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Abstract
Purpose  This study was performed to prospectively compare the clinical and radiographic results between mobile-bearing 
(MB) and fixed-bearing (FB) TKAs using ceramic titanium nitride (TiN)-coated prostheses.
Methods  Seventy MB and 70 FB TKAs using TiN-coated prostheses (ACS®) were prospectively evaluated. There were no 
differences in demographic characteristics between the two groups. Clinically, the Knee Society knee and function scores, 
WOMAC, and range of motion (ROM) were compared. Considering the possibility of a kinematic change in the polyethylene 
(PE) insert and a decrease in ROM following MB TKA, serial changes in the ROM were also compared. The thickness of 
the PE insert was compared according to the size of the femoral component. Radiographically, the alignment and positions 
of the components were compared.
Results  There were no differences between the two groups in clinical scores or ROM (n.s.). The maximum flexion increased 
from 133.5° ± 8.3° to 137.6° ± 5.5° across all time points in the MB group. The serial maximum flexion angles did not differ 
between the two groups over time (n.s.). The average thickness of the PE insert was greater in the MB group (12.0 ± 1.9 vs. 
11.2 ± 1.6 mm, respectively, p = 0.008), especially when a large femoral component was used (12.7 ± 1.9 vs. 11.0 ± 1.5 mm, 
p = 0.005). The pre- and postoperative mechanical axes and positions of the components did not differ between the two 
groups (n.s.).
Conclusions  TiN-coated MB TKA showed no significant advantage over FB TKA. The selection of bearing design would 
be clinically insignificant when using the TiN-coated TKA prosthesis.
Level of evidence  II.
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Introduction

The mobile-bearing (MB) prosthesis was designed to pro-
vide dual-surface articulation at both the upper and lower 
surfaces of a polyethylene (PE) insert after total knee 

arthroplasty (TKA). MB prostheses provide the advantages 
of increased femorotibial conformity and reduced contact 
stress and wear [13]. They also have the potential advantage 
of self-correcting rotational mismatch between the femur 
and tibia by optimizing the patellofemoral mechanics [28, 
34]. Thus, enhancements in the range of motion (ROM) and 
deep knee flexion were expected from MB prostheses due to 
their more physiological kinematics [13]. However, previous 
randomized controlled trials [19, 22] and meta-analyses [13, 
17] comparing fixed-bearing (FB) and MB TKA revealed no 
significant differences in the clinical or radiographic results, 
or survival rates, between these prostheses.

TKA prostheses commonly consist of cobalt–chromium-
based alloys and ultrahigh molecular weight PE. Depositing 
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a ceramic coating such as titanium nitride (TiN) on the sur-
face is an alternative method of increasing the abrasion 
resistance of the metal components [20, 31]. The durability 
and abrasion strength of the coating surface were confirmed 
previously by retrieval and microscopic analyses [7, 12]. TiN 
provides a smoother, more wettable, and scratch-resistant 
surface, and minimizes wear of the PE insert [20]. Several 
clinical studies [27, 32] demonstrated promising mid-term 
clinical and radiographic results after TKA using TiN-coated 
MB prostheses. However, the authors did not determine 
whether these results were due to the TiN coating or the 
MB prosthesis.

A previous roentgen stereophotogrammetric analysis 
[36] demonstrated that the axial rotatory motion of MB 
prostheses decreased over time, indicating that kinematic 
changes had been caused by intrinsic factors. The motion 
between two different materials inevitably raises the resist-
ance. Carbides, characterized by marked hardness, partly 
protrude from the surface of the metal component and thus 
increase the roughness of the articulating surface. They can 
be covered by the much harder TiN coating, thus obtaining 
a smoother surface; the roughness of cobalt chrome prosthe-
ses was reported to increase twofold during in vivo service 
compared to TiN-coated prostheses [12]. Furthermore, the 
high wettability of this component increases the lubrication, 
thus reducing the coefficient of friction compared to cobalt 
chrome implants [5]. TiN-coated MB prostheses have not yet 
been proven to retain rotary motion over time.

