is needed  [5, 6]. Even though flexion and extension gap 
balancing is most important factor for surgical out-
comes with medial UKA, minimal tibial resection is also 
important to sit on stronger subchondral bone and pre-
vent excessive bone loss  [7]. Several studies report that 
surgeons should preserve the joint line at the anatomi-
cal point in medial UKA surgery to determine the bone 
cutting level of the tibial plateau [8, 9]. However, no con-
sensus exists regarding how much tibial bone cutting is 
appropriate for primary medial UKA.

Surgeons may follow the patient’s natural anatomy such 
as joint line orientation and level for bone cutting of the 
medial tibial plateau in medial UKA. If one patient shows 
a difference of only a few millimeters between joint line 
orientation of the medial and lateral tibial plateau relative 
to a line perpendicular to the mechanical axis of tibia in 
the coronal plane, while another shows a larger difference 
(e.g., 8–10 mm), surgeons may consider different cutting 
levels for these patients. An especially substantial differ-
ence is reported in the morphology of the tibia plateau 
and common proximal tibia vara in knee osteoarthritic 
patients who are Asian compared to Western popula-
tions [10, 11]. The tibia bone cutting level in medial UKA 
could have significant effects on surgical outcomes of 
implant fixation and ligament balance. Nevertheless, how 
to set bone cutting levels for different joint line orienta-
tion of medial and lateral tibia plateaus level by patient 
is not known. Thus, we hypothesized that differences in 
medial and lateral tibia plateau joint line orientations of 
patients would affect tibial bone cutting levels in medial 
UKA and be associated with polyethylene liner size for 
ligament balancing.

Therefore, the purpose of this study was to evaluate 
the differences in medial and lateral tibia plateaus joint 
line orientations for optimal tibial bone cutting in medial 
UKA and to identify factors influencing tibia plateau dif-
ferences. We aimed to investigate the effect of differences 
in joint line orientation of medial and lateral tibia pla-
teaus on polyethylene liner size.

Methods
Subjects
This retrospective study analyzed 181 female patients 
(181 knees) who were consecutively treated between 
January 2016 and January 2018. Patients were distrib-
uted among three groups based on diagnosis and man-
agement: Group 1 comprised 45 patients with severe 
degenerative medial OA (Kellgren-Lawrence grade III 
or IV) of the knee who were scheduled for TKA. Group 

2 included 80 patients with severe degenerative isolated 
medial compartment OA (Kellgren-Lawrence grade III or 
IV) of the knee who were scheduled for robotic-assisted 
medial UKA (MAKO Surgical Corporation, Fort Laud-
erdale, FL, USA). After MRI evaluation, patients without 
lateral compartment OA or patellofemoral and without 
ACL deficiency were enrolled in the medial UKA group. 
Group 3 comprised 56 patients with early stage medial 
compartment OA Kellgren-Lawrence grade I or II) of 
the knee who received conservative management at an 
outpatient clinic. Patients with lower-extremity fixed 
deformities such as severe varus or a valgus knee deform-
ity of greater than 10 degrees, inflammatory arthritis, 
post-traumatic arthritis, or a history of previous surgery 
including arthroscopic procedures were excluded.

Data collection
Several variables were measured on long bone radio-
graphs of patients taken by a standard radiographic pro-
tocol using a digital radiographic system (Definium8000, 
GE Healthcare, Waukesha, WI, USA). All radiographs 
were taken at first outpatient clinic visit with true ante-
rior–posterior radiographic images with the patella as 
the center. The mechanical femoro-tibial axis (mFTA), 
medial proximal tibial angle (MPTA), tibial plateau 
difference (TPD, tibial plateau difference; difference 
between joint line orientation of the medial and lateral 
tibia plateaus relative to the horizontal line of mechanical 
axis of tibia in the coronal plane), and difference between 
the medial and lateral femoral condyles in the coronal 
plate (FD) were measured on the anterolateral view. The 
posterior tibial slope was measured on the lateral view 
(Figs.  1  and  2). The mTFA was measured as the angle 
between the line from the center of the femoral head to 
the center of the knee, and the line from the center of 
the knee to the center of the ankle (Fig.  1). The medial 
proximal tibial angle was measured as the angle between 
the tibial mechanical axis and the articular surface of the 
proximal tibia. TPD was measured by drawing a perpen-
dicular line on the mechanical axis of the tibia starting 
from the most distal point of the medial tibial plateau. 
The perpendicular distance from this line to the joint sur-
face on the lateral tibia plateau was the TPD (Fig. 3). The 
FD was defined as the difference between two lines that 
started from a perpendicular line at the level of the inter-
condylar notch of the mechanical axis of the femur to the 
medial and lateral joint surfaces of the femoral condyles 
(Fig. 3).

On the true lateral knee radiograph, the posterior tibial 
slope was measured as the angle between a line perpen-
dicular to the long axis of the tibia and a line from the 
anterior to the posterior medial tibial plateau (Fig. 2). All 
measurements were taken by two orthopedic surgeons 
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and repeated after an interval of more than 2  weeks. 
The degree of measurement reliability was evaluated 
using intraclass correlation coefficients (ICC). Calcula-
tion of ICC values was performed by two experienced 
orthopedic surgeons. For ICC analysis, values less than 
0.2 were considered to indicate poor agreement; 0.21 to 
0.40, fair agreement; 0.41 to 0.60, moderate agreement; 
0.61 to 0.80, good agreement; and above 0.80, excellent 
agreement [12].

Surgical procedures
All TKA and medial UKA surgeries for Group 1 and 
Group 2 patients were performed by a single experienced 

surgeon (KKP) using a parapatellar approach. All patients 
in Group 1 (TKA) received TKA with posterior sta-
bilized prosthesis (Zimmer LPS-Flex Gender Knee, 
Zimmer, Inc., Warsaw, IN, USA) using a fixed-bearing 
polyethylene liner. All patients in Group 2 received 
robotic-assisted medial UKA with RESTORIS MCK 
implant (Stryker Corp., Mahwah, NJ, USA). In patients 
with robotic-assisted medial UKA, preoperative CT 
scans were performed to facilitate preoperative surgi-
cal planning. Intraoperative registration and ligament 
balancing were performed by recording the flexion and 
extension gaps through the knee’s range of motion. Mini-
mal bone resection was performed using a high-speed 

Fig. 1 Measurement of the mFTA with two perpendicular lines at the 
level of the femoral intercondylar notch and at the level of the medial 
tibia plateau mFTA, mechanical femoro‑tibial angle

Fig. 2 Measurement of the posterior tibial slope, defined as the 
angle between a line perpendicular to the long axis of the tibia and a 
line from the anterior to posterior medial tibial plateau
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burr with haptic guided robotic-arm to preserve the 
native soft tissue balance of the knee and to achieve mini-
mal extension gap and insert a thinner polyethylene liner. 
The posterior slope of the proximal tibia resection was 
set to make a 5˚ posterior slope in the sagittal plane. The 
polyethylene liner sizes of medial UKA patients (Group 
2) were compared according to TPD on preoperative 
long bone radiographs.

Statistical analysis
All analyses were performed with the statistical pro-
gram SPSS, version 23 (IBM SPSS statistics, USA). Kol-
mogorov–Smirnov tests revealed that all variables were 
normally distributed. The mean and standard deviation 
of continuous variables were recorded for each group 
(TKA, medial UKA, and early stage OA group). ANOVA 
and Student’s t-test were used for comparisons among 
groups. Multiple linear regression analysis was per-
formed to identify factors influencing TPD. Subgroup 
correlation analysis between TPD and other variables 
was also performed for each group. The P value for statis-
tical significance was set at 0.05. The statistical software 
G*Power (version 3.1.9.4; Hein-rich Heine Universität 
Düsseldorf, DE) was used for sample size calculation. A 

total of 42 subjects were required to perform ANOVA 
analysis with a power of 0.8, effect size of 0.5, and alpha 
error of 0.05, and the sample size of this study satisfied 
this requirement.

Results
Demographic data and radiographic parameters for the 
three groups are in Table 1. Group 1 (TKA) had a larger 
mFTA (6° ± 3.8°; range, 0°-10°) than Group 2 (medial 
UKA) (4.8° ± 3.1°; range, 0°-8°) (p < 0.01) and Group 
3 (early stage OA) (4.6° ± 2.6°; range, 0°-9°) (p < 0.01). 
Patients in the medial UKA and early stage OA groups 
did not differ in mFTA. Most patients in Group 1 (TKA) 
had mFTA 5°-10° (75.6%) for varus angulation. Most 
patients in Group 2 (medial UKA) (62.5%) had mFTA 
5°-10°, followed by 0°-5° (37.5%) for varus angulation. 
Most patients in Group 3 (early stage OA) had mFTA 
0°-5° (57.1%) (Table 1).