The Advanced Coated System (ACS)® (Implantcast 
GmbH, Buxtehude, Germany) provides an optimal solution 
for MB and FB TKA. The differences between MB and FB 
TKAs could depend on the characteristics of the articulating 
materials because the knee kinematics could be influenced 
by the roughness, lubrication, and wettability of the surface. 
Therefore, comparison of MB and FB TKAs using ceramic 
TiN-coated prostheses, which were different from previous 
cobalt chrome prostheses, will be necessary. To our knowl-
edge, there have been no previous studies comparing the 
results between MB and FB TKAs using ceramic TiN-coated 
prostheses.

This study was performed to prospectively compare the 
clinical and radiographic results between MB and FB TKA 
using ceramic TiN-coated prostheses. It was hypothesized 
that the clinical and radiographic results of one type of pros-
thesis would be comparable to or better than those of the 
other type, especially with regard to ROM.

Materials and methods

All consecutive patients undergoing primary TKA using 
TiN-coated posterior-stabilized prostheses (ACS® pros-
thesis) between January 2013 and December 2014 were 

enrolled in this study and prospectively evaluated. All 
TKAs were performed by a senior surgeon with more 
than 30  years of surgical experience. The study was 
approved by the institutional review board of our hospital 
(KHUH 2012-10-502). A detailed informed consent form 
was signed by each patient, and all information was kept 
confidential.

The inclusion criteria for patients were knee osteoar-
thritis of Kellgren–Lawrence grade 4 and persistent pain 
despite conservative treatment. The exclusion criteria were 
bilateral and revision TKA, inflammatory arthritis (except 
rheumatoid arthritis), previous ligament injuries, previ-
ous reconstructive procedures, and post-traumatic or post-
infectious arthritis. During this period, 140 knees of 140 
patients underwent TKA using ACS® prostheses according 
to the above inclusion and exclusion criteria. No patients 
were lost to follow-up before 2 years. The MB and FB 
prostheses were selected according to a number previously 
created by an online number generator, in the absence of 
clear indications for using either type of prosthesis [30].

The median age was 68 (range 52–82) years in the 
MB group and 69 (range 54–86) years in the FB group 
at the time of surgery. There were no significant differ-
ences between the two groups in terms of demographics 
or preoperative clinical status (Tables 1, 2). The average 
follow-up period was 4.1 years in both groups (Table 1).

Table 1   Patient demographics between the groups using mobile and 
fixed bearing prostheses

All the variables in the table had non-significant differences between 
group MB and FB
n.s. non-significant (p > 0.05)
a Group MB patients who received the ACS® mobile bearing posterior 
stabilized prosthesis
b Group FB patients who received ACS® fixed bearing posterior stabi-
lized prosthesis
c Continuous variables are presented as means ± standard deviation
d Preoperative diagnosis included degenerative osteoarthritis (OA), 
rheumatoid arthritis (RA), and spontaneous osteonecrosis of the knee 
(SPONK)

Group MBa Group FBb

Knee (patient) 70 (70) 70 (70)
Agec 69.5 ± 7.7 (52–82) 68.9 ± 6.9 (54–86)
Female/male 65/5 67/3
Right/left 33/37 33/37
Body mass index (kg/

m2)c
26.0 ± 3.6 (16.7–

35.0)
25.6 ± 3.3 (18.6–35.0)

OA/RA/Othersd 67/3/0 67/2/1
Follow-up period 

(year)c
4.1 ± 1.3 4.1 ± 1.4
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Clinical evaluation

The patients’ clinical and radiographic results were evalu-
ated in detail. Patients were contacted on a regular basis, 
and examinations were performed postoperatively at 
6 weeks, 3 months, 6 months, and 1 year, and annually 
thereafter.

The Knee Society knee score and function score were 
used to evaluate pain and function [18]. The Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) [14] was also recorded. The ROM was meas-
ured with a long-armed goniometer to determine the flex-
ion contracture and maximum flexion angle. Considering 
the possibility of a kinematic change in the PE insert and 
decreasing maximum flexion angle during follow-up after 
MB TKA [36], serial changes in the maximum flexion 
angle, preoperatively and at 6 weeks, 3 months, 6 months, 
1 year, 2 years, and the last follow-up postoperatively, 
were also compared between the two groups.