No significant difference was observed in BMI 
(p = 0.345), TPD (p = 0.882), FD (p = 0.74), MPTA 
(p = 0.769), or posterior tibial slope (p = 0.066) among 
the three groups (Table  1). In all groups, most patients 
had TPD 5–10  mm. No patients had TPD greater than 
10 mm (Table 2). Minimal bone cutting aimed to balance 
flexion and extension gaps and ligaments during robotic-
assisted medial UKA. When Group 2 (medial UKA) was 
divided into two groups according to TPD (greater than 
and less than 5  mm), thicker polyethylene liners were 
used for the group with greater than 5 mm (8.5 ± 0.7 mm 
versus 8.2 ± 0.3 mm, p = 0.01). The proportion of patients 
using the thinnest polyethylene in each TPD group 
(greater than and less than 5 mm) was higher in patients 
with TPD less than 5 mm (82.4% versus 58.7%, p = 0.038) 
(Table 3).

Multiple linear regression analysis was performed to 
determine factors influencing TPD in all patients. Mul-
tiple linear regression analysis revealed that TPD was 
significantly influenced by increased mFTA (p < 0.01; 
beta coefficients = 0.333) and decreased FD (p = 0.017; 
beta coefficient = 0.341) but not BMI (p = 0.110), age 
(p = 0.601), or posterior tibial slope (p = 0.398) (Table 4).

Table  5 shows the ICC values for intra-and interob-
server variability for all radiologic measurements. All 
of the ICC values for both intraobserver reliability and 
interobserver reliability were greater than 0.9.

Discussion
The most important finding of this study is that increased 
preoperative TPD of patients receiving robotic-assisted 
medial UKA was significantly associated with preop-
erative increased mFTA. Increased mFTA in varus 
knees increased total wear on the medial tibia plateau 
(as increased TPD) and the medial femoral condyle (as 

Fig. 3 Measurement of TPD and FD. After the mFTA was measured, a 
perpendicular line was drawn at the level of the intercondylar notch 
with two perpendicular lines drawn from this line to the medial 
femoral condyle joint surface (line A) and lateral femoral condyle 
joint surface (line B). The difference between the two lines (A‑B) 
was the FD. On the tibial side, the TPD was measured by drawing a 
perpendicular line on the mechanical axis of the tibia starting from 
the medial tibial plateau joint surface. The perpendicular distance 
from this line to the lateral tibial plateau was the TPD (line C). mFTA, 
mechanical femoro‑tibial angle; FD, the difference between the 
medial and lateral femoral condyle levels; TPD, tibia plateau difference
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decreased FD), which supports load on the mechani-
cal axis. Even though TPD was affected by the degree of 
varus angulation in our study, no significant difference 
was seen in TPD among early stage OA, medial UKA, 
and TKA groups. Furthermore, increased preoperative 
TPD greater than 5  mm with robotic-assisted medial 
UKA was associated with requiring thicker PE. This sug-
gests that more tibial bone cutting may be needed for lig-
ament balance in patients with increased TPD in medial 

Table 1 Comparison of descriptive data among the three groups

Data are mean ± standard deviation (range)

TKA total knee arthroplasty, UKA unicompartmental knee arthroplasty, OA osteoarthritis, mFTA medial proximal tibial angle, MPTA mechanical femoro-tibial axis, TPD 
tibia plateau difference, FD difference between the medial and lateral femoral condyle levels

p* p-value between TKA and medial UKA group, p† p-value between TKA and early stage OA group, p‡ p-value between medial UKA and early stage OA group

TKA
(n = 45)

Medial UKA
(n = 80)

Early stage OA
(n = 56)

p p* p† p‡

Age (years) 71.9 ± 6.1
(52–86)

64.8 ± 6.6
(50–81)

67.7 ± 5.8
(60–84)

 < 0.01  < 0.01  < 0.01  < 0.01

BMI
(Kg/m2)

25.6 ± 2.3
(18.1–29.7)

25.2 ± 2.3
(20.6–30.3)

24.7 ± 3
(19.9–36)

0.345 0.918 0.367 1.000

mFTA(°) 6 ± 3.8
)0–10)

4.8 ± 3.1
(0–8)

4.6 ± 2.6
(0–9)

 < 0.01  < 0.01  < 0.01 1.000

0° to 5° 11 (24.4%) 30 (37.5%) 32 (57.1%)

5° to 10° 34 (75.6%) 50 (62.5%) 24 (42.9%)

MPTA (°) 86.2 ± 1.9
(84–90)

86.3 ± 1.7
(84–90)

86.8 ± 1.6
(82–90)

0.769 0.887 0.466 0.366

TPD (mm) 5.2 ± 2.8
(‑3–9.4)

5.9 ± 2.2
(‑1.5–9.8)

5.6 ± 2.4
(‑2.8‑ 9.2)

0.882 0.949 0.883 0.972

Posterior tibia slope(°) 10.5 ± 3
(‑2.2–15.3)

9.8 ± 2.7
(4.4–16.3)

10.7 ± 2.7
(4.9–16.6)

0.066

FD (mm) 1 ± 1.4
(‑1.7‑ 3.9)

1.3 ± 1.3
(‑1.5–4.3)

1.1 ± 1.5
(‑1.5–4.4)

0.74 0.982 0.643 0.457

Table 2 TPD distribution in the three groups of patients

TKA total knee arthroplasty, UKA unicompartmental knee arthroplasty, OA 
osteoarthritis, mFTA mechanical femoro-tibial axis, TPD tibia plateau difference, 
FD difference between the medial and lateral femoral condyle levels

TPD (mm) Medial UKA
(n = 80)

TKA
(n = 45)

Early stage OA
(n = 56)

-3 to 0 4 (5%) 2 (4.4%) 2 (3.6%)

0 to 5 30 (37.5%) 18 (40%) 18 (32.1%)

5 to 10 46 (57.5%) 25 (55.6%) 36 (64.3%)

Table 3 Comparison of the greater TPD and lesser TPD groups in medial UKA

Data are mean ± standard deviation (range)

UKA unicompartmental knee arthroplasty, BMI body mass index, mFTA mechanical femoro-tibial angle, TPD tibia plateau difference

TPD < 5 mm (N = 34) TPD 5–10 mm (N = 46) p

Age (years) 62.6 ± 6.2 64.6 ± 5.6 0.195

BMI (Kg/m2) 24.7 ± 2.7 25.4 ± 2.0 0.181

mFTA (°) 4.9 ± 3.6 5.1 ± 4.1 0.818

Posterior tibia slope (°) 7.6 ± 3.1 8.6 ± 3.0 0.153

Polyethylene size (mm) 8.2 ± 0.3 8.5 ± 0.7 0.01

Polyethylene size distribution
 8 mm 28 27

 9 mm 6 14

 10 mm 0 5

Proportion of thinnest PE (8 mm) 28/34 (82.4%) 27/46 (58.7%) 0.038
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UKA. The use of thin polyethylene liners for medial UKA 
is important because it has demonstrated excellent long-
term clinical outcomes [13] and is influenced by the tibia 
bone cutting level. Although each implant manufacturer 
has a recommended cutting-level guide for the proximal 
tibia for medial UKA, depending on implant characteris-
tics, no consensus exists on the ideal amount of proximal 
bone resection from the tibia. Minimizing tibia resec-
tion while considering preservation of the joint line and 
equivalence of the flexion and extension gaps is known 
to be the most important factor for survival after medial 
UKA [9, 14, 15]. However, little is known about the rela-
tionship between proper bone resection and the shape of 
the medial and lateral tibia plateaus. The amount of tibial 
resection in medial UKA depends on surgeon experience 
and intraoperative decisions, and has not been well stud-
ied for patients with OA. In this retrospective study, we 
found a significant relationship between mFTA and dif-
ferences in the medial and lateral tibial plateau levels. We 
might need to consider tibial cutting level in medial UKA 
depending on the shape of the patient’s tibia plateau and 
difference between joint line orientation of medial and 
lateral plateaus.