The thickness of the PE insert was recorded and com-
pared between the MB and FB groups. It was also com-
pared between the two groups according to the size of the 
femoral component.

Radiographic evaluation

Pre- and postoperative anteroposterior (AP), lateral, and 
axial radiographs, and orthoroentgenograms (full-length 
standing AP radiographs) were obtained to assess limb 
alignment and component positioning.

The pre- and postoperative mechanical axes were 
defined as the angle between the femoral and tibial 
mechanical axes on orthoroentgenograms. Detailed analy-
ses of the AP and lateral radiographs were performed to 
evaluate the positions of components with α, β, γ, and δ 
angles by the Knee Society radiological evaluation method 
[11].

Pre- and postoperative true lateral views of the knee, in 
which the distal and posterior femoral condyles overlapped 
exactly, were obtained to measure the tibial posterior slope 
angle. The tibial posterior slope angle was defined as the 
angle formed by the perpendicular line of the tibial medul-
lary canal axis and the medial tibial plateau (Fig. 1). Pre-
operative and postoperative patellar tilt angles were meas-
ured in Merchant view (Fig. 2). A positive value indicated 
opening toward the medial side of the patella. The joint 
line height was defined as the shortest distance between the 

Table 2   Comparison of the clinical results between the groups using 
mobile and fixed bearing prostheses

Data are presented as mean ± standard deviation
All the variables in the table had non-significant differences between 
group MB and FB
n.s  non-significant (p > 0.05), WOMAC Western Ontario and McMas-
ter Universities Osteoarthritis Index
a Group MB patients who received the ACS® mobile bearing posterior 
stabilized prosthesis
b Group FB patients who received ACS® fixed bearing posterior stabi-
lized prosthesis

Group MBa Group FBb

Knee score
 Preoperative 43.2 ± 16.3 48.0 ± 17.9
 Last follow-up 92.1 ± 5.6 91.9 ± 6.4

Function score
 Preoperative 53.6 ± 11.4 54.0 ± 10.5
 Last follow-up 92.2 ± 5.5 92.8 ± 7.5

WOMAC score
 Preoperative 49.7 ± 16.8 52.6 ± 17.6
 Last follow-up 25.8.5 ± 16.6 24.5 ± 14.9

Flexion contracture (°)
 Preoperative 10.6 ± 17.1 8.4 ± 8.3
 Last follow-up 0.5 ± 2.0 0.5 ± 1.5

Maximum flexion (°)
 Preoperative 121.1 ± 17.3 122.1 ± 21.2
 Last follow-up 137.6 ± 5.5 137.4 ± 8.2

Fig. 1   Method for measuring the proximal tibial medullary canal-
referenced posterior slope angle (°) (posterior slope: 90-a). The refer-
ence line connects two points, each of which is at the center of the 
medullary canal, 5 cm below the tibial tuberosity and 15 cm distal to 
the medial tibial plateau. The tibial posterior slope angle was defined 
as the angle formed by the perpendicular line of the tibial medullary 
canal axis and the medial tibial plateau
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fibular head and the lateral femoral condyle on AP radio-
graphs (Fig. 3) [2].

Measurements were made on these images using a 
picture archiving and communication system (PACS) 
(Infinitt Healthcare, Seoul, South Korea). The quality of 
radiographic evaluation could be improved by standardi-
zation of the position of the knee and use of an identical 
distance between the X-ray beam and cassette. The images 
were transferred digitally to a PACS and then manipulated. 
Assessment was performed on a 61-cm (24-inch) monitor 
(SyncMaster 2494HMN; Samsung, Seoul, South Korea) in 
portrait mode using PACS software (Infinitt Healthcare). 

The software was capable of detecting minimum differ-
ences of 0.1° in angle and 0.1 mm in length [21].