Correcting limb alignment to neutral or slight varus 
has been advocated in the literature  [16, 17]. Hernigou 

et  al. studied the effects of knee alignment after medial 
UKA on polyethylene wear and lateral compartment 
degeneration. They found that undercorrection increases 
polyethylene wear while overcorrection to valgus 
increases lateral compartment degeneration  [18]. Some 
authors studied the predicted amount of varus align-
ment correction and the amount of joint line elevation 
in medial UKA [19]. They found a significant correlation 
between joint line elevation and amount of limb cor-
rection. The amount of limb alignment correction was 
determined by the amount of tibial bone cut and the size 
of polyethylene used. Although we performed robotic-
assisted medial UKA to obtain proper ligament balance 
and to minimize bone cutting using high-speed burr and 
a thinner PE target (8  mm), 27 patients (58.7%) in the 
higher TPD group (greater than 5  mm) needed 8-mm 
PE, whereas 28 patients (82.4%) in the lower TPD group 
(less than 5 mm) needed 8-mm PE. The need for a thicker 
polyethylene liner could result from excessive tibia bone 
cutting level or injury to or attenuation of the medial 
collateral ligament  [13]. Because we confirmed that 
patients with increased preoperative TPD in medial UKA 
required thicker PE, we believe that decisions about the 
cutting level of the proximal tibia should be made based 
on patient anatomy and deformity and that measur-
ing mFTA and TPD would be helpful to determine how 
much bony cutting is needed in medial UKA to achieve 
good long-term results.

The main concern for surgeons in revising medial UKA 
to TKA is the need for augments, a stem, or both due to 
aseptic loosening, osteoarthritis progression, and unex-
plained pain [20]. Although the use of PE thickness as a 
surrogate for tibial bone loss is controversial because of 
assumptions about preservation of the joint line and ade-
quate ligament balance [21], we performed medial UKA 
using a robotic-assisted system with accurate preserva-
tion of joint line and adequate ligament balance. Reduc-
ing proximal tibial bone cutting in patients with a larger 
TPD in primary medial UKA and using thinner PE liners 
for balancing might reduce the chance that more aggres-
sive implants would be needed on the tibial side, such as 
a wedge augment or long stem, during revision surgery. 
Therefore, evaluating preoperative TPD in medial UKA 
would help minimize bone defects that may occur in 
revision surgery by performing appropriate tibia bone 
cutting.

This study had some limitations. First, all patients 
in this study were female. Female gender dominance 
has been found in most TKA studies  [22], and is par-
ticularly remarkable among patients with knee OA 
in Korea  [23, 24]. Care should be taken when apply-
ing our results to males or other ethnic groups. Sec-
ond, this was a retrospective study that did not assess 

Table 4 Multiple linear regression analysis of factors influencing 
tibial plateau difference (R‑square = 0.192)

95% CI 95% confidence interval, mFTA mechanical femoro-tibial angle, TPD tibia 
plateau difference, FD difference between medial and lateral femoral condyle 
level

Beta coefficients 95% CI p

Age 0.016 ‑0.044 ‑0 .075 0.601

BMI ‑0.088 ‑0.238—0.061 0.110

mFTA 0.333 0.214—0.451  < 0.01

Posterior tibia 
slope

0.059 ‑0.079—0.198 0.398

FD 0.341 0.062 – 0.621 0.017

Table 5 Intraclass correlation coefficient values of all radiologic 
measurements for intra‑and interobserver variability

ICC intraclass correlation coefficient, mFTA medial proximal tibial angle, MPTA 
mechanical femoro-tibial axis, TPD tibia plateau difference, FD difference 
between the medial and lateral femoral condyle levels

Radiologic parameter ICC

Intraobserver Interobserver

mFTA 0.95 (0.93–0.96) 0.94 (0.93–0.95)

MPTA 0.98 (0.96–0.99) 0.96 (0.94–0.98)

TPD 0.93 (0.91–0.96) 0.96 (0.95–0.97)

Posterior tibial slope 0.91 (0.88–0.94) 0.90 (0.89–0.92)

FD 0.91 (0.89–0.92) 0.95 (0.93–0.97)
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postoperative outcomes. We focused on the preopera-
tive radiographs of medial UKA, TKA, and early stage 
OA patients, so further prospective studies that assess 
different cutting levels of the proximal tibia in medial 
UKA, polyethylene insert thickness, and postopera-
tive alignment would help with preoperative planning 
for UKA. In addition, since we analyzed only the coro-
nal plane of radiographs, not MRI, cartilage thickness 
was not reflected. Also, a comprehensive analysis with 
sagittal plane radiographs was not performed, this was 
also a limitation of this study. Finally, we analyzed only 
a limited number of patients, so further studies are 
needed that include more patients and assess more 
variables. Additionally, because bone resection was 
performed with a high-speed burr in UKA of this study, 
information on the thickness of the tibia bone cutting 
surface could not be obtained. Also soft tissue balanc-
ing was achieved by minimizing soft tissue release to 
preserve the native soft tissue, therefore accurate and 
objective information about soft tissue balancing could 
not be obtained. Nevertheless, this study evaluated the 
importance of preoperative measurement of TPD and 
its clinical significance for the coronal position of the 
tibial component in medial UKA.

Conclusions
A significant association was observed between joint 
line orientation of medial and lateral tibial plateaus 
and mFTA in preoperative evaluation. Preoperative 
planning is key to the success of primary medial UKA 
and revision surgery, so preoperative measurement of 
TPD and mFTA is important to help surgeons predict 
the most appropriate bone cutting level and position of 
the tibial component in the coronal plane in primary 
medial UKA. Tibial bone resection would be likely to 
be thicker than needed in patients with increased TPD 
in medial UKA, so care should be taken to prevent 
excessive bone loss in these patients.

Abbreviations
TPD: Tibial Plateau Difference; UKA: Unicompartmental Knee Arthroplasty; TKA: 
Total Knee Arthroplasty; OA: Osteoarthritis; mTFA: Mechanical femoro‑tibial 
axis; MPTA: Medial proximal tibial angle.

Acknowledgements
Not applicable.

Authors’ contributions
H.M.K., S.A., and K.K.P. designed the study and contributed to analyzing the 
data, writing of the manuscript. I.H.Y. provided the technical assistance. B.Y.C. 
collected the data. W.S.L. contributed to data interpretation and provided 
general support. All authors have read and approved the manuscript.

Funding
This study did not receive any specific financial support.

Availability of data and materials
The datasets generated and analyzed during the current study are not pub‑
licly available due to privacy concern of participants but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective research protocol was approved by the Institutional Review 
Board of Severance Hospital, and informed consent was obtained from all 
study participants before participation in the study (IRB # 4–2018‑1216). 
All methods were carried out in accordance with relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedic Surgery, College of Medicine, Jouf University, 
Sakakah, Saudi Arabia. 2 Department of Orthopedic Surgery, College of Medi‑
cine, Yonsei University, Seoul, Korea. 3 Department of Orthopaedic Surgery, 
Yongin Severance Hospital, Yonsei University College of Medicine, 363, 
Dongbaekjukjeon‑daero, Yongin 16995, Gyeonggi‑do, Korea. 

Received: 24 August 2021   Accepted: 4 April 2022

References
 1. Catier C, Turcat M, Jacquel A, Baulot E. The Unispacer unicompartmental 

knee implant: its outcomes in medial compartment knee osteoarthritis. 
Orthop Traumatol Surg Res. 2011;97(4):410–7. https:// doi. org/ 10. 1016/j. 
otsr. 2010. 12. 005.

 2. Pandit H, Jenkins C, Gill HS, Barker K, Dodd CA, Murray DW. Minimally 
invasive Oxford phase 3 unicompartmental knee replacement: results of 
1000 cases. J Bone Joint Surg Br. 2011;93(2):198–204. https:// doi. org/ 10. 
1302/ 0301‑ 620X. 93B2. 25767.

 3. Hiranaka T, Tanaka T, Fujishiro T, Okimura K, Shigemoto R, Araki S, Okada R, 
Nako R, Okamoto K. A Novel Technique for Varus Tibial Cutting for Oxford 
Unicompartmental Knee Arthroplasty. Clin Orthop Surg. 2020;12(4):554–
7. https:// doi. org/ 10. 4055/ cios2 0191.

 4. Holzer LA, Holzer G. The most influential papers in unicompartmental 
knee arthroplasty. Knee Surg Relat Res. 2020;32(1):54. https:// doi. org/ 10. 
1186/ s43019‑ 020‑ 00072‑1.

 5. Goh GS, Bin AbdRazak HR, Tay DK, Chia SL, Lo NN, Yeo SJ. Unicompart‑
mental Knee Arthroplasty Achieves Greater Flexion With No Difference in 
Functional Outcome, Quality of Life, and Satisfaction vs Total Knee Arthro‑
plasty in Patients Younger Than 55 Years. A Propensity Score‑Matched 
Cohort Analysis. J Arthroplasty. 2018;33(2):355–61. https:// doi. org/ 10. 
1016/j. arth. 2017. 09. 022.