Surgical technique and rehabilitation

The surgical techniques and principles did not dif-
fer between MB and FB TKAs. A medial parapatellar 
approach was used with a midline skin incision. Bone 
cuts were made with modified measured resection. Care-
fully planned soft tissue balancing was also performed. 
An intramedullary guide was used for femoral resection, 
and the transepicondylar axis was used to position the AP 
femoral cutting guide system for femoral component rota-
tion. An extramedullary guide was used for tibial resec-
tion. The reference line for tibial rotation was accurately 
aimed at a line passing through the medial third of the 
tibial tuberosity and the second metatarsal or the middle of 
talus, which is 3–5 mm medial to the center of the ankle. 
The tibial slope was usually set to 3° of the posterior slope 
in the sagittal plane. Any contracted medial or lateral soft 
tissue was carefully evaluated with palpation and then 
selectively released as required to balance the knee. The 
flexion and extension gaps were also checked with a spacer 
block or trial component. All patellae were resurfaced and 
all implants were cemented onto cleaned, dried surfaces. 
The patellofemoral articulation was carefully evaluated 
with the no-thumb technique. No lateral retinacular release 
was performed. There were no knees in which postopera-
tive patellar subluxation occurred.

Isometric exercises using the extensor and flexor muscles 
were initiated shortly after the operation. A Hemovac drain 
was inserted during surgery and then removed on the sec-
ond postoperative day, followed by initiation of active and 
assisted ROM exercise. Full weight-bearing ambulation was 
started to the extent permitted by the patient’s condition at 4 
days. There were no patients in whom postoperative stiffness 
necessitated manipulation under anesthesia.

Fig. 2   Method of measuring 
patellar tilt angle (°). A The 
preoperative patellar tilt angle is 
defined as the angle subtended 
by the equatorial line of the 
patella and the line connecting 
the anterior limits of the femoral 
condyles in Merchant view. b 
The postoperative patellar tilt 
angle is defined as the angle 
subtended by the equatorial line 
of the patella and the line con-
necting the anterior limits of the 
femoral component

Fig. 3   Method of measuring joint line height (mm)



1169Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:1165–1173	

1 3

Statistical analysis

The preoperative clinical and radiographic results were 
compared with the postoperative results (paired t test). 
Clinical and radiographic results before TKA and at 
the last follow-up visit were compared between the two 
groups (Student’s t test, Chi-square test, or Fisher’s exact 
test). Statistical analyses were performed with SPSS 
software (ver. 18.0; SPSS Inc., Chicago, IL, USA), and 
p < 0.05 was taken to indicate statistical significance.

To minimize any observation bias, two independent 
investigators repeated all radiographic measurements at 
an interval of 2 weeks. The intra- and interobserver reli-
abilities of all measurements were assessed with the intra-
class correlation coefficient. In this study, the intraclass 
correlation coefficient values of all measurements were 
> 0.8 for both intra- and interobserver reliability. Thus, 
the average values could be used for the analysis.

Power analysis was performed to determine the mini-
mum sample size affording sufficient power, with serial 
maximum flexion angle as the primary outcome. The 
clinically acceptable significant difference in the maxi-
mum flexion angle was set to 10° in flexion. Power analy-
sis indicated that more than 52 cases were required to 
achieve sufficient power. Consequently, 70 patients each 
were included in the MB and FB groups.

Results

Clinical results

The average Knee Society knee and function scores, 
WOMAC score, and ROM had significantly improved 
at the last follow-up in both the MB and FB groups 
(Table 2). There were no differences in these scores or 
the ROM between the two groups (n.s.) (Table 2). The 
serial maximum flexion angles in the MB group at 
6 weeks, 3 months, 6 months, 1 year, and 2 years postop-
eratively were 133.5° ± 8.3°, 136.0° ± 6.0°, 136.9° ± 5.8°, 
137.7° ± 5.4°, and 137.6° ± 5.5°, respectively. The post-
operative maximum flexion angle did not differ between 
the two groups at any time point (Table 3).

The average thickness of the PE insert was slightly 
greater in the MB group than the FB group (12.0 vs. 
11.2 mm, respectively, p = 0.008). This tendency seemed 
to depend on the size of the femoral component, because 
it was thicker in the MB group only when a large femo-
ral component was used (12.7 vs. 11.0 mm, respectively, 
p = 0.005) (Table 4).