 6. Park KK, Han CD, Yang IH, Lee WS, Han JH, Kwon HM. Robot‑assisted 
unicompartmental knee arthroplasty can reduce radiologic outliers 
compared to conventional techniques. PLoS ONE. 2019;14(12):e0225941. 
https:// doi. org/ 10. 1371/ journ al. pone. 02259 41.

 7. Small SR, Berend ME, Rogge RD, Archer DB, Kingman AL, Ritter MA. Tibial 
loading after UKA: evaluation of tibial slope, resection depth, medial 
shift and component rotation. J Arthroplasty. 2013;28(9 Suppl):179–83. 
https:// doi. org/ 10. 1016/j. arth. 2013. 01. 004.

 8. Kwon OR, Kang KT, Son J, Suh DS, Baek C, Koh YG. Importance of joint 
line preservation in unicompartmental knee arthroplasty: Finite element 
analysis. J Orthop Res. 2017;35(2):347–52. https:// doi. org/ 10. 1002/ jor. 
23279.

 9. Kuroda Y, Takayama K, Ishida K, Hayashi S, Hashimoto S, Tsubosaka M, Mat‑
sushita T, Niikura T, Nishida K, Kuroda R, et al. Medial joint line elevation 
of the tibia measured during surgery has a significant correlation with 
the limb alignment changes following medial unicompartmental knee 

https://doi.org/10.1016/j.otsr.2010.12.005
https://doi.org/10.1016/j.otsr.2010.12.005
https://doi.org/10.1302/0301-620X.93B2.25767
https://doi.org/10.1302/0301-620X.93B2.25767
https://doi.org/10.4055/cios20191
https://doi.org/10.1186/s43019-020-00072-1
https://doi.org/10.1186/s43019-020-00072-1
https://doi.org/10.1016/j.arth.2017.09.022
https://doi.org/10.1016/j.arth.2017.09.022
https://doi.org/10.1371/journal.pone.0225941
https://doi.org/10.1016/j.arth.2013.01.004
https://doi.org/10.1002/jor.23279
https://doi.org/10.1002/jor.23279


Page 8 of 8Alruwaili et al. BMC Musculoskeletal Disorders          (2022) 23:342 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2018;26(11):3468–73. 
https:// doi. org/ 10. 1007/ s00167‑ 018‑ 4935‑1.

 10. Fan L, Xu T, Li X, Zan P, Li G. Morphologic features of the distal femur and 
tibia plateau in Southeastern Chinese population: A cross‑sectional study. 
Medicine (Baltimore). 2017;96(46):e8524. https:// doi. org/ 10. 1097/ MD. 
00000 00000 008524.

 11. Lasam MP, Lee KJ, Chang CB, Kang YG, Kim TK. Femoral lateral bowing 
and varus condylar orientation are prevalent and affect axial alignment of 
TKA in Koreans. Clin Orthop Relat Res. 2013;471(5):1472–83. https:// doi. 
org/ 10. 1007/ s11999‑ 012‑ 2618‑7.

 12. Landis JR, Koch GG. The measurement of observer agreement for cat‑
egorical data. Biometrics. 1977;33(1):159–74.

 13. Pandit H, Hamilton TW, Jenkins C, Mellon SJ, Dodd CA, Murray DW. The 
clinical outcome of minimally invasive Phase 3 Oxford unicompartmen‑
tal knee arthroplasty: a 15‑year follow‑up of 1000 UKAs. Bone Joint J. 
2015;97‑b(11):1493–500. https:// doi. org/ 10. 1302/ 0301‑ 620x. 97b11. 35634.

 14. Zambianchi F, Franceschi G, Rivi E, Banchelli F, Marcovigi A, Nardacchione 
R, Ensini A, Catani F. Does component placement affect short‑term clini‑
cal outcome in robotic‑arm assisted unicompartmental knee arthro‑
plasty? Bone Joint J. 2019;101‑b(4):435–42. https:// doi. org/ 10. 1302/ 0301‑ 
620x. 101b4. Bjj‑ 2018‑ 0753. R1.