Radiographic results

The average pre- and postoperative mechanical axes and 
positions of the components did not differ between the MB 
and FB groups (n.s.) (Table 5). The positions of the com-
ponents in all patients were within the permissible range 
of ± 3°, except for the sagittal position of the femoral com-
ponent in one patient in the FB group. None of the knees 
showed progressive or symptomatic radiolucent lines with 

Table 3   Comparison of the serial change in maximum flexion angle 
(°) between the groups using mobile and fixed bearing prostheses

Data are presented as mean ± standard deviation (95% CI)
All the variables in the table had non-significant differences between 
group MB and FB
n.s. non-significant (p > 0.05)
a Group MB patients who received the ACS® mobile bearing posterior 
stabilized prosthesis
b Group FB patients who received ACS® fixed bearing posterior stabi-
lized prosthesis

Group MBa Group FBb

Preoperative 121.1 ± 17.3 122.1 ± 21.2
Postoperative 6 weeks 133.5 ± 8.3 132.9 ± 8.5
Postoperative 3months 136.0 ± 6.0 134.8 ± 8.4
Postoperative 6 months 136.9 ± 5.8 136.4 ± 5.4
Postoperative 1 years 137.7 ± 5.4 136.2 ± 5.9
Postoperative 2 years 137.6 ± 5.5 137.4 ± 8.2

Table 4   Comparison in thickness of polyethylene insert between the 
groups using the modified prosthesis and its predecessor

Data are presented as mean ± standard deviation
n.s. non-significant (p > 0.05)
a Group MB patients who received the ACS® mobile bearing posterior 
stabilized prosthesis
b Group FB patients who received ACS® fixed bearing posterior stabi-
lized prosthesis
c The polyethylene inserts of 12.5 mm thickness were used in 3 knees 
of group MB and one knee of group FB. The statistical analysis was 
not performed because of the small sample size

Group MBa Group FBb p value

Numbers in size of 
femoral compo-
nent

 2/2.5/3/4 15/35/17/3 12/33/24/1 n.s.
Polyethylene thick-

ness (mm)
12.0 ± 1.9 11.2 ± 1.6 0.008

 F #2 11.7 ± 2.0 11.9 ± 1.9 n.s.
 F #2.5 11.9 ± 2.0 11.1 ± 1.7 n.s.
 F #3 12.7 ± 1.9 11.0 ± 1.5 0.005
 F #4 12.5 (×3)c 10 (×1)c –
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a width ≥ 2 mm at any follow-up time point. The positions 
of all components remained unchanged.

There were no significant differences in the tibial pos-
terior slope angle, patellar tilt angle, or joint line height 
between the two groups (Table 5).

Discussion

The most important finding of the present study was that 
the mid-term clinical and radiographic results after MB and 
FB TKA using TiN-coated prostheses were similar in terms 
of Knee Society knee and function scores, WOMAC score, 
and ROM, with satisfactory alignment and positioning of 
the components.

A number of previous studies [13, 22, 23, 29] showed 
that the cobalt–chromium-based alloy MB prosthesis 
achieves results that are essentially equivalent to those 
with the FB prosthesis. Kim et al. [23] performed a pro-
spective randomized controlled trial with 444 patients 
who had simultaneous bilateral TKAs using the press-
fit condylar Sigma MB prosthesis for one knee and the 
FB prosthesis for the opposite knee. They reported that 
excellent clinical and radiographic results were achieved 
at a minimum follow-up duration of 10 years, and there 
were no significant differences in Knee Society knee score, 
WOMAC score, University of Los Angeles activity score, 
ROM, or radiographic findings according to the type of 
prosthesis used. Matsuda et al. [26] also compared the 
clinical and radiographic results of NexGen Legacy poste-
rior-stabilized (LPS) Flex (Zimmer Inc., Warsaw, IN) MB 
and FB TKAs, with specific attention paid to rotational 
alignment and ROM. This prospective, randomized study 
did not reveal any clinical advantages of the MB knee. 
Analysis of rotational alignment by CT did not reveal a 
particular advantage of the self-aligning mechanism of 
MB implants, as the clinical scores and ROM were similar 
between the two groups.