 15. Zambianchi F, Franceschi G, Rivi E, Banchelli F, Marcovigi A, Khabbaze 
C, Catani F. Clinical results and short‑term survivorship of robotic‑
arm‑assisted medial and lateral unicompartmental knee arthroplasty. 
Knee Surg Sports Traumatol Arthrosc. 2019. https:// doi. org/ 10. 1007/ 
s00167‑ 019‑ 05566‑4.

 16. Vasso M, Del Regno C, D’Amelio A, Viggiano D, Corona K, Panni AS. Minor 
varus alignment provides better results than neutral alignment in medial 
UKA. Knee. 2015;22(2):117–21.

 17. Zuiderbaan HA, van der List JP, Chawla H, Khamaisy S, Thein R, Pearle AD. 
Predictors of subjective outcome after medial unicompartmental knee 
arthroplasty. J Arthroplasty. 2016;31(7):1453–8.

 18. Hernigou P, Deschamps G. Alignment Influences Wear in the Knee 
after Medial Unicompartmental Arthroplasty. Clin Orthop Relat Res. 
2004;423:161–5. https:// doi. org/ 10. 1097/ 01. blo. 00001 28285. 90459. 12.

 19. Kuwashima U, Okazaki K, Tashiro Y, Mizu‑Uchi H, Hamai S, Okamoto S, 
Murakami K, Iwamoto Y. Correction of coronal alignment correlates with 
reconstruction of joint height in unicompartmental knee arthroplasty. 
Bone Joint Res. 2015;4(8):128–33.

 20. Scott CEH, Powell‑Bowns MFR, MacDonald DJ, Simpson PM, Wade FA. 
Revision of Unicompartmental to Total Knee Arthroplasty: Does the 
Unicompartmental Implant (Metal‑Backed vs All‑Polyethylene) Impact 
the Total Knee Arthroplasty? J Arthroplasty. 2018;33(7):2203–9. https:// 
doi. org/ 10. 1016/j. arth. 2018. 02. 003.

 21. Sarraf KM, Konan S, Pastides PS, Haddad FS, Oussedik S. Bone loss during 
revision of unicompartmental to total knee arthroplasty: an analysis of 
implanted polyethylene thickness from the National Joint Registry data. 
J Arthroplasty. 2013;28(9):1571–4. https:// doi. org/ 10. 1016/j. arth. 2013. 02. 
003.

 22. Crowninshield RD, Rosenberg AG, Sporer SM. Changing demograph‑
ics of patients with total joint replacement. Clin Orthop Relat Res. 
2006;443:266–72. https:// doi. org/ 10. 1097/ 01. blo. 00001 88066. 01833. 4f.

 23. Kim JM, Moon MS. Squatting following total knee arthroplasty. Clin 
Orthop Relat Res. 1995;313:177–86.

 24. Kim YH, Sohn KS, Kim JS. Range of motion of standard and high‑flexion 
posterior stabilized total knee prostheses. A prospective, randomized 
study. J Bone Joint Surg Am. 2005;87(7):1470–5. https:// doi. org/ 10. 2106/ 
JBJS.D. 02707.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s00167-018-4935-1
https://doi.org/10.1097/MD.0000000000008524
https://doi.org/10.1097/MD.0000000000008524
https://doi.org/10.1007/s11999-012-2618-7
https://doi.org/10.1007/s11999-012-2618-7
https://doi.org/10.1302/0301-620x.97b11.35634
https://doi.org/10.1302/0301-620x.101b4.Bjj-2018-0753.R1
https://doi.org/10.1302/0301-620x.101b4.Bjj-2018-0753.R1
https://doi.org/10.1007/s00167-019-05566-4
https://doi.org/10.1007/s00167-019-05566-4
https://doi.org/10.1097/01.blo.0000128285.90459.12
https://doi.org/10.1016/j.arth.2018.02.003
https://doi.org/10.1016/j.arth.2018.02.003
https://doi.org/10.1016/j.arth.2013.02.003
https://doi.org/10.1016/j.arth.2013.02.003
https://doi.org/10.1097/01.blo.0000188066.01833.4f
https://doi.org/10.2106/JBJS.D.02707
https://doi.org/10.2106/JBJS.D.02707

	Difference between medial and lateral tibia plateau in the coronal plane: importance of preoperative evaluation for medial unicompartmental knee arthroplasty
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects
	Data collection
	Surgical procedures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