In the present study, there were no significant clinical or 
radiographic advantages of MB over FB ceramic TiN-coated 
prostheses. The present study is unique in that it represented 
the first comparison between MB and FB TKAs performed 
using ceramic TiN-coated prostheses. Most previous studies 
focused on comparison of TKAs between ceramics (such as 
zirconium and oxinium) and cobalt chrome [1, 33]. Several 
studies reported the outcomes of MB TiN-coated prostheses, 
but did not compare the outcomes of TiN-coated MB and FB 
TKAs [4, 27]. As knee kinematics could be influenced by 
surface lubrication and wettability, we felt that comparison 
of MB and FB TKAs using ceramic TiN-coated prostheses 
was a necessary addition to the literature.

The present study revealed a consistent increasing ten-
dency in the postoperative maximum flexion angle over 
time. Wolterbeek et al. [36] performed a fluoroscopic study 
of knee kinematics at 8 months and 3 years to accurately 
assess changes in axial rotation over time in MB TKAs 
using NexGen LPS prostheses. The rotation of the femoral 
component and PE insert proved to be limited at 8 months 
postoperatively, and even decreased over time. The authors 
emphasized the importance of re-evaluating knee kinematics 
over time after MB TKA due to the possibility of low con-
formity between the femoral component and the PE insert, 
impingement due to the fixed anterior position of the PE 
insert-tibia pivot point, and fibrous tissue formation. How-
ever, in our study, there was no decrease in maximum flexion 
angle after either MB TKA or FB TKA. The average maxi-
mum flexion angles for MB TKAs were 136.0° and 137.6° 
at 6 months and 2 years postoperatively, respectively. These 

Table 5   Comparison of the radiographic results between the groups 
using the modified prosthesis and its predecessor

Data are presented as mean ± standard deviation; n.s = non-significant 
(p > 0.05)
All the variables in the table had non-significant differences between 
group MB and FB
a Group MB patients who received the ACS® mobile bearing poste-
rior stabilized prosthesis
b Group FB patients who received ACS® fixed bearing posterior sta-
bilized prosthesis
c Patellar tilt angle: preoperative and postoperative patellar tilt angles 
were measured in Merchant’s view, taken with the knee joint flexed 
at 45°. A positive value indicated opening towards the medial side of 
patella

Group MBa Group FBb

Mechanical axis (°)
 Preoperative Varus 11.5 ± 5.1 Varus 10.5 ± 6.8
 Postoperative Varus 0.7 ± 2.1 Varus 0.6 ± 2.3

Position of components (°)
 α angle 94.9 ± 1.1 95.1 ± 1.7
 β angle 90.9 ± 0.8 90.9 ± 1.1
 γ angle 3.2 ± 1.7 3.0 ± 1.4
 δ angle 86.8 ± 1.2 87.1 ± 1.3

Tibial posterior slope angle (°)
 Preoperative 9.8 ± 3.6 9.2 ± 3.6
 Postoperative 3.6 ± 1.7 3.4 ± 1.5

Patellar tilt angle (°)c

 Preoperative 5.8 ± 3.1 6.1 ± 4.2
 Postoperative 3.2 ± 1.7 3.0 ± 1.5

Joint line height (mm)
 Preoperative 16.2 ± 4.1 15.9 ± 3.9
 Postoperative 16.5 ± 4.2 16.0 ± 3.6
 Postoperative
  F #2 16.5 ± 3.8 17.1 ± 3.6
  F #2.5 16.2 ± 3.8 15.2 ± 3.6
  F #3 17.0 ± 5.6 16.6 ± 3.5
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discrepancies between the results of the present and previous 
studies require further systematic study.

Another interesting finding was that there was no differ-
ence in maximum flexion between patients with MB and 
FB TiN-coated TKAs according to time. Several prospec-
tive randomized studies indicated that MB TKA patients 
seem to regain their motion earlier than FB TKA patients 
with cobalt chrome prostheses [15, 25]. Mahoney et al. [25] 
reported that the average knee flexion angle was greater in 
the MB group than the FB group at 6 months and 1 year 
postoperatively, but did not differ between the two groups at 
2 years postoperatively. Harrington et al. [15] suggested that 
the better early motion could potentially be attributed to the 
design and kinematics of the MB. However, in the present 
study, the postoperative average maximum flexion angle was 
slightly greater in the MB group than the FB group at 3 and 
6 months, although the difference was not statistically sig-
nificant (Table 3). Although the ceramic used for FB TKAs, 
which provides a smoother, more wettable surface, may have 
contributed to the similar results obtained for MB and FB 
prostheses, additional studies in larger cohorts are necessary.

The only difference among the evaluated parameters in 
the present study was the thickness of the PE insert. The 
average thickness of the PE insert was slightly greater in 
the MB group than in the FB group, especially when a large 
femoral component of size #3 was used (12.7 vs. 11.0 mm, 
respectively, p = 0.005) (Table 4). Bearing dislocation and 
instability are major concerns in MB TKA, and an accu-
rate surgical technique is mandatory during this procedure 
[8, 10]. We felt that the effort required to maximize flexion 
stability may have increased the thickness of the PE insert 
in MB TKA. However, we could not elucidate the precise 
mechanism responsible for the increased PE insert thick-
ness, especially when a large femoral component (size #3) 
was used. A previous study using the ACS® MB prosthe-
sis indicated that the thickness of the PE insert increased 
according to the size of the tibial component, and the authors 
also could not explain this phenomenon [27]. However, the 
flexion gap is influenced by the size of the femoral, rather 
than the tibial, component.

The tendency of the PE insert thickness to increase 
according to the size of the femoral component may have 
arisen from the morphological characteristics of the distal 
femur and the aspect ratio (AP/ML ratio) in Asian popu-
lations; numerous morphological studies have demon-
strated that Asians have small and narrow femoral con-
dyles [6, 37]. Hitt et al. [16] reported mismatches in both 
size and aspect ratio, and found that prostheses do not 
account for changes in aspect ratio across femoral condy-
lar sizes. Mediolateral overhang can result in irritation of 
the soft tissue or overstuffing of the joint space [3]. It also 
increases the incidence of femoral component downsizing, 
which could make accurate flexion/extension balancing 

difficult [9]. This may have increased the thickness of the 
PE insert in combination with the surgeons’ concerns of 
instability in MB TKA.

The present study had several strengths. First, it 
included consecutive patients without loss to follow-up. 
Furthermore, the sample size was calculated through 
power analysis, all data were collected prospectively and 
analyzed as planned, and the radiographic measurements 
from high-quality images using a PACS permitted evalu-
ation of patellofemoral articulation features, such as the 
patellar tilt angle.

The study also had limitations. First, there was no direct 
evidence that the nature of the surface, for example, in 
terms of surface roughness and friction coefficient, affects 
the rotational motion of the MB associated with knee flex-
ion. Several factors, including implant design, soft tissue 
balancing, and formation of fibrous tissue, are known to 
affect MB motion [35, 36]. Zurcher et al. [38] reported 
that the implant design had a greater impact on rotatory 
bearing motion. The surface of the prosthesis was thought 
to be one of the implant features affecting the motion. In 
addition, the formation of fibrous tissue can influence the 
late limitation of motion on mobile bearing surfaces [36]. 
Accordingly, the serial knee flexion of TiN-coated MB 
and FB prostheses with different surfaces was compared 
to those described in the literature.

Another limitation was the relatively short follow-up 
in which to evaluate the benefit of wear resistance in TiN-
coated TKA. A long-term follow-up evaluation is necessary, 
including survivorship analysis related to wear, because 
ceramic TiN-coated prostheses have the potential advantage 
of wear resistance. The study was also limited by differences 
in patient demographics from those of Western populations. 
Most of the patients in the present study were female and had 
a low BMI. Low BMIs and a higher proportion of females 
with osteoarthritis are common findings in Korean popula-
tions [24]. These differences should be taken into considera-
tion when extrapolating our findings to other populations. 
Finally, the ROM was not measured radiographically under 
weight-bearing conditions.

Conclusion

In this study, clinical and radiographic results were similar 
after TKA using TiN-coated MB and FB prostheses. No sig-
nificant advantage was found for TiN-coated MB TKA over 
FB TKA. The selection of bearing design would be clinically 
insignificant when using a TiN-coated TKA prosthesis.
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